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The Egyptian Society of Nuclear Sciences and Applications
(ESNSA) as a non-governmental organization was officially
established in 1967, registration number 378. The purpose and aim of
the society is to establish a scientific medium for scientists involved,
concerned or interested in nuclear science and its multidisciplinary
applications in all walks of life. This scientific media will provide a
forum through which scientists at the national and international leve!
may interact and communicate to discuss and exchange knowledge,
achievements, operational experience and state of art of nuclear
sciences. This is done through conferences, scientific meetings,
lectures, and scientific publications. .

ESNSA publications include the Arab Journal of Nuclear
Sciences and Applications that appears in two parts In January and
July. A text entitled One Decade after Chernobyl, Issued October
1996 and an Arabic translation of the International Nuclear Societies
Council (INSC) publication (A Vision of the Second Fifty Years of
Nuclear Energy). These publications were distributed in Egypt and
Arab countries. Besides these publications, there are periodic general
lectures which address main issues of nuclear technology and
applications.

The ESNSA Board of Directors is composed of eleven
members who are elected by the ESNSA general assembly every
year. From these eleven, the Chairman, Vice Chairman, Executive
Secretary, Treasurer and the Editorial Board are nominated.

Since the Sixth Conference of Nuclear Sciences and
Applications (Cairo 15-20 March, 1996), ESNSA joined the
International Nuclear Societies Council (INSC) In May 1998 as the
thirty ninth member.

The society organizes a general conference very our years.
This Seventh Conference is the second to have International
participation from USA, Italy, Germany , Syria and Libia. The
conference was sponsored by the Atomic Energy Authority of Egypt.



The scientific programme of the Seventh Conference included
29 scientific sessions during which 250 oral presentations and 13
plenary lectures were discussed. The conference also included two
poster sessions which displayed 32 presentations . Also, a separate
seminar on the use of nuclear techniques and applications in
agricultural sciences took place during the conference . This
particular event provided a platform for an important avenue of
nuclear science applications.

The conference programme addressed issues related to the
scientific promotion of nuclear sciences, peaceful applications,
environmental radioactivity, atmospheric and underground nuclear
tests (1945 1998), human health hazards, radiation protection,
nuclear safety, and issues of public concerns.

The conference proceedings appear in three volumes. The
contents of each are indicated at the beginning of each volume.
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ABSTRACT

Uranium is of great importance in the nuclear field. Among its compounds,
uranyl accept certain attention. The recent work deals with the extraction behaviour
of uranyl complexes from H2SO4 solutions in absence and presence of HO. Different
extractants have been employed, namely, Amberlite LA-2, TBP and HDEHP
dissolved in xylene. The effect of H2SO4 as well as the extractants concentrations on
the extraction process have been investigated. Furthermore, the participation of SO4

2"
and HSO~4 anions in the uranyl complexes has been discussed under the experimented
conditions. In the light of the obtained data, the extracted species have been
postulated and the probable mechanisms have been suggested. The study may offer a
reliable technique for uranium processing using the experimented conditions.

Key Words: Uranyl / Extraction /Amberlite LA-2 / TBP / HDEHP.

INTRODUCTION

Separation and purification of actinides is of a particular interest in processing and reprocessing of
nuclear fuel(1). Long-chain amines have been widely used in the separation of radioelements by virtue of
their selectivity and separation stability(2). HDEHP is frequently employed for the separation of
actinides from each others or from accompanying metal ions(1). Few organic solvents were known to be
stable to the effects of y-radiation and have been widely used in the technology of radioactive solutions,
such as TBP and Amberlite LA-2(3). The extraction behaviour of uranium and other metals from HCI
and H2SO4 solutions with TBP and some amines has been investigated(4). The oxidation of U(IH) in the
aqueous phase of extraction system HC1-TBP in benzene or CC14 has been studied. The solutions
sufficiently stable to perform the complex experiments in counter-current extraction systems were
obtained'5'. The extraction behaviour of U(VI) from different aqueous media into HDEHP in n-decanol
was investigated16'. Kinetics and U(VI) extraction by HDEHP from H2SO4 acid solutions were
studied'7'. A method for extraction and separation of U(VT) with liquid anion exchanger Amberlite LA-2
in xylene from sodium salicylate solution has been proposed'8'. Zuming et al.(9), studied the kinetics of
extraction of U(VI) by HDEHP in cyclohexane from H2SO4 solutions and deduced that the solvent
extraction mechanism for that system is a diffusion controlled process. Studies on the extraction of
uranium from acetic acid medium using Amberlite LA-2 in dodecane diluent were carried out with a
view to apply the method for the purification of U-233(10). The extraction and separation of U and Th
from H2SO4 acid solutions in presence of small amount of HCI has been carried out using TBP in
xylene and cyclohexane'11'. The effect of mineral acids concentrations, salting-out agents and diluents in
the extraction of U(VI) and Th(IV) has been studied using petroleum sulfoxides which were found that
their extraction regularity is similar to that of TBP(I2).

The present work deals with the solvent extraction investigation of U(VI) present as uranyl species,
by three different classes of extracting agents, the liquid anion exchanger Amberlite LA-2, the neutral



donor TBP and the liquid cation exchanger HDEHP, dissolved in xylene, from aqueous solutions of
H2SO4 acid in absence and presence of HC1. In the light of the obtained data, the extracted species were
proposed and the extraction mechanisms were postulated.

EXPERIMENTAL

Reagents: Amberlite LA-2, N-lauryl trialkyl methyl amine, M.W. 353-395; Rohm & Haas; U.S.A. Tri-
n-butylphosphate, TBP, M.W. 266.32, B.D.H., England. Bis-(2-ethylhexyl)-Phosphoric acid, HDEHP,
M.W. 322.4, Fluka A.G. & Buchs S.G., Switzerland. Xylene, M.W. 106.17, B.D.H., England. H2SO4

and HC1 acids are of high purity grade, product of Merck. Other reagents are of analytical reagent
grade. Aqueous solutions were prepared by bi-distilled water.

Radioactive tracer: Uranyl sulphate, labelled with U-237, provided from Oak Ridge, National
Laboratories, U.S.A., was used for tracing uranyl solutions; as 0.001M U(VI) concentration for all
experiments.

Apparatus: Multichannel Analyzer BS 27/N, 1024 Channel, Berthold, W. Germany; connected to
Nal (Tl) well type detector, was used for gamma-counting measurements.

Procedure: 2 ml of both, pretreated, organic and aqueous phases containing 0.001M of radioactive
uranyl solution, were come in contact in stoppered glass tubes. The solutions were strongly shaken in a
mechanical shaker for about one hour. This time was found to be enough for equilibrium attainment, for
all investigated systems. Then, phase separation was achieved by centrifugation and solutions left to
settle. After that, one ml of both organic and aqueous phases was withdrawn and counted in the gamma-
counter. The distribution ratio, D, of the extracted uranyl species, was determined as the ratio of U-237
activity in die organic phase to that in the aqueous phase. The study was carried out at room
temperature; 28±2°C.

RESULTS AND DISCUSSION

I. Extraction by Amberlite LA-2 :

Fig.(la) shows the effect of H2SO4 concentration on D of U(VI) by 10 v/v% Amberlite LA-2 in
xylene. The initial decrease in D with H2SO4 concentration increase may be due to the formation of
cationic or neutral uranyl species in the aqueous phase, such UO2

2+ and UO2(SO4), which are non-
extractable by the anion exchanger employed. Above 1M H2SO4, D starts to increase gradually up to
12M H2SO4. This increase is attributed mainly to the formation of anionic uranyl species which are
extractable by the anion exchanger. The increase is only limited because of the bisulphate competition
with the extractable species. Actually, a solution of H2SO4 acid contains H*, HSO 4 and SO4~ ions. In
dilute solutions there are significant concentration of both SO4

2~ (sulphate) and HSO", (bisulphate) ions.
The relative amounts of the two anions depend on the acid concentration^13'. Moreover, it is stated that,
bisulphate ions competes strongly with metal sulphate complexes. This is deduced from the fact that D
of metals, as a rule, decreases with increasing bisulphate loading of the amine phase.

It is described that, in dilute H2SO4 solutions, the composition of U(VT) complex in the organic
phase, is close to (LA-2 H)4 U2O(SO4)3. Kinetic studies revealed that, UO2

2+is about six times as
effective as either UO2SO4 or UO2(SO4)2

2", in transferring from the aqueous phase(14). A similar
mechanism was offered by McDowell and Coleman05':

UO2(SO4)2
2- + 3 {(LA-2 H)2 SO4}(O)

 N {(LA-2 H)c UO2(SO4)4}(o) + SO4
2" (1)

This reaction is an anion exchange mechanism, another reaction is:



UO2SO4 + 3 {(LA-2 H)i S04}(0) v {(LA-2 H)6 U02(S04)4}(0) (2)

which is a neutral salt transfer mechanism.

We can suppose the preliminary reactions:

2 H2SO4 ^ = * 3 KT + SO2
2" + H SO"4 (3)

2 (LA-2)(0) + 2 1 ^ + SO4
2" ^ — ^ {(LA-2 H^ SO4}(o) (4)

(LA-2)(0) + H1" + H S04" = — {(LA-2 H) H S04}(0) (5)

Kar et al.<16), proposed the probable composition of the extracted species from very dilute H2SO4

solutions is to be {(LA-2H)2UO2(SO4)3}
2.

From equation (1)

[(LA-2 H)« UO2 (SO4)4] [SO4
2~] D [SO4

2"]
K= — . = (6)

[{UO,(SO4)2 }2"] [LA-2 Hh SO4]
3 [(LA-2 H), SO4]

3

and

log K = log D + log [SO4
21 - 3 log [(LA-2 Hfe SO4] (7)

Fig.(l.c) shows the effect of HC1 concentration, D increases highly with HC1 concentration increase,
due to the formation of anionic chloride species with U(VI) extractable by anion exchange mechanism.

Fig.(l.b) shows the effect of H2SO4 concentration mixed with 1M HC1 on the extraction of uranyl
species. It is shown that D increases highly, up to 9M H2SO4, where maximum extraction is attained,
followed by a gradual decrease in D with H2SO4 concentration increase. The appearance of this
maximum is due to formation of anionic species with both SO4

2" and Cl" ions, which is responsible for
extraction enhancement compared to H2SO4 alone. Furthermore, increasing H2SO4 concentration, the
dehydrating effect on the extractable species also increases07'. The subsequent decrease in D, may be
due to the formation of (LA-2 H) H2SO4 concentration in the organic phase. It has formulated that
uranium extraction by amines from H2SO4 solutions > 2M in presence of HC1 are mainly or pure
sulphate species (II).

Haggag et al.(17), has been proposed the possibile reactions of HC1 in H2SO4 solution. According to
Juznic(17>18), the aminehalide and hydrogen sulphate (not sulphate) are the organic constituents even at
higher sulphuric acid concentrations. Thus the anions of HCI can be considered as the extractant species
as follows:

{(LA-2 H)2 SO4} + 2 Cl" v = = ^ 2(LA-2 HCI) + SO4
2" (8)

and
[LA-2 H]2 [SO4

2"]
K = (9)

[(LA-2 Hh SO4]
 2

In aqueous phase the reactions of chloride with, sulphate is understood in terms of the stability
constants. The stability constant of UO2SO4 is 1.89 of UO2(SO4)4

2~ is 1.27 and of UO2C12 is 0.1. It is
clear that the sulphates are more stable than the chloride, especially at higher H2SO4 concentration i.e.
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Fig.(l) a. Effect of H2SO4 concentration
b. Effect of H2SO4 concentration +1 M HCl
c. Effect of HCl concentration
on extratioa of U(VI) by 10 v/v% Amberlite LA-2 in xylene



the replacement of SO4
2 by Cl in the uranyl sulphate complex does not agree with the stability

constants. The increase in D on adding HC1 to H2SO4, means that a reaction may take place between the
chloride anion and the complex species (LA-2 H)6UO2 (SO4)4

 (lT>.

Fig.(2.a) shows the effect of H2SO4 concentration; 1-9 M, mixed with 1 M HC1 on D in a log-log plot.
The data fit a straight line of slope « 3. This observation suggests that three SO4

2" ions may participate
in the extracted species.

Fig,(2.b) shows the effect of HC1 concentration mixed with 9M H2SO4 on D. The data fit a straight line
of slope ~ 2.

Fig.(2.c) shows the influence of varying Amberlite LA-2 concentration dissolved in xylene on D of
U(V1) from aqueous solution of 9M H2SO4 + 1M HC1, on a log-log scale. The data fulfil a straight line
of slope « 4. This assumes four Amberlite LA-2 melecules taking part in the extracted uranyl species in
the organic phase.

In the light of the above observations. The mechamism of extraction process in such systems, can be
represented by the following equation (17)

(LA-2 H)6 UO2 (SO4) + 2C1~ *==* (LA-2 H)4 UO2 (SO4)3 + SO4
2+ + 2 (LA-2 HC1) (8)

Moreover, we can suggest the following mechanism:

UO2(SO4)2
2+ + 2 (LA-2 HC1) + (LA-2 Hh SO4 ?^=* (LA-2 Hfc UO2(SO4)2 .(LA-2 HfcSCU + 2C1" (9)

and this mechanism suggests that the extracted species are formed by simultaneous reaction of the
halide and sulphate amine salts with UO2(SO4)2

2~ species. Equations (8, 9) explain the slopes 3 and 2
observed in Fig.(2.a, 2.b) for SO4"~ and Cl~ ions, respectively.

C. Extraction by TBP:

Previous studies showed that, all elements that form stable neutral or anionic species are easily
extracted by TBP from 9M H2SO4 in the presence of traces of halo-acids <19).

Fig.(3.a) shows the effect of H2SO4 concentration on the extraction of U(VT) by 50 v/v% TBP in
xylene. At the beginning, there is a slight decrease in D at lower H2SO4 concentration, followed by a
gradual increase in D. The initial decrease may be due to formation cationic UO2

2+ non-extractable
species by TBP.

Fig.(3.b) shows the effect of HC1 concentration on D.D increases continuously all over the studied
range of acid concentration.

Fig.(4) shows the effect of ionic activities of both SO4
2" (curve a) and HSO~4 (curve b), in the

aqueous H2SO4 acid solutions, on the extraction of U(VI) by 50 v/v% TBP in xylene, on a log-log scale.
The data fit two straight lines of slopes « 2 for SO4

2" ions and « 4 for H SO4~ ions. Accordingly, the
aqueous uranyl species can be formulated as {UO^SO^ (HSO4)4}

6~ .

Fig.(5.a) shows the effect of TBP concentration on D of U(VI) from 9M H2SO4 solution. The data
give a straight line of slope ~2. It is reported that, H2SO4 acid is extracted by TBP as a disolvate H2SO4

.2TBP, whereas HC! is extracted as mono solvate TBP. HC1; otherwise, it is also stated that UO2C12 is
extracted by TBP as a neutral solvate UO2C12. 2TBP (20).

In the light the obtained data we can suggest the following generalization, in absence of HC1, the
formation of uranyl U(VI), complex species in aqueous H2SO4 solutions, extractable by solvation can be
expressed as:

UO2
2++ a SO4

2" + b HSCT4 e = ^ [UO2(SO4)a (HSC^]2"21* (10)
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Fig.(2) a. Effect of H2SO4 concentration + 1M HCI
on extraction of U(VI) by 10 v/v%
Amberlite LA-2 in xylene.

b. Effect of HCI concentration +. 9M H2SO4

on extraction of U(VI) by 10 v/v% Amberlite
LA-2 in xylene.

c. Effect of Amberlite LA-2 concentration
in xylene on extration of U(VT) from 9M H2SO4 + 1M HCI.
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on extraction of U(VI) by 50 v/v% TBP in xylene
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Fig.(4) a,b. Effect of ionic activity of SO4
2", HSO~4 ions,

respectively, on extration of U(VI) by 50 v/v% TBP
in xylene from H2SO4 solutions,

c.d. Effect of ionic activity of SO42", HSO~4 ions,
respectively, on extration of U(VT) by 20 v/v% HDEHP
in xylene from H2SO4 solutions.
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Fig.(5) a. Effect of TBP concentration in xylene
on extraction of U(VI) from 9M H2SO4

b. Effect of TBP concentration, in xylene,
on extraction of U(VT) from 9M H2SO4 + 1M HCl.

c. Effect of HCl concentration + 9M H2SO4

on extra tion of U(VT) by 50 v/v% TBP in xylene.
d. Effect of HDEHP concentration in xylene,

on extraction of U(VI) from 9M H2SO4 + 1M HCl.



Consequently, the extraction of these species by solvation can be represented as follows:

{UO2(SO4)a (HSO4)b}2'2a"b + m H* + nS ^ = ^ H^UO, (SO4), (HSO4)b .nS (11)

where m = 2a + b - 2

Summation of equations (10), (11) gives:

UO2
2+ + a SO4

2" + b HSO~4 + m H f + nS v==^ Bm\JO2 (SO4). (HSO4)b .nS (12)

K = [H.UO,(SO4)t(HSO4)b.nS] D
" [uorisornHsof[H+]m[sr" [rr[so]b[H+ns]11

and

logK = logD-alog[S04
2"]-blog[HSO-4]-mlog[H+]-nlog[S] (14)

TBP as a phosphoric ester can be represented by two structural formula P = O and P+ -> O~;

+ _

formula(II) is more acceptable, where the phosphoryl group (P—»O) contains basic oxygen atom with
good steric availability, and has a net formal changes (+1) and (-1) for P and O atoms, respectively,
where formula (I) has not. So P —» 0 group should give good solvating properties due to stronger basic
character. Otherwise, UO2

2+ has unique properties for extracting by such solvents. It offers the formula
{:O: <r- U4* -> :O:}2+ of formal change (+4) on U atom, rather than the formula {O=U=O}2+ of lower
formal change, so, the former structure is easily solvated, by TBP, through the uranium atom (21).

Fig.(3.c) shows the effect of H2SO4 concentration mixed with 1M HCl on D of U(VI) by 50%
TBP.D increases steeply and some extration enhancement is observed with respect to H2SO4 alone.
Fig.(5.b) shows the effect of TBP concentration in xylene, from 9M H2SO4 + 1M HCl. A straight line of
slope «2 is obtained.

Fig.(5.c) shows the effect of HCl concentration mixed with 9M H2SO4 on D of U(VI) by 50% TBP.
Also, a straight line of slope «2 is obtained. Based on these data, the extracted uranyl species from
H2SO4 solutions in the presence of lower concentrations of HCl, by 50% TBP in xylene are assumed to
be UO2C12.2TBP. This conclusion is supported by the previous publication, that the extracted species
by TBP from H2SOj solutions in presence of low HCl concentration are pure uranyl chloride complexes,
this is mainly due to the extractability of the protonated chlorocomplexes; while extraction of metal
sulphates are generally poor (1U2),

III. Extraction by BDEHP:

HDEHP extracts cations by cation exchange mechanism and anionic species by solvation
mechanism(23).

Fig.(6.a) shows the effect of H2SO4 concentration on D of U(VI) by 20 v/v% HDEHP in xylene. D
decreases gradually and this is due to formation of neutral or anionic uranyl species with H2SO4

concentration increase, such as UC^SO^2" and at higher H2SO4 concentration, {UC^SC^MHSO^}4"
which may be solvated. Alternatively, the initial extraction at very low H2SO4 concentration is attributed
to the existence of extractable cationic UO2"

+ species.

Fig.(6.b) shows the effect of HCl concentration on D. Similar behaviour is obtained but with higher
D-values. Again, a gradual decrease is due to formation of nonextractable anionic chloride complex
species(1). The initial extraction can be expressed as:

10
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Fig.(6) a. Effect of H2SO4 concentration,
b. Effect of H O concentration
on extration of U(VI) by 20 v/v% HDEHP in xylene.
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UO2
2+ + 2 (HDEHP)2(0) = = U02 {HCDEHP},}2(0) + 2H+ (15)

Further identification of extraction behaviour in this system can be obtained by studying the effect of
ionic activities of both SO4

2~ and HSO~4 ions in H2SO4 medium on U(VT) extraction by 20% HDEHP as
shown from Fig.(4.c) and (4.d) for SO4

2~ and HSO~4 ions, respectively; the slope in both cases is «-2.
This indicates that {UO2(SO4)2}

2~ and {UO2(SO4)2(HSO4)}
4- are expected in aqueous sulphate

solutions. The ionic activity of ions is determined from Hogfeldt and Leifer treatment(14;24).

Fig.(5.d) shows the effect of HDEHP concentration in xylene on extraction of U(VT) from 9M H2SO4

mixed with 1M HC1. The data fit a straight line of slope »2, i.e., two HDEHP melecule may participate
in extracted species by solvation mechanism:

UO2C12 + 2(HDEHP)2(O) = UO2C12. 2 (HDEHP)^) (16)

Fig.(7.a) shows the effect of H2SO4 concentration mixed with 1M HC1 on D. A different behaviour,
with respect to H2SO4 alone, is obtained. The results showed that the presence of 1M HC1 mixed with
9M H2SO4 in aqueous medium, causes some extraction enhancement by 20 v/v% HDEHP in xylene,
may be due to the dehydration effect of H2SO4. Fig.(7.b) shows that D decreases very slighly with
increasing HC1 concentration mixed with 9M H2SO4, i.e., the existence of non-extractable chloride
species must predominate in aqueous phase.

CONCLUSION

1- The presence of low concentrations of HC1, enhances the extraction of U(VT) as uranyl species
(0.00 INI) from aqueous H2SO4 solutions of higher concentrations by the three extractants experimented;
Amberlite LA-2, TBP and HDEHP in xylene.

2- The extracted species by 10 v/v% Amberlite LA-2 in xylene, were close to (LA-2 H)6 UO2(SO4)4

from aqueous H2SO4 solutions in absence of HCI, and (LA-2 H)6 UO2 (SO4)3 in presence of 1MHC1;
i.e., they are mainly sulphates in both cases.

3- TBP extracted uranyl species by solvation (adduct formation) mechanism. In the light of the obtained
data a generalized equation (formula) was deduced for uranyl complex species extractable in aqueous
phase to be {UO2(SO4)a (HSO4)t,}2"2a~b and the extracted organic phase species to be protonated species
(Hm U02(SO4)a (HSO4)b .nS}; m = 2a + b-2, from aqueous H2SO4 acid solutions in absence of HCI. In
case of 50 v/v% TBP xylene. The extractable species in aqueous phase were found to be
{UO2(SO4)2(HSO4)4}

f" and the organic phase species to be Ho UC^SCUk (HSO4)4 . 2TBP.

4- In presence of HCI, the species were found to be mainly disolvate of uranyl chloride species,
UO2C12.2TBP as described before ( l u 2 ) , while extracting of metal sulphates are generally poor, under
such conditions (0.001 U; 50 v/v% TBP in xylene; H2SO4 + 1M HCI).

5- Extraction by 20 v/v% HDEHP in xylene at a very low H2SO4 or HCI concentrations proceeds via
cation-exchange mechanism, may be due to presence of UO2

2+ cations predominates in the aqueous
phase.

6- At higher H2SO4 concentrations, the complex species in aqueous sulphate medium were concluded to
be anions {UO2(SO4)2 }2 ' and {UC^SC^ (HSO4)2}

4" which cannot be extracted by cation exchange,
but may be by solvation mechanism by (20 v/v% HDEHP in xylene).

12



10 r-

6 8
Acid, M

10 12 14 16

Fig.(7) a. Effect of H2SO4 concentration + 1M HCI.
b. Effect of HCI concentration + 9M H2SO4

on extration of U(VT) by 20 v/v% HDEHP in xylene.
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7- In presence of low concentration of HC1 mixed with higher H2SO4 concentration, the extracted
species, in the organic phases was found to be mainly the uranyl chloride disolvate UO2C12.2(HDEHP)2
by solvation mechanism i.e., resembles the case of TBP. The effect of H2SO4 may be as a dehydrating
agent enhances the extraction under such conditions.
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ABSTRACT

The kinetics of extraction of U(VI) from 3 M nitric acid using 20% TBP in
kerosene, was carried out using stirred Lewis cell technique. These studies showed
that the reaction rate is mainly controlled by chemical reaction at the interface and
is first order dependent on the TBP concentration. The stripping of the extracted
uranium from loaded organic solution by dilute nitric acid was studied using the
same Lewis cell. Kinetic investigations indicated that the stripping rate increases by
increasing the TBP and uranium concentrations while the variation of temperature
slightly affected the stripping rate. Stripping by precipitation with ammonia
solution was also carried out under different stirring rates. The results of the
stripping of U(V1) by the two methods are compared and discussed.

Key Words: Stripping / Uranium / Nitrate Medium /Lewis Cell

INTRODUCTION

Purex process is one of the commonly used fuel reprocessing systems. In this process, U(VI) is
extracted from nitric acid solution containing plutonium and some fission product elements. Pai et al.(1)

studied the extraction behaviour of U(VI) and Pu(IV) from 2M HNO3 solution using gamma-irradiated
0.2M sulphoxides and 30% TBP using a transfer cell of constant interfacial area. The stripping
behaviour of U(VI) and Pu(IV) into 0.01M HNO3 for U(VI) and 0.1M HNO3 +0.03M ferrous
sulphamate for Pu(IV) was also studied. The kinetic information on the extraction mechanism and the
rate equations allow the prediction of the parameters which could be used to improve and monitor the
separation of uranium from fission products. Homer et al.(2:> have reported that the rate controlling
process in the extraction of U(VI) by 30% TBP-n-hydrocarbon is the chemical reaction at the
interface. Yang et al.(3) found that the stripping of U(VI) from loaded solvent was achieved using
dilute NaOH or Na2CO3. The rates of extraction and stripping were determined, showing that the
controlling reaction was very likely to take place in the interfacial region. Xu (4) could separate U(VI)
from fission products by its extraction into propylene carbonate from nitric acid with the addition of
Fe(NO3)3 as salting out reagent, then quantitatively stripped from organic phase with sodium
carbonate. The kinetics of extraction of U(VI) from 3M HNO3 using 20% TBP - kerosene has been
previously studied using a stirred Lewis cell(i) and found to be first-order dependent on TBP
concentration.

In the present work, the stripping of U(VI) from loaded TBP solutions was carried out by two
different methods. In the first, equilibrium and kinetic investigations on the stripping by different
concentrations of dilute nitric acid were studied using the same Lewis cell used in the extraction
investigations. Stripping by precipitation with ammonia solution under similar experimental
conditions was also studied. The results of the two methods are compared and optimum conditions for
stripping of U(VI) from loaded TBP-kerosene solutions are proposed.

15



EXPERIMENTAL

Chemicals

All chemicals and reagents were of analytical grade. The uranyl nitrate was a BDH product and tri-
n- butylphosphate (TBP) was purified using the Alcock developed method (6 .̂ The uranium
concentration was determined spectrophotometerically at 415 nm using a SHIMADZU, UV-visible
recording spectrophotometer type-160-A. IR measurements were carried out using a Perkin-Elmer
1600 FT-IR spectrometer.

Procedure

The organic phase containing TBP in kerosene was pre-equilibrated with nitric acid to prevent its
extaction during the extraction test. Unless otherwise stated, the concentration of TBP used in all
experiments was 20% (0.73M) while the uranium concentration was lOOg/1 (0.47M). The stripping
process of U(VI) extracted from 3N HNO3 by 20% TBP in kerosene was performed using HNO3
solution. The effect of phase ratio on the stripping process was performed by varying the organic:
aqueous ratio to 1:1, 1:2, 1:3 and 1:4. The phase ratio was then fixed at 1:3 for the stripping
experiments carried out by nitric acid.

The kinetic investigations were carried out by carefully transferring the organic phase (20% TBP in
kerosene) containing U(VI) and the aqueous phase (0.001N HN03 solution) into a double-jacketed
Lewis cell at 25 ° C. The cell description and the general procedure are given in a previous
publication(5). The experiment begun by starting the stirring motor at 400 rpm, which is the same
stirring speed used in the extraction investigations. At different time intervals equal volumes were
withdrawn from organic and aqueous phases and the concentration of the stripped U(VI) was
determined spectrophotometerically through its maximum absorbance at 415 nm in the aqueous nitric
acid. The concentration of the stripped U(VI) in the aqueous phase at time t is denoted by C while, at
equilibrium it is denoted by CC(1.The plot of In (CK,.- C.) vs. time t yielded straight line relations
indicating a first order reaction. The observed reaction rate constants (kobs.) were obtained from the
slopes of the straight lines.

Stripping of U(VI) from loaded TBP-kerosene solution by precipitation with NH4OH solution was
also carried out for comparison. The experiments were performed by transferring equal volumes of the
organic and aqueous phases in the above mentioned Lewis cell at different stirring speeds. At different
time intervals aliquots were withdrawn from the organic phase and the decrease in U(VI)
concentration as result of stripping was determined spectrophotometrically. This decrease in the
concentration of U(VI) in the organic phase was accompanied by a gradual formation of a yellow
precipitate in the aqueous solution. The formed precipitate was washed by alcohol several times, dried
then dissolved in 3M HN03 solution and the concentration of U(VI) in the obtained solution was
spectrophotometrically measured. IR measurements were carried out on solid discs prepared from KBr
with appropriate weight of the different precipitates after their drying.

RESULTS AND DISCUSSION

1-Stripping of U(VI) using nitric acid solutions

The batch experimental investigations on the stripping of extracted U(VI) from 20% TBP in
kerosene were carried out using different concentrations of nitric acid solution as well as water. The
effect of organic: aqueous ratio on the stripping process was studied at ratios, 1:1, 1:2, 1:3 and 1:4 and
the results are given in Table 1. In order to earn- out kinetic stripping investigations in the same Lewis
cell used in the extraction investigations, it was difficult to use the organic: aqueous ratio of 1:4,
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although it gave the best stripping results as shown in Table 1. The 1:3 ratio was therefore used in the
different stripping tests.

Table (1): Effect of phase ratio on the stripping of U(VI) from loaded TBP-kerosene solution
using 0.001M nitric acid

Organic : Aqueous ratio

1:1
1:2
1:3
1:4

% U(VI)
stripped
51.72
78.62
95.86
>99.99

Stripped U(VI)
concentration, M
0.075
0.114
0.139
0.149

The effect of nitric acid normality and water on the stripping process given in Table 2 indicate that
water could give the best results, however the increasing tendency of U(VI) hydrolysis in this case
favors the use of 0.001 M nitric acid in the stripping .

Table(2) : Effect of Nitric acid Normality on the stripping of 100g/I U(VI) Extracted by
20% TBP-kerosene at organic : aqueous phase ratio of 1:3 .

HNO3, M

0.5

0.2

0.1

0.05

0.02

0.01

0.001

H2O

% U(Vl)Stripped

64.82

75.17

79.31

82.76

84.14

88.28

95.86

97.24

[U(VI)],,ripPed , M

0.094

0.109

0.115

0.120

0.122

0.128

0.139

0.141

The kinetics of extraction of U(VI) by 20% TBP in kerosene from 3M HNO3 solution was
previously studied using a stirred Lewis cell (5). The rate of extraction was found to be first order
dependent on TBP concentration, while it is of zero order with respect to U(VI), HNO3. H

+ and NO3"
concentrations.

In the present work, the kinetics of stripping of U(VI) was studied at phase ratio org. : aq.=1:3 by
0.001M HNO3 using the same Lewis cell. The effect of [U(VI)J, [HNO3], [TBP] and the variation of
temperature on the rate of stripping of U(VI) were separately investigated.

The increase of U(VI) concentration in the organic solution from 50 -100 g/1 increased its stripping
rate while the variation in [HNO3] from 0.5 to 0.001M was found to be of no effect on the stripping
rate. The increase in the [TBP] used in the extraction of uranium in the organic solution in the range
0.37 - 1.10M was found to decrease the rate of stripping.
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Slopes of the experimental results represnted as log -log relation, Fig. (1) show that the rate of U(VI)
stripping by HNO3 is first order dependent on the initial uranium concentration and inversely first
order dependent on TBP concentration in the loaded organic solution.

Based on the obtained kinetic results, the stripping rate of U(VI) by nitric acid solution is given by.

d[U(VI)] / dt = k [U(VI)]initia! / [TBP]

The effect of temperature on the stripping rate of U(VI) by nitric acid from TBP, Fig.(2), was also
investigated in the range of 15 -40 °C. The data was found to obey Arrhenius equation, kobS. = A e"^7.
The energy of activation (E), the heat of activation (AH*) the entropy of activation (AS*) were found
to be 3.72 ± 0.2kJ/moIe, 1.22 ± O.lkJ/mole and -30.86 ± 0.6 J mole^K'1, respectively.

2-Stripping of U(VI) by precipitation with NH4OH solution

Precipitation of uranium from loaded TBP-kerosene solution using NH4OH solution was
investigated at 25+ 1°C. Preliminary investigations have shown that 1% ammonia solution is the
minimum concentration capable of precipitating U(VI) as it is higher than the concentration of nitric
acid extracted simultaneously with uranium by TBP.

The precipitation experiments where carried out in the same cell used in the previous extraction and
stripping studies. The effect of time on the precipitation of uranium was studied at three different
stirring speeds, namely, 400, 450 and 500 rpm and the concentrtion of U(VI) in the precipitate was
determined as described in the experimental section. The results represented in Fig.(3) indicate that 60
min. (3600s), 30 min.( 1800s) and 4 min. (240s) are the respective time needed to reach maximum
constant U(VI) concentration in the formed precipitate for the three investigated speeds.

The IR spectrum of the three precipitates were measured in the wavelength region 4500-450 cm"1 to
learn about the nature of the formed uranium precipitates and identify their purity. The results indicate
that the precipitate formed by stirring at 400 rpm is highly pure. On of the other hand, the other two
precipitates formed by higher stirring speeds showed the appearance of intense bands at 1310 and 650
cm "1 assigned to P=O and PO43" indicating the presence of TBP traces in these precipitates. This
indicate that although the stirring at speed>400 rpm is time saving but at the expense of the purity of
the precipitated uranium.

CONCLUSIONS

Maximum stripping of U(VI) from loaded TBP solutions is obtained by by 0.00IN nitric acid solution
at organic:aqueous ratio of 1:4.

Kinetic studies on the stripping of uranium by dilute nitric acid using a stirred Lewis cell indicate that
the stripping rate is first-order dependent on the initial uranium concentration and inversely first-order
dependent on [TBP] in the organic solution.

Stripping of U(VI) by precipitation with 1% NH4OH solution gives maximum and highly pure
uranium precipitate at stirring speed of 400 rpm at 25° C.
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ABSTRACT

The interfacial properties of 8-hydroxyquinoline (HOX) and/or some crown
ethers; Dbl8C6, 18C6 and 15C5 at the chloroform/nitrate interface were
investigated by measuring their interfacial tension using Du Nouy ring method. The
data indicate that 18C6 and 15C5 have variable effects on the chloroform-nitrate
interface according to their concentrations while Dbl8C6 and HOX have nearly no
effect at the interface in the investigated concentration range. The mixture of HOX
and 18C6 or 15C5 showed different trends according to their concentrations. The
proposed mechanisms were verified by carrying out Co(Ii) extraction by HOX-
Dbl8C6 mixture in chloroform in the low and high concentration ranges at different
interfacial area. The use of benzene instead of chloroform indicate that the nature of
diluent has a marked effect on the interfacial properties of 18C6 and 15C5 while
Dbl8C6 was found to be sparingly soluble in benzene in the investigated
concentration range.

Key Words: Interface / Crown Ethers /Mechanism / 8-hydroxyqu'moline.

INTRODUCTION

In solvent extraction technique, information on the mass transfer rate and mechanism of metal
ions extraction deduced from kinetic studies allow the optimization and control of extraction
processes. The nature of the interface and the interfacial behaviour of extractants are one of the
important parameters which allow the prediction of reaction mechanism and the design of liquid-liquid
contacting equipment (l). Crown ethers which are known to have moderate activity at the liquid-liquid
interface are often used for the extraction of fission products from nitrate medium and for the removal
of long life radionuclides from radioactive wastes (2\ Bonnensen et al (3) used bis-4-4;(5')(tert-
butyl)cycIohexano-18-crovvn-6 to remove more than 95% of technctium from high radioactive alkaline
wastes. However, the efficiency and selectivity of crown ethers depend greatly upon the type of ring
substituents t4) as well as diluent properties (S). Addition of alkyl substituents, particularly tertiary alkyl
groups was found to increase both the solubility and lipophilicity of benzocrown ethers in non-polar
organic diluents ^ . The weak extraction of the dibenzocrown ethers compared with their
dicyclohexano counterpart was related to the reduced basicity of the aryl ether ox5'gens in these
macrocycles (6).

Interfacial tension data between the two-liquid phases are the main criteria usually used to
define the characteristics of interfaces. In the present work, interfacial measurements for 8-
hydroxyquinoline and/or some crown ethers; Dbl8C6, 18C6 and 15C5 dissolved in chloroform in
contact with 0.1 M nitrate solution were carried out. These data are used to predict the site of the
reaction controlling the mechanism of metal extraction carried out by these extractants. Synergistic
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extraction of Co(II) by HOX-Dbl8C6 ether mixture in chloroform from nitrate medium was selected
to verify the obtained results and justify the proposed mechanisms. The same interfacial measurements
were also carried out with the same extractants when using benzene instead of chloroform under the
same experimental conditions in order to throw light on the effect of diluent on the interfacial
properties of these extractants.

EXPERIMENTAL

Reagents

8-hydroxyquinoline (HOX) is a product of Veb. Laborechemie Apolda, Italy. Crown ethers (CE),
Dibenzo-18-crown-6 (Dbl8C6), 18-crown-6 (18C6) and 15-crown-5 (15C5) were supplied by Sigma
chemicals. Benzene and chloroform were products of Prolabo. All other reagents and materials used
were of analytical reagent grade (AR) and obtained from B.D.H.

Procedure

The concentration of HOX and crown ethers were studied in the range lO'MO^M. The aqueous
nitrate medium was of constant ionic strength 0.1 (H+, NaNO3) and a pH fixed at 5.2+ 0.1. The
kinetics of Co(Il) extraction were carried out using a stirred Lewis cell as described in a previous
publication (7). A fixed stirring speed of 350 rpm was used for all the kinetic experiments. The
concentration of Co(ll) in the aqueous medium was spectrophotometrically determined by measuring
its maximum absorption at 510 nm using a Shimadzu double beam spectrophotometer model 160A (8).
The concentration of Co(ll) in the organic phase was subsequently calculated by difference with the
original concentration. The concentration of Co(Il) in the organic phase are denoted by A and Aeq at
time (t) and ar equilibrium, respectively. The plots of ln(Acq -A) versus time (t) yielded straight lines
indicating a first-order reaction. The values of the observed constant kObs were calculated from the
respective slopes of these straight lines.

Interfacial Tension Measurements

Equal volumes of the aqueous nitrate and organic phases containing the investigated extractants
were used for the interfacial tension measurements using a CSC Du Nouy Tensiometer model 70545
at 2.5±0. l°C and at least three determinations were carried out for each system under investigation.

RESULTS AND DISCUSSION

The interfacial properties of Dbl8C6, 18C6 and 15C5 alone and mixed with HOX at the
chloroform nitrate interface in the concentration range 10"4-10'M are represented by the interfacial
tension measurements in Figs.l and 2. From these data, it can be seen that Dbl8C6 and its mixture
with HOX have no effect on the chloroform nitrate interface in the investigated concentration range
and under the used experimental conditions. The undetected interfacial properties of these extractants
may be ascribed to the solubility of HOX and Dbl8C6 and their mixture in the aqueous nitrate
medium which decreases their adsorption at the interface. This indicates that the solvent extraction
kinetics by either of these extractants or their mixture will be determined by a reaction taking place in
the bulk of the aqueous phase or in a region near the interface but not at the interface itself.

The interfacial tension data of the individual effect of 18C6 and 15C5 when measured alone and
mixed with HOX in the same concentration range are also represented in Figs. 1 and 2. The data show
that in the concentration range 10"4- 5x102 M, 18C6 and 15C5 have a slight effect on the chloroform -
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nitrate interface while at higher concentration this effect increases markedly. The interfacial properties
of 18C6 and 15C5 showed the same trend when measured alone, Fig. 1, or when mixed with HOX
under the same experimental conditions, Fig. 2. These data indicate that below 5xlO"2M, 18C6
orl5C5 and their mixture with HOX start to adsorb at the interface and a similar contribution of bulk
aqueous phase and interfacial reactions are expected to control the kinetics of extraction. At higher
concentration these extractants are mostly adsorbed at the interface and an interfacial reaction is the
main rate-determining step. The occurrence of a two-route mechanism has been reported for the
extraction of Cu(ll) by hydroxines with different chain lengths (9) and also in the extraction of Ag(l) by
different organophosphorus ligands(l0).

To verify the above proposed mechanism, the synergic extraction of Co(ll) by HOX-18C6
chloroform mixture from aqueous nitrate medium similar to that used in the interfacial measurements
was carried out using a stirred Lewis Cell. In this technique the simplest criteria usually used to
distinguish between a difflisional and kinetic regime is the dependency of the extraction rate on the
stirring rate . In the present work, the stirring speed was fixed at a value lying in the region where the
extraction rate becomes independent of the stirring speed (350 rpm). In this region the diffusion effect
is minimized and the extraction is mainly controlled by chemical reaction (kinetic regime) rather than
by diffusion (11). However, the chemical controlling reaction can take place either in the bulk phase or
at the interface. The site of the chemical reaction is identified from the interfacial properties of the
extractants and the effect of the interfacial area on the mass transfer rate of the extracted metal. The
extraction of Co(Il) was carried out by Dbl8C6 and HOX mixture in chloroform (0.02M per each
extractant) in different cells to vary the surface between the two-phases while fixing the volume of
each phase at 20 cm3. The plot of the specific interfacial area a (where a = interfacial area Q / volume
of the phase V) in the range 6.61-19.64 cm"1 versus the extraction rate constant, k,,i,., show the
independence of the Co(Il) extraction rate on the surface area between the organic and aqueous
phases, Fig.3. This indicate that the controlling reaction in the extraction of Co(ll) under these
conditions takes place in the bulk phase rather than at the interface (12).

The same experiments carried out by using a higher concentration of the extractants (0.06M for
each of HOX and Dbl8C6) when using the same previous cells showed similar behaviour, Fig.3. This
is also an evidence that the kinetics of Co(II) extraction by high concentration of Dbl8C6-HOX
mixture in chloroform is also controlled by chemical reaction in the aqueous nitrate phase rather than
at the interface. These extraction results verify that the kinetics of liquid-liquid extraction of metals by
0.04 or 0.06M Dbl8C6-HOX chloroform from 0.1M aqueous nitrate solution is controlled by
chemical reaction in the bulk phase rather than at the interface which justify the mechanism proposed
before from the data of Fig.2.

The role of diluent in the interfacial properties of HOX and/or DM8C6, 18C6 and 15C5 was tested
using benzene instead of chloroform while fixing all other experimental conditions. Dbl8C6 was
found to be nearly insoluble in benzene in the investigated concentration range, which could be
explained by the low solubility of benzo-substituted crown ethers in non-polar diluents (5). The
interfacial tension measurements of HOX or 18C6 showed that they have nearly no effect on the
benzene-nitrate interface under the used experimental conditions, Fig.4. This may be related to the
relatively high distribution ratio of 18C6 between benzene and water (!3J. However, the concentration
of 18C6 in the benzene phase is not negligible, which explains why in the case of HOX-18C6 mixture
the extractant molecules start to adsorb at the liquid-liquid interface and a slight a decrease in the
interfacial tension was observed, Fig.4. This indicate that the kinetics of extraction process by either
HOX or 18C6 in benzene from nitrate medium would be controlled by chemical reaction in the bulk
phase while in case of their mixture the reaction at the interface is rate controlling.

The interfacial tension data of 15C5 when measured alone or mixed with HOX are also represented
in Fig.4. The slight decrease of the iuterfacia! tension at the benzene-nitrate interface with the increase
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in the concentration of 15C5 or its mixture with HOX indicate that these extractants are adsorbed at
the interface and an interfacial reaction govern the kinetics of extraction by these extractants.

CONCLUSIONS

Variation of the diameter of contacting equipment would be of limited effect on the extraction rate
of metal ions by HOX and/or Db 18 C6 chloroform mixture from aqueous nitrate medium which
did not show interfacial properties under the studied conditions.

The solvent extraction kinetics of metal ions by 18 C6 or 15 C5 and their mixtures with HOX in
concentration < 10"5 M is slightly affected by the interfacial properties of these extractants. At
higher concentration this effect becomes marked and the design of the extraction equipment is
expected to greatly affect the extraction rate.

- The nature of diluent has a marked effect on the behaviour of extractants at the organic-aqueous
interface and plays an important role in the determination of the site of reaction controlling the
kinetics of extraction process.
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Fig.2 Effectof HOX Dbl8C6,18C6 or 15C5 mixture on the nitrate/chloroform interface
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ABSTRACT

Transport of ionic species through ion exchange membrane found several
applications for water effluents purification and metal ion separation. To enhance
the transport performance, the effect of electric field was introduced in this work.

The transport of U(VI) and Th(IV) species in nitric acid solutions across cation
exchange membrane was investigated. In this concern, different parameters
affecting the transport were studied. These parameters include; nitric acid
concentration in the feed solution, stripping solution concentration and applied
electric field. From the results obtained the permeability coefficient of U(VI) and
Th(IV) were calculated. Based on these informations, a process for separation of
thorium from uranium is developed.

Key Words: Cation Exchange Membrane/ Uranium / Thorium/Electric Field/
Cationic Flux.

•• /••:'•-;;••• INTRODUCTION

Interest in the development of efficient techniques for separations of ions is a stimulant for
constructing new membrane systems. Ion exchange membranes became commercially available about
thirty years ago. These early membranes were sulphonated and animated derivatives of usually,
phenol-formaldehyde polycondensates (l). The properties of some commercially manufactured ion
exchange membranes used in electrodialysis processes is reported (2), they are made of a copolymer of
styrene and divinyl benzene. The basic chemistry of their preparation has been described many times
and is well summarized by Helfferich (3). These membranes have fixed ionic group to the matrix that
permits intrusion and exchange of anions or cations from external source.

The electrodialysis process has a potential use in the separation and concentration of radioactive
elements from different streams (4|5). It is based on the electromigration of ions through a cation or
anion membrane that permits the passage of positive or negative ions, respectively.

More recently, work has been carried out on an electrodialysis process. This work has generally
used organic membranes and has been aimed at studying the use of cells for the removal of
radioactive isotopes (6) from aqueous streams. Other workers have studied the migration of strontium
cations across membranes (7>s'. Fission products and uranium were separated by using liquid
membranes (9>.

When ion exchange membranes applied in Donnan dialysis (DD), these membranes allow the
concentration of metal ions from dilute solutions of salts ('°"'4) in a transport system composed of feed
phase (M2+,A~), cation-exchange membrane (CEM) and strip phase (H+, A").

The effectiveness of polymer membranes in DD is, however, sometimes limited by low
transmembrane fluxes. To enhance the transport performance, the effect of electric field was
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introduced in this work. The results presented deal with fluxes as the fundamental property of ion-
exchange membranes and factors that characterize electrodialysis as the techniques for recovering and
preconcentrating metal ions.

EXPERIMENTAL

1. Reagents:

All reagents were analytical grade products and obtained from BDH, England. Uranyl nitrate
hexahydrate, thorium nitrate tetrahydrate were used for all solutions.

2. Membranes and membrane cell:

Commercially available perfluorosulphonic cation-exchange membrane (Nafion-120, Dupontde
Nemours. USA) was used in experiments. Prior to the experiments the membrane was immersed in
distilled water for 24 hours. The membrane had an effective area of 8.04 cm2, a thickness of 0.28 mm,
ion-exchange capacity 1.1 mol/1 and porediameter of 0.02 u.m. The experimental cell shown in Fig.l.
was fabricated from perspex with two compartments (half cells), each with a capacity of 100 cm3, for
holding the feed and strip solutions. The half cells had magnetic stirrers to agitate the cell liquids at a
rate of 600 rpm. A constant vollage of 30 V was applied to the electrodes.

3. Electrical measurements:

A DC power supply type AS 1164-2 was used to apply an external voltage in the 0-30 V range.
The variations of electrical potential and current were measured by a digital multimeter from 10 mA
to 2A and lOmV to 30 V ranges.

4. Analytical methods:

Uranium and thorium solution samples, were analyzed spectrophotometrically (15) by using
Arsenazo I and III as complexing agent, respectively. Absorbance was measured at 596 and 660 nm.

5. Transport experiments:

Series of experiments were carried out to study the effect of nitric acid concentration in the feed
solution, hydochloric acid concentration in the stripping solution and current density on the transport
of lg/1 U(VI). The volumes of the feed and stripping solutions were 75 cm3 and the applied voltage is
30 V. Recovery and preconcentration of U(VI) and Th(IV) were carried out. The feed and stripping
solutions of 200 and 75 cm' volume, respectively, were thermostated at (298 °K). The initial
concntration of U(VI) and Th(IV) were 1000 and 100 ppm, respectively. The applied voltage is 30 V.
The permeability coefficients (P) of U(VI) and Th(IV) were calculated. Diffusion experiment was
carried out to determine the cations diffusion flux without applying electric field for 4 hrs. The initial
concentration of U(VI) was 1000 ppm. Transport of Th(IV) in presence of U(VI) was carried out at
the optimal conditions for U(VI) transport. Separation of Th(IV) from U(V1) was carried out. A mixed
solution of 1000 ppm U(VI) and 100 ppm Th(IV) was prepared. A voltage of 30 V was applied to the
electrodes and a constant current density of 30 mA/cm3.

RESULTS AND DISCUSSION

1. Transport of U(VI):

1.1. Effect of nitric acid concentration in the feed solution:

The effect of nitric acid concentration in the feed solution on the transport of U(VI) is shown in
Fig.2. It can be seen that the recovery factor (RF= 1 - CM,f / C°M) increases as a function of time and
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reaches its maximum value at 0.005N concentration. The cationic flux, J, was calculated by applying
the following relation(16).

Ji = Nj / At = Am.z / Mi. At g-eq. cm'2 .sec'1 (1)

where, Am = mass variation (mg), Ni = g. equivalents of species passed through the membrane, A=
membrane area = 8.04 cm2, t = time(s), and Z=valancy of ions. The cationic flax of U(VI) obtained
is 5.2x10~8g.eq.cm"2 sec'1.

1.2. Effect of HC1 concentration in the stripping solution:

The effect of HC1 concentration in the stripping phase on the recovery of U(VI) is shown in Fig.3.
The recovery factor, RF, increases as the HC1 concentration increases from 0.1 to 1.5M to reach a
maximum value at 1M HC1 concentration, 0.98 with a cationic flux of 5.2x1 O^g.eq.cm^.sec"1. The RF
at 1.5M HC1 is more or less similar as the RF of 1M.

1.3. Effect of current density:

The experimental data concerning the influence of current density, i, on the U(VI) flux is shown in
Fig.4. It is obvious that the flux increases as the current density increases from 5 to 25 mA/cm'2 to
reach a maximum value of 5.1 xlO^g.eq.cm^.sec"1 at 25 mA/cm"2.

2. Recovery and preconcentration of U(VI) and Th(IV):

The transport of U(VI) and Th(IV) through the membrane was studied. Typical results are given in
Figs. 5(a,b). Fig. 5a gives the concentration of U(VI) and Th(IV) in the feed and stripping solutions
against time. It can be seen that after 2 hours, the concentration of U(VI) in the feed solution is 1.7 x
lO^M and in the stripping solution (cathode side) is 2.6 fold the initial concentration i.e. 0.01M. After
90 minutes, the concentration of Th(IV) in the feed solution is 1.7xlO"5M and in the stripping solution
is 2.6 fold the initial concentration i.e. l.lxl0"3M. From the previous results. Applying electric field
enhances the transport of U(VI) and Th(IV) through the cation-exchange membrane and efficient
concentration was achieved. The cationic fluxes of U(VI) and Th(IV) are 8.3xlO"3 and 7.8 xlO"8

g.eq.cm'2.sec"'.

The permeability coefficient, P, of U(VI) and Th(IV) was calculated according to the following
equation (17).

P = KV/AS (2)

where, V is the volume of the feed solution, cm3, A is the membrane area, cm2, S is the porosity of the
membrane, 0.02 \im, and K is the rate constant of metal ton transport which can be obtained from the
slope of In C/Co Vs t according to the relation

In C/Co = -Kt (3)

Plotting of In C/Co Vs t for U(V1) and Th(IV) is shown in Fig. 5b. The permeability coefficient, P,
of U(VI) and Th(IV) evaluated from the slopes of strainght lines in Fig. 5b according to equation 2 are
2.1xlO7 and 1.7xlO7 cm2/sec, respectively.

3. Donnan Dialysis:

Diffusion experiment was carried out without applying electic field. The driving force is the high
concentration of stripping solution. The number of moles of U(VI) transffered through the membrane,
Q, as a function of time is shown in Fig.6. It is clear that Q increases very slowly with time to a
maximum value of 2.1x10"3M after 4 hours, compared with 4.lxlO"3M after 75 minutes at 30 V.
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The recovery factors are 0.5 and 0.98 and the cationic fluxes are found to equal 8.2x10"10 and 5.2
xlO"8 g.eq.cm~2.sec~', respectively. The diffusion constant can be determined according to Fick's first
law(18).

D
C M - CM,S

where Jd = diffusion flux, g.eq.cm"2.sec"!.
e = membrane thickness = 0.028 cm.

C°M,CM,S - initial concentration and the concentration in the stripping solution.

Thus the diffusion coefficient, D = l.lxl 0"8 . From the previous results, it can be concluded that
diffusion effects are low compared to the transport under the effect of electric field.

4. Transport of Th(IV) in presence of U(VI):

The recovery factors of U(VI) and Th(IV) as a function of time is shown in Fig.(7). It can be seen
that RF of U(VI) and Th(IV) are 0.4 and 0.97, respectively and the separation factor was found to
equal 2.4.

CONCLUSION
- The optimal conditions of U(VI) transport are 0.005 N HNO3 in the feed solution and 1M HC1 in the

striping solution at 30 V.
- Recovery and preconcentration of U(VI) and Th(IV) were found to equal 2.5 and 2.6 fold the initial

concentrations, respectively with a permeability coefficient of 2.1xlO7 and 1.7xlO7 cm2 /sec.
- The cationic flux of U(VI) without applying electeric field is found to equal 8.2x10"'° g-eq.cm"2.sec"'.
- The separation factor of Th(IV) from U(V1) is 2.4 with a recovery factors of 0.97 and 0.4,

respectively.
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ABSTRACT

The rate of exchange and diffusion mechanism of Co + and Zn + on the
hydrogen form of cerhmi(IV) antimonate Ce/Sb and polyacrylamide acrylic acid
resin impregnated with .jrconium phosphate p(AM-AA) Zr-P was determined at
different reaction temperatures 25, 45 and 60°C. The exchange rate was controlled
by a particle diffusion mechanism and a limited batch technique. The effective
diffusion coefficients of exchange reactions, values of activation energies, entropy of
activation have been calculated and were confirmed by the Bt versus t plots.

Key Words: Kinetics/Exchange/Diffusion /Cerium(lV) antimonate/Polyacrylamide
acrylic acid-zirconium phosphate.

INTRODUCTION

Acid salts of nuiltivalent metals exhibit a high selectivity to some elements and their exchange
properties are often connected with a fairly good stability towards high temperatures and ionizing
radiations. The factors underlying the behaviour of these materials as ion exchangers are not clearly
understood and contradictory data are often obtained (1>2).

A research programme on ion exchange of the acidic salts of multivalenl metals in aqueous has
been initiated with the aim of elucidating their ion exchange behaviour and selectivity phenomena in
general. To achieve this goal, synthesis, characterisation and cation exchange behaviour of cerium(lV)
anlimonate(3) and polyacrylamide acrylic acid resin impregnated with zirconium phosphate'4' have
been published previously. The present work reports on the kinetics and thermodynamics of exchange
on cerium(IV) antimonale and polyacrylamide acrylic acid resin impregnated with zirconium
phosphate in aqueous solution. Comparison of the results obtained with other results for other metals
antimonales. has led to some useful conclusions regarding the ion exchange kinetics of the acidic salts
of multivalent metals and other polymers. However, thermodynamics is a powerful tool to study
conditions at equilibrium but kinetics have an important role in the study of the mechanism of ion
exchange.

In addition, the study of the kinetics of ion exchange processes is important since it provides
information on the mechanism of rate controlling process and on the reactions accompanying the ion
exchange as well as on the internal physical structure of the exchanger and the extent of hydration of
the exchanging ions.

EXPERIMENTAL

Preparation of cerium(IV) antimonate (CeSb) and polyacrylamide acrylic acid resin impregnated
with zirconium phosphate p(AM-AA) Zr-P were described previously <3'l).
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Kinetic Studies:

• Kinetic experiments were performed under particle diffusion control conditions and a limited batch
technique (5).

Samples of O.lg of cerium(IV) antimonate or polyacrylamideacrylic acid resin impregnated with
zirconium phosphate was added to 10 ml of 10~2M metal chloride solutions (all experiments were clone
at a V/m ratio of 100 ml g"') in a shaker thermostat adjusted at the desired temperature. After the
adjusted interval time, the solid was separated immediately from the solution and the extent of the
sorption was determined.

All the experiments were calculated at 25, 45 and 60 I" 3% for all
reaction limes.

Analysis:

Co"+ and Zn"+ were counted by using Nal(Tl) scintillation detector connected to an ORTEC
assembly.

RESULTS AND DISCUSSION

The experimental conditions were set for particle diffusion mechanism only (6). The equation
developed by Boyd et al. (7) and improved by Reichenberg (8) was used for evaluating the kinetic
parameters.

,-, , O _ , oo 1 f i r,,N.
• F = 1 ~ ^ 2 : n = 1 ^ - e x p ( - n - B t )

where l: is the fractional attainment of equilibrium, n is an integer, 13 = —^- L , in which D, is the
r"

effective diffusion coefficient of the exchanging ions inside the exchanger and r is the radius oi the
particle.

When the rate of ion exchange is controlled by the diffusion of the ions in spherical particles of the
exchanger (9) and according to the above equation, F is a function of B and t only and is thus
independent of the concentration of the external solution. Experimental results may be tested to
determine whether, they confirm to the above equation by plotting values of Bt against the
corresponding values oft, Bt values are taken from Table (7).

The effect of particle size upon the rate of exchange of Co"+and Zn"+was studied as shown in
Figs.(1-4). The figures show that straight lines passing through the origin are obtained in all cases,
proving a particle diffusion control mechnism <S). These figures also show dial the rate of exchange of
Co"1 and Zn"+ on the two sorbents is increased by the decrease in particle sizes of sorbents, which is in
agreement with the fundamental conditions of particle diffusion mechanism. The values of Dj are
calculated from Figs.(l-4) are given in 'fables (1,2) which indicate thai, the effective diffusion
coefficients are approximately constant (fable 1.2) with different particle sizes of sorbents which also
prove that under these conditions, the rate determining step is diffusion through the particles.

A plot of 13 versus !/r (Figs. 5.6) for Co2+ and Zn2+ on CeSb and p(AM-AA) Zr-P shows that the
reciprocal proportionality belvveen the rate of exchange and square of the particle sizes which is again
verifies thai the diffusion through the exchanger particles is the rate governing step. This result is in
agreement with previous works'10'. The plots ofF and Bl versus 1 for the exchange of Co2+and Zn2'
ions on CeSb and p(AM-AA)Zr-l' at 25, 45 and 60 1"C at 10'2M concentration are given in Figs.(7-
10). From the figures it can be seen that straight lines passing through the origin are obtained and also
it can be seen that the increase in reaction temperature from 25"C to 60 1 "C leads lo an increase in the
rale of exchanae of Co2^ and Zn2+ ions on both sorbents.
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Table ( 1 ): Values of diffusion coefficient of Co2 +and Zn2 + ion on different
particle diameters of Ce/Sb at 25 1°C.

Ion

Co 2 +

-7 2+

Zn

Particle diameter

±0.02 mm

0.2

0.28

0.36

0.2

0.28

0.36

D,,cinV

5.85 x 10"'

5.77 x 10"'

5.72 x 10"'

18.40 x 10"9

18.30xl09

18.20 x 10"'

Table ( 2 ): Values of diffusion coefficient of Co2 +and Zn2 + ion on different
particle diameters of p(AM-AA) Zr-P at 25 1"C.

Ion

Co2+

-7 2+

Zn

Particle diameter

±0.02 mm

0.2

0.28

0.2

0.2

0.28

0.3

D|, cm2 s"1

4.516 x 10"'

4.605 x 10"'

4.634x10"'

5.523x10"'

5.516x10"'

5.555 x 10"'



Table ( 3): Therniodyuamic parameters or Co2+/II+ and Zn2+/H+ systems on Ce/Sb at different
reaction temperatures.

Ion

Co

Zn2+

. Reaction

Temp. "C

25

40

60

25

40

60

Di,

Cm2 s"1

5.90 x 10"9

7.75 x 10"9

9.38 x 109

1.84 x 10"s

2.56 x 10"s

3.80 x 10"8

Do,

cm2 s"1

4.71 x 10"'

5.01 x 10"'

4.80 x 10"'

2.93 x 10"'

5.58 x 10"'

4.53 x 10"'

E.,

kJ niol"

10.85

10.85

10.85

6.85

6.85

6.85

AS*

.1 niol"' K"1

-95.11

-93.58

-93.94

-98.04

-92.69

94.42

Table (4): Tliermodynaniic parameters of Co2+/H+ and Zn"+/II+ systems on p(AM-AA) Zr-P
at different reaction temperatures.

Ion

Co

z , .

Reaction

Temp. °C

25

40

60

25

40

60

CmV

4.516 x 10"'

6.592 x 10"'

1.054 x 10"'

5.523 x 10"'

7.495 x 10"'

9.034 x 10"8

cm2 s '

1.578 x J0"s

1.234 x 10"5

1.547 x 10"5

1.166 x I0"6

1.186 x 10"r'

1.138 x 10"6

kJ mol"1

19.607

19.607

19.607

13.39

13.39

13.39

AS*,

J mol"' K"1

-64.89

- 66.93

-66.85

-86.56

-86.29

-86.76
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The plot of log Dj against 1/T.°K for Co2+ and Zn2+ ions which give straight lines (Figs. 11,12) for
all metal ions investigated to justify Arrhenians equation

Di = Doexp(-Ea/RT)

Thus the energy of activation (Ea) and the pie-exponential constant (D,,) were estimated from the
plots according to the previous expression. The entropies of activation AS" for different ions were then
calculated by substituting of Do values in Barreret al. equation (11)

Do = 2.72 (KTd2/h) exp AS7R

where R is the general gas constant, K is the Bollzman constant, T is the absolute temperature, d is the
average distance between two successive positions in the process of diffusion which is taken as 0.5
mm, h is the constant.

The values of diffusion coefficients (D,), energy of activation (Ea) and entropy of activation (AS*)
for Co'+ and Zn"+ are listed in Table (3,4). The values of diffusion coefficients for Zn2f and Co"1 ions
are higher than those for semicrystalline niobium (l2) and zirconium phosphate (l3), but are nearly equal
to those for strongly calionic resins lS) or even weakly calionic resins ( ''. Furthermore, the values of
diffusion coefficient inside the exchanger take the order Zn2+ > Co"'.

The relatively small activation energy values which are given in Table (3,4) fore Zn2+and Co2+,
suggest thai the rate of exchange is a particle diffusion mechanism, moreover, the negative values for
entropy of activation, where the entropy change is small in the solid phase, suggesting thai no
significant structural change occurs in both cerium(IV) anlimonate and polyacrylamide acrylic acid
resin impregnated with zirconium phosphate. Similar behaviour is reported in tantalum (l4) and iron ( b )

antimonales.

Conclusion:

From the previous data, we can determine the availability of using of some orgaic
resins{I'(AM-AA)Zr-IJ} and inorganic ion exchanger (CeSb) in the treatment of both of environmental
and radioactive wastes and the diffusion of Co"+ and Zn"* in the particles of l'(AM-AA)Zr-l) and CeSb
is obeyed by a particle diffusion mechanism.
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ABSTRACT

Cellulose and different natural materials - supported hexacyanoferrate
composites were prepared and characterized by IR and X-ray diffraction studies.
The stability of the prepared composites towards concentrated mineral acids was
studied. The Capacity of such prepared composites towards the uptake of cesium
was calculated and was found to be 1.5-1.7 meq/g. The capacity of the natural
materials - supported composites was found to be slightly higher than that of the
cellulose supported one. Different Parameters affecting the sorption process of the
radioelement such as acid concentration, pH variation, competing ions and carrier
concentration were studied. The release of the cesium traces from the composite
materials was studied under different HC1 concentrations and it was found that
there is no release of the absorbed cesium up to 2.5M even for long contact time up
to two weeks. The work is under developing and extension.

Key words: Sorption / Composite/ Cesium

INRODUCTION

The HLW contains quantities of valuable materials, so a new strategy of nuclear
waste management is evolving which involves partitioning actinides and long- lived
fission products from HLW for further use or disposal after treatment. The separation of
cesium and strontium from HLW and their utilization has a great effect while facilitating
management and disposal of residual HLW. The separation of cesium from HLW started
from the early work concentrating on improving the capacity of copper and cobalt
hexacyanoferrates(1). Also ammonium molybdophosphate has attracted attention for
cesium recovery from nitric acid solutions'2'. Insufficient mechanical stability and
difficulty of cesium desorption makes these sorbents unsuitable for industrial scale
operations. A need has therefore arisen to develop granular sorbents suitable for sorption
-desorption- regeneration cycles in packed column. Experiments were made to develop
column usable composites by impregnating organic anion exchange resins with transition
metal hexacyanoferrates (M-HCF)'3'4'. In the same direction experiments have been
carried out on the impregnation of supports like charcoal and silica gel with (M-HCF)
crystals from concentrated metal salt solutions'5'6'. Several methods are known to modify
some properties of inorganic sorbents . Some composite sorbents are obtained by
processing powdered inorganic sorbents with various polymers dissolved in organic
solvent (7'. In the same way composite ferrocyanide sorbent(S' as well as composite
alminosilicate sorbents'9' were obtained to improve stability and decrease solubility in
water of the inorganic filler. However the above mentioned methods are not efficient in
producing the composite sorbents of required physico-chemical properties. Another
methods were developed for obtaining composite ion exchangers of specific sorptive
properties into polycondesation matrix of an organic carrier"0'. Also methods of
composite sorbent manufacturing comprising treating a porous materials with a mixture
including a hexacyanoferrat substance were developed(11)

In the present work series of composite sorbents were prepared and characterized ,
and were used to study the recovery of cesium with studying different parameters
affecting this recovery process.
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EXPERIMENTAL

Reagents:

Analytical grade Reagents were used in this work . The porous materials used as
supports were dried and sieved to < 0.63 mm ; wood powder is collected from carbenters
work shops and zeio-maiza from corn plants .

Preparation of Composite Materials :

Cellulose , zeio-maiza and wood supported copper hexacyanoferrate composites
were prepared by modifying the procedure reported by Remes(11).

Measurement of Uptake percentage and Capacity :

The uptake percentage was measured at room temperature by batch technique
through shaking lOOmg of composite material taken in glass bottles with 10ml of
aqueous solution labeled with 134Cs tracer for a period of time sufficient to reach
equilibrium (24 hour) . Solid Samples were then separated from solution by
centrifugation , aliquats lml of the solution was gamma counted in HPGE of multichanel
analyser. From the initial and equilibrium activities uptake percentage of Cs on the
composite materials was calculated as :

C , -C F

Uptake % = 100

where Ci and CF are initial and final activity .

The Capacity of the composite materials were determined using batch techniques.

RESULTS AND DISCUSSION

I.Characterization of the Prepared Composites:

LI- X-Ray Diffraction Studies:

The x-ray diffraction patterns of the three prepared Composites [cell. Comp., zeio.
comp. and wood comp.] were given in fig. (1). From these patterns it could be concluded
that all of these composite materials have definite crystal structure. Also from the x-ray
diffraction patterns it is obvious that all the three prepared composite materials have
almost the same crystal structure since the they have the same bands, which means that
the ferrocaynide complex is only supported on the cellulosic materials.

I.2-IR-Studies:

The IR-spectra of the three prepared composites were represented in figs. (2,3 and 4).
As it is briefly present in these spectrum the main absorption bands at 3425cm"1 ,
2093cm"1 and 1046cm"1 . The band at 3425cm"1 can be assigned to (v OH) (of the
cellulose molecule ) , while that at 2093cm"1 is ascribed to C=N stretching vibration . The
band at 1046cm"1 is related to C-0 stretching vibration. Also it is obvious that the three
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Fig(l) X-ray studies on the three prepared composites cell. Comp., zeio. Comp. and
wood comp.
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Fig(2) IR-studies on the cellulose supported ferrocyanid composite
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BOMEN

Fig(3) IR-studies on the zeio-maiza supported ferrocyanid composite
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BOMEN

Fig(4) IR-studies on the wood supported ferrocyanid composite
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IR-spectra have the same characteristic absorption bands which supports the trend that the
ferrocyanid complex is only supported on the cellulosic materials.

I.3-Solubility of the Prepared Composites:

Solubility of the prepared composites in nitric acid and hydrochloric acid of different
concentration (1-6M) were determined , based on the solubility of the associated ion
Cu2+ and represented in table (1) . It could be noticed that with respect to cellulose
composite there is no solubility in HCl upto 4M but at 6M there is very slight solubility ,
but in case of HNO3 there is very slight solubility which is nearly the same at all
concentrations upto 6M . With respect to zeio. and wood comp. there is only slight
solubility with all concentrations. In this concern we must through the light on that the
solubility of these composites in all cases do not exceeds 0.3% of the initial present.

Table: (1) Studying the stability of the prepared composite in different media
with different concentrations :

Comp.

[H^M

1MHC1

2MHC1

3MHC1

4MHC1

6MHC1

IMHNO3

2MHNO3

3MHNO3

4MHNO3

6MHNO3

Cell. Comp.

Cu ppm

0.00

0.00

0.03

0.04

5.52

2.46

2.47

2.66

1.89

1.53

Zeio. Comp.

Cuppm

0.18

0.06

0.47

0.79

1.52

2.8

3.84

3.56

2.68

1.86

Wood Comp.

Cu ppm

0.13

0.21

0.20

0.36

2.38

3.57

3.51

2.52

3.10

3.71

I.4-Capacity Studies:

The capacity of the three composites used with respect to Cs+ ion was obtained by
repeated batch equilibrium and it was found to be 1.54, 1.57 and 1.57 meq/gm for cell.
Comp. , zeio. comp. and wood comp. respectively. Obviously the capacity of the three
composites is fairly identical with very slight difference between the natural and synthetic
supports.
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II. Studies on the Sorption of Cesium on the Prepared Composites:

II.l-Effect of Contact Time:

Figure (5) shows contact time represented against the % uptake of I34Cs by the
three prepared composites . From this figure it is found that the sorption process reaches
equilibrium after 60min with the three composites and the %uptake after equilibrium
remains constant for two weeks .

.it:

I

100

90

80

70

60

•—Cel.Comp.

-•—Zeio.Comp.

-A—WoodComp.

20 80 100 12040 60

Time.min

Fig. (5) Effect of contact lime on the sorption of cesium

by the three prepared composites

II.2-Effect of Hydrogen Ion Concentration :

The effect of hydrogen ion concentration (in pH range 1-12 ) on the %uptake of Cs on
the three different composites is showen in fig.(6) . The uptake of Cs is nearly constant
in the pH range 1-8 and suffers decrease as the pH increase up to 12 which agreed with
Lehto(12) and Cambel(13) since they reported that pH of 2 to 9 had little effect, but higher
pHs decreased the distribution coefficient of cesium on ferrocyanids.
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Fig.(6)Effect of pH variation on the sorption of Cs on
t ie three prepared composites
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II.3- Effect of acid concentration :

Varied concentrations of both HCl and HNO3 were used separately to study the effect
of acid concentration on the %uptake of Cs on the three different composites .
As represented in figs.(7 and 8) the concentration of HCIupto 3 M has no effect on the
%uptake of Cs on all composite types . But in case of HNO3 as it is shown in fig.(8), for
cellulose composite as the concentration of HNO3 increases the %uptake decreases , but
incase of zeio. comp. and wood comp. the %uptake is constant upto 2M . This finding
may be attributed to the presence of some components in both zeio-maiz and wood
which prevent the oxidative effect of HNO3 on the ferrocyanid complex . It could be
observed from these figures that the %uptake of Cs from HCl is slightly higher than that
from nitric acid solution.
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II.4-Effect of carrier concentration

The effect of Cs+ carrier concentration on the %uptake of radiocesium on different
composites is represented in fig.(9) . It is clear in this figure that the %uptake is constant
upto 0.005M Cs+ but in the range 0.008-0.01M there is sharp decrease in uptake% with
increasing the Cs+ concentration. This observation may be explainable for the absence of
any free sites on the composite for more Cs ions to be sorbed.

100

90

80
—•— Cell.Comp.
—•— Zeio.Comp.
—&— WoodComp.

70
0.000 0.002 0.004 0.006 0.008 0.010

Fig.(9)Effect of Cs carrier concentration on the uptake% of
Cs by different composites

II.5-Effect of Competing Ions:

The effect of some competing ions was studied througth studying the effect of Na+ ,
Co2+ and Fe3+ concentration as a mono ,di and trivalent ions on the %uptake of
radiocesium on the different prepared composites. As in Figs. (10, 11 and 12 ) it is clear
that there is no effect of any of the studied competing ions upto concentrations of 0.2M
of each of them separately on the %uptake of radiocesium.

II.6-Effect of Composite weight Variation :

In this concern varied weights of the prepared composites were used to study the
sorption of radiocesium . As represented in fig. (13) it is found that as the weight of the
composite increases the %uptake increase upto O.lgm (v/m of 100) after which the
%uptake remains constant.

II.7-Studying the Release of Radiocesium Under Different Acid Concentrations:

Different HC1 concentrations were sealed with the composites loaded with
radiocesium for different periods of time to show the release of radiocesium again from
the composite materials . As in table (2 ) it is found that upto 2.5M HC1 solution and after
two weeks there is no release of the loaded radiocesium.
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Table (2): Studying the release of the loaded radiocesium under different
acidity at different periods of time.

Comp.

[ff],M
Cell. Comp. %release Zeio. Comp. % release Wood Comp. % release

After One Day
0.1
0.5
1
1.5
2
2.5

2.4
1.94
3:4
1.6
3.8
4.3

1.9
2.4
2.75
3.9
3.2
3.6

3.4
2.8
1.8
3.1
2.3
3.4

After Four Days
0.1
0.5
1
1.5
2
2.5

3.2 \
2.7
1.7
3.5
2.92
3.02

2.3
1.8
3.5
3.9
2.92
1.45

2.8
2.3
2.3
3.4
2.6
3.8

After One Week
0.1
0.5
1
1.5
2
2.5

2.3
2.7
1.2
2.8
3.4
3.01

2.3
3
3.9
2.5
3.82
3.4

2.3
2.5
2.9
3.5
2.9
3.7

After Two Weeks
0.1
0.5
1
1.5
2
2.5

2.01
2.6
3.2
3.2
2.8
2.3

1.57
3.4
2.7
3.9
2.4
3.9

2.5
3.2
2.1
3.2
2.5
3.2

II.8-Effect of Washing the Loaded Composites Using Different Solutions:

Solutions of different concentrations of both HNO3 and NaOH were used separately to
study the washing or regeneration of the composites used in sorption of cesium and the
results are represented in table (3). From this table it is found that nitric acid solutions
upto 3M give slight washing, also 0.1M sodium hydroxide give higher washing than
nitric acid solution, but 1M NaOH give nearly complete washing . It is clear that the
uptake reaction is acid dependant while the release one is alkaline dependant and we
could suggest from the previous observation that the uptake and release reactions was as
follow:

Composite + Cs+

OHT
Composite-Cs
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Table (3): Studying the effect of washing of the loaded composites using different
solutions:

Comp.

Soln.
1.5MHNO3

2.5MHNO3

3MHNO3

O.lMNaOH
lMNaOH

Cell.Comp.

%washing
7.3
4.2
2.6
16.9
92.8

Zeio. Comp.

%washing
0.5
1.4
0.6
41.3
94.3

Wood. Comp.

%washing
2.6
8.9
9.6
21.8
99.8

Conclusions:

-Composite exchangers could be prepared by supporting ferrocyanid complexes on
cellulosic supporting materials which are cheep, easy to obtain and resist the oxidation

of cyanide by HNO3 due to the presence of some reducing agents .
-The prepared composites withstanding high concentration of nitric acid and

hydrochloric acid with only slight solubility .
-The prepared composites give high selectivity to Cs and also high recovery of the

element from nitric and hydrochloric acid solutions.
-High acid concentrations does not cause release of the absorbed cs from the used

composites.
-The recovery of Cs do not affected by mono-, di- and trivalent competing ions.
-The used composite exchangers could be regenerated using 1M sodium

hydroxide solutions.
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ABSTRACT

A study has been conducted to study the uptake of radioeuropium and
radiocesium as representatives of fission products in addition to the element
chromium as a heavy metal ion, straw and sugarcane residue as representatives of
natural cheap materials.

Radiometric measurements and spectrophotometric analysis of concerned
elements were the techniques adopted in this work. Factors affecting the uptake
behavior of the studied elements on different types of straw (Rice, Wheat and
Maize) in addition to sugarcane residue were studied. Such factors are the pH,
contact time, ion concentration and type of media.

The uptake % of Cr(III) on straw and sugarcane samples is found to reach 100%
at pH=l, while that of Cr(VI) does not exceed 15% on the same samples at higher
pH values. While uptake % of Eu(III) reaches 75% with all studied materials. The
uptake % of Cs(I) on straw and sugarcane samples is found to be 80% in a short
time then decreases sharply.

Key Words: Adsorption /Hazardous Elements /Straw /Sugarcane

INTRODUCTION

Recently, the adsorption of some radionuclides by natural materials have been investigated (I"4).
The use of cellulose materials and wood powder in adsorption of some radionuclides has been
reported(5'7). The retention of the elements Np, Pu, Am, Sm, Zn and Cs which may exist in radioactive
waste matrix, has been carried out using clay and zeolite(8). Certain plants as natural materials were
used for the adsorption and decontamination of some heavy metals from polluted water (9). Straw
pretreated with concentrated nitric has been used as an adsorbent in column ()0). It is used for
separating thorium from uranium and its daughters, where the absorbent showed high absorbability
and high affinity to thorium.

In the present work studies on the adsorption of 1S2+154Eu and 137Cs in addition to chromium as
a toxic heavy metal, on different kinds of straw of rice (RS), wheat (WS), maize (MS) and sugarcane
residue (SC); have been undertaken.

EXPERIMENTAL

Different kinds of straw samples (rice, wheat and maize) were collected in dry manner after harvest
seasons. All the collected samples were air-dried then placed in an oven for two hours at 110 °C. to
assure of complete drying. The straw samples were grinded mechanically. The fraction having the
diameter 0.63 mm was selected. All the selected samples were used without any chemical treatment
and were characterized using IR spectrophotometer of type FT BOMEN, Canada. The radioisotopes
152+154̂  an (j B7£s w g r e u g e j tQ t r a c e t | i e corresponding elements using highly pure germanium

detector (HPGe) connected to a nucleus computerized multichannel analyzer of type Genie-2000
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Canberra. A ratio v/m of a value 100 ml/g. was maintained unvaried for all the conducted
experiments. The element uptake percentage is calculated as follows:

A0-(A t + Aw)
Uptake % = — X 100

Ao is the initial ratio activity in the aqueous solution.
At is the final ratio activity in the aqueous solution at time t.
Aw is the ratio activity adsorbed on the walls of the tube.

For the element Cr its content in the aqueous solution was measured spectrophotometrically, by
measuring the absorbance at wave length 540 nm following a calibration curve Fig. (1) using
a spectrophotometer of type 330 Perkin Elmer.

RESULTS AND DISCUSSION

The results obtained in the present work are summarized and discussed in the following sections.

1) Results on the Sorption Studies of Cr(III):

The factors affecting adsorption process of chromium on straw and sugarcane samples, which are
studied in this work, are the pH, contact time and element concentration. The results of the effect of
pH variation on the adsorption of chromium on sugarcane residue and different straw samples are
shown in Figs. (2a, 2b). As shown in these figures, 100% adsorption of chromium is observed
(i.e. complete adsorption). With increasing pH values, the adsorption of Cr (III) decreases sharply till
pH = 4. Sugarcane residue shows slightly higher ability to adsorb Cr (III) in pH range 3 - 4 than the
other straw samples. The decrease of adsorption of Cr (III) with decreasing the acidity is likely
explainable by oxidation of Cr (III) to Cr (VI).

Figs. (3a, 3b) show the effect of contact time on adsorption of Cr (III) from sulfuric acid media at
pH = 1 . Cr (III) uptake percent reaches its maximum value 100% for rice and maize straw samples
after shaking time of 2 h. Also Cr (III) is completely adsorbed by sugarcane residue and wheat straw
samples (uptake% of Cr (III) = 100) after 3h. of shaking time. So, an equilibration time of 3h. for all
straw samples is the accepted time.

Adsorption isotherm of Cr (III) is carried out using different concentrations of Cr (III) in sulfuric
acid medium of pH = 1 on rice straw sample. The amounts of Cr (III) adsorbed per gram (X/m) in
meq.g"' are plotted against Cr (III) concentration [C] on logarithmic scale, Fig. (4). The plot in this
figure gives a straight line of slope = 1. This linearity of the isotherm means that the adsorption
process follows Freundlich isotherm. This means that the adsorption of Cr (III) cation on straw and
sugarcane residue samples takes place through the formation of a single monolayer of sorbed ionic
species ("'. This finding agrees with that published for the adsorption of various metal ions on
cellulose(12), and wood powder(7ll3).

The Freundlich isotherm is represented by the equation:

X /m = KC 1/n

Where, K and 1/n are empirical constants depending on the nature of both aqueous and solid phases
used at constant temperature.
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2) Results on the Sorption Studies of Eu(HI):

Results of the effect of pH variation on the adsorption of Eu (HI) on sugarcane residue and straw
samples from sulfate solutions are given in Fig. (5). The plots in this Fig. show that the highest
uptake % of Eu (III) on straw samples reaches 80% at pH = 3.5 and that for sugarcane, it reaches 78%
at pH = 3. Results on the effect of variation of both HC1 and oxalic acid concentration on the
adsorption of Eu (III) on sugarcane residue and different straw samples are presented in Figs. (6 & 7),
respectively. It is clear that there are no clear difference for the adsorption behavior of Eu (III) in the
two cases. Where, adsorption of Eu (III) on wheat straw decreases to the lowest value (Eu (III)
uptake = 5.36 %) at acid concentration of IN HC1. Also, Eu (III) adsorption on sugarcane residue
decreases to the lowest value (Eu (HI) uptake = 5.3 %) at acid concentration of IN oxalic acid.

On the other hand, Eu (III) adsorption increases gradually till it reaches its maximum value on
sugarcane residue (Eu (III) uptake = 62.9 %) at 3N HC1 and uptake = 70 % at 3N oxalic acid. Under
the experimental conditions studied it might be obvious that the nature of the anion (Cl" or oxalate) in
the aqueous phase has a little or perhaps no influence on the adsorption of Eu (111) on the sorbents
used.

Results of the effect of contact time on the adsorption of Eu (III) from nitrate media of pH = 3.5 on
the studied sorbents are given in Fig. (8a). It is obvious that Eu (III) uptake % reaches its maximum
value for straw samples (75%) after a shaking time of 80 min. and at the same time it reaches its
equilibrium state. All straw samples have more or less the same sequence for Eu (III) adsorption from
this media. Sugarcane sample shows a slightly higher uptake % of Eu (III) than the straw samples at
the same time.

The adsorption of Eu (III) from nitrate solution of pH = 3.5 is studied statically on rice straw and
sugarcane samples, Fig. (8b). The uptake % of Eu (III) reaches 80% on sugarcane sample and reaches
75% on different straw samples at 16h. These uptake percentages are nearly the same, which are
obtained in dynamic adsorption case but the equilibrium time is decreased to 80 min. in the later case.
So, it could be deduced that 2h. contact time is enough for shaking the two phases when studying the
effect of other parameters on the adsorption process.

Results of the effect of element concentration on the adsorption percentage of Eu (HI) are shown in
Fig. (9). Different concentrations of stable europium nitrate are added to active europium and the
adsorption of Eu (III) from the nitrate solution of pH = 3.5 on rice straw sample has been investigated.
The amount of Eu (III) adsorbed (X/m) in meq. /g. is plotted against the carrier concentration [C] on
a logarithmic scale. The relation obtained is linear with slope = 1 and the amount of Eu (HI) sorbed
per gram increases with the carrier concentration. This finding agrees with the Freundlich isotherm.

3) Results on the Sorption studies on Cs(I):

Effect of the pH variation on adsorption of Cs (I) on different straw and sugarcane residue samples
has been investigated, Fig. (10). The maximum uptake % of Cs (I) by rice straw and sugarcane
samples (49.6% and 38%) respectively, occurs at pH = 7.1 followed by a decrease with continuous
increase of pH.

Effect of contact time on adsorption of Cs (I) from ammonia solution at pH = 7.0 using different
straw and sugarcane samples has been investigated and results are given in Fig. (11). With sugarcane
the uptake % reaches 40% after 2h. of shaking time. For straw samples the uptake % reaches 50%
after 75 min. of shaking time at which the equilibrium is attained for straw samples.

65



• - R S
— t - W S
- A - M S
- T - S C

Rg.(5): Effect of pH variation on adsorption of BJ(II) on dfferent
straw and sugarcane sarrples from sulphate solution.

66



i3

l

2.0 2.51.5
HCl(N)

Rg.(6): Bfect of hydrocbric acid concentration on adsorptbn
of Eu(II) using different straw and sugarcane samples.

3.0

0.5 2.51.5 2.0
OolicAcid, (l^

Fig.(7): Effect of oxalic acid concentration on adsorption of
Eu(ll) using different straw and sugarcane samples.

3.0

67



80

60

5-

80 100 120 140 160
Trre, Mn.

Fig. (8a): Effect of contact trre on the adsaption of Eu(li) on different straw
and sugarcane samples from nitrate media of pH=3.5

1
3

80

60

40

20

nt

/@§p@ ©
ml

{
I
) , 1 , 1 » ! • I • 1 , I

@

— • — SC
—©—RS

• i

0 20 40 60 100 120 14080
Tims, h.

Rg(8b): Bfect of contact firm on the adsorption of Eu(lll) on rice straw
and sugarcane samples f romnitrate rred ia cf pB=3.5 (Staticaly)

160

68



0

-2 -

-4 -

CD

a -6

-8 -

-10

•

1 . 1 . 1

•

B

— B — Billl

1 1

-8 -6 -4 -2 0

Rg(9): Bfectof carrier concentration on adsorption
of BJ(III) by rbe straw sarrple.

Fig.(10): Efect of pH variation on adsorption of Cs(D on

different straw and sugarcane samples.

69



50 150100
Ti ire, Mn.

Rg.(11): Effect of contact time on adsorption of C5(D fromamonia
solution at pH=7.0 using different straw and sugarcane samples.

200

70



The effect of contact time on the adsorption of Cs (I) on rice straw and sugarcane samples from
distilled water of pH = 5.2 has been investigated and reported in Fig. (12). The plots in this figure
shows unexpected Cs (I) uptake = 80% in a short time after 10 min. shaking time. Then Cs(I) uptake
decreases sharply to get equilibrium after 80 min. reaching 20% and 10% for rice straw and sugarcane
samples respectively.

It is known that the straw and sugarcane residue composition is mainly cellulose structure, rice
straw as an example is composed of 43% cellulose, 25% hemicellulose, 12% lignin, 3-4% crude
protein and 16-17% ash silica(l4>15). IR spectra of the samples studied in the present work are given in
Figs. (13,14). The presence of -CH, -CH2 and -OH are confirmed through straw IR spectra from their
characteristic adsorption peaks at 3000-2900, 1450 and 3500-3200 cm'1 , respectively. These findings
agree with the published work(15>16).

Hence it could be deduced that the adsorption of the studied cations on straw occurs through
physical adsorption mechanism between the positively charged cations of the element and the
negatively charged straw molecule (cellulose molecule) as a result of the coordination through the lone
pairs of electrons of its oxygen atoms.

CONCLUSION

The different studied straw samples in addition to sugarcane sample as naturally cheap materials
could be used successfully for not only adsorption of the studied environmentally hazardous elements
Cr (III), Eu (III) and Cs (I) to a finite uptake %, but they also could be used successfully for complete
adsorption of each element at certain experimental conditions by successive experiments. So these
natural cheap adsorbents find good application in radioactive waste fractionation.

Finally the very cheap naturally available materials; straw of rice, wheat, maize as well as
sugarcane residue find valuable economic application in cleaning the environment from a varity of
elemental pollutants.
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ABSTRACT

Various antimonate compounds are well known as important inorganic ion

exchangers, since they have radiation stabilities and also high selectivities towards

different cations. Ceric, silicon and ferric antimonates were prepared in our

laboratories. Characterization of these materials has been described using different

techniques, including thermal analysis, surface area measurements, X-ray diffraction

and IR-spectroscopy. The selectivities of these exchangers towards molybdenum have

measured under different conditions and a comparison between them had been

conducted to enable the suitable exchanger that can be used in the separation of

molybdenum from fission products.

Key Words: Antimonates, Sorption, Ion exchange, Molybdenum, Fission products.

INTRODUCTION

Radioisotopes play an important role in the peaceful uses of atomic energy.

The radioisotope most widely used in medicine is technetium-99m, employed in over

half of all nuclear medicine procedures. It is an isotope of the artificially produced

element technetium and it has almost ideal characteristics for a nuclear medicine scan.

It has a half-life of six hours, which is long enough to examine metabolic processes

yet short enough to minimize the radiation dose to the patient[IJ. Technetium-99m

decays by a process called "isomeric"; which emits gamma rays and low energy

electrons. Since there is no high-energy beta emission, the radiation dose to the

patient is low. The low energy gamma rays it emits easily escape the human body and

are accurately detected by a gamma camera. Once again the radiation dose to the

patient is minimized p].

Since molybdenum 99m is the only source of short -lived daughter, Tc-99m[3],

the goal of this study was to develop a highly specific molybdenum separation

method that would be used to get 99Mo from fission product mixture with
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exponentially high purity. This process will mainly depend on the properties of the

separating materials used. Many investigators continue to look for new inorganic ion

exchange materials, whose special properties such as resistance to high temperature

and radiation fields can be employed to advantage.

The synthesis of inorganic ion exchangers has been studied by various

workers'4'. Antimonate exchangers have been studied first by Abe and Ito'5'; cation

exchange materials which contain antimony have very high hydrolytic stability in

nitric acid' ' and show selective radionuclide uptake'7' as well as actinides'8' from

nitric acid solutions, so the present report summarizes our findings on the preparation

, properties and ion exchange behavior of eerie, silicon, titanium and ferric

antimonates.

II.EXPERIMENTAL TECHNIQUES

The Skeletal structures of the produced exchangers were tested by using

infrared Spectrometry. The specific surface area and porosity measurements were

achieved using BET-technique as an adsorption phenomenon of nitrogen gas on the

powder surface at 77K. Simultaneous DTA-TG was used to follow up both phase

changes and weight loss in the prepared exchangers at different temperatures. The

building temperatures of the new-formed phases were successfully detected by XRD

technique. The ion exchange behavior of the prepared exchangers towards Mo(VI)

was detected by application of the thiocyanate method under different conditions'9',

using single beam spectrophotometer at 560nm..

III. RESULTS AND DISCUSSION

III.l. Preparation of Antimonates:

The different ion exchangers used in this study were titanium, eerie, silicon

and ferric antimonates. These exchangers were prepared according to the following

steps:

A 0.6M solution of antimony(V) chloride was prepared by dissolving

antimony powder in aqua regia with vigorous stirring in water path at 60°C. To this

solution , equimolar ratios of titanium(IV) chloride, sodium metasilicate, ferric nitrate

and ammonium eerie nitrate were separately added to prepare titanium, silicon, ferric

and eerie antimonate respectively. The mixtures were aged overnight in the mother

liquor to get complete digestion of the components followed by precipitation with
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either bidistilled water or liquid ammonia solution. The precipitates were washed

using bidistilled water till constant pH values were reached. The products were

centrifuged, dried at 50°C, grinded and sieved to obtain the required mesh sizes.

These steps can be described schematically in figure (1).

The chemical stability of the prepared materials were studied in nitric acid and

hydrochloric acid with different concentrations and in water. The results are indicated

in table (1). From this Table it is clear that all the prepared materials were insoluble in

water and partially dissolved in both acids up to 6M.

III.2. Characterization of the prepared exchangers:

HI.2.1. Infrared measurements:

The skeletal structures of the different antimonate exchangers were observed

using infrared spectrometry, by means of FTIR . Figures (2-5) show the FTIR spectra

of antimonate exchangers, dried at different temperatures. The metal-oxygen

characteristic band in the wave number range between 700-900 cm1 i s independent of

the drying temperatures. On the other hand, the two bands nearly at 1615-1634 and

3400-3600 cm ', characteristic for interstitial water with strong H-bonding are highly

affected by heat treatment of the prepared exchangers. As the drying temperature

increase from 50°C to 850°C, passing through 200, 400 and 650°C, the intensities of

these peaks gradually decrease and completely diminishes at 850°C. These data

reflects the loss of water completely at this temperature.

III.2.2.DTA-TG analysis:

Differential thermal analysis simultaneously with thermogravimetry were used

to study phase transformations and weight loss during heat treatment. The

measurements were carried out at a heating rate of lOK/min. to attain equilibrium

temperatures.

The simultaneous DTA-TG curves of different exchangers are represented in

figures (6-9). The endothermic peaks between 50 - 70°C were assigned to be due to

the loss of free water, while that appearing between 260-300°C were due to the loss of

chemically bonded water. The exothermic peaks starting at 400 °C may be attributed

to the metal oxide formation, hi case of silicon antimonate exchanger, a

semicrystalline structure was obtained by only drying at 50°C.
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The weight losses for the different exchangers at different drying temperatures

are shown in table (2). These weight losses correspond to the water content removal

of the exchangers at these temperatures.

111.2.3. X-ray diffraction analysis:

The powder XRD patterns for the synthesized exchangers at different drying

temperatures are shown in figures (10-13). The figures indicate that all materials that

were prepared at 50°C are amorphous except for silicon antimonate, which shows

some crystallinity at 50°C. By increasing the drying temperature, the crystallinity

begin to improve until it become more distinct at 850 °C for all samples. The increase

in crystallinity probably is a result of both dehydration and formation of hydrous

metal oxides. The change in crystallinity after thermal treatment is reported by others

111.2.4. Surface area measurements:

The total surface area of the prepared exchangers were measured using

standard volumetric method by nitrogen gas adsorption at 77K and application of the

BET-equation. The equilibrium conditions of adsorption process could be attained

fairly and rapidly and successive measurements were carried out at intervals of 30

min. to establish good reproducibility of the results.

The values of the specific surface area in m2/g and degree of porosity for the

different exchangers were measured at 50, 200 and 400°C and represented in Table

(3).

In case of eerie antimonate and ferric antimonate exchangers, both the specific

surface area and porosity increase with increasing the drying temperature. This may

be attributed to the loss of water molecules, which occupy most of the reactive pores

present in the exchangers. However, the specific surface area and in turn the porosity

of the semi-crystalline silicon antimonate, dried at 50 °C were less than both of the

same exchanger dried at 200 and 400 °C.

On the other hand, titanium antimonate, dried at 200 °C has a specific surface

area that is lower than that obtained at 50 and 400 °C. This may be attributed to the

formation of the new crystalline phases before 400 °C as indicated by DTA-TG and

XRD measurements. The porosity values of this series were so close to each other.
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III.3. Apparent Capacity Measurements:

The capacities of eerie, ferric, silicon and titanium antimonates were measured by

repeated batch equilibrations of the sample with the desired solution in a shaker

thermostat adjusted at 25+1 °C, until saturation was attained.The ion exchange

capacities of CeSb, FeSb, SiSb and TiSb exchangers are represented in Figs. (14-19).

Fig. (14) shows that the equilibrium concentration to carry out the measurements was

nearly 0.02M, maximum capacity values have been obtained in the pH range of about

2-4 as indicated by Fig. (15).

The capacity of SiSb, dried at 50 °C was less than both of the same exchanger

dried at 200 and 400 °C. However in case of CeSb, FeSb antimonate exchangers, the

capacity increase with increasing the heating temperature. This may be attributed to

the loss of water molecules, which may act as exchangable active sites in the

exchangers, Figs. (16-18).

On the other hand, TiSb, dried at 200 °C has a capacity which is lower than

that obtained at 50 and 400 °C, Fig. (19). This may be attributed to the formation of

the new crystalline phases before 400 °C as indicated by DTA-TG and XRD

measurements.

Generally, these capacity results are in a good agreement with values of the

specific surface area and porosity measurements of the different antimonates dried at

different tempweratures.

Conclusion:

From the previous data ,it can be concluded that the different inorganic ion

exchange materials ( CeSb, FeSb, SiSb and TiSb) can be used for the separation,

decontamination and preconcentration of Mo from fission products.
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Table (1): Solubilities of different exchangers in mg/L from different media.

\Solvent

Exchanged
X
CeSb

FeSb

SiSb

TiSb

HNO3(M)

0.1

UD*

UD

UD

1250

0.5

UD

UD

UD

1950

1

400

50

150

2200

2

700

150

800

2950

4

1450

200

250

3200

6

1800

300

300

4150

HC1(M)

0.1

UD

UD

UD

1350

0.5

100

UD

150

2000

I

500

80

350

2450

2

750

420

750

3900

4

2000

700

1000

1200

6

3200

9220

2950

3550

Water

UD

UD

UD

UD

*U D Under Detection

Table (2): Weight loss of different exchangers as a function of temperature.

Exchanger

CeSb

FeSb

SiSb

TiSb

Temperature (°C)

200

400

650

850

200

400

650

850

200

400

650

850

200

400

650

850

Weight loss (%)

5.87

11

14.2

15

2

8.25

12

13.2

5

10

15.7

18.8

10.4

30

31.75

32.5
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Table (3): specific surface area and porosity of different exchangers at

different drying temperatures.

\Exchanger

Tem.("C)\

50

200

400

CeSb

Sur.Ar.

rnVg)

47.8

80

• 77.5

Porosity

(%)

20.7

40

47.55

FeSb

Sur.Ar.

mVg)

10.1

17.9

23.6

Porosity

(%)

8.2

16.8

22

SiSb

Sur.Ar.

nr/g)

23.1

64.5

55.7

Porosity

(%)

15.14

21

21.55

TiSb

Sur.Ar.

m2/g)

23.5

10.8

20.12

Porosity

(%)

12.11

13

15.32
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Antimony Powder

Aqua regia

w
W Aging 24 h.

r

Bidistilied H2O or
Liq.NH3

r

Washing
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Centrifugal separation

r

Drying at 50°C

f

Grinding and sieving

Titanium tetrachloride,

Sod.meta silicate,

Ferric nitrate or

Ammonium eerie
nitrate

Fig.(l): Preparation steps of different antimonates.
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Fig. (2): IR-Spectra of cerium (IV) aiitinionate dried at different temperatures
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Fig. (3): IR-Spectra of iron (III) antitnonale dried at different temperatures
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Fig. (4): IR-Specira of silicon (IV) antimonate dried at different temperatures
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Fig. (5): IR-Spectra of titanium (IV) antimonate dried at different temperatures
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Fig.(6): DTA-TG Curves of cerium (IV) antimonate exchanger
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Fig.(7): DTA-TG Curves of iron (III) antimonate exchanger
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Fig.(8): DTA-TG Curves of silicon (IV) antinionate exchanger
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Fig.(9): DTA-TG Curves of titanium (IV) antimonale exchanger
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Fig. (10): XRD of cerium (IV) aiitimonate dried at different temperatures.
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Fig. (II): XRD of iron (HI) antimonate dried at different temperatures.
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Fig. (12): XRD of silicon (IV) antimonate dried at different temperatures.

s

>
1

30 50
Angle 29

70

Fig. (13): XRD of titanium (IV) antimonate dried at different temperatures.
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Fig.(14): Capacity of CeSb, FeSb, SiSb andTiSb from different
concentrations of molybdenum at pH 2.7
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Fig.(15): Capacity of CeSb, FeSb, SiSb andTiSb at different
equilibrium pHs from 10r2 M molybdenum concentration
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Fig.(16): Capacity of SiSb dried at 50, 200 and 400 °C versus
equilibrium pHs from 10~2 M molybdenum concentration
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Fig.(17): Capacity of CeSb dried at 50, 200 and 400 °C versus
equilibrium pHs from 10~2 M molybdenum concentration
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Fig.(18): Capacity of FeSb dried at 50, 200 and 400 °C \ersus
equilibrium pHs from 10~2 M molybdenum concentration
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Fig. (19): Capacity of TiSb dried at 50, 200 and 400 °C versus

equilibrium pHs from 1CT2 M molybdenum concentration
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ABSTRACT
In this work organic slovents, benzene, toluene, o-xyIene,CHCl3,CCI4 and

cyclohexane have been, investigated as extractants for Zr(IV), Nb(V) and Hf
(IV) from aqueous solution of H2SO4, HCI, HBr and KI, at different concentra-
tions. In the light of the obtained data the optimum conditions for separating Zr,
Nb and Hf were recommended.

Key words: Separation I Zirconium I Hafnium I Niobium I Organic Solvents I Mineral Acids.
INTRODUCTION

Because of the effect of the lanthanide contraction the chemical behaviour of zirconium and
hafnium is extremely similar, more than for any other pair of congeneric elements known. This
similarity in the chemical properties and consequently the difficulties in their separation led to the
search for specific methods for their separation. There are no reagents by which zirconium ion
could be effectively separated from hafnium ion because the ions of these two elements interact
with inorganic and organic reagents nearly in the same manner^). All common chemical
operations are ineffective for their separation, except those based on physico-chemical techniques
like solvent extraction fractionation methods, which are also suitable for sepai'ating zirconium and/
or hafnium from accompanying elements . Purification of zirconium completely from hafnium is
very significant from the nuclear point of view, since hafnium is a powerful absorber of thermal
neutrons. On the other hand, separation studies of niobium is of particular interest for the
separation of the radioisotope 95Nb from its parent 95Zr.

With respect to solvent extraction, some solvents were used for the separation of these three
elements either from each other or for group separation from other elements from different media.
Extraction separation of Zr(IV) and Hf(IV) from Nb(V) have been performed from aqueous
solutions of HCI, H2SO4 and HCIO4 with 3-hydroxy-2-methyl-l-(4-tolyl)-4-pyridone in
chloroform^) and with aliquate 336 in cyclohexane from UCl^. Some amines were used for the
separation of these elements under different conditions. Thus, Liquid extraction and reversed phase
chromatography was perfonned using trioctylamine (TOA) in cyclohexane for the separation of
95Zr and 95Nb in different aqueous media^. Mixtures of Aliquate 336 and DOSO or Alamine 336
in benzene were also used for separating these two isotopes from HCl^ . A solution of 0.1M
Aliquate 336s in xylene was used for group separation of Ti, Zr, Hf and Th from other elements in
ascrobic acid solution^. An extractive photometric determination of Zr in magnetic alloys has been
carried out in the system TOA in toluence-H2SO4 where Zr was separated from Nb and some other
elements®. Group separation of Zr, Hf, Nb and Ta from most of the matrix elements of some
geological samples was carried out by solvent extraction and counter current liquid
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chromatography using different extractants^. Extraction by N-benzoyl-N-phenyl hydroxyl amine
in benzene was used for group separation of Zr, Hf, Ti, Mo and Sn from N i ^ ) . Extraction
behaviour studies on the element 104 and its group 4 homologies Ti, Zr and Hf has been carried ut
with tributyphosphate in benzene from various concentrations of HBr and HCl^11) and with
triisooctyl amine (TIOA) in o, m, p-xylene from various concentration of UF^2\

The separation of metals is difficult if their chemical properties are similar. The chemical
behaviour of zirconium and hafnium is extremely similar, more than for any other pair of
congeneric celements known. Consequently, all common chemical operations are ineffective for
separation of thes two elements. Liquid-liquid extraction, however has been commercially
explored, particularly for the separation and purificatoin of such ery similar elements .Purification
of r, as nuclear material from Hf is very important.

EXPERIMENTAL
All the used chemical reagants were analytical grade. Cyclohexane, chloroform, carbon

tetrachloride, benzene, toluene and O-xylene were products of BDH. The organic and aqueous
phases were equilibrated with each other before their use for metal ions extraction in order to
prevent any volume change during extraction.

Radioactive tracers:
The radioactive isotopes, ^Zr, "^Nb and °^Hf were used for tracing the respective elementsl.

These isotopes were produced by irradiating suitable salts of zirconium containing 5% Hf in the
Egyptian Reactor ET-RR-1 at Inhas. 95Nb was produced as the decay product of 95Zr according to
the equation:

y-p y-P
9 4 Z r ( n , y ) 9 5 Z r T i / 2 = 6 5 d

 95Nb Y^=35d 95Mo (stable)

The irradiated zirconium was left for one months to reach equilibrium between 9^Zr and
The concentration of zirconium was held constant at 10"4M throughout this study solutions. All
isotopes were assayed gamma radiometricaaly in solution using a hyper pure Ge-detector
connected to a 8192-channel multi-channel analyzer. The gamma peaks of the used isotopes are
good resolved from each other. The y-lines used for' analyzing these isotopes, and consequently
the respeective elements were 481.2, 756 and 765 KeV for the radioisotopes ^Hf, 95Zr and "^Nb,
respectively.

Distribution ratio (D) measurements
Equal volumes (2ml) of organic solvent and aqueous phase were pipetted into a 20 ml glass

stoppered equilbration bottle and shaken mechanically for 30 min at room temperature (25+TC).
The aqueous phase contained the studied metal ions in the desired mineral acid at various
concentrations. Preliminary experiments had shown that equilbrium was established in about 20
min. After settling for half an hour and centrifuging when necessary, suitable aliquots from each
phase were withdrawn for radioassy. The distribution ratio, defined by the following equation:

_ Total concentration of elementM in the organic phase
~ Total concentration of elementM in the aqueous phase

was then calculated.
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The separation factor for two metal ion species M, Ms is calculated from the equation:

RESULTS AND DISCUSSION

The extractability of Zr(IV), Nb(V) and Hf(IV) by various organic solvents has been studied
from aqueos solutions of HCl, HBr, slightly acidic solution of KI and H2SO4 at different
concentrations. Cheap organic solvents has been chosen from an economic point of view for
studying the extraction and separation of these elements. These solvents are cyclohexane,
chloroform, carbon tetrachloride and the aromatic hydrocarbons, benzene, toluene and o-xylene.
The data are presented on Figs. (1-5) in the form of distribution ratios D against concentration of
the investigated acids in aqueous phase.

Extraction from hydrochloric acid solutions
Fig. 1 presents the variation of D Zr(IV), Nb(V) and Hf(IV) with HCl concentration extracted

by: a) cyclohexane, b) chloroform, c) carbon tetrachloride, d) benzene, e) toluene and f) 0-
xylene. As can be seen from this figure the extraction behaviour of the three metal ion species is
similar. The D-values increase with the increase in HCl concentration and pass through a
maximum at ~8-9M HCl then decreased slightly. In case of extraction by carbon tetrachloride,
toluene and o-xylene, the extractability of the metal ion species follows the sequence:

Nb(V)>Zr(IV)>Hf(IV)
For the extraction with cyclochexane, chloroform and benzene the sequences are, respectively

as follows:
Zr(IV) > Nb(V) > Hf(IV),
Hf(IV) ~ Zr(IV) > Nb(V) and
Nb(V) > Hf(IV) > Zr(IV).

However, the D-values for the three metal ion species differ only slightly, consequently
separation of these element species from other using these solvents is difficult from aqueous HCl
solutions.

Extraction from hydrobromic acid solution:
The effect of HBr concentration on the extraction of Zr(IV), Nb(V) and H(IV) by the used

solvents is also studied. The data are presented on Fig. (2) for the extraction by: a) cyclohex-ane,
b) chloroform, c) carbon tetrachloride, d)benzene, e) toluene and f) o-xylene. As in case of
HCl, the D-values increase with the increase in HBr concentration to reach a maximum value at
0.8M HBr then decrease slightly, the D-values for the three metal species are comperativly similar,
except in the case of the ex fraction by cyclohexane and chloroform, here apperaciable difference
between the D-values of the three metal ion species is observed. Thus, D-values of Hf(IV) in both
cases are much lower than those of Zr(IV) and Nb(V). Consequently, using cyclohexane as
extractant, separatin of Hf(IV) from Zr(IV) and/or Nb(V) may be achieved from solutions of 0.8M
HBr by counter current extraction. The separation factor in this case has a value of 26 after a single
equilibrium. This value is comparable with the values obtained for separation of zirconium from
hafnium using 60% TBP in kerosene or in butyl ether where a sepaiation factor of 10 is obtained
for the extraction from 3N HNO3 in presence of 3.5M NaNO3 O3'15), whilst a factor of 30 is
obtained when the extraction is carried out from a solution 5M HNO3 in presence of 1.5M Ca
(NC>3)2^^. In case of extraction with chloroform, lower separation factors are obtained. These
separation factor are:

= 9 and
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Fractional separation by counter current extraction is possible in this case also.

The extracted species with the given solvents is postulated to be in the form of neutral
complexes. The extraction is accomplished via solvation process according to the following
equation:

Mn+ + nL~ + xS MLn.xS

where L denotes halide ion and S represent the organic solvent molecule.

Since bromide is a larger and softer (more polarizable) anion than chloride, the stability of the metal
complexes with bromide is expected to differ from the stability of the metal-complexes with
chloride. This may explain the difference in the D-values of Zr(IV) and Hf(IV) in both system.
The same trend was found by Kacher et al/11 '12^ for the extraction of the element 104 and its
group 4 elements by TBP. From comparing the extraction from HC1, HBr and HF they concluded
that the extracted metal ions in the system TBP-HC1 and TBP-HBr are hydrolyzed. The differences
in the stability constants of Zr and Hf complexes with Cl" and Br" and the extend of hydrolysis in
the extracted species may explain the difference in the D-values of Zr(IV) and Hf(IV).

Extraction from KI solutions:

The extraction of the three metal ion species from solution of KI has also been studied using the
given solvents. The relationship between D-values and I" concentration is shown in Fig. (3). The
extraction increases with iodide ion concentration until the distribution ratio reaches a maximum at
0.8—0.9M. Separation of the studied metal ion species from each other in this medium is difficult
due to the similarity in the D-values. However, for the extraction by CCI4 (Fig. 3c), the
distribution ratios of Zr(IV) are relatively higher than those obtained for Hf(IV) and Nb(V).
Consequently, separation of Zr(IV) from the other two metal ion species may be possible using
counter current extraction.

Extraction from H2SO4 solutions:

Fig. (4) presents the relationship between D-values and H2SO4 concentration for the extraction by:
a) cyclohexane, b) chloroform, c) carbon tetrachloride, d)benzene, e) toluene and f) 0-
xylene. The extraction behavior is similar to that found in case of the other acids. The
extractability of Zr(IV), Hf(IV) and Nb(V) with all the studied solvents has the same order, which
is: Zr(IV) > Hf(lV) > Nb.

Generally, the D-values are lower than in case of the other acids. This may be attributed to the
nature of the formed complexes, as well as to the solubility of these complexes in the organic
solvents. The separation of the studied metal ion species form each other from this system is
difficult due to the low separation factors. However, in case of the extraction with o-xylene and
benzene the separation of Zr from the other two elements may be achieved from 6M and 8M
H2SO4, respectively using counter current extraction.

The extraction behaviour of the three metal ion species is also studied from aqueous solutions
containing mixtures of 2.25M H2SO4 and different concentrations of KI using CCI4. The results
are shown in Fig. (5). From comparing Fig. 5 with Fig. 3c it can be observed that the extraction
of Zr(IV) and Nb(V) from solutions containing low concentration of I" ions, i.e. 0.1-3M is
enhanced in presence of 2.25M H2SO4 . On the other hand the D-values for the extraction of Hf
(IV) are decreased. On the other hand, from comparing Fig. 5 with Fig. 4c it is evident that the
distribution ratios of Zr(IV) and Nb(V) have higher values from aqueous solution of 2.25M
H2SO4 containing different concentrations of I" ions than from pure H2SO4, whilst the distribution
ratios of Hf(IV) have lower values in the former case than in the latter case. This behaviour
enhances the separation of Zr(IV) and/or Nb(V) from Hf(IV). Thus separation factors CCNb/Hf =
14 and OCZr/Hf = 12 are obtained from aqueous solutions of 2.25M H2SO4 and I" ions
concentration > IM.
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Extraction by TOA:
The extraction by the given solvents which are usually used as diluents for organic extractants, is
compared with the extraction using solutions of trioctyl amine (TOA) in o-xylene. Thus, the
extraction behaviour of these metal ion species has been studied using 20 V/o.TOA in o-xylene
from the mineral acid solutions HC1 and HBr as well as from solutions of KI at different
concentrations. The results are shown in Fig. (6a, b & c). The distribution ratio increase with
increasing the halide ion concentration reaching a maximum at about 9M. A similar behaviour was
also observed for the extraction of Zr and Hf with long-chain amines of TOA from IIC1 solutions^.
The distribution ratio values are generally higher than the obtained values from the extraction with
the given pure organic diluents yet, the separation factors are much lower. The extraction has the
following sequence in all cases:

Nb(V) > Zr(IV) > Hf(IV)
With respect to the halide kind, the D-values has the following sequence:

I" > Br" > Cl"
It may be concluded from the above discussion that some useful separation of the studied metal
ions species from each other are feasible using the used organic solvents. However, the given
solvents are usually used as diluents for metal ions with organic ligands or extractants. From the
present study it is evident that extraction chromatography may be employed for complete separation
of the aforementioned metal ion species using the given solvents at the obtained optimum
conditions.
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ABSTRACT

Some synthesized inorganic ion exchangers have been used to study adsorption
behaviour of some metal ion species of nuclear importance from solutions containing
mixtures of these ions and complexing agents. The synthesized ion exchangers were
amorphous zirconium phosphate, zirconium titanium phosphate and eerie tungstate. The
studied ions were of different oxidation states and were Co(II), U(VI), Eu(III), Ce(lII),
Te(IV), Zr(IV), Hf(IV) and Nb(V). The adsorption of these ions was studied from
solutions of citric and tartaric acids, as well as potassium carbonate. The study has been
carried out under static and dynamic conditions. The effects of complexing agent
concentration and contact time on the distribution ratio have been studied. The
distribution ratio of the studied ionic species from dilute solutions of the studied organic
acids, had the highest values in case of using zirconium titanium phosphate. On the other
hand, zirconium phosphate is more selective for adsorption of some of the studied ions
than the other two ion exchangers. Dynamic separation studies have been carried out at
optimal conditions obtained from the static studies. Some of the studied ion exchangers
were efficiently applied for isolation of radioactive isotopes from some liquid waste
produced from some chemical processes carried out in the nuclear chemistry department.

Key Words: Inorganic Ion Exchangers | Complexing Agents | Decontamination | Static and Dynamic |
Separation

INTRODUCTION

The high chemical and radiation stability of inorganic ion exchangers has made these materials
useful for application in nuclear technology. In the last decade, intensive research has been carried out
on the synthesis of inorganic ion exchange materials, elucidation of their structure and correlation with
their physical, chemical and ion exchange properties. A number of new materials which have useful
properties were prepared. Interest in the industrial application of these sorbents has also increased
especially in the fields of nuclear technology and environmental remediation0'. Yet, little work has
been reported on their application in treatment of radioactive solutions containing complexing agents.
These solutions result from various processes, such as decontamination, recycling and washing of
organic solvents used in separation processes. Removal and concentration of radionuclides from such
large volume solutions would lead to considerable reduction of the radioactivity of these solutions and
consequently reduction of waste management problems. Inorganic ion exchangers have been applied
in decontamination of aqueous'^organic and aqueous mixed waste solutions(5) and for removal of
radioactive isotopes from primary reactor coolant(6). Besides, inorganic ion exchangers have been used
in separation processes. Thus, eerie tungstate has been used for separation of carrier-free isotopes (7)

and several analytical binary mixtures of cations (8).
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In a previous work some mixed hydrous metal oxides (9>10), zirconium phosphate and eerie
tungstate00 have been applied for radioactive isotopes removal from aqueous solutions containing
complexing agents.

In the present work comparative studies using synthesized amorphous zirconium phosphate,
zirconium titanium phosphate and eerie tungstate have been carried out under static and dynamic
conditions for the removal of radionuclides from aqueous solutions containing complexing agents.

EXPERIMENTAL

Materials

All used reagents were of analytical grade. Zirconyl chloride, eerie ammonium nitrate, sodium
tungstate and phosphoric acid were products of Merck, BDH and Pekings Reagent, respectively.

Radioisotopes

The following radioactive isotopes were used for tracing the respective elements: 60Co, 95Zr, 95Nb,
i«iHf. i23mTe; i52+i54Eu^ M I ^ a n d a s ^ ^ g j s o t o p e S ) e x c e p t t h e last one were prepared by

irradiating suitable salts in the Egyptian Reactor ET-RR-1 at Inshas.

Stock solutions of the aforementioned isotopes were prepared in mineral acid solutions of different
molarities as follow: Co(II) in 1M HC1, Zr(IV)-Nb(V) + Hf(IV) in 1M HC1, Te(IV) in 6M HC1,
Eu (III) in 3M HNO3, Ce(III) in 1M HC1, and U(VI) in 7M HNO3.

All isotopes were assayed gamma radiometrically in solution using a hyper pure Ge-detector
coupled with a 8192 multi-channel analyzer and IBM computer. The gamma peaks of the used
isotopes were analyzed without any resolution difficulties. Thus, the following gamma lines were
used for analyzing the corresponding radioisotopes and consequently the corresponding elements,
123.1, 145.1, 158.3, 185.7, 481.2, 756, 765, 1173.1 KeV for the radioisotopes, 154Eu, 14lCe, 123nTe,
235U, mHf, 95Zr, 95Nb and 60Co, respectively. The spectra are shown in figure 1.

Synthesis of Ceric Tungstate (CeW)

Ceric tungstate (CeW) was prepared according to a procedure given by Tandon and Gillcl2).
A certain volume of 0.05M solution of ceric ammonium nitrate in 1M HNO3 was added slowly to an
equal volume of 0.1M sodium tungstate with a continuous stirring at constant temperature (25+1 °C).
The fine precipitate was left for 48 hours then it was filtered off, washed with distilled water till
pH = 3.0 and finally dried at 40 °C till constant weight.

Synthesis of Zirconium Phosphate (ZrP)

Zirconium phosphate (ZrP) was prepared using a method described by Gal and Gal(13). A certain
volume of 0.23M solution of zirconyl chloride in 4M HC1 was added to an equal volume of 12%
phosphoric acid with a continuous stirring at constant temperature (25±1 °C). The fine precipitate was
left for 48 hours later on it was filtered off, washed with 4M HC1, then washed with distilled water till
pH = 3.0 and then dried at 50 °C for two days.

Synthesis of Zirconium Titanium Phosphate (ZrTiP)

Zirconium titanium phosphate (ZrTiP) was prepared according to the procedure given by Marei et
al.(I4). It was prepared by adding 12% phosphoric acid in 4M HC1 to an equi-molar mixture of zirconyl
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chloride and titanium tetrachloride solutions in 4M HC1 with a continuous stirring at constant
temperature (25±1 °C). The fine precipitate was left for 48 hours after that it was filtered off, washed
with 4M HC1, then washed with distilled water till pH = 3.0 and then dried at 50 °C for two days.

Finally, the ion exchangers were grinded and sieved to the desired mesh size.

Sorption Studies

Batch Operation

The distribution of the studied elements between the different ion exchangers and aqueous phases
of various compositions was studied using batch operation. The distribution ratios of the different
metal species were determined from 0.1M potassium carbonate solutions or solutions of the used
organic acids at the concentrations: 0.005, 0.04 and 0.1M. The respective solutions were prepared in
25 ml. volumetric flask. Aliquots of these solutions with a volume of 5 ml each were contacted with
0.05g of each ion exchanger by mechanical shaking at 33±1°C for definite periods. After the
predetermined period, aliquots of the aqueous solutions were withdrawn and analyzed. The
distribution ratio was then determined using the following equation:

Ao - A V
K, = X ml|g

A m

Where, Ao and A are the areas under peak for the corresponding radioisotope before and after
contacting the ion exchanger. V is the volume of the aqueous phase in ml. and m is the weight of the
ion exchanger in gram.

Column Operation

Only zirconium phosphate was used in this study. Glass columns of 0.45 cm or 0.3 cm diameter
were used. Different columns were prepared and various column experiments were conducted. In one
of these experiments the sorption and elution behaviours of some ions of similar oxidation states was
studied from solutions of 0.04M citric acid at pH = 3. The used column has a diameter of 0.45 cm was
filled with 0.8g of ZrP then the column was pretreated by washing with sufficient volume of 0.04M
citric acid at pH = 3 till the pH of the effluent reached a value of = 3. The column was then loaded
with a mixture of Te (IV), Hf (IV), Ce(III), Zr(IV) and Nb(V) in 4 ml of 0.04M citric acid at pH = 3.
Citric acid solutions of the same concentration as well as 6M HC1 were then used for elution. The
flow rate was adjusted to be 0.4 ml|min. An electric pump was used for this purpose . The process
were carried out at (32±1°C). The concentration of the studied ions was held constant at 1.55X10'"
M for Te (IV), 3.88X10"3M for Zr(IV), 1.34X10'3M for Ce(III) and trace concentration for Nb(V) and
Hf(IV).

Other two column experiments were conducted for studying the separation and elution behaviours
of metal ions of different oxidation states. These ions were Ce(III), Zr(IV), Te(IV), Hf(IV), Nb(V),
Eu(III) and Co(II). The concentrations of these ions were 1.09X10"3M for Ce(III), 3.17X10"3M for
Zr(IV), 1.22X10"2M for Te(IV) and trace concentration for each of Hf(IV), Nb(V), Eu(III) and Co(II).
In this experiment the effect of the bed height on the separation and elution was studied. The column
diameter was 0.3 cm. One column was filled with lg ZrP and had a bed height of 12 Cm. The other
column was filled with 1.4g. The bed height was 16 cm. The separation was performed from
solutions of 0.01M citric acid atpH = 3. The columns were pretreated as above. The flow rate was
0.66 ml|min. 0.01M citric acid, 0.5M HNO3 and 6M HC1 were used as eluents.
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In another experiment concentrating of Eu(III) as representative of trivalent lanthanides was
performed on a column of ZrP from large volume solutions containing the complexing agent citric
acid. The bed height was 16 cm. One liter of 0.01M citric acid containing the radioisotopes 154+152Eu
were allowed to pass through the column at flow rate 0.66 ml|min. HC1 6M was then used for eluting
the sorbed europium.

In another experiment the sorption and concentration of Eu radioisotopes from waste a solution
sample was studied using the three ion exchangers. The waste solutions were collected from different
chemical processes carried out in the department of nuclear chemistry. The sample was analyzed for
some anions and cations, total dissolved salts (TDS), and hydrogen ion concentration. The pH of the
sample was then adjusted to = 2.57 using K2CO3. O.lg of each ion exchanger was equilibrated with
10ml of the pretreated waste sample in a mechanical shaker for 24 hours at (30±l°C). The percent
uptake by each ion exchanger was then calculated. The dynamic experiment was conducted only on
ZrP column. The column was filled with 1.1 g of ZrP. 250 ml of the pretreated waste solution of pH
= 2.57 was allowed to pass through this column at a flow rate of 0.66 ml|min. The elution of the
adsorbed Eu was conducted using 6M HC1. The analyzed cations were Ca2land Mg2+ and the
analyzed anions were chloride and sulfate. The analysis was conducted using standard methods(l5).

RESULT AND DISCUSSION

The sorption behaviour of U(VI), Ce(III) & Eu(III), as representatives of trivalent lanthanides,
Te(IV), Zr(IV), Nb(V), Hf(IV) and Co(II) on ZrP, ZrTiP and CeW is studied. The study is carried out
from solutions containing mixtures of these metal ion species and complexing agents at definite
concentrations. These complexing agents are citric and tartaric acids as well as potassium carbonate.
The studied elements are of nuclear importance. Some radioactive isotopes of some of the studied
elements are fission products. These elements are cerium, europium, tellurium, zirconium and
niobium. Hafnium is chosen in this study because of its close similarity to zirconium. The radioactive
isotope 60Co is a hard gamma emitter. Radioactive isotopes of the above mentioned elements may be
present in solutions resulting from different chemical operations in the nuclear chemistry department,
representing medium active waste.

Static Studies

The concentration of the investigated elements is held constant at 10^M in all conducted
experiments, except for U(VI), Eu(III), Hf(IV) and Nb (V) where = 10"3 M and trace concentrations
are used, respectively, in the case of the former element and the latter three elements. Two series of
experiments are carried out. In the first one, the sorption behaviour of some of the above mentioned
metal ion species of similar oxidation states is studied. These metal species are Hf(IV), Te(lV),
Zr(IV) and Nb(V). All these metal ions are in the tetravalent state in the used solutions except Nb(V)
which is in the pentavalent state. 95Nb the tracer radioisotope, used in this study is the decay product of
95Zr which is used for tracing zirconium. In the second series the sorption behaviour of metal species
of different oxidation states is studied. The temperature is held constant allover the conducted
experiments at 33±1°C. The relationship between the contact time and the distribution ratios of the
studied metal ion species is represented on figures (2-8) and (9-15), respectively for the first and the
second series of the conducted experiments.

I) Similar Oxidation States:

Fig.2.shows the effect of contact time on the distribution ratios of the studied metal ion species
from citric acid solution 0.005M on: a) ZrP, b) ZrTiP , and c) CeW. As can be seen from this figure,
the equilibrium is attained within 70 hours in all cases except in the case of Te(IV)-adsorption on
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Figure (2): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in O.OO5M citric acid and a) zirconium phosphate b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.75 ± 0.05, Temp.= 33 ± 1 °C.
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Figure (5): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in 0.005M tartaric acid and a) zirconium phosphate b) zirconium titanium phosphate
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c) ceric tungstate. pH = 2.80 ± 0.05, Temp.= 33 ± 1 °C.
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Figure (9): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in O.OO5M citric acid and a) zirconium phosphate b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.75 ± 0.05, Temp.= 33 ± 1 °C.
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Figure (10): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in 0.04M citric acid and a) zirconium phosphate b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.75 ± 0.05, Temp.= 33 ± 1 °C.
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Figure (11): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in 0.1M citric acid and a) zirconium phosphate b) zirconium titanium phosphate.
pH = 2.75 ± 0.05, Temp.= 33 ± 1 °C.
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Figure (12): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in 0.005M tartaric acid and a) zirconium phosphate b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.85 ± 0.1, Temp.= 33 ± 1 °C.
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Figure (13): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in O.CMM tartaric acid and a) zirconium phosphate b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.85 ± 0.1, Temp.= 33 ± 1 °C.
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Figure (14): Effect of contact time on the distribution of the studied metal ion species between solution of their
mixture in 0.1M tartaric acid and a) zirconium phosphate • b) zirconium titanium phosphate
c) ceric tungstate. pH = 2.85 ± 0.1, Temp.= 33 ± 1 °C.
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Figure (15): Effect of contact time on the distribution of the studied metal ion species between solution of their
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CeW, where longer time is needed (Fig.2c). In the case of ZrTiP (Fig.2b), the studied elements are
divided into two groups. The first one includes Te(IV) with distribution ratio about 4X103 and the
second group contains Hf(IV), Zr(IV) and Nb(V) with IQ values < 150. With respect to ZrP, as can be
seen from Fig.2a, the distribution ratio of Te(IV) is much lower than in the case of ZrTiP. Besides, the
distribution ratios of Hf(IV), Zr(IV) and Nb(V) have also slightly lower values. The selectivity of the
three ion exchangers towards the studied metal ion species has the following order :

a) Te(IV) > Nb(V) > Hfl[IV) > Zr(IV), on ZrP,
b) Te(IV) » Hf(IV) > Zr(IV) > Nb(V), on ZrTiP, and
c) Te(IV) » Nb(V) > Hf(IV) = Zr(IV), on CeW.

Fig. 3 (a, b and c) shows the relationship between the contact time and distribution ratios of the
studied metal ion species when the adsorption is performed from 0.04M citric acid solution. The
equilibrium is attained within 70 hours, as in the case of the adsorption from 0.005M, except for the
sorption on CeW, where the sorption process is, relatively slower. The selectivity of ZrP and ZrTiP
towards the studied metal ion species has nearly the same order as from 0.005M. However, in the case
of CeW the selectivity is, slightly different and has the following order:

Te(IV) > Nb(V) > Hf(IV) = Zr(IV)

The distribution ratios for Hf(IV), Zr(IV) and Nb(V) have very similar values, except for the sorption
of Nb(V) on CeW, where higher IQ-values are obtained. Generally, the distribution ratios have lower
values in this case than those obtained for the sorption from 0.005M citric acid.

The sorption behaviour of the investigated metal ion species from 0.1M citric acid is studied in
case of ZrP and ZrTiP only. As can be seen from Fig.4, the k<i has lower values than those obtained
for the sorption from citric acid solutions of lower concentration. The selectivity of ZrP and ZrTiP
towards the studied metal ion species have the same order:

Te(IV) > Hf(IV) = Zr(IV) = Nb(V).

The affinity of the studied ion exchangers towards Hf(IV), Zr(IV) and Nb(V) is, considerably low.
This may be attributed to the formation of stronger citrate complexes of these metal ion species, which
are not adsorbed on the studied ion exchangers as indicated previously^1"1. Actually, these ion
exchangers act as cation exchangers. The selectivity of CeW towards Te(IV) is considerably high
compared with the other two ion exchangers. This may be attributed to chemical sorption, where some
eerie tellurate may be formed on this ion exchange/1'5.

The effect of contact time on the distribution of the studied metal ion species between the three ion
exchangers and tartaric acid solutions at concentrations 0.005, 0.04, and 0.1M is shown in figures 5, 6,
and 7 respectively. As in case of citric acid, the equilibrium is attained within 70 hours, except for the
sorption of Te(IV) on CeW from 0.005M tartaric acid, where the equilibrium needs longer contact
time. The selectivity of ZrP and ZrTiP towards the studied metal ion species has more or less the
same order and is similar to that found in case of adsorption from citric acid. On the other hand, the
selectivity of CeW towards the aforementioned metal ion species is different and has the following
order:

a) From 0.005M tartaric acid:
Te(IV) > Hf(IV) = Zr(IV) > Nb(V),

b) From 0.04M tartaric acid:
Te(IV) > Nb(V) > Zr(IV) > Hf(IV) > and
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c) From 0.1M tartaric acid:
Nb(V) > Te(IV) = HftfV) = Zr(IV).

Because niobium is usually present in solution as complex anion only little adsorption occurs on
cation exchangers(16>17). Besides, niobium forms stable tartrate complexes, which was utilized for the
separation of niobium from iron and titanium on cation exchanger(18), where Nb - complexes were not
retained by the cation exchanger, while those of titanium and iron were destroyed and these two
elements were taken by the resin. For these reasons, the high distribution ratios of Nb(V) on CeW
(Kd = 700-1000) may be attributed to chemical sorption, as in case of tellurium, where some eerie
niobate may be formed on this ion exchanger. The Kd values for Hf(IV), Zr(IV) and Nb(V) on the
studied ion exchangers are, generally higher than those found for the adsorption from citric acid
solutions reflecting the higher stability of citrato complexes of these metal species than the tartrato
complexes.

Fig.8 shows the obtained data on the relationship between contact time and the distribution ratios
of the studied metal ions species from 0.1M potassium carbonate on a) ZrP, b)ZrTiP and c) CeW.
The equilibrium, in the case of ZrP is attained after longer contact time than that found in the case of
sorption from organic acid solutions. The distribution ratios, for the sorption on the three ion
exchangers have comparatively similar values, except for the sorption of Te(IV) on ZrP, where
considerably lower values are found. The selectivity of the three ion exchangers for the
aforementioned metal ion species have the following order:
a) ZrP:

Te(IV) > Zr(IV) > Nb(V) = Hf(IV),
b) ZrTiP :

Te(IV) > Zr(IV) > Nb(V) s Hf(IV), and
c) CeW:

Te(IV) > Zr(IV) > Hf(IV) > Nb(V).

II) Different Oxidation States:

In the second series of this investigation the sorption behaviour of metal ion species of different
oxidation states has been studied from solutions containing mixtures of these ions. These ions are
Co(II), Ce(III), Eu(III), Te(IV), Hf(IV), Zr(IV), Nb(V) and U(VI). The data are shown in Figs. (9-15).

Fig.9 (a,b &c) presents the distribution ratios of the studied metal ions as a function of contact time,
when the sorption is carried out from 0.005M citric acid on: a) ZrP, b) ZrTiP and c) CeW. As can be
seen from this figure the equilibrium time is = 70 hours. However, in some cases the equilibrium is
reached after shorter contact time as in case of the sorption of Eu(lII) and U(VI) on the three ion
exchangers and Te(IV) on ZrP and ZrTiP. In case of ZrP, the studied metal ions are divided into two
groups. The first one includes Te(IV), U(VI), Ce(IV) and Eu(III) with distribution ratios from =
4X102 to 6X103, and the second group includes Co(II),Hf(IV),Zr(IV) and Nb(V) with Revalues 25-
100. The selectivity of this ion exchanger towards the studied ions has the following sequence:

Eu(III) > Ce(III) > U(VI) > Te(IV) > Nb(V) > Zr(IV) > Hf(IV) > Co(II).

With respect to ZrTiP, the adsorption of the three ion species Nb(V), Zr(IV) and Hf(IV) is, slightly
enhanced compared to ZrP. The order of selectivity is :

Te(IV) > Eu(IlI) > Ce(III) > Nb(V) > U(VI) > Zr(IV) = Hf(IV) > Co(II).
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The selectivity of CeW has the following order:

Te(IV) » Ce(III) = Nb(V) > Eu(III) > U(VI) > Zr(IV) = Hf(IV) > Co(II).

Except for Te(IV), the K<i-values are slightly lower than in case of mixtures containing metal ion
species of similar oxidation states.

Comparing the kd-values for the adsorption on the three ion exchangers indicates that Hf(IV),
Zr(IV) and Nb(V) have higher IQ-values on ZrTiP than those obtained on the other two ion
exchangers. At the same time, from comparing Fig. 9 (a&b) with Fig. 2 (a&b) it can be observed that
the adsorption of Hf(IV), Zr(IV) and Nb(V)is, generally enhanced.

The variation of the kd-values of the studied metal ion species with the contact time for the sorption
from 0.04M citric acid is shown in Fig. 10. The sorption behaviour in this case is very similar to that
in case of the sorption from 0.005M citric acid. However, the distribution ratios have, generally lower
values reflecting the effect of increasing the complexing agent concentration. The selectivity of the
three ion exchangers towards the aforementioned metal ions species has, nearly the same order as in
case of 0.005M citric acid. When citric acid concentration is further increased to 0.1M, the
distribution ratios for all the studied metal ions on ZrP are decreased except for Zr(IV). On the other
hand., The distribution ratios for the sorption on ZrTiP have nearly the same values as those obtained
for the sorption from 0.04M citric acid except also for Zr(IV). The data are illustrated in
Fig. 11 (a&b). In both cases the Kd-values of Zr(IV) are slightly higher than for the adsorption from
0.005M or 0.04M citric acid. The same behaviour was observed in previous work(U). This behaviour
may be explained in the light of two opposite effects. The first one is the tendency of Zr(IV) for
hydrolysis and|or complex formation in solution and the other one is the affinity of zirconium to be
adsorbed on the cation exchanger as a simple cation after the dissociation of its complexes with the
organic acid ligands. On increasing citric acid concentration the hydrolysis of Zr(IV) decreases and
the complex formation with citrate anions increases. However, in presence of the cation exchanger
some of Zr-citrato complexes may, easily be destroyed resulting in higher adsorption of Zr4f on the
cation exchanger.

The dependance of the Kd-values on the contact time for the sorption from 0.005M, 0.04M and
0.1M tartaric acid solution is presented on Figs. 12,13 and 14, respectively. The distribution ratios of
all studied metal ion species, except Co(II) have higher values on CeW than those obtained from citric
acid solution. Co(II) may, efficiently be separated from the other metal ions using CeW. With respect
to ZrTiP and ZrP, slight increase in the Kd-values especially for Zr(IV), Nb(V) and Hf(IV) is observed
with comparison to the sorption from citric acid solutions. This can be noticed from comparing Figs.
(9-11) with Figs. (12-14).

Generally, in presence of complexing ligands, the distribution of a metal cation between a solution
and a cation exchanger is the sum of two effects: the affinity of the cation for the cation exchanger and
its tendency for complex formation with the complexing ligands. In presence of citrate and tartrate
complexing ligands, complexes of Zr(IV), Nb(IV), Hf(lV) and Co(II) are formed. These complexes
are stable, but in presence of the cation exchangers, partial dissociation occurs resulting in the sorption
of the corresponding cations on the cation exchangers, however with low distribution ratios.

On the other hand, the complexes of Eu(III), Ce(III) and U(VI) are less stable and are destroyed,
completely in presence of the cation exchanger, consequently these metal ions are adsorbed with
higher distribution ratios.

The low distribution ratios of cobalt on the used ion exchangers may be attributed to formation of
strong citrato or tartrato complexes. Co(II) may, easily be oxidized to Co(III) by air in presence of
appropriate ligands, as citrate or tartrate with the formation of very strong complexes09'.
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The effect of contact time on the distribution ratios of the studied metal ion species for the sorption
from 0.1M K2CO3 is shown on Fig. 15 (a, b & c). As can be seen from this figure Co(II) and Te (IV)
have the highest Kj-values for the sorption on all the studied ion exchangers, whereas Nb(V) has the
lowest Kd-values. Removal of Co(II) and Te(IV) from carbonate solutions can, consequently be
achieved by adsorption on the used ion exchangers. ZrP and ZrTiP have almost the same selectivity
towards the studied metal ion species while CeW has different selectivity order. From the similarity of
cerium and europium distribution ratios, it may be concluded that, cerium which is usually present in
the tetravalent state in potassium and ammonium carbonate solutions(20), is reduced to the trivalent
state in presence of the cation exchanger and is adsorbed as Ce(IlI). The selectivity of the three ion
exchangers has the following sequence:

a) ZrP : Co(II) > Te(IV) > U(VI) > Zr(IV) > Ce(III) s Eu(III) > Hf (IV) > Nb(V),
b) ZrTiP:Co(II) = Te(IV) > U(VI) > Zr(IV) > Ce(III) > Eu(III) = Hf (IV) > Nb(V) and
c) CeW : Co(II) > Te(IV) > Eu(III) s Ce(III) = Zr(IV) > Hf(IV) = U(VI) » Nb(V).

Generally, the distribution ratios for all the studied metal ions on ZrTiP or CeW have higher
values than those obtained on ZrP. Therefore, these two ion exchangers may be suitable for removal
of radioactive isotopes of the studied elements from such solutions. This is important for liquid waste
treatment. Liquid waste may contain carbonates which is used in the washing of TBP in purex
process.

Dynamic Studies

The distribution ratio values obtained from the batch experiments indicate that removal and useful
separation of some of the aforementioned metal ion species are feasible using the aforementioned ion
exchangers. Sorption and elution behaviours of some of the studied metal ions have been investigated
under dynamic conditions. The study has been carried out using only one ion exchanger, which is
zirconium phosphate for demonstrating sorption and elution behaviours as well as separation
feasibility of some metal ions. The sorption on the prepared columns has been performed from citric
acid solutions of different concentrations. Different columns of different diameters and bed heights
have been used. Different eluents have been used which are: citric acid, 6M HC1 and 0.5N HNO3 for
eluting the adsorbed ions and recovery of the column. As mentioned above, ZrP is specific for
adsorption of trivalent lanthanides. Removal of lanthanide radioactive isotopes from solutions is of
great importance since lanthanides represent the main constituent of fission products. Some of these
radioactive isotopes are long lived like 152Eu and I54Eu of half lives 13.33, and 8.8 years, respectively.

The data are presented on Figs.(16-19). Fig.(16) presents the elution curves of the studied metal
species. The column has been loaded with 4ml solution of Hf(IV), Ce(III), Te(IV), Zr(IV) and Nb(V)
in 0.04M Citric acid at pH = 3 and at temperature (32 ±1°C). The flow rate was 0.4 ml|min. Efficient
removal of cerium from a single sorption desorption cyclehas been achieved. The adsorbed Ce(IM),
representing the trivalent lanthanides is efficiently separated from Hf(IV), Zr(IV) and Nb(V). However
Te(IV)is, partially adsorbed. About 12 ml 0.04M citric acid is used for complete elution of Hf(IV),
Zr(IV) and Nb (V). About 50% of the adsorbed Te(IV) is eluted using 20 ml. of this eluent. Less than
0.001% of Ce(III) has been eluted after washing the column with 50 ml. of 0.04M citric acid. The
adsorbed Ce(III) and the rest of Te(IV) are completely eluted using 20 ml. of 6M HC1.

In a second column experiment, the sorption and elution behaviours of Hf(IV), Te(IV), Zr(IV),
Nb(V), Ce(III), Eu(III) and Co(II) have been studied. The concentrations of the first five metal ion
species are, nearly the same as in the first experiment. Eu(III) and Co(II) are used in trace
concentrations. This column experiment has been carried out under different conditions. The
temperature is reduced to (24 ±1°C) and the flow rate is increased to 0.66 ml.|min. Besides, the column
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Figure (19): Elution curve of Eu(III) after concentration on the column from one liter O.OIM
citric acid solution at temperature (24 ± 1 °C). (Eluent = 6M HC1, flow
rate = 0.66 ml|min, column diameter = 0.3 cm and bed height=16 cm).

has also different dimentions than in the first experiment, thus the diameter is 0.3 cm and the bed
height = 12 cm. Fig. (17) represents the elution curves in this case. Under these conditions, only
partial retention of Ce(III), Eu(III) and Te(IV) on this column is possible. On the other hand, complete
elution of Zr(IV), Hf(IV), Nb(V) and Co(II) has been performed using 30 ml of 0.01M citric acid.
About 41.5%, 37.3% and 49.5%, respectively of the adsorbed Te(IV), Eu(III) and Ce(III) are
co-eluted. Using 20 ml. of 0.5M HNO3, 30%, 55% and 48.1%, respectively of the adsorbed Te(IV),
Eu(III) and Ce(III) are eluted. For complete recovery of the column, 10 ml 6M HC1 are used.

To improve the uptake of the studied metal ion species, especially trivalent lanthanides, represented
by Ce(III) and Eu(III) on ZrP column at room temperature and flow rate 0.66 ml.|min., another
column has been used of bed height 16 cm. Fig.(l8) presents the elution curves in this case. From
a single sorption desorption cycle Ce(III) and Eu(III) are, completely adsorbed and removed from
solution. Partial separation of Co(II) and Te(IV) is possible. Hf(IV), Zr(IV) and Nb(V) are
completely eluted from the column using 30 ml. of 0.01M citric acid, while about 50% and
75%, respectively of the adsorbed Te(IV) and Co(II) are co-eluted. For column recovery 30 ml of
6M HC1 is used. The results of these three column experiments indicate that the efficiency of trivalent
lanthanides removal from solutions is affected by the temperature and the column bed height.
Increasing both factors may increase the sorption efficiency.

To prove the efficiency of ZrP for the removal of trivalent lanthanides from large-volume waste
solutions, another experiment has been performed using ZrP column. One liter sample of 0.01M citric
acid containing

152+154'Eu has been allowed to pass through the column under the last conditions.
Eu(lII) is, completely adsorbed on the column. For elution of the adsorbed Eu(III) and recovery of the
column, 30 ml of 6M HC1 has been used. Fig. (19) presents the elution of Eu(III) with 6M HC1.

129



Efficient sorption of trivalent lanthanide on ZrP column has been utilized for treatment of a real
waste liquid sample containing l52+1MEu. This liquid waste has been analyzed for total dissolved salts
(TDS), hydrogen ion concentration, its content of Ca2+, Mg2+, Cl~ and SO42". The results are shown in
table (1).

Table (1): Analysis of a liquid waste sample for some contents.

Content
Cone; ppm

TDS
21354

Ca2+

96
Mg'+

9
Cl"
9.8

so4
2-

1015 0.13
# Concentration in M

After pretreatment of this sample by dilution and adjusting pH to 2.57 the sorption of Eu was
investigated under static conditions on the three ion exchangers. The calculated percentage uptake for
the sorption of Eu on ZrP, ZrTiP and CeW are 75.55. 92.22 and 65.57%, respectively. However, the
sorption of Eu under dynamic conditions is investgated only in the case of ZrP. The sample is allowed
to pass through ZrP column of a bed height = 16 cm at flow rate =0.66 ml.|min and temperature
(32±1°C). Eu(III) is completely removed from this sample and efficiently adsorbed on the column.
The adsorbed europium is then eluted from the column by = 35 ml. 6M HC1, Fig.(20).

••P

i
0

o 2 5 3O 3 5 4O 45 5O 5 5

Eluate volume (ml.)

Figure (20): Elution curve of Eu(III) after concentration on the column from 250 ml real
liquid waste sample at temperature (33 db 1 °C). (Eluent = 6M HC1,
flow rate=0.66 ml|min, column diameter=0.3 cm and bed height=16 cm).
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CONCLUSION

To conclude, ZrP is very efficient for complete removal of trivalentlanthanides from solutions of
citric and tartaric acids of concentrations 0.005M-0.1M. At the same time separation of trivalent
lanthanides can, efficiently be achieved from Hf(IV), Zr(IV), Nb(V) and Co(II) by adsorption on ZrP.
However, Te(IV) and U(VI) are also highly adsorbed on the same ion exchanger from dilute solutions
(0.005M) of both acids. By increasing organic acid concentration, e.g. at O.lMthe Kd-values of
Te(IV) or U(VI) decrease considerably, which may enhance the separation of lanthanides from these
elements too. From 0.1M tartaric acid, group separation of lanthanides, Te and Hf-Zr-Nb is possible
using this ion exchanger.

ZrTiP is specific for the removal of trivalent lanthanides and Te(IV) from citric acid solutions at
the studied concentration. Increasing contact time may increase the dissociation of the other metal
complexes and consequently higher K<rvalues for these metal cations can be obtained. As a result,
decontamination of solutions containing organic ligands from radioactive isotopes of all studied
elements except cobalt may be possible. The adsorption of all studied metal ion species except Co(II)
on this ion exchanger and also on CeW from 0.04M and 0.1 M tartaric acid solutions is higher than
from 0.04M citric acid which may be attributed to the less stability of tartrato complexes compared
with citrato compexes. Hf(IV) and Nb(V) are adsorbed on ZrTiP (or CeW) with IQ-values which are
higher than those obtained from the adsorption on ZrP.

Ceric tungstate is also suitable for the removal of all the studied metal ions species, except Co(II)
from 0.005M - 0.1M tartaric acid solutions. CeW has, considerably higher selectivity for
Nb(V) - sorption from tartaric and citric acid solutions than the other two ion exchangers. In most
cases, the selectivity of the used ion exchangers towards Te(IV) has the following order :

CeW > ZrTiP > ZrP,

This means that CeW is very suitable for the removal and separation of Te(IV) from solutions
containing such complexing agents which is very important from the nuclear point of view, as
radioactive Te-Isotope are the parent of radioactive iodine. Separation of Te(IV) from the other metal
ions species may also be possible by adsorption on CeW from 0.005-0.04M citric acid.

Generally, the three used ion exchangers have different affinities towards the studied metal ion
species. Thus CeW has the highest selectivity for Te(IV) and Nb(V), ZrTiP has high selectivity
towards trivalent lanthanides and Te(IV), whereas ZrP has the highest selectivity among the studied
ion exchangers for trivalent lanthanides.
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ABSTRACT
The aim of this study is to investigate the dynamic behaviour of mixer-settler
extractive system, which represents an interacting one. When a stimulus single is
introduced to aqueous feed; the response of the aqueous phase of the first stage is
considered as stimulus signals to both organic phase in the same stage and the
aqueous phase of the second one. The response of the last phase represents-in turn-
stimulus signals to both organic phase in the same stage and the aqueous phase in the
next one. Mathematical model was derived for a system consisting of two stages in the
cascade. The model assumed a continuous stirred tank reactor (CSTR) for mixer zone
and variable holdups and flow rates of both aqueous and organic phases during
operation. Non-linear equilibrium relation was considered. The obtained model -
being non-linear- was linearized and Laplace transformation method was used to solve
the model. The system constants are those corresponding to extraction of urnnyl
nitrate from 3N nitric acid solution using TBP dissolved in kerosene at 30% of the
former. Stimulus-response test was carried out on the model by considering a step
increase in solute concentration in aqueous feed stream. The system behaviour was
tested at different values of operating parameters. First order behaviour for the first
stage was observed and higher order for the rest of the system. A general relation for
the difference in the power of the denominator and numerator of the transfer function
of the ith stage was concluded for aqueous phase. The study showed that the system
overdamps over the practical range of chosen parameters as explained from the
values of transfer function roots.

Key Words: Stimulus-response/Extraction /Interacting system /transient behaviour/
Uranyl nitrate.

INTRODUCTION

The multadvantages of mixer-settler as an extractive system explain the large number of studies
which manipulate its behaviour. The majority of these studies had assumed linear relation of equilibrium
concentration of solute in the aqueous and organic phases lU]-\ Neglecting the effect of variation of flow
rate on the system dynamics was also dominant (8'1"). This is because of the probability of flooding
during operation. In spite of that, few articles had investigated the hydrodynamics of mixer-settler (I2I3).

In the present work, the model was derived by assuming non-linear equilibrium relation given
by Horng (l4). Laplace transformation was used to solve the model when a step signal in solute
concentration of aqueous feed is considered.
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MODEL DERIVATION

The model was derived with the help of a set of assumptions. The most important of them is the
nonlinearity of equilibrium relation. In addition, lumped parameter system was assumed for the mixer
zone and reaction mechanism was that suggested by Moore (15). The details of these assumption are
given elsewhere (13). Figure (1) represents two stages mixer-settler, the model equations are expressed
for component mass balance, the solute to be

Fig. (1): Schematic representation of two stages mixer-settler

1- First Stage Aqueous Phase

d(HiXi)

dt
= AiXt - AxXx - h)Hi(Xi - Xi*)

2- Organic Phase in the First Stage

d(-LlYi^ = O2Y2 - OiYi + knL(Xx - Xi*)
dt

3- Aqueous Phase in Second Stage
d{XiHi)

dt
= AiXi-A2X2- -Xi*)

4- organic phase in second stage
d(L*Yl) = OiY, - O2Y2 + knLiiXj - X2*)

dt

5- Equilibrium Relation
B.C.X*

r* =i+c.x*

0)

(2)

(3)

(4)

(5)

where:
H, L : aqueous and organic phase holdups, respectively
A, O : respective aqueous and organic phase flowrates
X, Y : aqueous and organic phase concentration, respectively
kh, ki : respective mass transfer coefficient depending on aqueous and organic phase.
B and C : constants of equilibrium relation depend upon normality of nitric acid, concentration of TBP
in solvent and operating temperature.
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Equations (1) - (4) ate non-Linear. By linearization subtracting the corresponding steady state equations
and Laplace transformation of the deviation equations produced, the following equations were obtained:

X{s) = —]-—[—. X(s) + h.Xi * (s)] (6)
S + 1 / T\ Tal

y ,(5) = ! [ JL. y 2(s) + h. Xx{s)- h. Xi * (.s)] (7)
S + 1 / To\ Ta2

(8)
5 + 1 / T2 Tal

() X*(s)) (9)^ 7 [ ( ) ())
S + 1 / To! Ta\

By linearization of the equilibrium relation, at each of the two stages conditions, and Laplace
transformation of the corresponding deviation equations, the following equations were obtained:

Y\(s) = M\.Xi*{s) (10)
Y2(s)=Mi.X2*(s) (11)

where:

*l + CXu* l + CXz,
Hi Hi

Tal = Ta2 =

At Ai
Li Li

To) - ~— To2 = —
02 a

1 1 , 1 1
— = — + kh — = — + kh
Tl Tal T2 Ta2

kh = foil = kh2 and ki — kn = kn
To carry out stimulus - response test, by considering a step increase in solute concentration in

aqueous phase; equations (6) to (11) are rearranged to give:

ds + es + fs + g)

is1 +as+b)
Mi. Tax (s + 1 / z-23)(.s-

4 + ds3 + es2 + fs + g)
(13)

/s + g)

•M.a.rfli. tai {s + ds3 + es2 + fs + g)
and finally:
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h (S+\/

where,

Ta\. Ta2 (s 4 + ds3 + es2 + fs + g)

ki.kh

(17)

1 1 h

,1 kh.h

T Mi

= T23 - ! - = — •

Ta2

T23 To\ M\ T22 To2 M 2
For a step stimulus in Xt(t) with signal gain equals D gm/1. Laplace transform is given by

(18)

Inserting equation (18) into equations (12) to (17) gives the Laplace transformation for the system
under test. The inverse transformations were obtained and the resulting equations are:

(19)

(20)

(21)

(22)

(23)

(24)

Xi(t) = Rx[Axe-nt + Aie'"' + A ^ ' + A4e~r" + As]
1

X\ * (r) = R2[BBeT» + B\e~nt + B2e~ri1 + Bie'"' + B^~rtt + 5s]

"^ + Cie'"' + C%er* + Cae""' + CUe~riX + Cs]

rAt + Es]

Xi * ( 0 = R6[Fie-nl + F2erix + Fie~ri' + F4e~r" + Fs]

where r» i = 1,4 are the roots of the forth order polynomial:

s4 + ds* +es2 +fc + g
which were obtained by Mathematica Package.

The constants A;, Bj, Q, D|, E|, F|, I = 1, 5 % j = 1, 6 in addition to CC aand BB are given in the
Annex, as obtained by partial fractions method.

RESULTS AND DISCUSSIONS

In this study, the aqueous feed is considered as the mainpulated variable. Both the effect of its initial
concentration and flow rate on the behaviour of the system are considered. The reference values of the
parametric study are shown in table (1).

Xi
gm/lit.

300

A

0.1
Lit/min

O

0.2

Table (1)
L,

2.0

U

2.0
Lit.

H,

1.0

H2

1.0
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When the system is tested by a step signal in feed concentration with signal gain of 50 gni/lit, the
roots of the inverse transfer equations are listed in table (2).

Table (2)
parameter

X; gin/lit

A lit/min

value

100
200
300
400
0.1

0.11
0.12
0.13

Roots

ri
-46.149
-35.615
-26.151
-19.137
-26.151
-19.480
-14.698
-11.969

r2

-3.7208
-7.0647
-12.155
-18.071
-12.155
-12.059
-12.003
-11.218

-0.109
-0.112
-0.113
-0.116
-0.113
-0.126
-0.139
-0.152

r4

-0.091
-0.087
-0.086
-0.083
-0.086
-0.093
-0.099
-0.105

It is concluded from the table that the system overdamps over the range of the chosen parameters.

Effect of Initial Concentration

Fig. (2) shows the responses of the two phases in both stages to the stimulus signal. Part (a) shows a
first order behaviour for the response of Xj to the test. This is in agreement with expectation. The
investigation of the transfer function, equation (12) explains that the difference in the power of the
polynomials of both denominator and numerator equals 1. For X:, this difference equals 2 as predicted
from equation (15). A general relation for the order of aqueous phase can be represented by

NA = n
where n : order of transfer function

A : refer to aqueous phase.
For Yi and Y2, the differences equal three. At the same time part (b) shows a behaviour of a first order
system. This is because the reaction is a fast one. The values of the roots and preexponential constants
control this effect. It is clear from the figure that the response of second stage organic phase is greatly
affected by the test. This is because of the ability of fresh solvent to extract much more solute. At the
same time, the organic phase in the first stage is constraint by the maximum loading capacity of the
solvent. The aqueous phase in both stages are slightly affected by the test, because of the ability of the
solvent for extraction.

Effect of Feed Flowrate
Figure (3) explains the response to test. Part (a) shows that increasing the flow rate slightly affect

X| and X2 at the beginning and the end of the test, with sensible variation at the middle. These
differences appear as a result of variation of the slope of the operating line on Mckabe-Thiele diagram.
The response of Y| to the test is negligible, while it is obvious for the value of Y2. The ability of fresh
solvent entering the second stage for extraction explains the total system behaviour.

CONCLUSIONS

The study showed that the extractive interacting system could be represented by a set of O.D.E.s.
Laplace transform method is used to solve the model and it is then tested by a step increase in feed
concentration. The stimulus response test shows a stable behaviour over the practical range of operating
parameter which includes initial concentration and feed flowrate. A general relation for the order of the
behaviour of aqueous phase at any stage was concluded.
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ANNEX

Constants of Inverse Transform Equations

{T23-n)(n1 -An + B) (T23-r2)(nl -Ari + B)

(T23-n)(n2 -An + B) (V23 - rt^r* - Ar* + B)

T23B

a- <"'-^'+c> &=
•-r\)(n-r\)(r4-n)(-n) (n-n)(r3-r2)(r4-r2)(-r2)

(/V - Ai'4 + C)

5s = c 55 = c:c:

(n2 - ^ n + C) _ (r22 - Ar2 + C)
(7*2 - riX'J3 - r\){i'4 - n)(~n) (n - r2)(>3 - r2)(r4 - n ) ( -n )

(f31-An + C)
CU =

1 a
C 2
^ ' ' • " • ' T 2 3 T 2 3a = —^— cc =

{n _ ± ) ( r 2 _ _L)(r3 _ ± ) ( n _ ± ) ( r l _ ± )

A = , ^ ( r " " r i ) . . . D2= ( r 2 3 " n

(n-n

T23

(r22-n)(r23-n) (722-,
E\ = - n)(n- r\)(r4- r\)(-n) ( n -
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(T22 ~ n)(T23 - n) (t22 - r4)(T23 - V4)
C 3 = " — — — " £4 =

[r\ - ri)(ri - r-s){r4 - n)(-n) ' (n -

T22T23

nnnj'4

(n - n)(t'3 -

f> 4 ==f 4
(n - r3)(n - n)(f4 - n)(-n) (n -

T23
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ABSTRACT

A Study has been made on the preparation and properties of poly (vinyl alcohol / acrylic
acid) hydrogel for the purpose of removal of cationic dyes from aqueous solutions. The
effect of dose and monomer concentration on the uptake property of the hydrogel toward
dye was studied. The uptake of basic methylene blue-9 dye with PV A/A Ac was studied
by the batch adsorption technique. The effect of pH on the dye uptake was demonstrated
to find out that the suitable pH for maximum uptake occurred at pM 5. It was observed
that as the concentration of dye is increased the dye uptake decreased. Furthermore, the
uptake of dye by hydrogels increased as the temperature was elevated. The recovery of
dye adsorbed is possible by treating the hydrogel with 5% HCI. The results obtained
suggested that this hydrogel possessed good removal properties towards basic methylene
blue-9 dye, and this suggests that such hydrogels could be acceptable for practical uses.
Keywords: (Radiation polymerization, poly (vinyl alcohol), acrylic acid, dyes removal,
properties)

INTRODUCTION

Development is demanded in the technology of wastewater treatment after the industrial expansion
caused problems of pollution and water resources in this country. Many techniques such as reverse
osmolysis, ozonozation or the application of radiation processing to the waste water treatment were
studied.1'2"1 Most dyes used by textile industry are not easily degraded by ordinary treatment
processes.4

The removal of color from textile wastewater is a major environmental problem because of the
difficulty of treating such waters by conventional methods. Colored waters are also objectionable on
aesthetic grounds for drinking and other municipal and agricultural purposes. Some groups have used
various adsorbents for the removal of acidic and basic dyes from aqueous solutions.5 Hydrogels are
crosslinked hydrophilic polymers that swell in water, usually to equilibrium. Hydrogels have wide
spread applications in bioengineering, biomedicine, pharmaceutical, veterinary, food industry
agriculture, photographic technology, and others. They are also used as controlled release systems of
drugs, for the production of contact lenses and artificial organs in biomedicine, as an adsorbent for the
removal of some agent in environmental applications.6

Poly (vinyl alcohol) PVA is a well-known material as a highly hydrophilic polymer, and of ease
availability. Investigations have been done on its use in the field of separation processes. ' However,
such a polymer suffers from poor water resistance and low mechanical strength in aqueous solutions.
Therefor, it has to be turned into a complete insoluble stable material with good mechanical properties.
A number of investigations have been reported in the literature to modify PVA by crosslinking with
different reagents such as aldehyde9, dicarboxylic acid10, heat", H3J3Oi12, and radiation1'1'H

Radiation methods have been particularly studied for the production of a large variety of graft
copolymers having interesting properties.15 Extensive work has been performed on methods for
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optimizing yields when monomers are radiation-copolymerized with the backbone polymer, especially
with a simultaneous technique.16'17

The purpose of this investigation was to study and control the insolubility of PVA, thereby creating
a permanent polymeric hydrogel. Modification by copolymerization with acrylic acid Poly (vinyl
alcoho!)/acrylic acid (PVA/AAc) using gamma rays as an initiator, and the factors that affect such
copolymerization process are the topics of this study. In addition, a trail was made for the recovery of
cationic dyes from wastevvater using the prepared Hydrogel.

EXPERIMENTAL
Materials
Poly (vinyl alcohol) (PVA) obtained from Laboratory Rasayan. S.d. Fine-Chem. Ltd. of M.W. app.

1,25,000. Acrylic acid (AAc) (Merck, Germany) of purity 99%, was used without further purification.
The other chemicals, such as crosslinker, dye and buffers were reagent grade and used as received.

Preparation of Hydrogel
A (5 gm) of PVA is dissolved in (100 ml) distilled water and is mixed with N,N-

Melhylenecliacrylainide (0.5 gm) as a cross-linker. Different amounts of AAc are added to 20 ml of
the mixture previously prepared, depending on the required PVA/AAc composition. This mixture is
then exposed to Co-60 gamma irradiation at dose rale (8.6) kGy/h .The hydrogel is left to dry at room
temperature.

Dye Uptake Measurements
The prepared hydrogels (about 0.5 g) thus obtained are soaked in 50 ml solution of cationic dye.

Effect of time on the uptake process is measured and then the solution is allowed to equilibrate for 24
h. The UV absorbency of dye solution was measured at a wavelength 666 mn. The concentrations of
the dye solutions were determined from the standard calibration curve previously determined.

X-Ray Diffraction (XRD):
X-ray diffraction patterns were obtained with a XD-DI Series, Shimadzu apparatus using nickel-

Filtered and Cu-Ku target. This technique was performed to clarify the changes in morphological
structure caused by the copolymerization.

Thermal Analysis:
Thermal analysis was made using Thermal Gravimetric Analysis (TGA), Shimadzu TGA system of

Type TGA-50 in nitrogen atmosphere 20 ml/min. The temperature range was from ambient to 500°C
at heating rate of 10°C/min.

FT1R Spectroscopy:
Analysis by infrared speclroscopy was carried out using Mattson l000,Unicam, England in the

range from 400-4000 cm1.

Ultraviolet Spectroscopy (UV):
Analysis by a UV spectrophotometer was carried out using a Milton Roy spectronic 1201 in the

range from 190 to 900° nm.

/;// Measurement:
The pH of the dye solutions was determined using Jenway 3310 pH Meter.

RESULTS AND DISCUSSION

This study aims to prepare copolymer hydrogel having functional groups by radiation induced
copolymerization process which is suitable for the removal of some basic dyes from wastevvater.
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Preparation of Hyclrogel
Ionic hydrophiiic hydrogel was prepared by radiation-induced copolymerization of PVA/AAc

aqueous solution in the presence of N,N-Methylenediacrylamide as a cross-linker using gamma-
irradiation. The influence of PVA/AAc composition at different dose on the gel percent, i.e. the
insoluble hydrogel is studied and shown in Figure (1). It is observed that as the AAc content increases
the gel percent increase, Then it tends to level off at a composition of 50/50-wt.% of PVA/AAc. This
behavior is observed for all irradiation doses used here. Meanwhile, the higher the dose, the higher the
gei percent obtained, at a given composition.

Results showed that the cross-linking process in the prepared hydrogel is enhanced at higher dose
as well as for AAc-rich solution.

This is a typical behavior for this system that having water soluble monomer AAc and polymer.
The use of 50/50-wt.% composition at 30 kGy resulted in 100% gelled hydrogel. However, from the
practical point of view, the hydrogel should possess some suitable porosity and hydrophilicity for the
purpose of adsorption processes. Therefor, 60/40-wt.% composition is selected to be the best condition
for the preparation of required hydrogel that can meet the requirements of dye adsorption from their
wastes.

Swelling Behavior
The swelling parameter is a very important factor for the applicability of such hydrogel. Figure (2)

shows the effect of dose on the water uptake at different temperatures. It is clear that as the irradiation
dose increases the water uptake decreases, at a given temperature. Meanwhile, no very significant
effect on the temperature is observed. This is reasonably understood by considering the crosslinking
process that is enhanced at higher doses, which restricts and hinders the diffusion of water through the
network structure. In addition, due to the relatively high swelling value, the temperature has no more
effect on such process of water adsorption.

Effect of Treatment Time
Treatment time is of great importance from the economical point of view. Figure (3) shows the

effect of treatment time on the dye uptake at different temperature. Initially, the dye uptake increases
sharply with time to reach the Equilibrium State within 60 min, at elevated temperature, but it takes
about 120 min at ambient temperature. At the mean time, the uptake of the dye is improved at higher
temperature. This can be reasonably understood by the enhanced diffusion at such elevated
temperature.

Effect of Copolymer Composition on Dye Uptake
Figure (4) shows the effect of PVA/AAc composition on the dye uptake percent. It is very

interesting to find that the incorporation of PAAc in the copolymer even with 20 %, resulted in a sharp
increase in dye uptake percent (about 95 %). Such uptake percentage is kept constant for the
compositions up to 50/50-vvt. %. Thereafter, it decreases as the AAc content increases up to 80 %.
However, it again increases for the pure PAAc to absorb almost 92 % of dye, which is similar to that
of 50/50-vvt. % composition. This indicates that the dye uptake is mainly dependent on the amount of
carboxylic functional groups in the hydrogel. However, PVA has a great role in this process as a
hydrophiiic porous hydrogel that having high affinity towards swelling in water. This behavior
facilitates the diffusion of dye through its matrices.

Effect of pH
Figure (5) shows the effect of pH of feed solution on the dye uptake % for different hydrogel

compositions. It is obvious that the dye uptake is enhanced in the acidic medium and is lowered in
higher pH media. This behavior is observed for all hydrogel compositions in which the higher the
acrylic acid content the higher the dye uptake. It seems that such basic dye is highly adsorbed in the
acidic medium which is a normal behavior.
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Effect of Dye Feed Concentration
Figure (6) shows the effect of dye feed concentration on the adsorption capacity of hydrogel at

different pH's. It can be seen that the adsorption capacity increases as the feed concentration increases
to reach a certain limiting value, which is higher at low pH if compared with those, obtained at high
pH media. The adsorption capacity reaches to level off at 80 ppm feed concentration for pH 3 and 7,
however, it reaches early at pH 10. This result is good agreement with that obtained in aforementioned
results.

Thermal Stability
From the practical point of view, the prepared hydrogel should possess good thermal stability in the

range of applicable temperature. Figure (7) and Table (1) shows the thermal diagrams for different
hydrogel compositions at various elevated temperatures. It can be seen that in the initial stage of
thermal diagram in the range from ambient temperature to 200°C, the weight loss is due to dehydration
process of the water contained in such hydrophilic hydrogel. At the second stage from 200 to 350°C,
there is decomposition in the side groups and branches in the hydrogel. However, at the third stage
above 35O°C, the weight loss is due to the main chain scission in the polymer chain and matrices.
Results showed that such hydrogel is thermally stable at temperature up to about 300°C, which is
suitable for practical use.

Change in Crystallinity
Figure (8) shows the XRD patterns for the prepared hydrogels that have different PVA/AAc

compositions. No very significant change in PVA crystallinity is observed via the incorporation of
PAAc chains in the copolymer. This is coincident with the FTIR Spectra for PVA and PVA/AAc
copolymer (Fig. 9). The characteristic absorption bands for PVA are appeared and they are broadening
for PVA/AAc copolymer. The FTIR Spectrum for PVA indicates also that it still has poly (vinyl
acetate) in its structure due to the appearance of C=O groups at 1750 cm"'.

C O N C L U S I O N
It can be concluded that the prepared hydrogel by means of radiation-induced copolymerization of

PVA/AAc solution is of interest in some practical uses such as in wastewater treatment from industrial
waste dyes. It possesses good thermal stability and hydrophilic properties, which may make it
acceptable for practical uses. Such hydrogel has high affinity towards adsorption of basic dyes and this
is an advantage properly over the traditional degradation methods for treating such waste in which
more compounds that are toxic may result.
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Tnble (2): EITcc( of I'VA/AAc composition on the (hcnnnl stability of (he copolymcr al various elevated temperatures.
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ABSTRACT

The temperature and concentration dependence of the vulcanization
characteristics and mechanical properties of EPDM rubber containing various
concentrations of peroxide compounds was studied. The peroxides used are
Luperox Di, Luperox 500-40 KE, Peroximon DC SC and Peroximon DC 40 KE.
The optimum cure parameters for the different types of peroxides indicated that
Luperox Di, relatively, give the best properties among the studied peroxides. The
mechanical properties of EPDM containing different concentrations of Luperox Di
and vulcanized at different temperatures were compared with those of either
radiation or sulfur-cured EPDM. The modulus stress and tensile strength of the
Luperox Di-cured EPDM were found to increase with either increasing the
temperature of vulcanization and/or concentration of the peroxide. Moreover, the
tensile strength values are much higher than those of the sulfur-cured samples,
except for those with low concentration of peroxide and vulcanized at relatively low
temperature. A comparable result to those of the chemically vulcanized samples
was attained by the radiation-vulcanized samples containing 1 phr of crosslinking
agent and irradiated to 150 kGy.

Key words: Radiation crosslinking / EPDM / Mechanical properties / Peroxides / sulfur vulcanization.

INTRODUCTION '

The selection of cure systems, i.e. vulcanizing agents and accelerators, is the most important task in
rubber compounding. Unless a suitable vulcanizing agent in the proper concentration is used, a
compound will not develop its optimum properties and adequate processability (M). Sulfur is by far the
most widely used vulcanizing agent. Sulfur vulcanization occurs only in unsaturated rubbers. Whereas,
either Peroxides or ionizing radiation occur in the crosslinking of saturated, as well as unsaturated
rubbers. They are also applied in sulfur curable rubber, such as NR, NBR, EPDM and SBR, where high
heat stability and/or low compression set are demanded. In addition, they are especially helpful when
sulfur vulcanization is undesirable, e.g. for cable covers (because sulfur free compounds are necessary to
avoid copper corrosion), gaskets, heat stable spring components, like motor mounts, building profiles, and
the like. The uses of ionizing radiation or organic peroxide leads to vulcanization of simple structure with
physically and chemically stable C-C crosslinks'5'. Organic peroxides as crosslinking agents for elastomer
offers superiors heat-aging properties when compared to sulfur vulcanized elastomer. However, the
susceptibility of organic peroxides to induce premature crosslinking, i.e. scorch, during processing is a
major concern in the rubber industry. In com entional methods of compounding, such as milling, internal
mixing or extrusion, scorch occurs when the time-temperature relationship results in a condition, where
the peroxide undergoes thermal decomposition, initiating the polymer crosslinking reaction. Excessive
scorching (crosslinking) may cause the loss of the entire batch or plugging the equipment. Therefore, the

' die most favorable approaches of avoiding scorch is to use an organic peroxide that is characterized by
having a higher half-life temperature, i.e. the temperature at whitli 50% of the peroxide decomposes in a
given time interval. Although crosslinking can often be produced by purely chemical means, radiation has
considerable advantages and sometimes these can not be readily achieved in other ways. That is to say
the wide range of temperatures at which the reactions can be induced, with little dependence on
temperature of irradiation, etc.
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In this itudy, the effect of four selected peroxide compounds, their concentrations and temperature
dependence of the vulcanisation characteristics and mechanical properties ef EPDM formulations was
studied. A comparison of the mechanical properties ef EPDM rubber, vulcanized by peroxides, sulfur er
ionising radiation was also carried out,

EXPERIMENTAL
Materials

Ithylene-prepylene dlene monomer rubber (EPDM-Kelton 720, from DSM Elastomers, Europe;
V,), density a 0.S6 g/ems and ethylene/propylene ratio a 72/28 was usid in this study. The name and tl
specifications ef the used peroxides are listed in Table 1 and its formulations are presented in Table 2.

Tibli 1, Type and Specifications of thi Peroxides U«td.

No.

1.
2.

3,
4.

Chemical Name

Di=t=butyl peroxide
2,S=dim§thyl=2J=dl
(t=butyl perexlde) hexane,
Dieumyl perexide
40% aetive, Dieumyl
perexlde.

Commercial Name

Luperex Dl
Luperex S00=40 KE*

Pereximen DC SC
Pereximen DC 40 KE*

Half-lift'

Temperature 8C

Iheur

149
138

13S

m

10 heur

126
119

us
us

*40% ietlvi pgroxldf with 60% day.

Tablt 2. EPDM Rubbtr-Peroxlde Formulations
Component '

EPDM (K§lt9n = 720)
IPPD (Anti-oxldant)
TMQ (Anthozenont)
NSSO Carbenllaek
Sunpar Oil 22S0
Ofganie peroxides

Quantity, phr

100
0.5
0.5
SO

s
1 Variable

In diaerylate (SR=d33) and Modified pintaerthitel triacrylate (SR-444) from Gary Vally Chemical
Company, France, were usid as radiation erosslinking eofflpeunds, In addition, HAF=carben blaek and
fumed hydraphsbie iiliea type R=972 with partiele slig of 16 nm and surface area ef 113 M1/!, were used
as fillers and reinforcing compounds. The formulation for the sulfur= vulcanized samples includes; 100
phr of EPDM (Kelten 720), 80 phr ef Carbon blaek - N ISO, SO phr of Carbon black = N 762,110 phr of
Oil 2280, S phr ef EnO, 0.5 phr of Staarieaeid, 1..5phrefTETRON. A, 2,0 phr ef ZDBC, 0,6 phr ef
TMTD, 0,66 phr ef sulfur; and vuleankid at 150 eC fer 30 minutes,

TECHNIQUES

PjipMfliifliLiuyJi!EadiaMflfl-af dlffirentjaibbir eompoundg

Compeundlni, sheeting and vulcanizing ef the different rubber compounds were in accordance with
ASTM standards as follows; D=14B5 methods for rubber sampling and sample preparation,
Compounding ef materials wa§ in aeeordnnci with D=3iS2 for mixing standard compounds and preparing
standard vuieaniggd shifts. Five batches from each formulation ware prepared and five samples from
each batch were tested. Compounding was done using Brabender Pla§ti=Corder PL2000 and mister type

1 The mixer head temperature was maintained at d08C for at least 5 minutes before mixing, The
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unloaded rotor speed of the mixer was 64 rpm. The average time for mixing was about 13 minutes.
After compounding, rheometric properties and vulcanization characteristics were measured using
Monsanto-Oscillating disk curemeter model ODR2000E in accordance with test method D-2084. The
remaining compound was sheeted out to about 2-mm thickness after shrinkage has taken place. After 24
h., vulcanized sheets were prepared using PHI hydraulic hot press model Q236H at 150°C under 150-
kg/cm2 pressure and for specified times determined before by the Monsanto curemeter.. A hot press was
applied to make sheets with a thickness of about 2-mm at 100° C for 5 minutes under 150-kg/cm2 pressure
for the radiation-vulcanized samples. The irradiation was carried out in nitrogen atmosphere and dose
rate at about 13 kGy/h using irradiator type Gamma cell 220 from Nordion International Inc., Canada.

Mechanical properties

The mechanical properties were measured in accordance with ASTM D-412. Dumbbells shaped
specimens were cut down from sheets using a steel die of standard width (6mm) and length (20mm). The
measurements of mechanical properties were carried out using an Instron tensile testing machine model
45U5, USA.

RESULTS AND DISCUSSIONS

A popular method of evaluating the cross-linking efficiency of peroxides is the Monsanto ODR,
which records shear modulus (torque) as a function of time during the crosslinking of a polymer. This
modulus is proportional to the extent of crosslinking and is a representation of the cure reaction. The cure
characterization, namely t2, Smin, tga, S9o and peak rate of the EPDM formulations containing peroxide type
Luperox Di is presented in Figs. 1-5. The parameters determined from the rheographs of the respective
compounds are presented in these figures as a function of temperature. Where, t2 is the scorch time, time
corresponding to two units above minimum torque. ASTM defines scorch time as the time to incipient
crosslinking under specified isothermal condition (6)

of vulcanization). At this point, the stock also loses its plastic quality, thus preventing the stock from
being processed further <7'8). Smin is the minimum torque in kg-cm, which relates to the flow of rubber
compound during mixing (its viscosity). Whereas, t90 and S90 are the time and torque, respectively,
corresponding to the optimum cure, the time to 90% of the maximum torque in kg-cm. In addition, the
peak rate is corresponding to the change of torque with time at the peak, in kg-cm/min., i.e. rate of the
reaction.

From these figures, it can be noticed that the values of t2, Smin and t90 for the different formulations
steadily decreased as either the temperature or the concentration of the peroxide is increased. In contrast,
the values of the torque (S90) and the peak rate increased with increasing of either temperature or the
concentration of the peroxide. Besides, the values of S90 sho'w maximums, which also depend on
concentration of the peroxide as well as the temperature of vulcanization.

It can be predicted from the presented data that the formulations containing 4 phr from Luperox Di
and vulcanization at 170°C for 30 minutes may give the best mechanical properties (S90 = 88 kg-cm and
scorch time = 2 min.).

Similarly, the dependence of the vulcanization parameters of the EPDM rubber, at different
temperatures ranging from 150 190 °C, on the type and concentrations of the other peroxides were
studied, based on data deduced from rheometric measurements for these formulations. These peroxides
namely Luperco 130 XL 45, Peroximon DC SC and Peroximon DC40KE. The optimum cure parameters
for the different types of peroxides deduced from the corresponding rheographs are calculated and
presented in Table 3. From this table, it can be concluded that the samples containing Luperox Di,
relatively, give the best properties followed by that containing peroximon DC SC.

The number of crosslinks formed depends on the concentration of the peroxide, its activity and the
reaction time. It is termed as the degree of vulcanization or crosslink density, which is presented here by
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Fig. 3: The change of the optimum cure time (LJ with temperature for EPDM compounds
containing different concentrations of peroxide type Luperox Di
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Fig.4: The change of the optimum torque (S90) with temperature for EPDM compounds
containing different concentrations of peroxide type Luperox Di
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Fig. 5 :The change of the peak rate with temperature for EPDM compounds
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containing different concentrations of peroxide type Luperox Di
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the maximum torque (Syn). Depending on the choice of the chemicals of vulcanization, the start of
vulcanization (scorch) of a rubber compound can be rapid or slow (t?).

Table 3: The Optimum Curs Parameters for EPDM Enhanced With Different Types of
Peroxides,

Parameter

1. Concentration of Peroxide, phr.

2. Optimum time for cure (t90), min.

3. Temperature, °C.

4. Scorch time (t2), min.

5. Torque at optimum cure, (S9(IJ, kgem.

# 1
Lupcrox

DI

4

30

170

2

88

it 2
Lupera)
130x1,45

6

25

180

1

70

#3
Fcroximon

DCSC

6

22

160

1.8

81

#4
Peroximo

n
DC40KE

8

26

160

1.9

64

In a compression molding process, it is necessary for the rubber compound to maintain a more or
less prolonged flow (Smi,,.) in order to fill all cavity .spaces and for all entrapped air to escape. The
tightening caused by crosslinking by which an undesirable deformation is prevented is opposed by the
softening caused by (he heat of vulcanization. A rapid vulcanization initiation is undesirable in most
cases, as it interferes with sale processing of the compounds and ultimately is the cause of vulcanization
already occurring during mixing and processing, which in turn can no longer be extruded or calendered^.

In the under cure phase, most technological properties of rubber are not yet fully developed. It is
therefore, usually necessary to vulcanize to optimum cure stage (maximum stress values). Since all
technological properties do nol reach their optimum value simultaneously, it is necessary to compromise
with a high over and under cure.

The mechanical properties were measured for the samples containing different concentrations of
Luperox Di and vulcanized at different temperatures. The obtained data are presented in Figs. 6-8.
Besides, these data arc compared with those of the sulfur-cured EPDM. From these figures, it can be
observed that the values of modulus stress at 200% II, as well as the ultimate tensile• strength increase
with either increasing the temperature of vulcanization and/oi the concentration of the added peroxide.
However, this increase with temperature shows maxims in most cases and after that the tensile strength
declined.

Moreover, the tensile strength values are much higher than those of the sulfur-cured samples, except
for those, with low concentration of peroxides, i.e. 2 4 phr, and vulcanized at relatively low temperature,
i.e. 150"C. In contrast, the values of the ultimate elongation decreased with either increasing the

' peroxide content and/or temperature of vulcanization. Meanwhile, all these values of E% are less than
those for (lie sulfur-cured EPDM samples. Consequently, it appears that the formulation of EPDM
containing 6 phr of Luperox Di and vulcanized at lfi()"C gives the best tensile properties, but this on the
expense of its elasticity. However, a formulation combining good tensile strength with suitable elasticity
is desired.

Hence, other trials to improve the elongation of these formulations were carried out. A modified
formulation based on that (if ASTM D3568-S6 was developed. This formulation containing: EPDM (100
phr), carbon black-N762 (80 phr), ZnO (5 phr), Stearic acid (1 phr), oil-2280 (50 phr), TMTD (1 phr),
MPT (0.5 pin).Luperox Di (6 phr) and vulcanized at 160°C for 60 minutes. The vulcanization condition
was based on the data deduced from the rhcomctric measurements for this formulation.
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Fig. 7: Temperature dependence of the tensile strength of EPDM rubber containing
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The mechanical properties, namely TS and E% of the latter formulation were 16 MPa and 561%,
respectively, which are, relatively, the best compared with those of the other samples including the sulfur-
cured sample. Hence, the latter modified formulation for EPDM will be considered for optimum cure
conditions and mechanical properties and to be used as a reference for the comparison with radiation
developed formulations.

Mechanical Properties of Radiation-Vulcanized EPDM Rubber

The irradiation dose dependence of the TS and E% of EPDM rubber either filled with HAF-carbon
black or ultra-fine silica type Aerosil 972 at the same concentration, i.e. 45 phr, and enhanced with 2 phr
of either the coagent SR-633 or SR-444 are presented in Figs 9 and 10, respectively. It has been noticed
that, in case of the coagent type SR-633, crosslinking did not occur at an irradiation dose less than 40
kGy. While in the case of the trifunctional monomer, i.e. SR-444, crosslinking was already detected at
irradiation dose as low as 20 kGy. In addition, the TS increased with the increase of irradiation dose and
reached their maximum values at 80 100 kGy, in case of the samples enhanced with the coagent SR-
444, and at 150 kGy for the samples enhanced with the coagent SR-633, beyond which the TS decreased.
This behavior may be attributed to the increased crosslinking brought about by irradiation resulting in
improvement in TS values.

However, at comparatively higher irradiation doses, the increase in network formation accompanied
by expected degradation as well as the reduced ability of macromolecules for orientation and ordering
lead to a decrease in the tensile strength'10'n). In addition, the values of the E% are steadily decreased
with increasing irradiation dose (Fig. 10). The magnitudes of E% of the samples containing the coagent
SR-444 are lower than those of the samples containing the coagent SR-633 at all irradiation doses.
Besides, similar E% values to those of the chemically vulcanized samples were attained for the irradiated
cTnples containing the coagents SR-444 and SR-633 at 80 kGy and 150 kGy, respectively.

CONCLUSION

The optimum cure parameters of EPDM containing different concentrations of different peroxide
compounds at different temperatures were deduced using Monsanto rheometer. The samples containing
the peroxide type Luperox Di, relatively, give the best properties followed by that containing Peroximon
DC SC. The tensile strength values of the Luperox Di cured EPDM are much higher than those of the
sulfur cured samples, but this on the expense of the elasticity. Th radiation- modified formulations of the
EPDM rubber compounds have superior mechanical properties compared to those of the chemically
vulcanized compounds.

The authors would like to express their sincere appreciation to King Abdulaziz City for Science and
Technology (KACST) for funding the project, that led to this publication.
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ABSTRACT

Decomposition of two pesticides as active ingredient (Lannate and Fenvalarate)

present in aqueous solution by ionizing radiations has been studied on laboratory -

scale experiments. The effect of pH of the solution, the concentration of the

pesticide and the irradiation dose on the degradation process was investigated

carried out alone and in combination with other additives such as nitrogen, oxygen

and ozone. A synergistic effect was detected which enhanched the degradation

process remarkably. Lannate showed more degradation than Fenvalarte under

conditions investigated. Radiation alone was not enough to achieve the complete

decomposition of the pesticides. Adsorption of the undegraded pollutants was

achieved using Granular Activated Carbon (GAC) and two anion exchangers

(Dowex 1-X8 and Lewatit AP246). It may be concluded that irradiation followed

by adsorption resulted in the removal of these organic pollutants from wastewater.

Key Words: Pesticides, Gamma and EB - Irradiation - Decomposition - Adsorption.

INTRODUCTION

Treatment of pesticide in wastewaters poses a serious environmental problem. Many of

the pesticides are not readily biodegradable and complete removal in many cases is a relatively

expensive process. On the other hand, incomplete removal is a serious health hazard ' " \

Ionizing radiation proved to be more effective for the treatment of these wastewaters than

ordinary conventional methods. Some studies dealing with the use of gamma radiation in the
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treatment of wastewaters have shown that the most considerable effect, that is the effective

degradation of the pesticides molecules by the primary products formed during the radiolysis of

water, is accompanied by the oxidation of a part of the organic substances and is a function of

both pH and oxygen concentration in the solution.

In the present study, an attempt was made to explain the degradation kinetics due to

the irradiation of aqueous solutions of some active ingredient pesticides, in the absence of

other specific pollutants of the pesticide industry. A combined treatment by gamma radiation

and conventional methods were applied which is more effective than either alone. Factors

affecting the radiolysis of the pesticide such as the pesticide concentration, irradiation dose,

dose rate, and pH of the solutions will be studied. The effect of different additives such as

nitrogen and oxygen on the degradation process will be investigated. Also, the equilibrium

isotherms and the intraparticle diffusivities will be investigated using the bath experiments for

determining the adsorption of aqueous solutions of pesticides by the Granulated Activated

Carbon (GAC) and two types of the ion exchange resins.

EXPERIMENTAL

Materials :

Two pesticides were used in the present study : Lannate (thiourea) and Fenvalerate

(benzeneacetate). Three adsorbent materials were used in the adsorption studies, one of these

was Granular activated carbon (GAC), one strong anion exchange resin Dowex ] -X8, and a

weak anion exchange lewatit AP 246. All chemicals used were reagent grade and were used

for the preparation of pesticides solutions without any contaminations. The solubility of

pesticides is 0.4 and 0.001 g/L in water.

a) Pesticides

1. Thiourea insecticide

Lannate (C5HioN202S), was supplied by e.I. dupont de nemours & Co. (Inc.) It is a

white crystalline solid with a melting point 78-79 °C

2. benzene acetate insecticide

Fenvalerate (C25H22CINO2), was supplied by shell international chemical Co. It is a

viscous yellow liquid with a boiling point 300 121 mm Hg.
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Ion exchange resins

Weak anion exchanger lewatit AP 246 were supplied by Merck Laboratories,

Germany. It is a polystrol drevatives with anchored quaternary ammonium group, mesh 0.1 -

0,25 mm. Strong anion exchanger Dowex 1-X8 was suppliedbyDowChemicalCompany.lt

is a polystyrene drevatives, ionic form , mesh 20-50 mm and the exchange capacity 1.4 m

Eq/ml.

Granular Activated Carbon (GAC).

Untreated charcool activated granular, it is commercial synthesized, it has 8-20 mesh. It

was supplied from ALEC company, Egypt.

Adsorption isotherm were determined by the batch method or bottle point method for

all adsorbents. Carefully determined amounts of adsorbent equal to 0.25 g were added to 100

mL beaker containing 25 mL of the irradiated solution of concentrations of 3, 4, 5, 6, 7 ing L"1

before irradiation, respectively. The beaker were sealed by an aluminium foil paper, stirred

mechanically and then kept for a period of 8 days at room temperature (25 °C). The

concentration of the solution was then determined, the equilibrium data for each beaker

representing one point on the adsorption isotherm.

Results and Discussion

Irradiation of pesticides

a. Irradiation dose, and dose rate:

The effect of irradiation dose in kGy on the different pesticide solutions at an initial

concentration 5 mg L"1 was studied at different pH values and the results are shown in Fig. 1.

It can be seen that the radiation degradation of Lannate is much higher (80%) than the

degradation of Fenvalerate, This may be due to the presence of three benzene rings in the case

of Fenualerate, while Lannate is an aliphatic compound. It is well known that compounds with

benzene rings show more radiatrion resistance, while aliphatic compounds are very sensitive to

ionizing radiations <6'l0). It was also observed that more degradation happened at pH3 than the

neutral medium, while the less degradation was observed in the alkaline medium for all

conditions studied, (Fig. 1). The dose rate effect was also studied for three different dose rates

to ellucidate its effect on the degradation process (6.8, 3.4 and 1.7 Gy/sec. - total dose 4 kGy),
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(Fig.2). A general trend for the degradation of the two pesticides showing the hi|

degradation occurring for the lowest dose rate. This behavior may be attributed to

biornoleculaf radical termination which leads to a major oxidation reaction , Suzuki et al, and

Other authers observed the same behaviour.tli>id)

b. Effect of pH

Figure 3, shows the effect of the pesticide solution pH on the percent degradation at

constant concentration 5 ing L"1 as a function of irradiation dose, The pH influenei has

proved to vary according to the type of the pesticide. For the two pesticides very littl©

degradation was observed in the alkaline medium (pH9) at all irradiation dose, The degree of

degradation of pesticides in the neutral medium (pH7) was dependent on the type of pgstieid©

and its chemical structure. However, the percent degradation in the acidic medium (pH3) was

higher than that in the neutral medium in all cases, it was observed that the pH value of the

pesticide solutions in the alkaline and acid medium changes shightly after irradiation, while in

the neutral medium the change in the pH value was remarkable: The pH value decreased as the

irradiation dose increased. The drop in the pl-1 of the pesticide solutions may b© attributed to

the mechanism of the pesticide solutions may be attributed to the mechanism of the radiation

degradation process taking place In the studied system in which adds wer© dgttettd a§

degradation products of the pesticide molecules to lower molecular weight eompeunds (sueh

c, Syiiergistic effects

1. Nitrogen addition

Many previous studies by many authors {[1'm of wasttwater treatment by irradiation

has shewn that radiation treatment of larger volumes of waste effluents tends te b© ineemplett

and uneconomic: A more promising approach involving radiation treatment of wa§t©water"

arises when a combined treatment of irradiation and a conventional method can be applied to

relatively dilute waste solutions.

For two pesticides, no complete destruction was achieved by irradiation alone. A

synergistic effect of gamma radiation coupled with nitrogen was studied for the two pesticides

at different pH values and the results are shown in Fig. 4. It was observed that higher

degradation of the pesticides occurred in the presence of nitrogen than in the case of radiation
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degradation of these pesticides that carried out in air. However, the extent of degradation of

the different pesticides varied according to the type and structure of the pesticide. This

degradation effect may be attributed to oxygen and oxidizing species formed by the reaction of

OH radicals with hydrogen peroxide accumulated during irradiation. * *

H2O2 +

H2O2 +

H0*2 +

OH -—>

H0'2 >

HO*2 —-->

-HO 2 +

•OH +

H2O2 +

H2O

H2O +

o2

O2

(1)

(2)

(3)

OH + HO 2 > H2O + O2 (4)
as well as the small amount of dissolved oxygen (about 5 X 10 '4 g/L) that cannot be removed

with nitrogen bubbling. * '

b . Oxygen addition

The degree of radiation degradation of the oxygen saturated pesticide solutions was

investigated at different pH values as a function of irradiation dose and the result are shown in

Fig. (5), The addition of oxygen resulted in an enhancement of the radiation degradation of the

pesticide solutions, The extent of this degradation was a different for the two pesticides.

Lannate pesticide solution suffered the highest degree of degradation due to the presence of

oxygen, while Fenvalerate showed a moderate enhancement in degradation. In the two cases

radiation degradation of the pesticides was higher in the acidic medium followed by that in

neutral medium and the degradaion carried out in alkaline medium proceeded in the least

degree.

The irradiation of the pesticide solutions with gamma radiation leads to the formation

of radicals and molecular products formed from the radiolysis of water. According to Suzuki et

al. (18>l9) who reported that in addition to the primary OH radicals, these species (HO2 and O2)

contribute to the degradation process and that this process in the presence of oxygen leads to

the formation of peroxides which contribute also to the degradation reactions. It is well known

that the oxidation of aromatic compounds induced by ionizing radiations gives some lower

molecular weight aliphatic products as aldehydes and organic acids and then proceeds the

further oxidation of the organic acids. The radiation initiation oxidation of organic compounds

was reported by Hoigne <20), who showed that the reaction of hydroxyl radicals with solutes as
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well as the secondary oxygen addition to radicals lead to oxidized products. The yields

achieved by hydroxylation were calculated from the amount of OH radicals formed. This

hydroxylation lower the Chemical Oxygen Demand (COD) values of wastewater, by 43 mg/L"1

perMrad(I7).

3. Ozonolysis

The ozone saturated pesticide solution were also studied and the results are shown in

Fig. (6). The addition of ozone resulted in an enhancement of the radiation degradation of the

pesticide solutions. The extent of the degradation depends on the type and structure of the

pesticide. It is well known that ozone is a powerful oxidant and it can react with organic and

inorganic molecules in solution both directaly and indirectly via its aqueous phase degradation

products such as the hydroperoxyl and hydroxyl radicals/22 23) Thus, in the presence of water in

either the gas or aqueous phase, ozone will photolyze to produce hydroxyl radicals, which are

stronger oxidizing agent. Therefore, the combined ozone/gamm process greatly enhances the

degradation of organic compound more than ozone process alone. From the above results, it

can be concluded that the degree of degradation is in the following order

O3 > O2 > N2 > air.

4. Electron Beam Irradiation

Industrial effluents containing pesticides at initial concentration of 5 mg/L and different

pH values were irradiated using an electron beam 1 Mev to study the compounds degradation.

The samples were irradiated with different doses ranging between 2 and 10 kGy. Electron

beam irradiation treatment efficiency was evaluated by U.V. measurement of the samples

before and after irradiation. Fig. (7) shows the relationship between the electron beam

irradiation dose the degree of degradation of two pesticides at various pH values. It can be

seen that at a dose of 4 kGy the pesticide lannate reached a maximum degradation of 86%

which is a little higher than when irradiation was carried out with gamma- rays. However,

electron beam irradiation proved to be much effective than gamma irradiation in case of

Fenvalerate. The degree of degradation using gamma rays was 35 % and by using electron

beam machine it rose to 80% at pH3. The efficiency of electron beam irradiation is obviously

much greater than the degradation of gamm-irradiation may be explained by the high effective
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energy of the electron beam accelerator adsorbed by the pesticides in a very short time

compared with the energy and time of gamma irradiation.(24>2s>26)

Radiation Adsorption Purification

Adsorption experiments were carried out with three different adsorbents (GAC,

Dowex, Lewatit) and at different pH values to study the adsorption behaviour of two

pesticides. Moderate adsorption was observed in both cases (46%) and (52%) respectively. It

seems that adsorption also is not enough alone to achieve the complete removal of these toxic

pollutants. Therefore, radiation adsorption purification was tested in Fig. (8 and 9), shows the

relationship between the equilibrium cone, mg/L of the pesticide solutions and the adsorption

capacity mg/g for the three adsorbents. -

The following general trends have been observed:

1. Granular Activated Carbon (GAC) showed the highest adsorption capacity in comparison

with the other resinous adsorbents. The higher adsorption capacity of GAC than that of the

ion exchangers may be due to the very high surface area of GAC (1100 m2 g"').

2. Lewatit, a weak anion exchanger showed better adsorption capacity than the strong anion

exchanger Dowex 1-X8. This may be explained by the fact that there exists a strong

adsorbed species which always has a greater tendency to occupy the adsorption sties than

the weakly adsorbed species does. Noll et al. (27) reported a similar explanation in their

work with the system phenol + p-chlorophenol or the XAD-4 resin and phenol + p-

chlorophenol on carbon F-400. A further explanation was given by Malissa (28) who

reported that when adsorption forces predominate, the resined not contain charged or

chemically active groups. The main differences between them exist in the specific surface

area and the mean pore size, so the adsorption behaviour is controlled to a large extant by

kinetic ferces.

3. All the studied pollutants reached maximum permissible values after treatment with

radiation followed by adsorption.

Although, the role of the adsorbent is very essential to the adsorption process, the

physico-chemical characteristics of the adsorbate plays also an important role in this process.

For example, pesticides of similar chemical structure and solubility show the same adsorption

behaviour.
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For example, pesticides of similar chemical structure and solubility show the same adsorption

behaviour.

Some studies dealing with the use of the combination of gamma irradiation and

adsorption in the treatment of wastewater containing pesticides and other pollutant have

shown that the degradation is accompained by the oxidation of part of the organic substances

and is a function both of pH and oxygen concentration of the solution. It may be concluded

that the radiation degradation of toxic pesticide pollutants and their removal from wastewater

down to concentration not exceeding the maximum permissible concentration, MPC, according

to the international standards proved to be better than the conventional methods of purification

alone.

REFERENCES

I] T.H.Y. Tebbutt, Principles of Water Quality Control, Pergamon Press, New
York, (1982).

[2] D.C.Hinge: J.Instr. Water Engrs. Sci., 34 (1980) 546.
3] J.Dojlido and G. A. Best: Chemistry of Water and Water Pollution, Ellis Horwood,

New York, (1992).
[4] W.Stevens : Pesticides in the Environment, Marcel D., New York, (1983).
[5] K.Buchel: Chemistry of Pesticides, John Wiley, New York, (1983).
[6] W.C.Hay : In Proceeding of a Symposium in Munich, 433 (1975).
7] C. Cappadona, P.Guarine and E.Caldero : In : Proceeding of Symposium in

Munich, 265(1975).
[8] D.M.P.Rohrer: in Proceedings of a Symposium in Munich, 241 (1975).
9] A.M.Dessouki and S.E. Abdel- Aal, IAEA Intern. Symposium, Zakopane -

Poland SM 350-16, (1997).
10] A.M.Dessouki, S.E. Abdel- Aai and S.A. Ismail, Arab J. Nucl. Sci. and Applns.

(1998).
II] N. Suzuki, M.Teijro, Akihisa, S.Hashimoto and W.Kawakami : Int. J. Appl.Rad.

Isotopes, 29, 103(1978).
[12] M.Washino : Radiat. Phys. Chem., 18, 83 (1981).
[13] N. Piccinini and F.Ferrero : Int. Atomic Energy Agency, 249 (1975).
14] N.B.El-Assy and A.A.Abdel-Fattah: Egyptian J. Of Radiat. Sci. and Applications, 4 ,

299(1986).
15] A.M.Dessouki A.M. Aly and H.H. Sokker, International Conf. Hazards Waste,

Cairo, Egypt, Decamber (1998).
16] A. M. Dessouki, H.F. Aly and H.H.Sokker, Czechoslovak journal of physics, vol. 49

(1999).
17] S.Hashimoto, T. Miyata, N. Suzuko and W. Kawakatni : Radiat. Phys. Chem.,

13,107(1979).

177



18] N.Suzuki; T. Nagai, H.Hotta and Washino : Bull. Chem. Soc. Japan, 48, 2158
(1975).

[19] N.Suzuki and H.Hotta : Bull. Chem. Soc. Japan, 50 (1977) 1441.
[20] J.Hoigne: Aspects of Hydrocarbon Radiolysis, Academic Press, New York, (1968).
21] N.Suzuki, T.Miyato, A.Sakumoto, S.Hashimoto and W.KawaKami, Int. J. Appl.

Radiat. Isoto., 29, 103 (1978).
22] P.S. Lang, W.K. Ching, D.M. Willber and M.R.Hoffman, Environ. Sci. Technol, 32,

3142-3148(1998).
[23] M.Horvath, L.Bilitzky, J.Hutter, J.Ozone, Elsevier, New York, p. 119 (1985).
24] M.H.O.Sampa,C.L.Duarte,P.R.Rela, E.S.R.Somessari, C.G. Silveira and A.L.

Azevedo, Radiat. Phys. Chem., 52, 365-369.
[25] L. R. Alonso and E.L. Serpa, Projecto reduz poluicao industrial no Alto Tiete.

Ambiente Revista CETESB de Technologia, 8(1), 12-18 (1994).
26] W. J. Cooper, M.G. NickelsonJ. D. Waite and C.V. Kurucz, High Energy

Electron Beam Irradiation: an innovative process for the treatment of aqueous
based organic hazardous wastes. J.Environ. Health, A 27 (1), 219-244 (1992).

27] V. Noll, V. Coumaris and W.S.Hou, Adsorption Technology for Air and Water
Pollution Control, Lewis Publishers Inc. (1992).

[28] H.Malissa, J.Anal. Chem., 1, 49 (1990).

178



Seventh Conference of Nuclear Sciences & Applications nnmfi
6-10 February 2000, Cairo, Egypt L ^ U n

Rad.C-4 Structure- Property Behavior of Poly(acrylic acid) Hydrogels
Synthesized by Radiation Induced Polymerization

H. M. M. Nizam El-Din*. M. S. Ibrahim**
* Department of Polymer Chemistry ** Department of Radiation Chemistry

National Center for Radiation Research and Technology
P.O.Box 29, Nasr City, Cairo ,Egypt.

ABSTRACT

Hydrogel containing hydroxyl group based on glycerol, ethylene glycol
and acrylic monomer, have been prepared by using gamma radiation.
The application of the prepared hydrogel for recovery of Cu2+, Co2+, Ni2+,
and Pb2+ was also studied. The hydrogel complexes with metals have
been isolated and characterized by using different spectroscopic
techniques IR and thermal analysis. TGA thermograms were used to
determine the kinetic parameters such as activation energy and order of
reaction. The complexometric titration showed that the hydrogels have a
great affinity to recover the metal ions in the following order Pb2+ > Ni2t

> Cu2+ > Co2+. However the hydrogel containing glycerol has a great
tendency towards metals recovery than the one containing ethylene
glycol.

Keywords: Irradiation - Glycerol- Ethylene glycol

INTRODUCTION

Hydrogels have been widely applied in the field of bioengineering, biomedicine,
pharmaceutical, veterinary, food industry, agriculture, photographic technology and others. Also, it
was used as a means for control drug system, for production of contact lenses and artificial organs
in biomedicine. From the most important field of using hydrogel is in the field of removal some
agent in environment application, immobilized enzyme kinetic in bioengineering and also as a
carrier of water pesticides and fertilizer in agriculture field (!"7). The literature survey revealed that
few outliers have dealed with the synthesis and application of acrylate hydrogel in these regards
hydrogels membrans from interpolymer complexes of acrylic acid co- vinyl butylether and vinyl
ether of ethylene glycol-vinylbutyl ether prepared by Y • radiation have been reported^ a such
membrans posses tepecal polyelectrolytes hydrogel properties. Moreover the diffusion of
polyethylene glycol free chains across polyacrylic acid (9). In the present work, hydrogels based
on polyacrylic acid and alcohol were prepared by applying radiation polymerization. The
structure property behaviour of the prepared hydrogel were characterized by gel fraction
determination, IR and TGA analysis. Moreover, the affinity for different heavy metals was also
considered.
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EXPERIMENTAL

Materials: -

The acrylic acid monomer.- (AAc) and ethylene glycol used in this study were of laboratory
grade chemicals purchased from Merck, Germany, and used without further purification, while
glycerol was of pure grade and obtained from (Prolabo, France). The other solvents were of pure
grade and used as received.

Preparation of PAAc hydrogels: -

The hydrogel based on glycerol (PAAc/Gy) was prepared by mixing 8.408 grams of acrylic
acid to 13.871 grams of glycerol to give a hydrogel yield product of 28.326 grams.

In the case of hydrogel based on ethylene glycol (PAAc/Eg), 16.816 grams of acrylic acid
was mixed with 12.243 gram of ethylene glycol to give a yield product of 26.000 grams. A solvent
mixture containing equal ratios of methanol and water was used for both hydrogel. The radiation
polymerization of the hydrogel solutions were performed by exposing to a dose of 20 kGy at a dose
rate of 8.8 Gy/h. Irradiation process was carried out using the gamma cell of NationaLCenter for
Radiation Research and Technology, Nasr city, Cairo, Egypt. The formed hydrogels were washed
thoroughly with bidistilled water several times and finally dried in vacuum oven at 50 °C.

Determination of Gel fractions percent: -

Samples of the prepared hydrogels were accurately weighted (Wo) and then extracted with
bidistitted water using Soxhlet system for 24 hours. After extraction, the samples were then
removed and dried in a vacuum oven at 50 °C to a constant weight (Wt). The soluble fraction was
calculated according to the following equation.

Soluble fraction (S.F)% = [(wo-wi)/wo] X 100

Gel fraction % = 100-Soluble fraction

Swelling behaviour of hydrogels in different solvents:

A known weight of the insoluble hydrogel was saoked in bidistilled water and different
solvents for 24 hrs at room temperature. The sample was then removed and blotted on a filter paper
to remove the excess of water or solvent on the surface. The swelling (%) was calculated according
to the following equation:

Swelling (%) = [ (w2-W l)/w2 ] X 100
Where:

Wj : initial weight of the hydrogel
W 2 : final weight of the swelled hydrogel

Sorption of heavy metals by hydrogels:

A known concentration (0.5 gm / 50 ml distilled water of different metal salts CuSO4, NiCl2,
pb(NO3)2 and CoCl2 was first prepared. The solutions of the metal salts were divided into two
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equal portions. In the first portion (0.25 gm / 25 ml H2O) a sample of known weight (0.5 gm) of
hydrogel was immersed and left for 24 hrs. The concentration of the metal ions in the second
portions Q was determined by complexometry method using xylenol orange as an indicator and
hexamine as a buffering agent(10). finally, the hydrogel was removed from the first metal solution
portions and the strength of the residual metal ions (CF) was determined using the same procedure
as in the second portion. The metal sorption (%) was determined to the following equation:

Metal soption (%) = [ (Q -Q) / Q ] X 100

IR Spectroscopic Analysis:-

The infrared spectra of the pure hydrogels and after metal sorption were performed on a
Malison 5000 FUR spectrometer over the range 200 4000 cm"1

Thermal Analysis:-

The TGA thermograms were carried out on a Shimadzu (30 TGA 30) at a heating rate of
10 °C / min. over a temperature range from room temperature to 600°C. The primary TGA
thermograms were used to determine the different kinetic parameters such as activation energy and
order of thermal decomposition reaction.

RESULTS and DISCUSSION

Characterization of the hydrogels:-

A set of preliminary experiments was carried out with the objective of obtaining the highest
percentage gel part of the PAAc hydrogels by changing the irradiation dose and the weight ratios of
the different components. The conditions chosen were an irradiation dose of 20 kGy and the weight
ratios of the different component mentioned in the experimental section to obtain 99.7 and 95 %
gel part of PAAc/Gy and PAAc/Eg hydrogels, respectively. The swelling behaviour of PAAc/Gy
and PAAc/Eg hydrogels in water and different organic solvents is shown in Table (1). It can be
seen that PAAc/Gy hydrogel has a high tendency to swell in water than PAAc/Eg hydrogel. The
higher water uptake by PAAc/Gy hydrogel than PAAc/Eg hydrogel can be attributed to the three
hydroxyl groups of glycerol scince both hydrogels contain PAAc component. It can be observed
that the percentage swelling of PAAc/Gy hydrogel in the different organic solvents can be arranged
as follows:

Methanol » DMF > Acetone > Chloroform > Toulene > Xylene

For the hydrogel PAAc/Eg, the order of swelling was found to be:

DMF » Methanol> Acetone > Chloroform > Xylene

From Table (1), it can be seen that both hydrogels have no tendency to swell in benzene and have a
great tendency towards polar solvents than to non polar solvents.
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The chemical stability of PAAc hydrogel towards acids and alkalies :-

The chemical stability for both hydrogels was tested by treatment with sodium hydroxide
and hydrochloric acid. The treatment with NaOH did not lead to the formation of sodium salt of
both hydrogels. On the contrary a gelatinous product was obtained. This behaviour may be
attributed to the formation of ester groups between the carboxylic groups of PAAc and one of
hydroxyl groups of both glycerol or ethylene glycol. On the other hand, it was found that HCl has
no effect on the hydrogels and visually no change in the chemical structure was observed.
However, it was found that the treatment with dilute HCl leads to increae in the swelling behaviour
of the hydrogels. Also, when the hydrogels were treated with concentrated HCl a shrinkage in the
volume of the hydrogels was accurred. This may be explained on the basis of the osmotic pressure
which causes the water to diffuse from the hydrogels to the concentrated solution of MCI.
Meanwhile, the calculation percentage uptake of dilute HCl by hydrogels based on
glycerol and ethylene glycol respectively was found to be 15 and 11 %, respectively.

IR Spectroscopic Analysis: -

Figure (I) shows the IR spectra of pure glycerol and those of PAAc/Gy hydrogel. For pure
glycerol as with almost all organic compounds, an obsorption band can be seen at 2936 cm"1,
arising from C-H stretching. Alcohols exhibit two infrared stretching bands, one arising from O-H
stretching and the other from C-0 stretching. The C-0 band can be seen at 1043 cm'1 in the
fingerprint regoin.The O-H stretching bands are very characteristic and can be seen a very broad
band at 3000-3600 cm*1 just to the left of C-H absorption in the IR spectrum.

Although, the C-C single bands usually give week absorption in the IR spectrum, an
absorption band can be seen as a shoulder at 2884 cm"1 joined to the stretching band of C-H which
may be due to this group. The wide band due to O-H appears at about 3400 cm"1 is indicative of the
presence of O-H hydrogen bonding. This change in position and appearance of O-H band can be
seen clearly in the IR spectra of PAAc/Gy hydrogel (Fig. IB), in which this band appears with
various spelting shoulders.

The absorption band due to the carbonyl groups of the ester group can be seen clearly at
1613 cm-1. Moreover, like all ester compounds a distictive absorption band can be seen at 1115
cm-lwhich is due to C— O band at the fingerprint region.

As shown in Figure (2) for pure ethylene glycol and PAAc/Eg hydrogel, the characteristic
bands of alcohols can be seen clearly at 3400 cm"1 (O-H) at 1043 1084 cm'1 (C-O) and 2945 cm"1

(C-H). However, the absorption band due to O-H stretching appears as somewhat sharper
suggesting a less hydrogen bonding than that for PAAc/Gy.

Thermal Decomposition Behaviour of PAAc/Gy and PAAc/Eg Hydrogels: -

Thermogravimetric analysis (TGA) is widely used to investigate the thermal decomposition
of polymers and to determine the kinetic parameter such as activation energy and order of reaction.
These parameter can be used to give a better understanding of the thermal stability of polymers.
Different methods have been postulated to determine these kinetic parameters based on the
measurement of the rate of conversion (11) and on the heating rate(12|13).
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In the present work, a method based on the rate of conversion proposed by Anderson and
Freeman was utilized ^14\ This proceedure has the advantage of being operationally simpler and is
more advanlageous in those cases where changes in mechanism are involved. Furthermore, the
energy of activation and order of reaction may be evaluted from a single experimental TGA curve.
In this method, the quantities A log (dw/dt) and £> log w corresponding to a constant small different
of 1/T over the entire course of the initial TGA curve. As shown by Anderson and Freeman
equation given bellow:

A log (dw/dt) = n A log w^~ (E * / 2.303R) 1 A"

where : dw/dt is the rate of thermal decomposition reaction
wv : the reaction weight.
R : gas constant.
E* : the activation energy.
n : the order of reaction.

When A log (dw/dt) is plotted against A log w, it gives a straight line of slop n and the
interception gives the avtivation energy E*. The application of Anderson and Freeman method to
the hydrogel under investigation was followed as described elsewhere ^ .

Figures 3 and 4 show the initial TGA thermograms for PAAc hydrogels based on glycerol
and ethylene glycol. Table (1) summarizes the weight loss (%) of the two hydrogels at different
decomposition temperatures taken from these TGA thermograms. It can be seen that the initial
thermal decomposition of ethylene glycol based hydrogel begains with a higher thermal stability
than the hydrogel based on glycerol with percentage weight loss of 2.6 and 5.9 % at 100°C,
respectively.by increasing the heating temperatures from 200 to 450 °C, the loss in weight of the
PAAc/Eg hydrogel was found to much higher than that for PAAc/Gy hydrogel at the same
decomposition temperatures. Thus, it can be concluded that glycerol hydrogel is more stable
against thermal discomposition than the ethylene glycol hydrogel over the entire range of studied
temperatures.

The respective thermal stability of the prepared hydrogel was further confirmed by plotting
the rate of reaction or the derivative of TGA thermograms curves DTGA (taken from the initial
TGA) against 1/T for the PAAc hydrogels as shown in Fig. (5). However, there curves display a
similar trends, the temperatures at which the maximum value of the rate of reaction occurs differs
from one hydrogel to another. Meanwhile, the temperature of the maximum value of rate of
reaction for glycerol hydrogel is higher than that for ethylene glycol hydrogel, suggesting the
higher stability.

When & log w was plotted against A log dw/dt for the two hydrogels, the data points do not
fall on straight line. It follows that the thermal decomposition does not depend on weight of
reaction but it depend on the thermal decomposition temperature and the reaction follow zero order
mechanism. The plotting of log dw/dt vs Ifl is shown in Fig. (6) and (7) for the two hydrogels. The
calculated activation energies over the entire range of temperature were found to be 21.8 and 10.5
kcal/mole for glycerol and ethylene glycol hydrogels, respectively. Once again, the activation
energy in accordance with TGA thermograms.
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Absorption of Heavy Metals by PAAc Hydrogel :-

The absorption efficiency of PAAc/Gy and PAAc/Eg hydrogels for different metal cations is
. shown in Table (3). The data indicates that the hydrogels have great tendency towards metal ions
according to the following order
Pb2+>Ni2+>Cu2+>Co2+

The affinits of PAAc hydrogels for heavy metals may be attributed to the presence of free hydroxyl
groups along the hydrogels structure.
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Table (l).Swelling Behavior of PAAc /Gy and PAAc /Eg Hydrogels in
Different Solvents.

Solvents

Water
Methanol
DMF
Acetone
Chloroform
Xylene
Benzene

Swelling (%)
PAAc/Gy

100
51
18
12
4
1
0

PAAc/Eg

60
48
105
6
2
3
0

Table (2). Weight loss (%) at Different Decomposition Temperature for
PAAc Hydrogel.

Type of Hydrogel

Ethylene glycol

Glycerol

Weight loss (%)

100°C

2.6

5.9

200 °C

13.1

18.9

300°C

47.2

28.6

350°C

55.9

30.1

400°C

61.6

40.8

450°C

98.7

73.3

Table (3). Absorption of Different Metals by PAAc/Gy and PAAc/Eg
Hydrogels.

Metals

CoCl2

CuSo4

NiCl2

Pb (No3)2

Absorption (%)

PAAc/Gy Hydrogel PAAc/Eg Hydrogel
3.70
6.67
10.24
12.24

1.59
4.56
5.59
8.75

All the metal absorption experiments were carried out at constant weight
of hydrogel of 0.5 gm .
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Fig.(l): IR Spectra of pure glycerol (A) and that for PAAc/Gy hydrogel (B).
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Fig. (2): IR Spectra of pure ethylene glycol (A) and that of PAAc hydrogel (B).
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THERMAL ANALYSIS DATA
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Rad.C-5 Effect of Gamma Radiation on the Chemical and Physical Properties of
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The chemical and physical properties of plasticized carboxymethy cellulose (CMC) /
poly(vinylalcohol)(PVA) polymer blend before and after exposure to gamma ray were
investigated by means of mechanical properties, thermogravemetric analysis (TGA),
differential scanning calorimetry (DSC) and scanning electron microscope (SEM). It was
found that addition of plasticizer causes a significant increase in elongation at break and
causes a marked drop in thermal stability. Thus, the addition of glycerol cause a
significant decrease in glass transition temperature(Tg) of about 24°C from the initial
value. The morphological structure of plasticized blend was investigated by observation
of fracture surfaces using SEM. The plasticized blend was used for recovery of some
heavy metals from their salts such as Cu(II), Co(II) and Ni(II). It was found that
plasticized blend have a great ability for absorbing these metals and it is measured by
compleximetric titration and colour strength measurements.

Key words: PVA/CMC blend/ Plasticizer/ Glycerol/Sorption

A plasticizer is a low molecular compound used to reduce the stiffness of an amorphous (glassy)
thermoplastic polymers and hence the plasticizer acts mainly to lower the glass transition temperature.

Thermomechanical properties of blends of pectin and PVA was studied using a dynamic
mechanical analyzer and thermodynamic transitions using DSC(I). Of particular interest are films
based on pectin, a component of fruit cell walls. Plasticized blends of pectin and starch exhibit useful
properties as free standing films'2"4'. These films exhibit good modulus and tensile properties.

The interactions and partitioning of polyethylene g!ycol(PEG400) in hydroxypropyl methyl
cellulose(HPMC), PVA and their blends have been investigated by means of torsional braid
analysis(5). PEG400 was shown to be a better plasticizer for HPMC than PVA, in agreement with
solubility parameter predictions. The two homopolymers have been shown to be totally
incompatible'6'. In the case of glycerol, a better plasticizer for PVA(7), it was shown that the plasticizer
partitioned selectivity into the PVA phase and also, it is a better plasticizer for CMC(8'.

In the present work, glycerol as a polyhydroxyl alcohol was used as a plasticizer for CMC/PVA
Blend and the different properties were investigated before and after exposure to various doses of
gamma radiation.
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MATERIALS AND EXPERIMENTAL TECHNIQUES

Materials
The polymer poly (vinyl alcohol), laboratory grade, was in the form of powder, it has an average

molecular weight (Mw) of 125,000 and was obtained from Laboratory Rasayan. Carboxymethyl
Cellulosesodium salt (grade pure reagent) has a low viscosity in the form of granules, was supplied
by El- Nasr Pharmaceutical Chemical-Prolabo, Egypt.

Solvents
Methanol of pure grade was obtained from Prolabo, France was used in the preparation of

plasticized PVA/CMC blend. A laboratory grade of glycerol obtained from Prolabo, France.

Technical procedures

Preparation of plasticized PVA/CMC blend.

A certain PVA/CMC polymer blend with glycerol as a plasticizer was also prepared by the
casting solution technique. Different ratios of glycerol was added to the mixture of polymer solution
of 80%PVA/20%CMC with continuous stirring till complete miscibility. The polymer solution was
then casted into thin films and dried as mentioned above.

Gamma Irradiation
Irradiation of plasticized films to the required doses was carried out using Co60 gamma rays in

air at a dose rate of 0.275 Mrad/hours.

Analysis And Tests:

Thermogravimetric Analysis (TGA)
The TGA studies were carried out on a Shimadzu 30 (TGA-30) at a heating rate of 10°C /min.

in air over a temperature range from room temperature to 500°C. The primary TGA thermograms
were used to determine the different kinetic parameters such as activation energy and order of thermal
decomposition reaction.

Differential Scanning Calorimetry (DSC)
The DSC thermograms were performed using a Perkin- Elmer DSC-7 calorimeter. A heating

rate of 10°C/min. was utilized under nitrogen atmosphere. The recorded glass transition temperature
was taken as the temperature at which one half of the change in heat capacity ACp has occurred.

Mechanical Properties
The polymer blend films were tested in the form of dummbbell shape of initial dimensions of 4

cm in length and 0.4 cm in width at the working area. The unirradiated and irradiated polymer blend
films samples were tested for tensile strength, elongation at break and Young's modulus according to
ASTM 638 specifications.

190



Scanning Electron Microscope (SEM)
The surface morphology of different films of various blends before and after irradiation was

seen by SEM technique the micrographs were taken with a JSM-5400 instrument by Jeol (Japan)

Colour Difference Intensity Measurements
A computerized micro colorimeter unit made by Dr. Lange (Germany) was used for colour

measurements. The L*, a*, and b* system used is based on the CIE -colour Triangle (Commission
International de l'Eclairage Units X, Y, and Z). In this system, the L* value represents the dark-white
axis, a* represents the green-red axis and b* represents the blue-yellow axis. The L*, a* and b* values
of PVA/CMC-g-PS blend graft copolymer films before dye sorption were measured and taken as a
reference. The colour difference (AE*) intensity on the grafted samples after sorption was determined
as follows:

Measurements Sorption of Heavy Metal Ions
The reactions of plasticized PVA/CMC blends were carried out with Cu(II), Co(II) and Ni(II)

ions by the batch equilibrium method(9). EDTA solution was prepared for complexometric titration
according to the following method: 0.1 M stock solution of EDTA was prepared by dissolving 37.225
gram of EDTA (ethylene diamine tetra acetic acid di sodium salt) in one litre of distilled water. The
molarity of the solution was shaked by standerdization using (0.1M) Mgso4.7H2O and E. B. T as
indicator. The concentrations of the external metal ions (Cu2+, Co2+, Ni2+) were determined using
0.1M EDTA in the presence of the appropirate indicator (E.B.T, xylenol orange and / or mureoxide)
depending on the metal ion as reported in the standard methods. Plasticized blend was shaken with
different metal solutions (25ml) containing about (1%) of metal ions at the suitable PH for each metal
ions.

RESULTS AND DISCUSSION

Most polymers are either completely amorphous or have an amorphous-like component even if
they are crystalline. Such materials are hard, rigid glasses below a fairly sharply defined temperature
known as the glass transition temperature (Tg). At temperatures above the Tg, at slow to moderate
rates of deformation, the amorphous polymer is soft and flexible and is either elastomer or very
viscous liquid.

CMC/PVA polymer blend is a mixture of PVA which is a semicrystalline polymer and CMC
which is purely amorphous component. As seen before, the DSC scans of CMC/PVA blend showed
that the resulted blend is a semicrystalline polymer exhibits a glass transition temperature and
crystalline melting temperature. Also, the heat of fusion (AHf) was found to increase with increasing
the ratio of PVA component in the blend to reach a maximum value in the case of pure PVA polymer.
These findings were observed in the case of blends either rich in CMC or PVA components.

A plasticizer is a low molecular compound used to reduce the stiffness of an amorphous (glassy)
thermoplastic polymers and hence the plasticizer acts mainly to lower the glass transition temperature.
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Stress-Strain Behaviour

Table 1 shows tensile strength, elongation and energy to break point of 80%PVA/20%CMC
polymer blend plasticized with two different ratios of glycerol before and after they had been
irradiated to various doses of gamma radiation. There is a drop of about 50% in tensile strength of
CMC/PVA blend resulted by the addition of 10% glycerol before exposure to gamma radiation. A
further drop in tensile break was observed by increasing the ratio of glycerol to 20% but to a lower
extent. After exposure to gamma irradiation, the break stress of either pure CMC/PVA blend or the
plasticized blend with glycerol was found to decrease sharply with increasing irradiation dose. These
finding may attributed to the break down of the hydrogen bonding between PVA and CMC from one
side and the plasticizer (glycerol) from the other side.

As shown in Tablel, the addition of plasticizer causes a significant increase in elongation at
break. Increasing the ratio of glycerol seems to cause a slight increase in elongation at break. This
may be explained on the basis that the addition of plasticizer which acts as a lubricant between
adjacent polymer chains would allow free movement of these long molecules. On the other hand, the
elongation at break of either pure blend or the plasticized one was found to decrease upon exposure to
gamma irradiation which suggests the decomposition of the plasticizer during irradiation

Table 1 : Break Properties of 20% CMC/80% PVA And The Same

Blend Plasticized With Various Ratios of Glycerol Before

And After They Had Been Irradiated to 10 and 20 Mrad.

CMC/PVA

polymer blend

composition

20%CMC/

80%PVA

20%CMC/80

%PVA +10%

plasticizer

20%CMC/80

%PVA +20%

plasticizer

Irradiation dose

(Mrad)

Unirradiated

10

20

Unirradiated

10

20

Unirradiated

10

20

Stress at break

point

(Kg/cm2)

254.0 ± 27.0

106.5 ± 2.5

140.0 ±19.0

163.3 ± 7.7

38.0 ±2.0

40.0 ±0.0

127.0 ±5.0

45.5 ± 1.5

18.0 ±2.0

Strain at

break point

(%)

38.3 ± 10.4

97.0 ±6.0

107.0 ±5.0

511.0 ±1.0

238.0 ± 16.0

242.5 ± 12.5

554.5 ± 1.5

369.5 ± 39.5

326.0 ± 36.0

Energy to

break point

(Kg.f.cm)

0.4 ± 0.055

0.56 ± 0.085

1.0 ± 0.38

38.2 ± 1.4

28.0 ± 0.0

22.1 ±0.05

46.1 ± 12.1

8.4 ±2.15

29.9 ±0.25
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It can be seen that the energy to break point increases with the addition of the plasticizer and
decreases when the plasticized blend is irradiated to 10 and 20 Mrad. The observed increase in
energy to break with the addition of plasticizer is certainly due to the significant increase of elongation
at break of such blend and hence a large amount of energy is needed to deform the plasticized blend.

Thermal Decomposition Behaviour

As shown before, overall the investigated compositions of PVA/CMC polymer blend, the
blend composed of 80%PVA/20%CMC shows a relatively higher thermal stability. Thus, it is
important to investigate the effect of glycerol as a plasticizer on the thermal stability of such blend.
Figure 1 shows the initial TGA thermograms of (80%)PVA/(20%)CMC polymer blend plasticized
with glycerol (20%) before and after it had been irradiated to 10 and 20 Mrad. Table 2 shows the
weight loss for the same polymer blend before and after plasticization with glycerol and exposed to 10
and 20 Mrad.

In general, it can be seen that the addition of the plasticizer to PVA/CMC blend causes a marked
drop in thermal stability at any temperature of the thermal decomposition. While, the weight loss for
plasticized PVA/CMC blend up to 260°C was determined to be about five times that of the blend
before plasticization. This difference between weight loss was found to decrease gradually with
increasing the temperature of the thermal decomposition up to 340°C to become about one and half
times. The plasticized polymer blend irradiated to 10 Mrad showed a relatively high thermal stability
in the region (240-340°C) than that of plasticized polymer blend irradiated to 20 Mrad.

The rate of reaction dw/dt or the derivative of thermogravemetric analysis curve DTGA (taken
from the primary TGA thermograms every 2 min.) was plotted against the reciprocal of the absolute
temperature 1/T for 80%PVA/20%CMC plasticized with 20%glycerol as well as its blend before
plasticization and the same plasticized blend after gamma radiation as shown in Fig.2. It can be seen
that the temperatures at which the maximum value of the rate of reaction occurs for plasticized blend
is lower than that of unplasticized blend as shown in table 3. Moreover, the DTGA curve of both
unplasticized and plasticized blend showed diagrams with three maxima. Meanwhile, the plasticized
blend irradiated to 10 and 20 Mrad showed DTGA curves with three maxima. In this regard, it may be
concluded that unirradiated blend displayed the highest thermal stability than that of plasticized blend.
The value of the maximum rate of reaction of plasticized was found to increase with irradiation dose
up to 20 Mrad.

DSC Measurement

Table4 shows the glass transition temperatures of pure 20%CMC/80%PVA polymer blend
before and after addition of plasticizer and also after the plasticized blend had been to various doses.
It can be seen that the glass transition temperature (Tg) for plasticized blend is 58.6°C compared to
that of unirradiated pure one which is measured to be 80.4°C. Thus, the addition of glycerol cause a
significant decrease in Tg of about 24°C. This is in accordance with the theory of plasticization.
Thus, the addition of glycerol to the blend would break the hydrogen bonding and hence increased
the molecular mobility of both the CMC and PVA, and allowed for molecular rearrangement to occur.
Upon irradiation, the glass transition temperature of plasticized blend was found to increase with
increasing dose up to 10 Mrad. This behaviour may be explained on the basis that, during gamma
irradiation, the primary hydroxyl groups of glycerol undergoes oxidation to form carboxyl groups.

193



120

100

— unplasticized blend
— plasticized blend
— 10 Mrad
~ 20 Mrad

20 -

100 200 300

Temperature (°C)

500 600 700

Fig.1. TGA thermograms of 20%CMC/80%PVA polymer blend
piasticized with 20% glycerol before and after they had
been irradiated to 10 and 20 Mrad.

§
u
O

"3
a.

0 100 200 300 A00

Temperature (C )

Fie.2. Representative of the rate of reaction (dw/dt) for 209-CMC

/S0%PVA polymer blend plasticized with 20%glycerol before

and after thev had been irradiated to 20 and 20 Mrad.

600



Table 2. Weight Loss (%) at Different Decomposition Temperatures for

(20%CMC/80%PVA) Blend Before and After Plasticization

Wit Glycerol Irradiated to 10 and 20 Mrad.

CMC/PVA

Polymer blend

Irrad.

Dose

(Mrad)

iiiiili^ii
i i i

200°C 220°C 240°C 260°C 280°C 300°C 320°C 340°C

20%CMC/

80%PVA

0 6.9 6.9 7.9 8.9 13.0 21.8

10 7.4 8.8 8.8 10.0 13.0 18.1

20 8.8 9.8 10.0 12.0 18.0 29.6

34.7

27.9

44.4

45.0

39.0

54.0

20%CMC/

80%PVA

+20%glycerol

35.0 41.0 45.0 47.0 48.0 54.5

10 30.0 36.0 41.8 45.0 47.0 52.8

20 28.0 35.0 41.5 46.0 51.0 58.0

63.7

60.5

64.6

69.0

67.0

69.0

Table 3: Temperatures of The Maximum Values of The Rate of

Reaction of Plasticized 20%CMC/80%PVA Before and

After They Had Been Irradiated to 10 and 20 Mrad.

Polymer blend

composition

20%CMC/80%PVA

20%CMC/80%PVA

+20%Glycerol

Irradiation dose

(Mrad)

Unirradiated

Unirradiated

10

20

Temperature of the Maximum Rate of Reaction

fC)
Is' Stage

100

75

75

75

2nd Stage

323

200

200

220

3rd Stage

(444-465°C)

320

320

300
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These carboxylic groups are relatively large and rigid groups and thus decreasing the molecular
flexibility as a bulky groups and therefore increase the Tg. This explanation is acceptable since there
is no noticeable effect on the Tg of pure blend caused by gamma irradiation.

Table4. DSC Measurements of 20% CMC/80 %PVA Blend Plasticized with

20%Glycerol Before and After it had been Irradiated to 5 and 10

Mrad.

Blend composition

20%CMC/80%PVA without
plasticizer

20%CMC/80%PVA
+20%Plasticizer

Irradiation dose(Mrad)
Unirradiated

10
20

Unirradiated
10
20

Glass transition (Tg)
80.4
79.7
77.5
58.6
68.2
73.8

Structural Morphology

The effect of the plasticizer glycerol on the morphological structure of CMC/PVA polymer
blend was investigated by observation of fracture surfaces using scanning electron microscopy (SEM).
Figure 3 shows SEM micrographs of CMC/PVA blend plasticized with glycerol before and after
exposure to 10 Mrad. Before gamma irradiation, the surface somewhate smooth and the spherical
domain particles are disappeared associated with some craks. Upon exposure to gamma radiation , the
surface becomes very smooth with contineous phase which suggests the increased compatibility
through hydrogen bonding

Sorption of Metal Cations by Plasticized Blend
The CMC/PVA polymer blend plasticized with glycerol was used for the recovery of some

heavy metals such as Cu (II), Co (II) and Ni(II) as shown in Table 5. The concentration of metal up
take was determined by the complexemetric titration method.

Table 5: Efficiency of 20%CMC/80%PVA Blend Plasticized With

20% Glycerol for Absorption Different Heavy Metals

Metals

Cu(II)

Co(II)

Ni(II)

Initial Strength of

Metals(g/25ml)

0.0613

0.0565

0.0613

Strength of Metal after

Sorption

0.0455

0.0447

0.0501

Metal Sorption

%

25.8

22.7 .

18.3
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a

F ig- (3) SEM micrographs of the fracture surfaces of 20%CMC/80%PVA

blend plasticized with 20% glycerol. (a) unirradiated (b) Irradiated

to lOMrad.
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The colour strength of films of 20%CMC/80%PVA polymer blend plasticized with glycerol
(20%) after metal sorption was measured and correlated with the percentage absorption determined
experimentally as shown in Table 6.

It should be noted that, in the system used for measuring colour strength, a* value represents the
green-red axis while b* represents blue-yellow axis. It can be seen that the transparency in terms of
L* was not changed by the addition of glycerol as a plasticizer since the AL* value was found to be
0.7 only. For the metal complexes of plasticized blend, the a* and b* values are important between
the blend films was coloured depending on the absorbed metal. It is known that the Cu(II) cation is
blue, Co(II) is red-pink while Ni(II) cation is green in colour. It can be seen that the colour
interceptions of Cu(II) complex have a largre -ve value of a* which is indicative of of the green
component and a small -ve value of b* which specify the blue component in the coloured film. Thus,
the resulted colour of Cu(II) complex will be bluish green which is due to the introduction of copper
metal. On the other hand, the colour interceptions for Co(II) complex films contain a +ve value of a*
and a -ve value of b* which are indicative for the red and blue colour components, respectively,
which results in colouring the blend films with pink colour. For plasticized blend complex with Ni(II),
the colour interceptions include a -ve value of a*(green) and a +ve value of b*(yellow) which give the
yellowish green colour for the final colour. The colour difference AE*, which is the square root of the
summation of the squares of AL*, Aa* and Ab*, between the different colour interceptions of the
plasticized blend and those after metal sorption was measured as shown in Table . It is interesting to
see that the valued of AE* are approximately equal to the values of metal absorption % determined by
an analytical method. Thus, the colour difference AE* measurement can be taken as a good method
for evaluating metal absorption with a precize determination.

Table6: Colour Strength Measurement of 20% CMC/80 %PVA blend

Plasticized with 20% Glycerol Before And After Absorption of

Different Metals.

Blend

composition

Without

plasticizer

Plasticized with

20% glycerol

Cu(II) complex of

plasticized blend

Co(II) complex of

plasticized blend

Ni(II) complex of

plasticized blend

Colour strength

parameters

L*

90..8

89.5

80.9

76.1

79.7

a*

4.1

4.0

-20.1

23.3

-7.15

B*

-12.5

-11.3

-3.9

-14.0

0.6

Colour difference

(AE*)

26.6

23.6

19.0

Metal absorption

25.8

22.7

18.3
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ABSTRACT

The feasibility of using Granular Activated Carbon and Ion Exchange Resins for
the removal of pesticides from aqueous solutions was studied. Analysis of effluent
components from carbon columns treating monosolute pesticide solutions was made to
establish expected patterns of pesticide breakthrough for full-scale column systems.
The breakthrough curves were measured using laboratory scale column. Two
organophosphorous pesticides Oufunack and Monocrotopliose were used and
equilibrium isotherms and intraparticle diffusivities were investigated through batch
experiments. Adsorption purification showed that Granular Activated Carbon (GAC)
possesses the highest adsorption capacity for the two pesticides used compared with
the ion exchange resins which may be attributed to the very high surface area of GAC
and its high porous nature. The radiation-adsorption method combined the
conventional adsorption purification with radiation treatment of the sorbent
materials. Gamma irradiation closes between 20-30 kGy at the end of steady state
region were used for prolonging the protection time of the sorbent materials. Also,
complete regeneration of the sorbents by gamma radiation (50-75 kGy) after complete
exhaustion was achieved. The quality of the resultant purified wastewater by
radiation-adsorption purification was controlled and found to be below the maximum
permissible concentration (MPC) of these pesticides in surface water.

Key Words: (jamma-hradiation / Degradation / Oxid'i: m Pesticides.

INTRODUCTION

Water is the most important life factor for all living systems. A.s a consequence of the rapid
development of various industries, the application of fertilizer, pesticides etc. in modern agriculture, the
production and combustion of fossil fuels etc., there lias been a strong Overloading of water resources.
On the other hand, the chlorination of drinking water (containing humic substances) for the purpose of
disinfection leads to the formation of number of toxic compounds/1"3' Hence, a subsequent purification
of the water, e.g. by filtration through activated carbon, is necessary.

Careful investigations by various laboratories in the recent years [Moved that biological resistant
pollutants in water can be decomposed by UV-light, solar energy in the presence of special catalysts,
e.g. n-TiO2, and ionizing radiation.

200



The radiation-adsorption purification method combines the conventional adsorption
purification with radiation treatment of the sorbent, and the result was that the protection time
of the sorbent increases due to the radiation regeneration of carbon. The method was used
for purification of effluents from pesticides. The process of the adsorption purification on
activated carbons of the effluents containing insecticides was investigated with the result
that the most effective adsorbent was chosen and the optimum purification conditions were
established under dynamic conditions on activated carbon the highly toxic contaminants were
removed from the effluents down to concentrations not exceeding the maximum permissible
concentration (MPC) according to international guidelines. .

EXPERIMENTAL

1 - MATERIALS

Pesticides :Two organophosphorus pesticides were used in the present work: Oufiinack
as aromatic compound and Monocrotophose as aliphatic compound. Each one was prepared
initially by dissolving it in lml ethanol and then diluted by de-ionized distilled water. Oufunack:
CH Hn N2 O4PS, Ofuna Laboratory, Yokohama, Japan, and Monocrotophose C7H 14 NO
5 P ( supplied by Ciba-Geigy AG and Shell Chemical Co. - USA); were used.

Adsorbents : Five adsorbent materials were used in the adsorption studies; BACM
Granuler Activated Carbon (GAC) was supplied by Mitsubishi Company, Japan. It is sherical
beads with surface area 1100 m2/g, the moisture content 5.81, density in dry state 0.992 g/cnr1

and the particle size fractions were 0.3-0.42 mm. Strong cation exchanger Merck 1, and strong
anion exchanger Merck III were supplied by Merck Laboratories, Germany, while Amberlite-
X48 was supplied by Rohm and Haas Company and Dowex-1 was supplied by Dow
Chemical Company.

2- Experimental Techniques :

Gamma -Irradiation Source, U.V. and pH measurements were carried out as previously
described.'10 • ' "

3 - Methods used for Adsorption Studies

Equilibrium studies: Adsorption isotherms were determined by the batch, or bottle-point
method, for all adsorbents. Amounts of adsorbent equal to one gram were added to 250 ml
bottles containing 100 ml of buffered adsorbate solution with concentration from 0.1
mg/1 up to 5 mg/1. The bottles were sealed by an aluminium foil paper, stirring
mechanically and then left for 8-14 days at room temperature (25 °C).

Column Studies :Fixed bed down flow adsorber studies were conducted in 3. cm
diameter glass column.The column was connected to a glass storage reservoir at a fixed
influent rate 1.33 liter /hour and concentration 5 mg/1. After each one liter of effluent, a
sample was taken and its concentration was determined spectrophotometrically. Adsorber
runs were conducted for a duration of time till the concentration of effluent was approximately
equal to that of influent, indicating complete saturation.
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RESULTS AND DISCUSSION

Effect of pH on Adsorption Isotherm (Equilibrium study).

Figures 1-2 show the relationship between the adsorption capacity (mg/g) of GAC,
Dowex-1, Merck III, Merck I and Ambeilite- X48 for the two pesticides (Oufunack and
Monocrotophose) and the equilibrium concentration at different pH values (pH 3, 7 and 10).
Granular Activated Carbon (GAC) showed the highest adsorption capacity compared to the
other ion exchangers. This result was due to the very high surface area of GAC and its high
porous nature which causes internal and external distribution within the carbon particle more
than it does in the case of the polymeric ion exchange resins. This may be attributed to a
strongly adsorbed species which always has a greater tendency to occupy the adsorption
sites than the weakly adsorbed species does. Malissa (5) who reported that when adsorption
forces predominate, the resins do not contain charged or chemically active groups. The
main differences between the resins exist in the specific surface area and the mean pore size,
so the adsorption behaviour is controlled to a large extent by kinetic forces. These facts are in
agreement with our resuls.

The results represent the adsorption behaviour of the different adsorbents tawards
Oufunack in Fig. 1 and Monocrotophose in Fig. 2 depended markedly on the pH of the
influent. The general trend is that better adsorption capacity of all adsorbents except Merck I
was observed at pH=3, followed by the neutral medium pH=7 then at last the alkaline medium
pH=10. However, an opposite behaviour was observed in the case of Merck I (a strong cation
exchanger) which showed that at pH=10, the adsorption capacity was higher than that at
pH=3. This means that more species were adsorbed and or exchanged on the anion exchangers
at pH=3, while the opposite was observed for the cation exchanger Merck I. This may be
attributed to the physicochemical characteristics of both adsorbent and adsorbate solutions.

Table (1) shows the numirical values for k and 1/n at different pH values for Ouiunack
and Monocrotophose pesticide solutions. Variation in the slopes (1/n) and intercepts of the
lines k reflects the effect of chemical structure and solubility of Oufunak and Monocrotophose
on the adsorption process and the affinity for adsorption. In general as the (k) value increases,
the adsorption capacity of adsorbent for a given compound increases. The slope of the
isotherm line may also characterize the adsorption process. Steeper slopes indicate relatively
better adsorption of the compound when present in higher concentration. Slight slopes
indicate comparable adsorption over the entire range of concentrations.Consequently, the
adsorption parameters (k and 1/n) describe on a quantitative basis the adsorption process
and account for the variation in adsorbent doses required for the removal of organophosphorus
pesticides. . These results give more support that adsorption of organophosphorus pesticides
increases as their solubility decreases. In the case of Monocrotophose (solubility 100 mg/1)
which is more soluble in water than Oufunack (solubility 132 mg/1), however, the effect of
solubility was masked by the specific structural characteristics namely, the extended side chain
and the bulky molecule, in aromatic Oufunack compound as compared with aliphatic
Monocrotophose compound.
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Table (2) represents the maximum adsorption capacities for Oufunack and Mono-
crotophose at different temperatures (10 ° C, 20 ° C and 40 ° C ) under constant buffering pH
value=7. It was found that the maximum adsorption capacity increases with rising temperature.
GAC was the most efficient adsorbent material for the adsorption of organo-phosphorus
pesticides, followed by the anion exchange resins (Dowex-1, Merck III and Amberlite-X48),
while cation exchange resin Merck I showed less adsorption efficiency . This was explained
by the fact that increasing the temperature in the range 10-40 °C increased both external and
internal diffusions of the adsorbate molecules through the pores of investigated adsorbents
facilitating the adsorption process, so, easily interacts fastly with the active sites in the pores of
the adsorbent particles.<7>8) Dowex-1 showed the best adsorption capacity with rising
temperature than the other two anion exchangers. (Merck III and Amberlite -X48). This may
be attributed to the sensitivity of macroporous to be expanded and hence, more internal
diffusion of adsorbate pesticide molecules, will penetrate the network structure and easily
interacts with the active sites more than in the case of the anion exchangers Mercklll and
Amberlite -X48. ' The effect of rising temperature, increases the migration of adsorbate
molecules, the solubility will be increased also, this results in retarding the adsorption
process.

Adsorption of pesticides by column system.

Figure 3 and 4 show the relationship between the adsorption capacity (ing) of
pesticide per one gram adsorbent and the volume of influent passing through the column . It is
that Granular Activated Carbon (GAC) possesses the highest adsorption capacity for
Oufunack and Monocrotophose pesticides used compared with the ion-exchange resins. A
strong anion exchanger, Dowex-1, showed the highest pesticide adsorpitivity among the
other ion exchangers, followed by Merck III, as strong anion exchanger, also Amberlite-
X48, as weak anion exchanger while a strong cation exchanger Merck-I show weak adsorption
capacity for the organopho:;phorus pesticides. The chemical structure of the adsorbate
molecule (pesticide) plays also an important role in the adsorbtion process. The
organophosphorus pesticides Oufunack and Monocrotophose which have the same functional
group (phosphorthioate group), show the same behaviour with some difference in magnitude.
This variation in magnitude because Oufunack has a relatively high molecular weight, large
molecular size and relatively low solubility in water than Monocrotophose. All these factors
contributed to its high affinity towards the active sites. So, one may conclude that Oufunack
showed more adsorbability than Monocrotophose pesticide and could calculate the absolute
value of the amount of pesticide adsorbed on the different adsorbents up to complete
exhaustion. The results are tabulated in table (3) and are in good agreement with
equilibrium and kinetic studies. The adsorption purification process was not enough to remove
these pollutants to reach the maximum permissible concentration in surface water. So, gamma
radiation was used to improve the process of purification.

Figures (5) and (6) show the relationship bewteen the adsorption capacity of the
irradiated adsorbent and the volume of pesticide influent allowed to pass after radiation
regeneration. Almost complete regeneration of the adsorption capacity of the adsorbents
towards the carbamate pesticides was attained after being irradiated to 75 kGy, while a dose of
50 kGy was not enough for complete regeneration. It was also observed that after complete
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regeneration GAC showed the highest adsorption capacity as compared to the ion exchange
resins.Dowex-1 showed again the highest pesticide adsorbitivity among the employed ion
excangers, followed by Merck III, while Amberlite-X48 and Merck-I showed weak adsorption
capacity. The structure of these adsorbent materials was not affected much by the absorbed
dose.In addition, the irradial ion dose of 75 kGy was enough to degrade these pesticides/ '

Radiation - Adsorption purification at the end of steady state

At the end of the steady state of the adsorption process, the adsorbents (GAC and
polymeric ion exchangers) were subjected to gamma-radiation at a dose of 30 kGy for GAC
and a dose of 20 kGy for the ion exchange resins. In this method of purification, the aim is to
increase the protection time of the adsorbent due to the radiation regeneration.

Figures (7) and (8) show the relationship between the adsorption capacity of the
adsorbents (GAC, Dowex-1, Merck III, Merck I and Amberlite-X 48) and the volume of
influent for non-irradiated and irradiated adsorbents. The first part of the curves in these
figures shows the adsorption capacity of the non-irradiated adsorbent till the end of the steady
state. After irradiation, the radiation -adsorption purification of the influents increased and the
protection time of the adsorbent increased and was prolonged in the steady state region.
This can be explained that, the increase in the adsorption capacity of GAC and the polymeric
ion exchangers in the case of gamma irradiation of the column system is probably due to the
radiation destruction of the contaminants adsorbed on carbon surface and its regeneration. It
was observed that the possibilities of the radiation adsorption purification have not been
exhaused and that the process may have continued for longer times.

These results are in good agreement with Brusentseva et al and Kuzin et al. in
their work for the removal of the pesticides DDT, HCCH and DDVF onto Granular Activated
Carbon using the method of radiation adsoption purification. They reported a protection time
of 156 days with continuous irradiation, but adsorption purification without irradiation was
about 93 days. Also, they relered that the adsorption process can may continue for even longer
times with an adsorbent regenerated continuously by radiation .

It was observed that the concentration of organo phosphorous pesticides (Oufunack
and Monocrotophose ) at the outlet of the column remains almost constant for a long time
indicating that irradiation promotes renewable effective surface probably at the expense of the
radiation -initiated destruction of the pesticide adsorbed on the surface as shown in Table (4).

It was found that the highly toxic of Oufunack and Monocrotophose were removed
from the solutions down to concentration not exceeding the maximum permissible
concentration (MPC) which is 1 mg/1 for organophosphorus pesticides in surface water. By
using this method the outlet concentration from the column system was 0.73 mg/1 for
Oufunack and 1 mg/1 for Monocrotophose pesticide.
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Table (l):Adsorption Isotherm parameters (Freundiich constants
k,l/n) for different adsorbents and different pesticide adsorbates at
various pH values

Adsorbent

GAC
Dowex-1
Merck III
Amberlite-x48
Merck I

Oufunack
pH3

k
1.78
1.75
1.06
1.06
0.25

1/n
0.66
0.64
0.63
0.33
0.50

pH7
k

1.59
1.35
0.75
0.93
0.50

1/n
0.66
0.64
0.63
0.33
0.50

pHIO
k

0.91
0.43
0.09
0.12
1.55

1/n
0.63
0.64
0.63
0.34
0.50

Monocrotophose
pH3

k
1.60
1.55
1.00
0.98
0.22

1/n
0.56
0.47
0.56
0.32
0.40

pH7
k
1.41
1.22
0.81
0.88
1.34

1/n
0.56
0.74
0.55
0.33
0.43

pHIO
k
0.89
0.40
0.20
0.56
1.48

1/n
0.54
0.73
0.48
0.33
0.44

Table (2):Maximum Adsorption Capacity mg/g for different adsorbents of
Oufunack and Monocrotophose pesticides at different Temperature
Under Constant pH Value =7.

Adsorbent

GAC
Dowex-1
Merck III
Amberlite-x48
Merck I

Maximum Adsorption Capacity mg/g
Oufunack

10 °C
2.1
1.5
1.3
1.0
0.9

20 °C
2.6
2.3
2.1
1.4
1.2

40 °C
3.5
3.2
2.9
1.9
1.7

Monocrotophose
10 °C

1.9
1.4
1.2
0.8
0.6

20 °C
2.3
2.2
1.9
1.2
0.9

40 °C
3.3
2.9
2.5
1.6
1.5

3): Adsorption capacity of different adsorbents (mg/g) for the different
pesticides, the volume capacity in liters and the removal percent of the pollutant.

Adsorbent

GAC
Dovvex-I
Merck III
Amberlite-
x48
Merck I

Oufunck
Cumulative
Adsorption

Capacity (nig/g)

160
122
56
71
74

Volume
Capacity

(liter)'

65
60
40
45
45

Removal
Percent %

50%
41%
28%
32%
33%

Monocrotophose
Cumulative
Adsorption

Capacity (mg/g)

105
90
44
23
70

Volume
Capacity

(liter)"

55
55
45
40
45

Removal
Percent %

38%
33%
20%
12%
31%

Table(4):CumuIative adsorption capacity of different adsorbents for Oufunack
and Monocrotophose pesticides, the volume capacity in liters and the
removal percent of the pollutants. Irradiation were carried out at the end
of steady

Adsorbent

GAC
Dowex-1
Merck III
Amberlite-x48
Merck I

Oufunck
Cumulative
Adsorption

Capacity (nig'g)

382
237
158
176
207

Volume
Capacity

90
75
75
90
75

Removal
Percent %

85.3%
63.2%
42%
39%
55%

Monocrotophose
Cumulative
Adsorption

Capacity (nig'g)

293
246
113
40
145

Volume
Capacity

(liter)

75
85
65
58
68

Removal
Percent %

78.2%
58%
35%
14%
43%
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ABSTRACT

Particleboards based on different waste materials and different polymers as adhesives have
been prepared by compression molding in a hot press at 120°C and constant pressure. The used
waste materials were cotton stalks, flax stalks and wood saw-dust whereas urea formaldehyde(UF),
polystyrene(PS) and the epoxy resins 103(E103) and 150 (E150) were used as adhesives. The
thermally treated particleboard woods were subsequently exposed to gamma radiation. The static
bending parameters of the different particleboards before and after gamma irradiation were
evaluated. Moreover the different factors that may affect the mechanical properties such as
irradiation dose, time of thermal treatment and adhesive content were also investigated. In general,
it was found that the highest mechanical properties of the unirradiated woods were obtained when
the preparation was carried out under hot press for 20 min and the adhesive content was 20 wt.%
(based on weight of waste material). The obtained results showed that the mechanical properties
were greatly increased with increasing irradiation dose from 3 to 5 Mrad. Meanwhile, particleboard
based on cotton or flax stalks and the epoxy resins 103 and 150 displayed higher mechanical
properties than these based on wood saw-dust and the same adhesives.

Key Words: Particleboard/ Gamma Radiation /Epoxy Resins

INTRODUCTION

The chemical and physical properties of particleboards prepared by thennal curing have been
extensively investigated1"3. The most widely investigated particleboard in the literature so far have mostly
utilized an expensive woody materials as a base. However, a few authers used waste materials. In this regard,
particleboard were prepared from cotton seed hulls with urea formaldehyde and phenol formaldehyde as
binders . Mechanical and thermal properties of particleboards made from farm residues using urea
formaldehyde as a binding material was investigated5. It was demonstrated that maize board was superior to
other boards in mechanical properties while paddy straw and coconut pith boards were suitable for insulation
purposes. Also, particleboards with good surface appearance and satisfactory physical and mechanical
properties made from twigs, veneer trimmings and wood shavings have been studied6.

One of the largest problems facing the manfacturing of particleboards is the formaldehyde release from
pressed wood products. A big effort is being made to minimize this release by e.g., lowering the molar ratio of
formaldehyde to urea or by addition of scavengers after treatment with ammonia or urea and also by
modifying the resin itself7'8. Thus it is the aim in this paper to present a balanced view to overcome this
problem by introducing radiation curing after thermal treatment. Also, it has been assumed that the most
promising view is to replace the thermal curing by radiation curing. This approach will eventually depend on
how sensitive the chosen resins to fill the voids of particleboards is are to radiation initiation crosslinking.
Therefore, the effect of gamma irradiation on the mechanical properties (static bending) of different
particleboard based on different waste materials and different adhesives made by thermal curing is the
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purpose of this study. The waste materials used in this study are cotton stalks, flax stalks and wood saw-dust
while the adhesives are urea formaldehyde, polystyrene and some commercial epoxy resins.

EXPERIMENTAL
Materials

The base waste materials used throughout this work for the preparation of the particleboard woods were
cotton stalks, flax stalks and wood saw-dust. The cotton and flax stalks were collected from farm residue
which are considered as waste materials. However, before use they made cleaned from the dust and fiber
residue and airshed into small peices by a locally made shatter machine. The wood saw-dust was a by-
product produced in the carpenter work shop and it is a mixture of different kinds of woods usually used in
the furnatures industry ; in-door and out-door articles. The polymers used as adhesives for the particleboards
were urea formaldehyde resin (UF), polystyrene(PS), kemapoxy 103(E103) and kemapoxy 150(E150). The
Urea formaldehyde resin was a commercial product of El-Nasr Company for particleboard and Resins, El-
Mansoura, Egypt. It is a milky solution free from foreign matters (60%). Kemapoxy 103 and 150 are
commercial products based on specifically modified epoxy resins purchased from Chemicals for Modern
Building Co., Cairo, Egypt. Kemapoxy 103 is a low viscosity two component product originally used for
concrete cracks while kemapoxy 150 is also a two component product, solvent free and used for reparing
mortor and floor toppings. The used PS was a pure grade purchased from Aldrich Chemical Co., it is in the
form of pellets and has an average molecular weight of 280,000.

Preparation of Particleboards

The crushed cotton or flax stalks and wood saw-dust were first conditioned to remove the contained
moisture by placing them in an oven at 105°C for 2 hrs. The conditioned materials were thoroughly mixed
with various ratios of each polymeric adhesives under investigation dissolved in the appropriate solvent. The
mixture was then the compressed under hot press at 80°C and 120°C for various lengths of time to form
sheets of dimensions of 10 mm in thickness and 100 mm in width and length. The particleboafd wood sheets
were prepared under constant pressure of 12 tons/m2.

Gamma Irradiation

Irradiation to the required doses was carried out with a 60CO gamma source (made in India) at the
National Center for Radiation Research and Technology, Cairo, Egypt. The particleboards were exposed to
gamma irradiation in air at a dose rate of 0.40 Mrad/h.

Static Bending Testing

The static bending tests were carried out on conditioned specimens of the different particleboards
according to ASTM Designation (D1037-87) using a universal Instron machine model 1195. The specimens
for static bending tests were cut into reactangular pieces of 10cm (length) x 2.6 (width) x 1 cm (thickness) in
dimention ,such that the four edges are smoothly and squarely trimmed. The static bending test assembly was
designed to compose of two rounded supports for the specimen in which the distance between the two points
of contact with specimen being 7 cm. The specimen was loaded at the center of span with a rounded head ap
using a cross head speed of 5mtn/min. The load-deflection curves to maximum load were obtained and the
different bending parameters were calculated as the average of four specimens. The different bending
parameters for each specimen were calculated according to the following equations:
Modulus of elasticity = PL%bd3y kgf/cm2

Stress at rupture = 3PL/2bd2 kgf/cm2.
Work to maximum load = A/bdL kgf.cm/cm3.
Where:
A = Area under load-deflection curve to maximum load, kgf.cm
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b = width of specimen, cm.
D = Thickness (depth) of specimen, cm.
L = Length of span, cm.
P = Maximum lead, kgf.

RESULTS AND DISCUSSION

The driving force behined this work is the utilization of non-useful and polluent materials to produce a
suitable industrial product for special in- door applications. In this regard, cotton stalks, flax stalks and saw-
dust are examples of abundant waste materials if not used they will cause damage to cultivated land. Even
though the particle base fiber woods, particularly flax stalks, are manufactured in industrial scale, they have
low mechanical and high water absorption properties and the materials are dimensionally unstable.Moreover,
most of the adhesives or resins used for the production of these materials should be sensitive to thermal
curing. Therefore, in the present work , as a first attempt to replace thermal curing by high energy radiation,
the mechanical parameters of different particleboards prepared by thermal treatment and subsequently
exposed to various doses of gamma radiation were investigated. Moreover, the effect of type and content of
different adhesives on the mechanical properties was also considered.

Particleboards Based on Cotton Stalks

A set of prelminary experiments was carried out with the objective of obtaining particleboards based on
cotton stalks and different adhesives by thermal compression molding with suitable shaping and dimensional
stability. While compression molding is a routine preparation method for particleboards, it is desirable to^
minimize the exposure to excessive heating. The conditions chosen for molding to obtain uniform
particleboards of suitable shapes were a pressing temperature of 120°C and a molding pressure of of 12
ton/m2.

Irradiation Dose and Time of Thermal Curing

Tables 1-4 show the different static bending parameters of particleboard woods based on cotton stalks
and reinforced with different adhesives (polymers) pre-cured at various times at 120°C. The adhesive content
in the particleboards, regardless of the type, was 8% (based on the weight of the cotton stalks).

Stress at Rupture

As shown in Table 1, the stress at rupture of the unirradiated particleboard woods subjected to thermal
treatment for 10, 20 and 30 min., may be arranged according to the type of adhesive, respectively, as follows:
Epoxy 150 > urea formaldehyde > Epoxy 103 > Polystyrene.
Epoxy 103 > Urea formaldehyde > Epoxy 150 > Polystyrene.
Epoxy 150 > Epoxy 103 > Urea fonnaldehyde> polystyrene.

The particleboards based on urea formaldehyde and Epoxy 103 prepared by thermal treatment for 20
minutes showed the highest value of stress at rupture. In the case of using polystyrene and Epoxy 150 as
adhesives, the particleboard woods prepared by thermal curing for 30 min. displayed the highest value of
stress at rupture.

In general, the stress at rupture of the particleboards was found to increase with increasing irradiation
dose regardless of the type of the used adhesive as shown in Table 1. Moreover, all the used adhesives are
sensitive to radiation crosslinking particularly urea formaldehyde and epoxy 150 resins. On the basis of the
result of stress at rupture of the gamma irradiated particleboards initially prepared by thermal curing, several
points may be indicated : (1) it is clear that using urea formaldehyde as an adhesive for cotton stalks, the
resulting particleboard displayed the highest value of stress at rupture of 252 kgf/cm2 over all the investigated
materials. This result was obtained when the sample was pre-cured for 20 min and exposed to a dose of 5
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Mrad. For the same type of particleboard, it was observed that the increase in stress at rupture was found to
be about 109% and 29% with increasing irradiation dose from 0 Mrad to 3 Mrad and from 3 to 5 Mrad,
respectively. (2) the particleboards based on polystyrene as an adhesive showed the lowest values of stress at
rupture compared to the both type of adhesive either before and after gamma irradiation. However, the stress
at rupture of these materials was found to increase with increasing irradiation dose irrespective of the time of
pre-thermal curing. (3) For particleboards based on epoxy 103 initially pre-cured by thermal treatment for 10,
20 and 30 min., the improvements in stress at rupture associated with increasing irradiation dose from 0 Mrad
to 3 Mrad were found to be 127.3%, 39.6% and 29.1% (based on the initial value of unirrdiated boards),
respectively. The increament in stress at rupture by increasing irradiation dose from 3 to 5 Mrad for the same
type of adhesive prepared under the same conditions were found to be 41.2, 31.9 and 19.2%, respectively. The
relatively lower increase in stress at rupture seen by increasing irradiation dose from 0 Mrad to 3 Mrad in the
case of 10 min. is due to the lower value of the initial stress of the boards. (4) It can be observed that the stress
of the woods based on Epoxy 150 was increased by 19.2%, 98.4% and 96.1% with increasing irradiation dose
from 0 to 3 Mrad for the samples pre-cured for 10, 20 and 30 minutes, respectively. (5) As can be seen, for all
the particleboards, a larger enhancement in stress at rupture was obtained when the initially thermally cured
boards were exposed to 3 Mrad rather than increasing dose from 3 to 5 Mrad.

It was reported that the extraction of particleboards based on UF and made by thermal curing with water
yielded nearly all the urea added and thus it was concluded that the urea does not become part of the resin
during the curing process 9. In the present work, the partcleboard was pre-cured at 120°C before exposure to
gamma radiation. This temperature according to the standard industrial manufactureing of particleboards is
not enough for complete thermal curing. For this reason it was intended to expose the pre-cured board directly
to gamma radiation. Thus the enhancement in stress at rupture of cotton stalks based on different polymeric^
adhesives may be explained as follows: The interaction of radiation with PS has been reported to produce two
types of radical intermediates10. The G(X) values are between 0.02 and 0.054, while G(S) has been reported to
be 0.02. Therefore, it can suggested the crosslinking of PS inside the matrix of boards is possible. Also, it is
possible PS or acrylate resins( E103 and E150) are grafted onto the cellulose molecules of cotton stalks which
in turn becomes part of the boards.

Modulus of Elasticity

Elastic modulus measures the resistance to small deformation of a material when external forces are
applied; it is the ratio of the applied force to the resulting strain. In general, there are three kinds of moduli:
Young's moduli, shear moduli and bulk moduli. Isotropic materials, such as unoriented amorphous polymers
and annealed glasses, have only one of each of the three kinds of moduli. The distinguishing feature about
isotropic elastic materials is that their properties are the same in all directions. On the other hand, anisotropic
materials, include fibers, wood, oriented amorphous polymers, fiber filled composites and crystalline
polymers, have different properties in different directions. Cotton stalks particleboards are examples of
biaxially oriented or planar random anisotropic system in which the cotton stalks are randomly oriented in the
plane of the boards. In the present work, Young's modulus was measured by a flexural test in which a
reactangular cross section specimen was supported at two points and loaded at the midpoint by a force.

Table 2 shows the effect of irradiation dose and time of pre-therma! curing on the modulus of elasticity
(Young's modulus) of particleboards based on cotton stalks and different adhesives. It can be seen that the
value of the modulus of elasticity is greatly dependent on the type of adhesive and different largely from one to
another. Nevertheless, for any two particaleboars based on different adhesives but having nearly equal stress
at rupture, the corresponding values of modulus are not equal. This may be due to the difference in elasticity
of the different adhesives. While, the particleboards based on polystyrene showed the lowest modulus, the
board based on urea formaldehyde and epoxy 150 displayed higher values. However, the modulus of
elasticity was found to increase significantly after the woods had been exposed to gamma irradiation
regardless of the type of adhesive.
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Crosslinking is an important factor that affect the modulus of elasticity. In this regard, chemical
crosslinks act about the same as entanglements upon stretching or deformation and hence increase the
modulus of elasticity. Therefore, the increase in modulus can be explained on the basis of formation of further
crosslinking upon gamma radiation in addition to crosslinking through thermal treatment. However the
density of crosslinking resulted from exposure to gamma irradiation is much higher than that by thermal
curing. Also, crosslinking produces two other effects. First, when the crosslink density becomes fairly high, the
glass transition temperature is increased, so the drop in modulus becomes noticeable . On the basis of this
fact, the glass transition temperature of polystyrene is about I00°C and the pre-therma! curing was carried out
at 120°C, i.e., beyond its Tg. Thus, the low values of modulus of particle boards based on polystyrene may be
explained as due to the combined effect of increasing density of crosslinking and the temperature of
preparation.

Work to Maximum Load and Deflection at the Center

Particleboards are essenciady composed of randomly dispersed chips of cotton or flax, adhered together
with the polymeric material used as an adhesive. Even though, the cellulosic material constitute the major
phase in particleboard, yet the polymeric material will determine the physical and chemical properties of the
materials. Toughness of polymers is measured by the area under the stress-strain curve or load-deflection
curve in the case of bending testing. This area has the units of energy per unit volume and it is the work
expended in deforming the material.

Table 3 shows the work-to maximum load for particleboards based on cotton stalks and different
adhesives prepared by thermal curing for various lengthes of time before and after they had been exposed to
various doses of gamma radiation. It can be seen that, for board based on UF, the work decreases with
increasing time of thermal curing. However, the work was found to increase with increasing irradiation dose
from 3 to 5 Mrad irrespective of the time of thermal curing. Similar trends can be seen in the case of PS,
El03 and E150 as adhesives.

As shown in Table 4, the bending at the center of cotton stalks based woods is pretty dependent on the
type of adhesive rather than irradiation dose or time of thermal treatment, while the bending of woods based
on UF before gamma irradiation was found to increase with increasing time of curing, an opposite trend was
observed in the case of woods based on E150.

Effect of Irradiation Dose and adhesive Content

Adhesive content may be considered one of the most important factors that affect the physical and
chemical properties of particleboard woods. This is because cotton stalks in the form of chips are relatively
large in size and hence the particleboard is full of spacing even after compression.

The effect of various ratios of the different adhesives used for the preparation of the particleboard woods
on the stress at rupture was investigated as shown in Table 5. It should be noted that the pressure and
temperature of pressing were kept constant at 12 ton/m2 and 120°C, respectively. However, the time of
thermal pressing is adjusted according to the best results of static bending properties specific for each
adhesive.

Generally, it can be seen that the stress at rupture of particle board based on cotton stalks before gamma
irradiation increases greatly with increasing adhesive content from 12% up to 20% regardless of the type of
adhesive. However, the value of stress was found to differ from one adhesive to the other. In this regard, the
particleboard woods based on UF and El50 showed higher stress at rupture than those based on PS and
El03. A substantially different behaviour was observed when the thermally treated particleboards were
directly exposed to various doses of gamma radiation. Some typical examples of the enhancement in stress at
break upon gamma irradiation can be seen in the case of particleboard woods based on 20% adhesive. The
icnrease of stress at rupture in the case of using PS, E103, UF and El 50 with respect to the values of stress of
unirradiated particuleboard were found to be 12%, 21%, 60% and 114%, respectively. These trends can be
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attributed to the relative higher resistance of PS to gamma radiation than that of El 50 which is based on
aery late groups.

Particleboards Based on Flax Stalks

Table 6 shows the effect of the subsequent gamma irradiation with various doses on the stress at rupture
of particleboard woods based on flax stalks pre-treated thermally at various length of time. It is obvious that
the effect of time of thermal treatment on the stress at rupture differs from one adhesive to other before
gamma irradiation. While the stress at rupture is found to increase with increasing the time of thermal
treatment in the case of UF and Epoxy 150, an opposite behaviour can be noticed in the case of polystyrene
and Epoxy 103. However, the stress at rupture was found to increase with increasing irradiation dose in all
cases. Meanwhile, the effect of gamma irradiation is pronounced in the case of Uf as an adhesive. The
dependence of the stress at rupture of this type of particleboard on the type of adhesive before or after they
had been exposed to gamma irradiation can be arranged as follows:
UF> Epoxy 103 > Epoxy 103> PS.

As shown in Table 7, the stress at rupture of flax boards swas found to increase with increasing either
adhesive content or irradiation dose. Meanwhile, the enhancement in stress at rupture caused by changing
adhesive content or dose is rather small than that occurred by the effect of the time of thermal treatment and
irradiation dose as shown in Table 6. The other bending parameters such as modulus of elasticity, work-to-
maximum load and deflection at the center of particleboard woods based on flax stalks were also calculated
(not shown). The obtained results revealed that these parameters are strongly depend on time of thermal
treatment, adhesive content and irradiation dose. In this contest, the the values of modulus of elasticity of
particleboard woods based on UF (8%) was in the order of six digits before or after exposure to gamma
irradiation or by increasing the time of thermal treatment from 10 to 30 minutes. On the other hand, by
changing the adhesive content from 8 to 20% and at constant time of thermal treatment of 30 min, the values
of modulus were greatly decreased from six digits to four and five digits. This drop in modulus causes the
deflection at the center of such samples to increase from fractions of millimeters to multiple of millimeters.

On the basis of the above results, it may be indicated that the suitable conditions at which an appreciable
enhancement in stress at rupture of such particleboard woods were: adhesive (20%), time of thermal (30 min)
and irradiation dose (5 Mrad). At such conditions, the measured modulus of elasticity, work-to-maximum load
and deflection at the center for the particleboard woods based on the different adhesives were found as
follows, respectively.
For UF : 24305 kgf/cm2, 136.6 kgf.cm/cm3 and 3.84 mm.
For PS: 8619 kgf/cm2, 42.2 kgf cm/cm3 and 2.22 mm
For El03: 19112 kgf/cm2, 81.6 kgfem/cm3 and 2.60 mm
For E150: 12729 kgf/cm2, 69.5 kgfem/cm3 and 2.30 cm.

The static bending parameters were measured for a sample of particleboard based on flax stalks
produced by El-Nasr company for particleboard and resins, El-Mansoura, Egypt. This type of particleboard
wood is being produced on industrial scale. The stress at rupture, modulus of elasticity, work-to maximum
load and deflection at the center for this material were found to be 95.9 kgf/cm2,35949 kgf/cm2, 3.57
kgf.cm/cm3 and 0.245 mm, respectively. It should be noted that this particlcboard wood is made based on UF
as an adhesive (12%) and compressed by thermal treatment only at 140°C for 20 minutes. It is evident (hat
gamma radiation enhances greatly the mechanical properties of the particleboard woods under investigation
even though other materials than UF were used as an adhesive.

Particleboards Based on Wood Saw-Dust

Wood saw-dust as a waste material resulting during the manufacturing of wood articles is usually
composed of different kinds of woods. Also, unlike cotton and flax stalks, the size of wood saw-dust as a base
material for particlcboard is relatively very small. Thus, it expected that the mixture of wood saw-dust and the
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dissolved adhesives will be more homogenously distributed than in case of cotton and flax stalks
compositions.

In a similar manner, the stress at rupture of'particleboard woods composed of wood saw dust and the
same adhesives at a constant content of 8wt% pre-treated at 120°C and directly exposed to various doses was
investigated as shown in Table 8. It can be seen the factor which directly effects the stress of this type of
wood is the sensitivity of the each adhesive towards the pre-thermal treatment. Before exposure to gamma
irradiation, the highest stress at break of woods based on UF was achieved at 10 min,wood based on E103
and E150 at 20 min whereas woods based on PS was at 30 min. At these conditions, the woods may be
evaluated in terms of stress according to the used adhesive before gamma irradiation as follows:

E1O3>UF>E15O>PS.
After these particleboard woods had been exposed to gamma irradiation, this arrangement is changed to :
UF>E103 = E150>PS
The influence of adhesive content and irradiation dose on the stress at rupture saw-dust woods prepared

at the corrsponding conditions of time of thermal pre-treatment was also studied ( not shown). The data
suggest that the increase of UF content has a negative effect on the stress at rupture of this wood even though
the stress was found to increase with irradiation dose at any content of UF. On the other hand, the stress at
break was shown to improve markedly with increasing either PS, El03 and El50 contents or irradiation dose.

The improvement in the mechanical properties of the different particleboard woods via gamma irradiation
was confirmed by investigating the static bending properties of particleboard woods pre-thermal treated at
lower temperature than 120°. Thus, the effect of irradiation dose on the stress at rupture of particleboard
woods based on different waste materials and constant ratio of the different adhesives (20 wt%) prepared by
thermal treatment at 80°C for 20 min was studied as shown in Table 9. It is clear that reducing the
temperature of the pre-thermal treatment affects progressively the stress at rupture to some extent in all,,
systems before gamma irradiation. This can be seen if the values of stress at rupture were compared with the
corssponding values for the same substrates in Tables 5, 7 and 9. However, the stress at rupture was found to
ienrease substatioually with increasing irradiation dose in all systems. Meanwhile, the increase in stress is not
as that observed when the pre-thermal treatment was carried out at 130°C. This finding may be explained as
the reduction in temperature will eventually result in a greater number of polymer chains are available in the
system to form grafting chains instead of crosslinking. Accordingly, it may be concluded that gamma
irradiation has a contributing role in the improvement of the mechanical properties of the particleboard woods.

Conclusions

An attempt has been made to make use of waste materials to prepare particleboard woods using non-
conventional polymers as adhesives. Also,this study showed that the static mechanical properties of these
materials can be significantly improved by exposing pre-thermally treated particleboard woods directly to
gamma radiation. Moreover, it has been demonstrated that the pre-thermal curing of the different adhesives
included in the particleboard woods does not prevent the radiation-induced polymerization, crosslinking and
grafting. The results also showed that the stress at rupture of the particleboard woods always depends entirely
on the type of the base material rather than the type of adhesive. In this respect, at constant UF content of 8%
and time of pre-thermal curing of 20 min, the stress at rupture of cotton stalks, flax stalks and saw-dust
woods were found to be 93.3, 156.1 and 61.9 as shown in Tables, 1, 6 and 8, respectively. However, the
stress at rupture for particlcboard woods based on the same waste material, e.g., cotton stalks was found to
depend completely on the type of adhesive as shown in Table 1. Increasing the time of pre-thermal curing may
not always lead to an improvement in the mechanical properties of the particlcboard woods. Meantime, by
increasing adhesive content or irradiation dose have shown to be more effective in enhancing the mechanical
properties. The increase in mechanical properties associated with these factors may be attributed to the
increase in molecular weight of the polymeric adhesive that fills the voids in the particlcboard woods brough
about by crosslinking, polymerization or grafting. To make a statistics oil the improvement in the static
mechanical properties of the systems under investigation, two points may be indicated : (1) The system cotton
stalks/El50 (20 wt%) irradiated to 5 Mrad displayed the highest stress at rupture over all the studied systems
(426.7 kgf/cm2). The systems flax stalks/UF and saw-dust/UF prepared under similar conditions also showed
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high stress at rupture of 390.5 and 308.7kg f/cm2. (2) The lowest improvement in the Static mechanical
properties among the gamma irradiated particleboard woods was observed in the system saw-dust/PS (109.8
kgf/cm2). However, it still possesses higher stress at rupture than than for the industrial sample based on flax
stalks and UF (95.6 kgf/cm2).

The future study will include the evaluation of these systems from the point of view of water absorption,
dimentional stability and thermal stability. The following up of the release of the different adhesives from the
particleboard woods after gamma irradiation will be considered.
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Table 1. Effect of Irradiation Dose on the Stress at Rupture of Particleoard Woods

Based on Cotton Stalks and Different Polymers ( Adhesives) Initially Made By

Thermal Treatment at Various Pressing Times.

I Thermal Curing \
\ (mm.) \

10

20

30

Irradiation
Dose

<Mra#

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Stress at Enptore { Kgf/ cm*)

Urea

78.7
150.1
172.9

93.3
192.6
194.9

78.5
165.4
176.3

8.8
22.5
51.1

19.2
43.8
61.2

25.0
47.9
66.0

42.5
96.6
136.4

96.2
134.3
177.1

91.4
118.0
140.7

' r A
83.7
99.8
190.8

88.9
176.4
188.2

92.5
181.4
193.6

Fixed molding conditions:
Polymer content=8 wt.% ( based on cotton stalks weight)

Pressure of moulding= 12 Ton/m2

Temperature of pressing= 120 °C



Table 2. Effect of Irradiation Dose on the Modulus of Elasticity of Particleboard Woods

Based on Cotton Stalks and Different Polymers(Adhesives) Intially Made By

Thermal Treatment at Various Pressing Times.
Tiutesf \

Thermal €am*g \

10

20

30

ittfadiatkai
Dose

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Modulus of Elasticity ( Kgf/ cm2 )
%

Urea :

43909
98043
106954

72554
113680
155909

56392
108032
116472

18943
44848
59245

21236
32046
52022

22939
46505
64922

39898
95354
98253

81294
94635
160676

84776
107023
110785

64458
135847
151320

74824
89406
147820

86854
142634
155023

Fixed molding conditions:

Polymer content=8 wt.% ( based on cotton stalks weight)

Pressure of moulding= 12 Ton/m2

Temperature of pressing= 120 °C



Table 3. Effect of Irradiation Dose on the Work To Maximum Load of Particleboard

Woods Based on Cotton Stalks And Different Polymers (Adhesives) Initially

Made By Thermal Treatment at Various Pressing Times.

fherntdt Citing

10

20

30

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Work To Maximum Load ( Kg&zmf as*3 ) Z\

1.190
1.862
3.438

1.082
2.646
4.718

0.737
2.003
4.306

0.102
0.410
1.469

0.215
0.249
1.687

0.237
0.465
2.257

0.605
1.801
3.324

0.943
1.252
4.359

1.130
1.753
3.695

1.186
2.341
4.604

0.900
1.127
4.710

1.725
2.161
5.131

Fixed molding conditions:

Polymer content=8 wt.% ( based on cotton stalks weight)

Pressure of molding= 12 Ton/m2

Temperature of pressing= 120 °C



Table4. Effect of Irradiation Dose on the Deflection at the Center of Particleboard

Woods Based on Cotton Stalks and Different Polymers(Adhesives) Initially

Made By Thermal Treatment at Various Pressing Times.
Time of i

Thermal Cerutg i

10

20

30

Irradiation

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Deflection At The Center { m

Urea

0.105
0.125
0.132

0.127
0.132
0.140

0.116
0.133
0.146

0.034
0.066
0.093

0.049
0.096
0.097

0.077
0.083
0.089

0.091
0.087
0.115

0.083
0.090
0.097

0.087
0.088
0.104

m* )

0.097
0.103
0.109

0.091
0.104
0.106

0.087
0.101
0.102

Fixed molding conditions:

Polymer content=8 wt.% ( based on cotton stalks weight)

Pressure of molding= 12 Ton/m2

Temperature of pressing= 120 °C
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Table 5. Effect of Polymer Content on the Stress at Rupture of Particleboard Woods

Based on Cotton Stalks and Different Polymers(Adhesives) Initially Made

By Thermal Treatment and Exposed to Various Doses of Gamma Radiation.

I Cflaient

12

16

20

Irf&disiiou •

Dos£

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Strz$$ at Rupture (Kgf^eiti2)

Pojw»^defey4e
m>

109.6
177.9
183.7

163.0
192.3
224.1

175.5
268.3
280.8

Poly<s.tyreae) i

51.0
67.3
68.5

78.5
97.0
102.7

128.4
150.3
168.0

mm
98.9
167.0
187.4

116.6
183.9
215.1

305.9
318.1
370.0

145.8
187.0
203.9

162.0
206.8
249.3

199.7
356.2
426.7

Fixed molding Conditions:
Pressure of molding= 12 Ton/m2

Temperature of pressing= 120 °C
Time of pressing:
For UFand E 103=20 min.
For PS and E150=30 min.



Table 6. Effect of Irradiation Dose on the Stress at Rupture of Particleboard Woods

Based on Flax Stalks and Different (Polymers) Adhesives Initially

Made By Thermal Treatment at Various Pressing Times.
Thrteof

Thermal Cttrfag

10

20

30

Irradiatkiit

Dose

{Mrad>

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3
5

Stress at Rupture (Kgffzm2) ' V %

Ursa

149.6
220.9
241.9

156.1
241.9
271.4

218.5
258.2
376.9

F%<styr«»e) \

73.3
111.8
125.5

61.1
103.6
103.9

38.2
38.9
96.8

117.7
136.5
265.0

73.5
112.1
159.2

69.0
92.6
120.5

46.2
66.4
99.5

54.6
112.4
159.6

110.2
129.2
181.9

Fixed molding conditions:
Polymer content=8 wt.% ( based on flax stalks weight)
Pressure of moulding= 12 Ton/m2

Temperature of pressing= 120 °C



Table 7. Effect of Polymer Content on the Stress at Rupture of Particleboard Woods

Based on Flax Stalks and Different Polymers (Adhesives) InitiallyMade

By Thermal Treatment and Exposed to Various Doses of Gamma Radiation.

i Cdateat ;

(wtM) \

12

16

20

irjtMhkHQn.

Bese

Unirradiated
3
5

Unirradiated
3
5

Unirradiated
3

5

Stress at Rupture (Kgf7 em2 }

Urea i

m> :
224.1
357.8
359.7

252.0
265.9
770.2

262.5
368.4
390.5

122.7
125.8
137.0

99.7
117.7
131.2

90.4
146.6
171.6

(mm)

186.6
215.8
223.7

134.0
137.0
207.8

239.3
279.0
303.2

107.0
111.2
137.0

133.9
194.7
241.6

174.3
239.3
249.7

Fixed molding Conditions:

Pressure of molding= 12 Ton/m2

Temperature of pressing= 120 °C

Time of pressing :

For UF and E 150=20 min.

For PS, and E103=10 min.



Table 8. Effect of Irradiation Dose on the Stress at Rupture of Partideboard Woods

Based on Wood Saw-Dust and Different Adhesives Initially Made By

Thermal Treatment at Various Pressing Times.

Tumvt I
Thermal Caring ;

10

20

30

Unirradiated
3
5

Unirradiated
3
5

Unirradiated

3
5

Stress at Rupture <Kg0cm2>

Urea i
tformalddkyde i

65.4
141.4
170.1

61.4
120.2
149.0

55.8
99.4
141.4

16.5
31.8
41.2

19.5
29.8
45.7

20.1
50.1
67.3

32.7
75.0
82.0

75.1
95.8
98.3

70.3
86.6
90.8

' K'f • i

5.7
24.9
50.9

18.5
82.4
98.2

16.5
32.2
68.9

Fixed molding conditions:

Polymer content=8 wt.% ( based on wood-saw dust weight)

Pressure of moulding== 12 Ton/m2

Temperature of pressing= 120 °C
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ABSTRACT

Hydrogels have been prepared by Irradiation acrylic acid and glycerol using methanol
and water as solvents. Another sample was prepared with methanol only. The
application of the prepared two hydrogels used for recovery of some reactive, acid and
direct dyes and also recovery two different pesticides and detergents from wastewater
were studies. The hydrogels complexes with different pollutants have been isolated and

methanol and water as solvent during polymerization has a great adsorption towards
dyes, pesticides and detergents than sample containing methanol only. The adsorption
isotherm capacity of the two hydrogels was studies by the effect of temperature
(20,30,40 °C) on the adsorption capacity through the kinetic studies of adsorption. The
adsorption capacity increase with rising temperature and thermodynamic parameters
AH, AS and AG were determined. Also, the adsorption capacity is considerably affected
by pH values (3,7 and 10). It was found that the adsorption capacity increases in acid
medium and decreases towards the alkaline medium for both dyes and pesticides, while
the irreversible results was shown in case of anionic detergents. Frundlich equation of
adsorption isotherm was applied in this work.

Keywords: Radiation polymerization, Removal of dyes, Pesticides, Detergents .

INTRODUCTION

Crooslinked hydrophilic polymers capable to absorption large volumes of water are termed
hydrogels. Hydrogels have found widespread applications in the fields of bioengineering, biomedicine,
pharmaceutical, veterinary, food industry, agriculture and others. It is used as controlled release systems
of drugs for production of contact lenses as adsorbents for removal of some agents in environmental
applications and also as carrier mater, pesticides and fertilizer in agriculture(1'7).

In our previous studies, adsorption of some cationic dyes and some heavy metal ions by
acrylamide-maleic acid hydrogel, acrylic acid, acrylonitryle-acrylamide with rubbers powder, for the
recovery of different metal ions, have been investigated/3'8'9'

The present paper is aimed to study a convenient method for removing some dyes, pesticides
and detergents from water by adsorption on a new adsorbent of acrylic acid/glycerol hydrogels and
prepared by irradiating gamma - rays. The hydrogels were used in adsorption of some water soluble
dyes, such as reactive blue dye, acid red dye, and direct orange dye and two pesticides such as larvine
and dursbane, and two detergents such as comperlan and dehydroquart.

EXPERIMENTAL
Materials & Techniques:
Materials:

Acrylic acid (AAc) was of pure grade (Merck, Germany) and Glycerol was also of pure grade.
Pure grade solvents were used also.
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Techniques:
Preparation of the hydrogels:

The first hydrogel was prepared by mixing acrylic acid toglycerolby the ratio of (1:1) mol.
Using methanol and water (5:5) ml. For each mole as solvents. The second hydrogel was prepared by
mixing acrylic acid with glycerol by the same ratio with 5 ml methanol only. The previous components
were subjected to Co-60 gamma source at irradiation dose of 20 kGy at a dose rate 8.8 KGy/h.
Application

The hydrogels were used for recovery of reactive, acidic and direct dyes and also recovery of
pesticides, Larvine (carbamite) and Dursbane (organophosphorous) and anionic detergents, Comperlan
and Dehydroquart from wastewater.
Characterization:-
Determination of water uptake percent:

A known weight of the non-soluble hydrogel (W;) was soaked in bidistilled water for 24 hrs. at
room temperature. The sample was then removed and blotted on a filter paper to remove the excess of
water on the surface (W2). The water uptake was calculated using the following equation:

Water uptake (W.U.) % = W2-Wi/W2 100
Where

Wj : initial weight of the hydrogel
W2 : final weight of the swelled hydrogel

Instrumentation
1-Gamma irradiation source.

The irradiation process was carried out using gamma cell facility at National Center for
Radiation- Research and Technology, Nasr city Cairo, Egypt.
2- X-ray Diffraction :

The x-ray diffraction patterns of prepared hydrogels were measured by a shimadza
diffractometer XD-DI series which is operated fully automatically. The X-ray copper target tube was
operated at 40kv and 30mA. All the diffraction patterns were examined at room temperature with
scanning speed of 2°C in 20 min'1 ( 20 mm/min ).
3- U.V. spectrophotometer:

The instrument with the double beam U.V- visible sp.200, PYE-Unicam, England The
concentration of each pollutant solutions was determined by measuring absorbance at
characteristic wavelengths; 594 nm for reactive blue dye, for acid red dye, 528 nm for direct
orange dye; also 498 nm & 283 nm for dehydrogel detergents .

4- Thermal Analysis:
Shimadzu TGA system of type TGA-50 was used for measurement of TGA. Nitrogen flow was

kept at constant rate of about 50 ml/min to prevent thermal oxidation processes of the polymer samples.

RESULT and DISCUSSION

Characterization of the hydrogels:
Water uptake and the effect of organic solvents towards the two hydrogels were investigated as

shown in Table (1). It can be observed that the hydrogel containing methanol and water as solvents have
greater water uptake percent than the hydrogel containing methanol only. The swellibility as the
prepared hydrogels in different organic solvent were investigated. It is found that both hydrogels have
great affinity to polar solvents than non polar solvents. Also, hydrogel containing a mixture of solvent
methanol and water has less swelling in organic solvent than the hydrogel containing methanol only.
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Table (1): Behaviour of the hydrogels towards different solvents.

Solvent

Water

Methanol

DMF

Acetone

Chloroform

Toluene

Benzene

Cyclohexane

PAAc/Gly.
(MeOH)

Uptake %

88

69

30

18

5

2

0

0

PAAc/Gly. (MeOH + H2O)

Uptake %

100

51

18

12

4

2

0

0

Chemical stability of the two hydrogels against Acid and Alkali:
The prepared two hydrogels were treated with 1% dilute sodium hydroxide. However, such

treatment dose not resulted in obtaining the sodium salt. On the contrary, a gelatinous product has been
formed. This behavious may be attributed to the destruction of the crosslinks in which decrease in the
crosslink density leads to obtain a gelatinous product of the hydrogels. On the other hand, it was found
that HC1 has no adverse effect on the hydrolysis of the crosslinks and practically no change in the
chemical structure was observed. However, it has been found that the addition of dilute 1% HC1 leads to
a slight increase in the swelling equilibrium of the two hydrogels.

Thermogravimetric analysis
The TGA thermogravimetric of acrylic acid / glycerol / methanol (I) which is illustrated in fig.

(1) show that the thermal decomposition of the hydrogel is occurred in the two steps. It is clear that the
hydrogel in the first step losses about 35 % of its weight, 90% decomposed during the second steps at
420°C. The TGA thermogram of acrylic acid /glycerol /methanol /water (II) shows that the thermal
decomposition of the hydrogel also is occurred in two steps. It is losses 22% of its weight in the first
step, 67% during the second step at 445°C. Moreover, it can be observed that the hydrogel (II) has better
thermal stability than the hydrogel (1)

Infra red spectroscopy:
Hydrogel was characterized by IR in previous(10)

Adsorption isotherm for removing the different pollutants.
Kinetic adsorption isotherm

In figs (2-5) show that the relation between the time of adsorption (hour) and the removal percent.

Removal % = Co-Q /Co 100
or AC/Co 100

where Co initial concentration mg/L
Q final concentration after absorption mg/L
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In general trends, it was found that the adsorption capacity for the two hydrogels increases with
increasing the temperature. In fig. (2) hydrogel contain (MeOH) at constant pH = 7 gives 80 % removal
for reactive blue dye, 60 % for acid red dye and 57 % for direct orange dye and the steady state was
achieved after about 8 hours where the equilibrium state of adsorption was become constant. Fig. (3)
using the same dyestuffs with other hydrogel (MeOH + H2O), it shows the decreasing in removal
percent for reactive blue dye than in hydrogel (MeOH) where gives 70 % removing percent but the other
dyes gave 80% and 78 % removal in acid red dye and direct orange respectively. The factor make
reactive blue dye have lower affinity to be absorbed on to the hydrogel (MeOH + H2O) then hydrogel
(MeOH) was due to net work crosslinking of hydrogel and the physicochemical structure of the dye.

Figs. (4, 5) show the removal percent of pesticides (Larvine and Dursban). It was found that
Larvine has more affinity to be adsorbed than Dursban compound in both hydrogels. This is due to the
aliphatic nature of Larvine compound to the aromatic nature of Dursban. Also, it was found that
hydrogel (MeOH + H2O) has more ability to adsorb the two pesticides more than hydrogel (MeOH), it
gives at pH = 7 and 40 °C (77 %. 62%) for the first hydrogel while the second gives (60 % , 52%) for
the second hydrogel without water for both Larvine and Dursban respectively.

Figs. (4, 5) also illustrate the removal percent of detergents (comperlan and dehydroquart)
anionic detergent. They show high affinity to be adsorbed onto the hydrogels than dyes and pesticides, it
gives removal percent in hydrogel (MeOH + H2O) (96% and 80%) and in hydrogel (MeOH) gives (70%
and 60%) for both comperlan and dehydroquart respectively. This can be explained in the light of the
high charge in an anionic detergents, which has very high affinity towards the active crosslinkage in
hydrogels.

The adsorption isotherm was followed thermodynamically according to the data tabulated in
table (2). In both hydrogels, the pollutants were adsorbed onto the network structure and the penetrated
through the pours. The heat of adsorption of all pollutants onto hydrogels hand a negative sign which
indicated that the adsorption process through these hydrogels was exothermic
Reaction, where AH is negative values and AH was calculated from the following equation/ '

( AHads) = R In CVC /(1/T, 1/T2)

Ci concentration at first temp Ti
C2 concentration at second temp T2

The entropy change ( AS „&) was measured by the equation .

ASads.= AHads./T

It was found that all the value of ASadS. for all the pollutants onto the hydrogels are very small
negative fraction limited to zero which represented that the reaction at equilibrium state was ordered
reaction.

Also the free energy change (AGa[js. ) of the adsorption was measured and it is found that the
batch adsorption technique is spontaneous reaction where all the values are negative values .

AG = A H - TA S

Equilibrium adsorption isotherm
Figures(6,7) show the relationship between the effect pH on the maximum adsorption capacity .

It was found that for both dyes and pesticides, the maximum adsorption increase with decreasing pH
value (acid medium) and decrease with increase the pH value (alkaline medium). In case of anionic
detergents the opposite results was obtained where the maximum adsorption increase at pH= 10 (
alkaline medium) and decreases at pH = 3 ( acidic medium).

Also, it was found from figs (6a,7a) that reaction blue dye was more adsorbed at pH =3 than the
other dyes red and orange ( 80% , 63% and 41% ) for hydrogel (MeOH) and (85%, 80% and 73% ) for
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hydrogel (MeOH + H2O ) respectively . Pesticides larvine is more than dursbane 78% and 60% at pH =3
for hydrogel (MeOH) and (85% and 70%) for hydrogel (MeOH + H2O). In case of detergents
comperlane was more affinity towards the hydrogels in pH =10 90% and 73 % for hydrogel contain
(MeOH) and (98% and 84%) for hydrogel (MeOH + H2O) respectively.

The effect of pH can be attributed to three interrelated causes: the hydrophobicity of pollutants,
the solubility of the pollutants and the ions of the buffer solution. This show that the effect of pH on the
adsorption capacity was much better than the effect of temperature. The fact that the adsorption capacity

indicated that the ions of the buffer solution interact with the hydrogels and the pollutant molecules.

X-Ray Diffraction
X-ray diffraction data of both the two hydrogels before and after adsorption by different

pollutants (dyes, pesticides and detergents) are shown in table (3). This technique is used to represent
their morphological structure and the change in its crystal form due to the effect of swelling and
interaction of pollutant compounds onto the hydrogel polymer structure. Table (3) shows the angle
between incident and diffracted ray (26) Viz intensity I/To (peak light) for hydrogels (MeOH) and
hydrogel (MeOH + H2O) before adsorption process. It was found that 20 was 20.1 degree and 64.3
degree and the interplanar distance was 4.4°A and 1.4°A, respectively. It is illustrated that there area
wide change between the two hydrogels, therefore the hydrogel (MeOH + H2O) has more 20 than
hydrogel (MeOH) by three times. This can be represente the more swelling character of hydrogel
prepared with water than that prepared without water. Also, the interplanar distance decrease from 4.4 to
1.45°A and this decrease is three times too. The interplanar distance changes can be explained by the
formation of new crosslinkage between the polymeric chains by the formation of intermolecular
hydrogen bonding.

It was also found that integrated int.(counts) are taken as indication of the amorphous and
crystallinity percent of the polymer according to the area under the peak obtained from the sharts of the
x-ray diffraction patterns, when integrated int. (counts) is increased, the crystallinity is also increased .

It was shown from table (3) that the hydrogel contains water-methanol as solvent is an
amorphous one while hydrogel containing methanol only was found to be crystalline. This phenomena
was due to the free mobility of the polymer chain containing water molecule, which is considered as a
good swelling agent for poly acrylic acid, and probably due to the break down of the hydrogen bonding
net work structure, caused by the incorporation of such dyes, pesticides and detergents towards the
activity of new action polar sits excess in hydrogel (MeOH + H2O) than the other prepared without H2O

CONCLUSION

In this work , the hydrogel prepared with water give more swelling and also more adsorption capacity
for the uptake of all pollutants used. The structure of two hydrogels are confirmed by x-ray, IR and
TGA analysis. It was found that the adsorption is physical adsorption at different temperature 20, 30
and 40 °C and it is exthothermic reaction, ordered at equilibrium and spontaneous. Also, the pH effect
at 3, 7 and 10 was measured and it was found that the effect of pH for removing the pollutants is very
important factor than the temperature effect.
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Tnble (2) ', Thcrmodynamic parameters such as Heat of adsorption ( A H), the entropy at equilibrium stale

(AS) and free energy change of adsorption prossess (A O) of different pollutants onto different hydrogcl.

Pollution

Dyes

Pesticides

Dl'tVTgClK.S

Sample

Reactive Blue

Acid Red

Direct Orange

Dursban

Larvine

Comperlane

Dchydqnnnt

AAc/Gy(MeOH) I

-A H,,,h.
KJ/nwl

7.7

6.8

5.2

4.2

4.8

3.9

2.1

-ASKJ/
mot

0.027

0.02

0.018

0.014

0.016

0.013

0.007

-AGKJ/mo!

0.05

1.14

•0.1

0.238

0.272

0.221

119

AAc/Gy (MeOH + H2O) "

-A Hmh. KJ/
mol

6.9

7.3

7.0

3.0

3.7

4,8

2.X

-AS
KJ/mol

0.02

0.025

0.024

0.(110

0.013

0,016

0.009

-AG
KJ/moi

1.24

0.225

0.208

0.17

0.021

0.272

0.253

Table (3) X-ray diffraction mcasurmetits of two different prepared hydrogcl befor and
after uptakingonto them by different dyes, pesticides and detergents.

Pollution

Byes

Pesticides

Determents

AAc/Gy (McOH) 1

Sample

Blank
Renctive

Blue
Acid Red
Direct

Orange

Dursban
Larvine

Comperlan

Dchydquart

2 0 (deg.)

20.1
81.3

20.6
21.6

46,1
17.9
22.8

20.6

«I(A°)

4.4
1.2

4.3
4.1

1.97
4.9
3.9

4.3

Integrated
int. Counts

11913
304

8101
16734

2424
11071
6464

8960

AAc/Gy (McOII+H 2 O) 11

Sample

Blank
Reactive
Blue
Acid Red
Direct
Orange

Dursban
Larvinc
Comperlan

Dehydqu.'irl

2 0 (deg.)

64.3
20.1

20.4
63.4

22.3
21A
21. G

19.9

d(A°)

1.5
4.4

4.4
1.47

4.1

4.5

Integrated
int. Counts

57
8626

9059
125

3680
23576
5009

4205
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ABSTRACT

Sorption of 124Sb(III) from its complexes in benzene, toluene, o-xylene and
chloroform on an artificial inorganic exchanger (chabazite, a ) and on bone charcoal
(b.ch) was investigated using the static method. Complexes of Sb(III) with these non-
polar organic liquids were prepared by extraction of its chloride by each liquid from
12 M H2SO4. For the various liquids the order of the uptake in case of chabazite is 0-
xylene > toluene > benzene > chloroform and in case of b.ch the order is benzene >
toluene > chloroform > o-xylene. This suggests different sorption mechanisms for
the two studied sorbents, one of them (chabazite) being purely an inorganic sorbent.
In general the uptake of Sb(III) from all solvents studied is much higher by b.ch
than by chabazite. The uptake of Sb(III) from these non-aqueous solvents by b.ch is
also much higher than its uptake by four previously studied sorbents: ashless filter
paper cellulose, pyrolysis residue from domestic waste, bentonite clay from upper
Egypt and fly ash from a thermal electricity station. The desorption of Sb(III) from
the loaded sorbents by 1M HCI was also studied and found maximum within 30
minutes.

Key Words: Sorption / Chabazite /Zeolite /Bone Charcoal

INTRODUCTION

A previous paper reported the selective uptake of certain radioisotopes from their solutions in non-
polar (organic) solvents on some sorbents(l). The sorbents included filter papers, pyrolysis residue,
bentonite and fly ash. The objective of the present work is to evaluate the sorption behavior of
l24Sb(lII) from its solutions in organic solvents on wood powder, chabazite (a rehombohedral zeolite)
and bone charcoal.

MATERIALS AND METHODS

Organic solvents studied were reagent grade benzene, toluene, o-xy!ene and carbon tetrachloride.
Acids used (HCI and H2SO4) were analytical grade of MERCK. The sorbents were wood powder, a
byproduct of workshops of two different particle size,( 0.085 - 0.63 ) chabazite, CaO. A12O3 4SiO?
6.5H2O and bone charcoal (b.ch) supplied by the Packin Co., Egypt. The isotope I24Sb stock solution
(in the trivalent state) was prepared as described before(2). The organic radioactive solutions were
prepared by mixing aliquots of the organic solvents with equal volume of 10MH2SO4 spiked with
radioactive Sb(III). The aqueous phase was discarded.

Batch experiments were carried out in 25-ml stoppered plastic vials with V/m= 100 (V= 10 ml, 111=
0.1 g) where V is the volume of the test liquid with initial activity Ao and m is the weight of the
sorbent dried to constant weight. The activity of one ml of the clear supernatant liquid (A) was
counted at various time intervals and after counting, the aliquot was returned to the respective vial,
which was then tightly closed.
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The distribution coefficient (kD) was calculated by the relation:

A n -10A V

m

The determinations limit of the measurements was ~ ± 3.0%

The loaded dried sorbent from the sorption experiments was used for desorption experiments which
were conducted likewise. The leachant used (10 ml) was either tap water or 0.1 M HC1.

RESULTS AND DISCUSSION

The kD values for sorption on wood powder are demonstrated as function of time in Table 1.
Maximum sorption (highest kD values) is achieved from toluene on both fine and coarse wood powder,
while lowest sorption takes place from carbon tetrachloride. Results on desorption showed that 0.1 M
HC1 is more capable of achieving removal of the sorbed antimony from the wood powder than tap
water. The dependence of the time of removal of Sb from the sorbent on the type of the solvent used
might indicate that sorption involves species incorporating the organic solvent itself. The solvent
hydrophilicity, polarity, and density are some of the other factors that may influence the observed
sorption behavior. In case of wood powder retention of Sb(III) takes place, at least partly through
diffusion within the capillary tubes of the wood structure. This is clear from the above results, as
sorption of Sb(III) on coarse wood powder is almost always higher than on the fine powder, although
the latter has more outer surface area.

Table (1): The kD values for sorption of Sb(III) on wood powder from different solvents.

Time

min

5

20

30

60

120

150

180

Benzene

Fine

9.5

38.4

49.9

65.8

-

-

70.9

Coarse

15.1

51.2

65.1

72.1

~

72.6

Toluene

Fine

7.2

27.0

29.6

47.0

66.4

73.6

86.4

Coarse

21.0

36.0

41.9

43.3

67.8

74.93

81.0

o-xylene

Fine

3.97

12.3

18.97

35.94

40.23

40.6

41.4

Coarse

5.7

16.4

22.8

42.4

64.55

54.8

54.8

CCL4

Fine

3.6

7.8

11.0

13.7

16.3

16.4

16.2

Coarse

5.1

9.6

11.7

16.7

18.9

18.7

18.3

The kD values were calculated and demonstrated as function of time in Fig. 1 and Fig.2 for sorption
on zeolite and b.ch. respectively. For zeolite these results show that sorption approaches equilibrium in
case toluene, (kD max -200), and for CC14 (kD max ~ 40) within the studied period of time, while for
benzene and o-xyiene the kD values continue rising till end of the studied period. The kD values for
b.ch. on the other hand were found to be maximum and reach steady levels only for toluene (kD max >
350).
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The order of uptake of Sb(III) from the various solvents on the zeolite was o-xylene > toluene >
benzene > CCU while for b.ch the order was benzene > toluene > CCI4 > o-xylene, thus suggesting
different sorption mechanisms for the two sorbents.

Result on desorption showed that 0.1M HC1 is capable of achieving maximum removal of the
sorbed activity from the zeolite, within 30 minutes for benzene, 90 minutes for toluene, and 180
minutes for o-xylene and CCI4.

It can be concluded that organic liquid radioactive wastes containing the covalent halide Sb(III)
chloride may be treated with unwanted industrial byproducts, e.g. wood powder, b.ch., or zeolites to
sorb the isotopes therefrom. The loaded sorbed can then more easily by disposed. In most cases
equilibrium (maximum possible loading of the sorbents) is reached within about one hour.
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ABSTRACT

The study involved the investigation and characterization of membranes
prepared by graft copolymerization of acrylonitrile (AN) and vinyl acetate
(VAc) binary monomers onto lowdensity polyethylene (LDPE) and isotactic

polypropylene (IPP). The mutual y-irradiation method was used as a grafting
technique. The effects of grafting and chemical treatments on the thermal
properties and chrystallinity of prepared graft copolymer have been
investigated using DSC, TGA and XRD. IR spectra recorded before and after
grafting and also for the chemically treated membranes to elucidate the
structural changes occurred due to grafting and chemical treatments.

Key Words : Radiation, Grafting, Thermal Stability, Crystallinity

INTRODUCTION

Radiation- induced graft copolymerization of monomers onto different polymers have
been widely studied to produce membranes for various purposes, such as in separation processes
and electrochamical applications'1'5*. The various steps involved in the membrane preparation
process may influence the overall structure of membranes depending upon the nature, amount,
and distribution of the grafted chains.These changes may be in the form of a crystalline-
amorphous ratio, lamellar defects, and domain formation of the grafted component in the
membrane matrix (6). The crystallinity has been found to exert strong influence over the transport
behaviour of molecules through grafted films (7).

In the previous study, preparation of ion-exchange membrane by radiation grafting of
(AAc/AN) binary monomers onto PE and PP and the possibility of their practical uses in
separation processes, was investigated (8). In the present work, the physical properties of the
prepared membranes were determined including melting temperature (Tm), heat of melting (AH)
and decomposition temperature by DSC and TGA. XRD of the grafted and the treated graft
copolymers was performed and compared with the base polymer to clarify their morphological
structures and the change caused by the grafting and chamical treatment.
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EXPERIMENTAL

Materials:
Low density polyethylene (LDPE) films of thickness 80 u.m were provided by El-Nasr

Co. for Medical Supplies, Egypt. Reagent grade acrylonitrile (AN) of purity 99.3 % (Merck)
and reagent grade vinyl acetate (VAc) of purity 99 % (Merck) were used as received. Other
chemicals, such as solvents, inorganic salts, acids and other reagents were reagent grade of
BDHtype.

Infrared Spectrophotometry Measurement:

Analysis by 1R spectrophotometry was carried out using a PYE Unicam 1100 infrared
spectrophotometer (in the range 4000-400 cm"').

X-Ray Diffraction Measurements (XRD):

XRD measurements were conducted on blanks, grafted samples at room temperature. X-
ray diffraction pattern (intensity vs. diffraction angle plate) was recorded in the range of
diffraction angle 29 = 4 - 50° using Phillips Pw 1730 x-ray generator equipped with a
scintillation counter. The diffraction patterns were run with nickel filter (cuka), X= 1.45 A. The
X-ray diffractograms were obtained using following experimental conditions:

Filament current = 28 mA
Voltage = 40 kV
Scanning speed = 20 mm/ min. or 2°/ min.

Thermal Stability Measurments:

Thermal gravimetric analysis (TGA) and Differential Scanning Calorimetery (DSC)
curves for the investigated samples were performed under nitrogen atmosphere using a
computerized Perkin Elmer 7-series thermal analysis system . A flow rate of pure nitrogen gas
was 50 ml/, min. for both TGA and DSC. A heating rate was 20°C/ inin. from ambient up to
600°C for TGA and 10°C/ min. from ambient to 250°C for DSC.

Results and Discussion

1-IR-Spectroscopy:

Infrared analysis was made for the grafted IPP films to confirm the formation, of graft
copolymer.The spectrum of the IPP-g-P(AN/VAc) films shows a characteristic band of C=N
group of PAN at 2250 cm"1. A new absorption bands appeared around 1740 cm"1,1240 cm"1

and 1099cm"1 which correspond to C=O groups of VAc, C-0 and O-C=O streching of
acetate, respectively. It is also noted that, the intensity of these absorption bands increases
with increasing the graft percent (spectra 2, 3). The
IR-spectra for NH2OH and KOH-treated membranes, (spectra 4,5 )showed that the absorbance
at 2250 cm"1 disappeared and a broad absorption band appeared around 3200-3600 cm"1 and
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Fig. 1: IR-Spectra of: (1) Original IPP;
(2) lPP-g-P(AN/VAc; 9.5% (3) IPP-g-P(AN/VAc; 14.1%
(4) 14.1% Treated with NH2OH (5) 14.1% Treated with KOH
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other peak around 1050 cm'1 which are assigned to OH and C-0 alcoholic groups,
respectively. For KOH-treated films, new bands appeared around 1711 cm"1 and 1290 cm"'
which are the characteristic bands of C=O and C-0 streching of carboxylic groups. For
NhhOH-treated films new absorption bands around 1425 cm"1 and 1650 cm"1 which are the
characteristic bands of C-N and amidoxime groups. The appearance of broad band around
3170-3350 cm"1 assigned to N-H group of amidoxime that resulted from the treatment of
nitrile group with NH2OH-HC1(9).

2-X-ray Studies (XRD):

X-ray diffractograms of various samples ;the trunk LDPE and IPP films, graft

copolymers of different degrees of grafting and graft copolymer treated with KOH or alcoholic
NH2OH, are presented in Figs. (2 - 5). Since the crystalline reflections in the diffraction patterns
of the grafted samples occurs at identical diffraction angles as in LDPE and IPP and no
additional diffraction peak occurs in the grafted samples. It appears that, PVAc and PAN are
present as an amorphous phase and the crystalline regions are contributed by LDPE and IPP
sequence. It is also observed that, as the degree of grafting increases the intensity of crystalline
diffraction peaks decreases. These results suggest that the inherent crystallinity of the backbone
polymer (LDPE & IPP) is not impeded by the graft copolymerization of AN and VAc and the
grafting occurs only in the amorphous areas. The decrease in the overall crystallinity of LDPE
and IPP then appears only due to dilution of crystalline fraction by the incorporation of the
amorphous PAN and PVAc chains into the polymer matrix ( ' ° ' n ) .

It is obvious from Figs. (4,5) that, the diffraction curves of the treated-graft copolymei
recorded in the same region, and it does not show any new diffraction peak. It is also observed
that, the intensity of crystalline diffraction peak decreases if compared with that of the grafted
and untreated ones and the decrease in crystallinity is more in the KOH- treated grafted film, for
both LDPE and 1PP. The decrease in crystallinity in the alkali-treated grafted films may be due
to the incorporation of polar groups by alkaline treatment. The decreasing in crystallinity in
KOH treated membrane reflects the high polarity of the carboxylic acid groups than the
amidoxime groups.

3-ThermaI Properties:

1-Thermal Gravimetric Analysis (TGA):

TGA thermograms for the ungrafted and the grafted LDPE and IPP films with various
degrees of grafting are presented in Figs. (6, 7), respectively, (ingrafted LDPE and IPP showed a
stable thermograms up to a temperature of« 400 °C, beyond which a smooth decrease in weight
is observed. A single stage character of the degradation evident from the curves and complete
depolymerization of the sample to monomer occur at « 500 °C and « 470 °C for LDPE and IPP,
respectively. TGA curves of LDPE-g-P(VAc/AN) and IPP-g- P(VAc/ AN) with various degrees
of grafting reveal that there are two distinct steps of weight loss. The first step of weight loss in
the range of 50 - 400 °C may be attributed to the elimination of adsorbed moisture and side graft
chains degradation (ll). The second decomposition stage observed in the temperature
ranges of 400 - 500 °C for LDPE and 400 - 470 °C for 1PP due to extensive degradation of the
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Fig. 2: XRD-Patterns of blank LDPE and its graft copoiymer with
different degrees of grafting.
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Fig. 3: XRD-Pattems of blank IPP and its graft copolymer with
different degrees of grafting.
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Fig. 4: XRD-Patterns of untreated grafted LDPE (72%) and
its treated form
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Fig. 5: XRD-Patterns of untreated grafted IPP (23%) and
its treated form
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polymer backbone chain leaving a residue. The residue from the grafted PE and PP left behind
the final decomposition temperature is 4% for 93 graft percent in LDPE and 13% for 75 graft
percent in 1PP. It is also observed that, the left residue increases with increasing grafting degree
due to the increase in crosslinking formation with degree of grafting.

Table (1) represent the weight loss percent at different decomposition temperatures for
LDPE and IPP grafted with PVAc and PAN.

Table 1. The Weight Loss of Grafted LDPE and IPP Membranes as a
Function of Temperature

Temp.
O f

> v ^

so
100
150
200
250
300
350
400
450
500

18

0
1.
2.
2.
2.
2.
6.

70
98

.9
4
1
2
3
7
2
.3
.6

42

1.
2.
2.
3.
4.
5.
9.

74
98

9
1
9
4
1
1
3
.4
.3

LDPE
61

2.8
3.1
4.3
5.2
5.9
6.1
12.3
80.6
97.1

Weight loss, (%

Degree of grafting,

93

3.1
4.2
6.1
7.0
8.5
10.2
20.7
75.3
96.0

13

0.1
0.3
0.8 "

2 4
7 0

69 9
97.0

)

(%)

29

1.
2.
2.
3.
5.
8.
16
80
94

0
0
2
3
1
6
.3
.4
.1

IPP
54

2.6
4.8
5.1
7.2
8.9
11.1
18.3
90.0

90.1

75

3.
5.
7.
10
12
14
21
86
87

1
2
1
.0
.5
.2
.7
.3
.0

From the quantitative comparison of the weight loss in this temperature range 50 -
400°C, it is observed that, the weight loss increases with increasing grafting percent. Such
increment in weight loss may be due to tacticity and sequence distribution of the comonomer
AN/ VAc in the graft copolymer which affect the thermal behavior beside the nature of the
comonomer.

Figures (8, 9 ) show the thermal stability of untreated and treated membranes by either
KOH or alcoholic NH2OH. It is observed that, the introduction of carboxylic acid groups by the
alkaline treatment of the graft copolymer with KOH changes the overall degradation pattern,
while the introduction of amidoxime groups into the graft copolymer by treatment with NM2OH
does not introduce a new decomposition temperature. For the KOH-treated membranes, there
are three stages of decomposition appear in TGA curves. The first stage of weight loss at (50-
300°C) is attributed to moisture desorption and elimination of water from the side groups. The
second stage of weight loss in the temperature range 300 - 400°C is attributed to graft chain
degradation. The last stage of decomposition is depolymerization of the backbone polymer.
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The high value of the initial weight loss in the case of KOH-treated membranes
compared to the NFibOH-treated ones due to the higher hydrophilicity of these membranes and
consequently higher absorbed moisture than that for those Nt^OH-treated ones. Table (2) show
that the thermal stability for the grafted untreated > NH2OH and KOH - treated membranes.

Table 2. Weight loss of the treated and untreated grafted LDPE
(42%) and 1PP (29%) membranes as a function of temperature,

Temp ,.°C

50
100
150
200
250
300
350
400
450
500

Weight loss, (%)

LDPE membrane
Untreated

1.9
2.0
2.9
3.4
4.1
5.1
9.3

74.4
98.3

NH20H

2.6
3.0
5.1
6.6
7.9
9.2
17.0
84.0
98.3

KOH

3.4
6.9
7.1
9.5
10.0
14.5
23.0
88.0
98.3

IPP membrane
Untreated

1.0
2.0
2.2
3.3
5.1
8.6
16.3
80.4
94.1

NH2oH

12
2.9
3.0
4.3
6.0
9.2
18.0
85.1
94.1

KOH

2.9
3.4
5̂ 0
6.2
8.1
12.2
20.5
90.7
94.1

2-Changes in Thermal Parameters of Prepared Membranes:

Changes in thermal parameter for the prepared grsfted membranes were masured DSC
which is mainly used for studies of physical transitions.

Figures (10, 11) show the DSC thermograms of ungrafted and grafted LDPE and IPP,
respectively. All samples show endothermic transition in the temperature range of 100 - 130°C
and 130 - 170°C for LDPE and IPP, respectively. The melting temperature (Tm) of graft
copolymer is slightly reduced as compared to the ungrafted ones. The shape of the thermograms
under the melting peak remain almost the same for all the membranes.

Tables (3, 4) show the thermochemical features as calculated from the crystalline melting
transition behavior of the first DSC scans of LDPE, IPP before and after grafting. It can be seen
that, (Tm) and heat of melting (AH) of the ungrafted LDPE and IPP are 117°C, 158°C, 76 J/g
and 52.9 J/g, respectively. However, due to the introduction of 42% PAN/PVAc in LDPE and
29% PAN/ PVAc in IPP a depression of 1.6°C for LDPE and 6°C for IPP in the Tm and a
decrease in (AH) of 24.1 J/g for LDPE and 9.5 J/g for 1PP were occurred. A further increase in
the graft yield up to 93% for LDPE causes a decrease in Tin by 2.8°C and a significant drop in
(AH) by 44.3 J/g is resulted.
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Table 3. DSC Data For
LDPE-g-P(AN/VAc) Copolymer

Table 4. DSC Data For
lPP-g-P(AN/VAc) Copolymer

Degree of
grafting(%)

Blank
18
42
61
93

Tm (°C)

117.0
116.2
115.4
115.0
114.2

AH
(J/g)
76.0
63.1
51.9

44.2
31.7

Degree of
grafting(%)

Blank
13
29
54
75

Tm (°C)

158
154
152
148
146

AH
(J/g)
52.9
47.1
43.4
35.7
29.3

However, the introduction of 75% PAN/PVAc into IPP causes a depression of 12°C in
the Tm and a decrease in the heat of fusion of 23.6 J/g. The observed depression in Tm and AH
with grafting indicated that the crystalline distortion occurred as a result of grafting PAN and
PVAc onto LDPE and IPP films. Reduction of AH with grafting occurred also due to the
amorphous nature of the incorporated (PAN/PVAc) grafts. The decrease in the (AH) of the
membrane is therefore, due to the accumulative influence of the "dilution effect" and "crystal
disruption" in the LDPE and IPP films.

Figures (12. ,13) show the DSC thermograms for untreated and treated membranes. The
thermogram of KOH-treated membrane, show a new endothermic transition above 170°C,
which may be due to dehydration reaction as reported by many authors for poly (acrylic acid)
and its copolymers(9'l0) . It is also observed that, the beginning of the thermograms for the
grafted membranes, especially, for the alkali-treated ones shows a different shapes as compared
to the ungrafted polymers. This endothermic reaction around 50 - 100°C represents the loss of
absorbed moisture. The absence of prominent endothermic peak in this region for the blank as
observed for the grafted copolymer may be due to the lower initial moisture content of the
sample.

Tables (5,6) show the thermochemical features as calculated from the crystalline melting
transition behavior of the first DSC scans of LDPE, IPP before and after treatment with NH2OH
or KOH.

Table 5. DSC data for untreated
and treated grafted LDPE having
Grafting, 42%.

Table6. DSC data For untreated
and treated grafted IPP having
Grafting, 29%.

Degree of
Grafting(%)

Untreated

NH2OH

KOH

Tm (°C)

115.4

' 114.2

112.4

AH (J/g)

51.9

42.2

34.6

Degree of
grafting(%)

Untreated

NH2OH

KOH

Tm (°C)

152

150

146

AH (J/g)

43.4

39.4

36.1
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From Tables (5 , 6) it can be seen that the treatment with KOH causes a depression of
3°C and 6°C in the Tm and a decrease in the AH of 17.3 J/g and 7.3 J/g, for LDPE and IPP,
respectively. While the treatment with NH2OH decreases the Tm by 1.2°C and 2°C and also, a
depression in AH by 9.7 J/g and 4 J/g for LDPE and IPP, respectively. These results indicated
that, the type of treatment also affects the crystalline structure of the grafted LDPE and IPP.
These results revealed that, the crystal size domains in grafted LDPE and IPP decreased by
treatment process leading to a reduction in Tm and AH values. Such decrement in Tm and AH is
larger when the grafted membranes was treated with KOH due to the more amorphous nature of
the incorporated carboxylic acid groups which easily forms a crosslinked network structure, i.e
.higher amarphous content is formed. This leads to the decrease in bath Tm and AH.

Conclusion
The structural changes are dependent on the nature of the base polymer as well as the

monomer, functional groups introduced into the graft copolymer by chemical treatment and also
dependent on the extent of graft copolymerization.These membranes have been found to show a
good thermal stability as evaluated by TGA in combination with DSC and can be used under
variety of conditions of temperature. Such grafted treated membranes of physical attributes that
makes them appear attractive as a support in ion - exchange separation processes.
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ABSTRACT

The effect of four-selected polyfunctional compounds namely, trimethylacrylic ester,
trimethylol propane trimethacrylate, zinc diacrylate and modified pentaerthitol
triacrylate, as Crosslin king agents, on the mechanical properties of radiation
vulcanized nitrile rubber was studied. The effect of incorporation of either HAF-
carbon black or fumed silica, as filler and reinforcing agents, on its mechanical
properties was also studied. The coagent namely, trimethylacrylic ester, was found
to produce a set of optimum mechanical properties, i.e. moderate crosslink density,
good tensile strength and elasticity at low irradiation doses, i.e. 40 kGy.

Key words: Radiation crosslinking INBRI Mechanical properties*! Coagents I Fillers.

INTRODUCTION

The radiation-induced vulcanization of rubbers is the process of crosslinking of flexible
macromolecules. Under real conditions, this process is complicated not only by degradation, but also by
other specific reactions, such as cyclization and cis-trans isomerization of double bonds. The
contributions of these reactions are determined by many factors: the nature of the initial polymer, the
presence of additives, the temperature, etc. In practice, radiation- vulcanized rubber mixes are most often
multi-component mixtures containing fillers, antioxidants, sensitizers, etc. Fillers usually have a certain
sensitizing effect. In filled rubber systems, ionizing radiation lead to the formation of a three-dimensional
network not only in the polymer itself, but also between the elastomer molecules and the filler particles.
The sensitizers of radiation-induced structerization are usually polyfunctional compounds that reduce the
absorbed dose needed for crosslinking. The appropriate choice of sensitizers makes it possible to control
the density and type of the network and thus,to attain the optimum properties of crosslinked polymers by
using low absorbed irradiation doses (1'5).

Nitrile rubber is the most commonly used polymer in oil field equipment, where very severe service
conditions include high temperatures and pressures as well as exposure to corrosive fluid, oils and gasses.

• However, it has inferior resistance to ozone; sunlight; and natural aging; and poor resistance to
oxygenated solvents. Products formulated with a highly acrylonirile content nitrile rubber using fumed
silica of high surface area show high tensile and abrasion resistance and low water swell(6)'

In this work, the effect of y-irradiation on the mechanical properties of NBR rubber in presence of
different sensitizes, namely SR-350, SR-444, SR-517 and SR- 633, in addition to either HAF-carbon
black or silica fillers, and other additives were studied.
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EXPERIMENTAL

1. Materials

Acrylonitrile 3307 NS) from Bayer Co. Germany was used. Its
acrylonirile content and density are 34% and 0.99 g/cm3, respectively. HAF-carbon black and fumed
silica namely, Aerosil A-130 were used as filler and reinforcing materials. Silica produced by a thermal
method is frequently called fumed silica. The Degussa Company in Germany developed the original
process and the product marketed under the brand name Aerosil. The polyfunctional compounds namely,
trimethylacrylic ester (SR-517), trimethylol propane trimethacrylate (SR-350), zinc diacrylate (SR-633)
and modified pentaerthitol triacrylate (SR-444) were used as crosslinking agents. The compounds IPPD
(1 phr), TMQ (1 phr), tetrene and paraffin wax (0.5 phr) were used as antioxidants and antiozonants. The
nomenclature and specifications of these compounds are listed in Table 1.

Table 1: The nomenclature and specifications of the used compounds
No.

1
2

3
4

5
6
7
8

10

Trade name

SR-517
SR-350

SR- 633
SR- 444

IPPD
TMQ
Tetrene
HAF-carbon black

Aerosil- 130

menclature and specifications

Trimethacrylic ester, brown liquid, specific gravity=1.06
Trimethylol propane trimethacrylate, specific gravity=1.06,
Molecular weight = 388
Zinc triacrylate, yellowish powder, specific gravity=1.6.
Modified pentaerthitol diacrylate, specific gravity=1.16, liquid
Viscosity = 300- 700
N-isopropyl-N-phenyl-p-phenylene diamine
Trimethyl quinoline
Tetraethylene tetramine
Particle Size Index = 27, surface area =83 m2/g and Iodine
Adsorption = 82 g/kg.
Hydrophilic silicon dioxide, 16 nm particle size, 2.2 g/cm3 density
and 340 m2/g surface area.

2. Techniques

Preparation of Samples and Irradiation:

The NBR formulations were prepared separately using Plasti-corder PL2000, from Brabender Co.,
Germany, fitted with a mixer type 350S. The mixing time was 12 minutes at 70°C and 64-rpm speed,
followed by rubber milling at the same temperature. A hot press was applied to make sheets with a
thickness of about 2-mm at 100° C for 5 minutes under 150-kg/cm2 pressure. The irradiation was carried
out in nitrogen atmosphere and dose rate at about 13 kGy/h using irradiator type Gamma cell 220 from
Nordion International Inc., Canada.

Mechanical properties

The mechanical properties were measured in accordance with ASTM D-412. Five samples from
each formulation were tested. Dumbbells shaped specimens were cut from sheets using a steel die of
standard width (6mm) and length (20mm). The measurements of the mechanical properties were carried
out using an Instron tensile testing machine model 4045, USA.
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RESULTS AND DISCUSSION

Effect of Coagents on the Mechanical Properties of Irradiated NBR Loaded with Fumed Silica:_

The mechanical properties, namely modulus stress at 200% elongation (a200), tensile strength (TS)
and elongation at break (E%) for NBR samples were measured and are presented in Figs. 1-3,
respectively. These NBR samples are containing 4 parts of the selected polyfunctional compounds per

' 100 parts of the rubber (4 phr), in addition of 45 phr of silica type A-130, 1 phr of tetrene, antioxidants
and irradiated to different doses ranging from 20 to 200 kGy. '

From Fig. 1, it can be seen that the a200 increased linearly with irradiation dose and the rate of
increase depends on the type of coagent added. In addition, from the change in TS with irradiation dose
presented in Fig. 2, it can be seen that the maximum TS was attained at irradiation dose ranging between
60 and 100 kGy. In contrast, the elongation at break presented in Fig. 3 decreased steadily with irradiation
dose showing average values of elongation ranging between 500-600%, in presence of the coagents, at
irradiation dose of about 60 kGy. Whereas, a corresponding value of E% was attained at 100 kGy in
absence of any coagent. These values of elongation at break were attained, almost, at the same crosslink
density as measured by a200. In addition, the samples filled with silica, in absence of coagent, showed
the highest TS and E% at the same range of irradiation dose, i.e. 60 100 kGy. This may be explained as:
the primary particles of fumed silica are spherical and during manufacture coagulate immediately after
formation into chains (7) and these eventually form agglomerates. In addition, the fumed silica particles
(A-130) have silanol groups both on and below their surface, whereas on the inside (and partially on the
surfaces), Si-O-Si bonds have formed (8). These silanol Si-OH groups endeavor to interact via hydrogen
bonds to form a three-dimensional chain structure. These hydrogen bonds are relatively weak and break
up as soon as high shear forces are applied, i.e. during mixing and processing of the rubber formulation.
These opened chains of silica in addition to the existence of -OH group on their surfaces promote the
formation of three-dimensional network via radiation crosslinking. Consequently, with a relatively lower
crosslink density of the rubber, the presence of the silica filler may lead to a synergistic effect in
improving the tensile strength as well as elongation % of the rubber samples. This synergistic effect
increased positively with irradiation dose up to 100 kGy, as tile crosslink density increased to the
optimum value. In contrast, at high irradiation doses, the increased crosslink density and the perspective
predominant degradation can effect negatively on the role of the fumed silica as well as the mechanical
properties. Whereas, in the case of incorporating the crosslinking compounds, the crosslink density
increased at a higher rate than in its absence with increasing the irradiation dose. This may hinder the
role played by the silica chains and the entanglement in improving the mechanical properties, especially
the elongation at break and tensile strength. The addition of silica to a compound rapidly increases its
viscosity. Silica-to-silica attraction is high, with the result that large aggregates are formed, impeding
flow, and the mix becomes very stiff. The additives chosen in this situation for plasticization can be
soluble zinc compounds or materials, such as tetrene.

Effect of Coagents on the Mechanical Properties of Irradiated NBR Loaded with HAF-Carbon
black

The mechanical properties of NBR formulations containing 45 phr of HAF-carbon black in absence
and in presence of 4 phr of the same selected coagents, antioxidants, and irradiated to different irradiation
doses ranging from 20-200 kGy, were measured. The a200, the TS and E% as a function of irradiation
doses for these formulations are presented in Figs. 4-6, respectively. From these figures, it can be seen
that, the a200 increased linearly with increasing the irradiation dose (Figs. 4). The efficiency of the
coagents in increasing the modulus stress, i.e. crosslink density, with irradiation dose can be presented as
follows: SR-444 > SR-350 > SR-517 > SR-633 > control. In addition, the rate of increase of the modulus
stress per unit dose of irradiation for these formulations, calculated"1 from Fig. 4, and ordered according to
the previous consequences are: 0.32, 0.18, 0.16, 0.13 and 0.11 MPa/kGy, respectively. The tensile
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strength of the samples of the formulations containing the different coagents (Fig. 5) increased with
irradiation dose (with different rates) up to about 100 kGy and then decreased with rate depending on the
type of the coagent added. The effect of coagents in improving the tensile strength of these formulations
is outstanding, compared to that of the control sample, especially, at the low irradiation dose, i.e. 20 kGy.
The gap in this effect diminishes as the irradiation dose increased up to about 80 kGy. At higher
irradiation doses, the tensile strength of the samples containing the coagents decreased more than in its
absence. The rate of increase or decrease in the TS depends on the type of the added crosslinking agent.
The noticeable difference in the TS at low irradiation doses may be related to the different affinity of
rubber and the different coagents to the irradiation dose. At higher irradiation doses, the effect of
radiation degradation is predominant and its effect is more pronounced in presence of the coagents. The
irradiation dose dependence of the E% of these formulations is presented in Fig. 6. It can be seen that the
E% steadily decreased at different rates with irradiation dose up to about 100 kGy and then decreased
with a lower rate. The order of decrease of E% for the different formulations is as follows: SR-444 > SR-
350 > SR-517 > SR-633 > control. Moreover, the difference in the E% for the different samples is
noticeable at low irradiation doses and becomes narrower as the irradiation dose increased. This may be
attributed to the difference in the efficiency of the coagent compounds in enhancing the samples at low
irradiation doses. Whereas, both crosslinking and degradation processes are taking place at higher rate at
high irradiation doses, especially in the presence of the coagents as mentioned before.

In radiation-cured vulcanizates, rubber molecules adsorbed on the filler surface form a transition
layer between the filler and the rubber. In this case the, formation of this layer is due to the effect of
secondary electrons, the quantity of which is different because they pass through a material of non-
uniform density. A high density of three-dimensional network characterizes the layer and the higher the
content and the larger the specific surface area of the filler, the greater is the volume fraction of he rubber
bonded to it (9). This may explain the superior TS of the NBR samples filled with the ultra-fine silica if
compared with those of the NBR samples filled with the HAF-carbon black at the same level of
concentration and irradiation dose.

In a future work, the coagent type SR-517 was selected to study the effect of various coagent
concentrations on the physical, mechanical and thermal properties of the filled NBR at different
irradiation doses. This selection is based on the effect of this coagent in producing a set of optimum
mechanical properties, i.e. moderate crosslink density, good tensile strength, as well as elasticity, at low
irradiation dose, i.e. 40 kGy.

CONCLUSIONS

Four-selected polyfunctional compounds namely, trimethylacrylic ester, trimethylol propane
trimethacrylate, zinc diacrylate and modified pentaerthitol triacrylate, as crosslinking agents, were tested
for improving the mechanical properties of radiation vulcanized nitrile rubber. Ultra-fine particle silica
gives the utmost reinforcement in rubbers if compared with HAF-carbon black filler. Products
formulated with a high acrylonirile content nitrile rubber using a fumed silica of high surface area show
high tensile and elongation. Incorporation of the different coagents resulted in an improvement in the
mechanical properties of NBR rubber, filled either with HAF-black or fumed silica, if compared with the
control samples, especially at low irradiation doses and their effect are more pronounced in case of HAF-
carbon black than in case of silica.. The coagent type SR-517 showed moderate crosslink density, good
tensile strength, as well as elasticity, at low irradiation dose, i.e. 40 kGy.
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ABSTRACT

The degradation kinetics due to gamma irradiation of aqueous solutions of

some organic pollutants (Reactive Yellow Dye, Acidic Yellow Dye and Fast

Yellow Dye) were investigated. A combined treatment of gamma irradiation and

conventional methods was applied and is much more effective than either alone.

Factors affecting the radiolysis of the pollutants such as concentration, irradiation

dose, dose rate, and pH of the solutions was studied. Radiochemical degradation

yields were calculated to elucidate the mechanism of the degradation process.

Also, the feasibility of using Granular Activated Carbon (GAC), Ion Exchange

Resins (Merck I, 11,111, IV) for the removal of these pollutants from aqueous

solutions were studied. Synergistic treatment of the dye solutions by irradiation

methods showed that the saturation of the dye solutions with nitrogen did not

enhance the radiation degradation of the dyes, while addition of O2, H2O2 or

NaOCl resulted in remarkable enhancement. Adsorption of the dyes onto GAC and

some ion-exchangers, showed that GAC has the highest adsorption capacity

compared with ion-exchangers. Irradiation followed by adsorption resulted in the

removal of these toxic pollutants from wastewater.

Key Words. Radiation- Degradation - Adsorption - Dyes - WasteM'ater.

INTRODUCTION

As the standard of living increases so does the need for water and this brings as a

consequence the production of waste water for which suitable treatment and disposal methods

must be provided. In very primitive communities water demands of around 2.5 liter/person day

have been recorded but as life styles develop, a water demand of about 10 liter/ person day and

raised up to 100 liter /person day due to increasing water demand for other domestic purposes.
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In developed countries the public expect, and usually get, a high standard water-supply service

and efficient collection, treatment and disposal of wastewaters.There are many chemical

compounds whose presence in water could be harmful or fatal to human life and it is necessary

to consider two aspects of the problem in assessing potential hazards.(1) The treatment of

wastewater poses a serious environmental problem. Many of the pollutants are not readily

biodegradable and complete removal in many cases is a relatively expensive process. On the

other hand, incomplete removal is a serious health hazard.(2) Studies dealing with use of gamma

irradiation in the treatment of wastewaters have shown that irradiation coupled with

conventional methods resulted in more degradation of the pollutants.

EXPERIMENTAL

a - Materials:

Three different organic yellow dyes such as one reactive yellow dye, (Rremazol Yellow

Reactive Dye G IIB), one acid yellow dye (Acid Sandolan dye), and one fast yellow dye (Fast

Yellow RL Dye), were studied. Each of the following dyes was prepared initially by dissolving

100 mg in one liter of de-ionized distilled water. The concentration of the dye was measured

and determined by visible spectrophotometry.

b - Adsorbents and Ion Exchangers

1- Granular Activated Carbon (GAC).

BACM granular Activated Carbon was supplied by Mitsubishi Company, Japan. It is

spherical beads with surface area 1100 m2/g, density in dry state 0.992 g/cm3 and the particle

size fractions were 0.3-0.42 mm. The moisture content in the BACM activated carbon

was 5.8%.

2- Ion Exchange Resins

Four different types of Ion Exchange Resins were used in the present work. Strong

Cation Exchanger Merck I, Weak Cation Exchanger Merck II, Strong Anion Exchanger

Merck III and Weak Anion Exchanger Merck IV. All these types of Ion Exchangers were

supplied by Merck Laboratories, Germany. Strong Cation Exchanger Merck I is a highly acidic
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sulphonated cation exchanger of the polymerization type based on styrene divinyl benzene

(DVB) copolymers, mesh 0.4 - 0.6 mm, an exchange capacity of 4.5 m Eq/g and a nominal

divinylbenzene content of 8%. Weak Cation Exchanger Merck IV is a weakly acidic carboxylic

exchanger of the polymerization type based on acrylic acid- divinylbenzene (DVB) copolymers,

mesh lmm, an exchange capacity 10 m Eq/g resin, and a nominal diviylbenzene content of 5%.

Strong Anion Exchanger Merck III is a highly basic anion exchanger. It is a

polystyrene derivative with anchored quaternary amonium groups, mesh 0.3- 0.6 and an

exchange capacity of 3.1 m. Eq/g. Weak Anion Exchanger Merck II is a polystyrene derivative

with aliphatic amino groups, mesh 0.4-0.5 m.m and Exchange capacity of 5 m. Eq/g.

c - Experimental Techniques:

1- Gamma Irradiation Source :

Irradiations were carried out using a 60Co gamma irradiator (Gamma Chamber 4000 A,

India) with a cylindrical irradiation chamber. All irradiations were carried out at ambient

temperature (about 45 °C in the chamber) and at a dose rate of about 0.28 Gy/sec.

2 - U.V. Visible Spectrophotometer.

The instrument with the double beam U.V. visible Sp. 200, PYE Unicam, England was

used. The concentration of dye solutions was determined at wave lengths 418 nm for Reactive

Yellow Dye, 404 nm for Acid Yellow Dye and 496 nm for Dispersed Yellow Dye.

3 - COD and TOC Measurements

Total Organic Carbon content (TOC) and inorganic carbon content (IC) in the solution

were determined with a Shimadzu TOC 5000 A Analyzer, Japan. Carbon dioxide formed in the

solution was measured as the IC by the following method. Oxygen bulled through the dye

solution and pesticide solution during irradiation was passed through 0.01 N sodium hydroxide

aqueous solution, in which carbon dioxide formed was trapped, and then carbon dioxide in the

alkaline solution was measured as the IC. Chemical Oxygen Demand (COD) was determined

by a manganese method.
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d - Method used for Adsorption Studies:

( Equilibrium studies)

Adsorption isotherms were determined by the batch, or bottle-point method, for all

adsorbents. Amounts of adsorbent equal to one gram were added to 250 ml bottles containing

100 ml of buffered adsorbate solution with concentration from 10 to 100 mg/1 for dyes. The

bottles were sealed by an aluminium foil paper, stirring mechanically and then left for 8-14

days at room temperature (25°C). Resultant solution concentration were then determined, the

equilibrium data from each such bottle representing one point on an adsorption isotherm.

RESULTS AND DISCUSSION

I. Radiation Degradation of Dyes

a - Effect of irradiation dose and dose rate.

The effect of gamma radiation dose in kGy on three dyes studied (Remazol Reactive

yellow dye, Sandolane acid yellow dye and fast yellow Gl-dye) was carried at various

concentrations (25-100 mg/1) and the results are shown in Figs. 1-3 for the three dyes,

respectively. For low dye concentration almost complete degradation was achieved, while for

high concentration (100 mg/1) this goal was not achieved. The initial concentration of the

pollutant plays an important role in its degradation and dilution is recommended. The effect of

gamma- radiation on the degradation of the dyes differed according to the type and structure

of the dyes. The reactive yellow dye was more sensitive to radiation than the acid and the fast

yellow dyes. This may be due to the difference in the structure, the fast yellow dye has four

aromatic rings which made it more stable against radiation (Fig. 3). Also, the acid yellow dye

showed more radiation resistance which may be due to the existance of sulpher atoms in its

structure (Fig. 2). However, the reactive yellow dye containing N=N groups and substituted

aromatic rings showed more sensitivity towards gamma radiation (Fig. 1), Suzuki et «/(3))

reported the same behaviour in their work with different acid and azo dyes.

The dose rate study showed that the radiation degradation of the dyes is similar in

behaviour to the radiation degradation of other pollutants (pesticides). Low dose rates show

more degradation than higher dose rates. Suzuki et a!(4> working on the degradation of some

anthraquinone dyes reported no dependence of the decolouration percent on the dose rate in
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The influence of dissolved oxygen is generally apparent when working in open air

condition and much greater when the degradation was carried out in oxygen-saturated dye

solutions. The mechanism of the reactions leading to dye degradation is mainly of the radical

type; primary radical species (eaq and OH as well as O2
2" ) as well as secondary species, i.e. the

radicals produced by organic substance fragmentation, contribute to the degradation process.

In addition, the appearence of species HO2 and O2, whose concentrations are linked by acid-

base equilibrium reaction. (6f" 8) Contribute also to the decomposition of the dyes. Hydrogen

peroxide reacts rapidly with the hydrated electron formed from the radiolysis of water, leading

to the formation of OH radical.(9'I0)

It is obvious that the degradation of the dyes is promoted by the addition of hydrogen

peroxide. The OH radical destroys the dye chromophore more efficiently than the hydrated

electron does.

Table 2 shows the radiochemical yield (G- value) of the degradation process of the

three dyes when irradiations were carried out in the presence of nitrogen, oxygen, hydrogen

peroxide and sodium hypochlorite. From the table, it can be seen that the addition of N2 did

not show a synergistic effect, while the other additives showed a remarkable enhancement in

the degradation of the dyes in their aqueous solutions.

When NaOCl was added to the dye solutions followed by exposure to gamma

radiation, the degree of degradation of the dyes increased. The highest increase in degradation

occured at pH= 3 while the least increase in degradation was observed in the neutral and

alkaline medium and depended on the type and the physiochemical characteristics of the dye, a

fact reported by many authors. (4> 9) The effect of pH on the radiation degradation may be

explained in terms of the various chemical equilibria present in the system. The ionizable sites

of the dye molecules are sensitive to pH, but the major differences are probably due to

differences in the hypochlorite equilibria(Ilil2)

Total Organic Carbon (TOC) and Chemical Oxygen Demand(COD):

The degradation of the dyes, is accompanied by the oxidation of part of the organic

substances (decrease in TOC and COD) and is a function both of pH and oxygen concentration

of the solution. Changes of Total Organic Carbon (TOC), Chemical Oxygen Demand (COD)

and pH values of the dye solutions as a function of irradiation dose is tabulated in Tables (3).

A reduction in TOC and COD was observed for all three dyes studied. This reduction
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Table (2): Radiochemical Yield of the Degradation (G<r value ) of Different Dyes at Various pH Values.

Dyes

Reactive
Yellow

Acidic
Yellow

Fast
Yellow

N 2
pH3

0.23

0.19

0.11

pH7

0.180

0.130

0.095

pH10

0.100

0.080

0.045

Air
pH3

0.48

0.38

0.36

pH,

0.32

0.33

0.27

pHw

0.190

0.183

0.120

pBb

0.55

0.95

0.55

pH7

0.88

0.65

0.48

pHio

0.65

0.40

0.24

H2O2
pH3

2.00

1.90

1.60

pH,

1.20

1.01

0.80

pHio

0.85

0.60

0.50

NaOCJ
pH3

1.80

1.60

1.30

pH7

0.90

0.90

1.30

pH]0

0.60

0.38

0.32

c*

Table (4): Adsorption isotherm parameters (Freundlich constant k, 1/n) for different
adsorbents and different dyes (Cj = 100 mgA) at various pH values.

Dyes

Adsorbent

GAC
Merck I
Merck II
Merck HI
Merck IV

Reactive Yellow Dve
k

3.40

0.60

0.40

035

0.25

1/n

0.80

0.45

0.55

0.60

0.50

k

2.80

0.40

0.25

0.20

0.18

1/n

0.80

0.45

0.55

0.60

0.50

Acid Yellow Dye
k

2.80

0.45

032

0.28

0.20

1/n

0.60

0.65

0.40

032

0.60

k

2.10

030

0.25

0.18

0.12

1/n

0.60

0.65

0.40

032

0.60

Fast Yellow Dye
k

2.10

030

0.20

0.15

0.12

1/n

0.52

0.80

038

0.40

4 030

k

1.8

0.16

0.10

0.12

0.90

1/n

0.52

0.80

038

0.40

030



increased with the increase of gamma dose and was accompanied by a decrease in the pH

values of the solutions. The decrease in TOC was reported by Suzuki and Nagai(13) to be

almost equal to the increase in the amount of inorganic carbon in the solution suggesting that

the molecules are degraded almost completely to carbon dioxide in the presence of enough

oxygen. The degradation in our experiments was coupled with a drop in the pH of the

different solutions, corresponding to the TOC reduction in the oxygen -saturated

solutions and this suggests that the formation of organic acids due to gamma irradiation is

promoted by oxygen.

In general, it was found that significantly higher doses were required for appreciable

changes in COD. The COD reduction was explained by oxygen addition reactions following

reactions of the radiolytic species. The oxidation reactions can only proceed as long oxygen is

available in the solution. The tendency of TOC reduction, the COD reduction and the change

of pH values for all the solutions was similar to each other.

III. Radiation Adsorption Purification :

The adsorption of the dyes on GAC, Merck Ion Exchangers I, II, III and IV was

studied and showed that GAC is the best adsorbent for these pollutants followed by exchange

resins and at last the results are shown in Table (4) in which the adorption isotherm

parameters (Freundlich constant k and 1/n) for the different adsorbents at various pH values.

The radiation adsorption purification is one of the new directions in the radiation purification

field. This method combines radiation treatment of the organic pollutants coupled with the

conventional adsorption purification by equilibrium batching method. Granular Activated

Carbon (GAC), four ion exchange resins were used as adsorbents for the three dyes. The

irradiation dose ranged 4-6 kGy according to the type of the pollutant as well as the

equilibrium concentration 12-15 mg/1 for the dyes. Figures (7-10) show that the relationship

between the amount of dyes adsorbed (mg/g) and the remaining concentration at equilibrium

(mg/1) at the optimum condition (pH=3) and an initial concentration ranged from 12-15 mg/1. It

can be seen from the figures that the percent removal of the pollutants reached a remarkably

high value 96-99%. The irradiation of the dyes followed by adsorption achieved the highest

purification grade under MPC (Maximum Permissible Concentration) according to the FAO

regulations (Table 5). The same results were obtained by the work in our environmental

laboratory (1416).

278



1.2 1.6 2.0 2.4 2.8 3.2
Equilibrium Concentration mg/l

Rtictlr*
Y«n»w By*

Acid Y.lto»
Dy»

Futl Ytllow
Dy*

Relationship between the adsorption capacity (mg/g)
of Granular Activated "Garbon and the equilibrium
concentration (mg/l) for gamma inadiated solutions
of different yellow dyes.

>.
G

Fig.(8):

1.2 1.6 2.0 2.4 2.8 3.2
Ecjjilibrium Concentration mg/l

3.6

Relationship between the adsorption capacity (mg/g)
of differenet ion exchanger and the equilibrium
concentration (mg/l) for gamma inadiated solutions
of reactive yellow dye
o Strong Cation • Weak Cation
A Strong Anion * Weak Anion

279



1 1 I I I 1 1 1 1

.8 1.2 1.6 2.0 2.4 2.8 3.2 3.6
Equilibrium Concentration mg/l

4.4

Fig.(9): Relationship between the adsorption capacity (mg/g)
of different ion exchanger and the equilibrium
concentration (mg/l) for gamma irradiated solutions
of acid yellow dyes.
o Strong Cation « Weak Cation
A Strong Anion * Weak Anion

I

I
a

.8 1.2 1.6 2.0 2.4 2.8 3.2
Equilibrium Concentration mg/l

3.6 4.4

Fig.(lO): Relationship between the adsorption capacity (mg/g)
of different ion exchanger and the equilibrium
concentration (mg/l) for gamma irradiated solutions
of fast yellow dyes.
o Strong Cation • Weak Cation
A Strong Anion •* Weak Anion

280



REFERENCES

1- D.Barnes and F.Wilson, "Chemistry and Unit Operations in Water

2- W.S.Holden, "Water Treatment and Examination," Churchill, London (1972).

3- N.Suzuki, T.Nagai, H.Hotta and M.Washino, International Journal Applied Radiation and

Isotopes, 26, 726 (1975).

4-N.Suzuki, T.Nagai, H.Hotta and M.Washino, Bulletin of the Chemical Society of Japan,

48, 2158(1975).

5- N.Piccinini and F.Ferrero, Int. Atomic Energy Agency, 249 (1975).

6- N.Suzuki and O.Tokunaga and N.Washino, Bulletin of the Chemical Society of Japan, 51,

1337 (1978).

7-N.Suzuki and M.Teijiro, S.Akihisa, S.Hashimoto and W.Kawakami, Journal of Applied

Radiation and Isotopes, 29, 103 (1978).

8- N.B.El-Assy, F.A.Abdel-Rehim, S.A.Emarra and A.A.Abdel-Fattah, Journal of

Radioanalytical and Nuclear Chemistry, 148, 235 (1991).

9- M.Washino, Journal Radiation Physical Chemistry, 18, 383 (1981).

10-K.H.Gregor, Hollriegelskrouk, Fed. Rep. Germany, 71, 976 (1990).

II- Stallmann, Use of Metal Complexes in Organic Dyes and Pigments, J.Chem. Educ, 37,

220 (1960).

12-T.F.Craft and G.C.Eichholz, International Journal of Applied Radiation and Isotopes,

22, 543 (1971).

13-B.Haist-Gulde, K.Johannsen, S.Stauder, G.Baldaufand H.Sontheimer, Journal of Water-

Waste Water, 132, 1 (1991).

14- A.M.Dessouki and S.E. Abdel- Aal, IAEA Intern. Symposium, Zakopane - Poland

SM35O- 16,(1997).

15- A.M.Dessouki, S.E. Abdel- Aal and S.A. Ismail, Arab J. Nucl. Sci. and Applns.31, 117

(1998).

16- A.M.Dessouki A.M. Aly and H.H. Sokker, International Conf. Hazardous Waste, Cairo,

Egypt, December (1998).

17 - A. M. Dessouki, H.F. Aly and H.H. Sokker, Czechoslovak journal of physics, vol. 49,

521 (1999).

281



Seventh Conference of Nuclear Sciences & Applications EQO1 00025
6-10 February 2000, Cairo, Egypt

Rad.C-13 "Removal of some Dyes from Industrial Effluents by Polymeric
Materials and Gamma-Irradiation"

S. E. Abdel-Aal, A. M. Dessouki and Y. H. Gad
National Center for Radiation Research & Technology,

P. O. Box 29, Nasr City-Cairo. Egypt. 11731.

ABSTRACT

The radiolysis of two basic dyes ( Astrazon Red 613 and Astrazon Blue BG-
200%), was investigated as a function of dye concentration, pll, irradiation
dose and dose rate. It was found that the Astrazon Red 6B dye showed
more radiation degradation than that of the Astrazon Blue BG-200% dye.
Combining irradiation with the conventional treatment resulted in an
enhancement in the degree of degradation. Addition of oxygen or hydrogen
peroxide showed this enhancement, while nitrogen showed no change. A
pH drop was observed and may be attributed to the degradation of the dye
molecules to lower molecular weight compounds such as organic acids. The
primary radiolysis products as well as the secondary products are
responsible for the degradation of the dye chromophore. Experiments on
the adsorption or exchange the dyes onto GAC, some polymeric ion
exchange resins and polymeric membranes were carried out showing that
GAC having the highest adsorption capacity. Through the combined
treatment of irradiation and adsorption, the total removal of these toxic
dyes was achieved.

Key Words: Dyes- Removal- y-Radiation- Adsorption- Polymeric Membranes.

Introduction

Most dyes used by textile industry are not easily degraded by ordinary treatment
processes. Ionizing radiation may be promising for the treatment of the textile dye waste
effluents, ( M ) because the effect of radiation can be intensified in aqueous solution in which
the dye molecules are degraded effectively by the primary products formed from the
radiolysis of water. In the presence of oxygen, the hydrogen atom reacts rapidly with
oxygen, leading to the formation of oxidizing HO2 radical. Chemical oxidation of the
organic species in the presence of oxygen is due to the interactions of oxidizing radicals with
them in the aqueous solution.

EXPERIMENTAL
Materials:

Two dyes were used in the present work, namely Astrazon red 6B (Basic violet 7)
and Astrazon blue BG-200% (Basic blue3). Five adsorbent materials were used in the
adsorption studies: Granular Activated Carbon (GAC), a strong anion exchange resin, Merck
Anion Exchanger 111 (it is high basic anion exchanger, it is a polystyrene derivative with
anchored quaternary ammonium groups), a strong cation exchange resin, Merck Cation
Exchanger I(it is a highly acidic sulphonated cation exchanger of the polymerization type
based on Styrene-divinylbenzen copolymer), and two polymeric memberanes Poly
Propylene (PI1) Illms were grafted by Styrene/Acryiic Acid and by Styrene/Acrylamide (PP-
g-Sty/AAc and PP-g-Sty/AAm). All chemicals used were reagent grade and were used as
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received. De-ionized distilled water was used in the preparation of dye solutions without any
contaminant.
Adsorbents:

Strong Anion Exchanger Merck III was supplied by Merck Laboratories.
Germany. GAC was supplied by Arabic Laboratores Company, Egypt. Details of nil, UV, T-
irradiation dose, and equilibrium studies were carried out as previously described I8'19)

RESULTS AND DISCUSSION

A- Radiation Degradation of Dyes:

The basic dyes Astrazon Blue BG-200% and Astrazon Red 6B were more sensitive to y-
radiation than acid and direct dyes. This may be attributed to the existance of six benzene
rings in the structure of the dyes. It is well known fact that the existance of more benzene
rings in a compound makes it more resistant to radiation effects'5"7'. The effect of gamma-
radiation on the degradation of the dyes differed according to the type and structure of the
dyes Fig (1). Astrazon Red dye showed more degradation than Astrazon Blue. Also, the dose
rate study showed that here as in previous studies (8-9) that the radiation degradation of the
dyes is similar in behavior to the radiation degradation of other pollutants (pesticides). Low
dose rates showed more degradation than higher dose rales.Suzuki et a! (l"! working on the
degradation of some anthraquinone dyes reported no dependence of the decolouration
percent on the dose rate in the range 0.03- 0.55 Gy/sec. However, they reported some
dependence of the radiation degradation on the dose rate in other cases. The pH of the dye
solutions has a considerable effect on the degradation of the dye at various irradiation doses
and it varies according to the type of the dye. It can be seen from Fig. (2) that the amount of
the dye degradation was lowest at pH=l 0 in all cases and highest at pi 1= 4. It was observed
that the pH of the dye solution decreases after irradiation. This drop in pH was explained on
the basis of the radiolysis products forming organic acids, which lead to the decrease in the
initial pH. Organic acids were detected as degradation products of the dye molecules to
lower molecular weight compounds'5"71.

B - Synergistic Effects of Irradiation and Conventional Treatments ( O2 and II2O2)

The addition of oxygen resulted in an enhancement of the radiation degradation of
the dye solutions Fig. (3). The extent of this degradation was different for the different types
of dyes. Basic Red and Basic Blue, dyes suffered the highest degree of degradation due to
the presence of oxygen, while Acid and Direct dyes showed a moderate enhancement in
degradation. In most cases the radiation degradation of the dyes was higher in the acidic
medium followed by that in neutral medium and the degradation carried out in alkaline
medium proceeded with the least degree. The irradiation of the dye solutions with gamma
radiation leads to the formation of radical and molecular products formed from the radiolysis
of water. Many anthers (""U) reported that in addition to the primary ON'Radicals, the
species (HO2 and O2") contribute to the degradation process and that this process in the
presence of oxygen leads to the formation of peroxides which contribute also to the
degradation reactions. The influence of dissolved oxygen is generally apparent when
working in open air condition and much greater when the degradation was carried out in
oxygen- saturated dye solutions.The mechanism of the reactions leading to dye degradation
is mainly of the radical type, consequently, the observed behaviours versus pM are to be
connected with the acid- base properties of both primary radical species (e"aq and OH' as well
as O22" have a basic character, so that in an acidic medium a partial transformation occurs in
the corresponding protonated species IT. l-hO'and HO2 ) and secondary species, i.e. the
radicals produced by organic substance fragmentation, the different relative reactivity of the
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various species as pH changes, involves different behaviors according to the structure of the
original dye molecule. The inter- dependence between the influence of concentration of H4

and O2 is sufficiently clear, when taking into account the effect of dissolved oxygen already
discussed, resulting in an increase in radical concentration owing to the appearance of
species HO'2 and O2 ", Whose concentration are linked by acid- base equilibrium
reactions.18'9'10

The radiation degradation of the dye solution in the presence of H2O2 as a function
of irradiation dose in kGy at a constant dye concentration of 100mg/l at various pM values
(4. 7 and 10) is shown in Fig.(4). The results showed that the dyes were very sensitive to
gamma radiation in the presence of hydrogen peroxide to a large extent under all conditions
studied. A close of 5 kGy was enough for almost the complete degradation of these pollutants
at pli= 4, but this was not achieved at pH= 7 and 10. It is obvious that the degradation
reaction is promoted by addition of hydrogen peroxide. Hydrogen peroxide reacts rapidly
with the hydratec! electrons (e"aq) formed from the radiolysis of water, leading to the
formation of Oil: radical.'5"71

C- Adsorption Purification:
1- Adsorption onto GAC ami Ion Exchange Resins.

Figures (5-7) show the relation between the adsorption capacity (mg/g) of Granular
Activated Carbon and the equilibrium concentration (mg/1) for the dyes at different pH
values (4, 7 and 10), respectively. The highest adsorption capacity onto GAC was shown by
the dyes with different percentages depending on the physicochemical characteristics of
these pollutants and their chemical structure. More adsorption was shown at pi 1=4, followed
by the neutral medium and at last the alkaline medium. However, complete removal of these
pollutants was not achieved, although GAC is well known as very active adsorbents. When
resinous adsorbents such as Merck 1 (a strong cation exchanger) and Merck III (a strong
anion exchanger) were used for the adsorption of the pollutants, less removal was observed.
Merck 1 showed betlcr adsorption capacity for the tlyes followed by the anion exchange
Merck III. Due to the degree of purification that can be achieved by adsorption, this process
is often used in the case of synthetic polymeric ion-exchangers. This is the first general trend
in the adsorption studies. Also, it was observed that more cationic species were adsorbed on
GAC and on the ion-exchangers. A sorbate having strong affinity with the solvent usually
represents a strongly adsorbed species, therefore the sorbate has a high adsorption capacity.
This may be explained that there is a strong adsorbed species, which always has a greater
tendency to occupy the adsorption sites, than the weakly adsorbed species does. Generally,
the activated carbons performed best, followed by the carboneous adsorbents, and finally by
the polymeric and resinous adsorbents. The shapes of the isotherms suggest that the
polymeric and resinous adsorbents may be most competitive with activated carbon at very-
low waste concentrations. This is in good agreement with our results.

2-Ailsorption of Dyes by Bentonite Clays:

After the treatment of clays with IN hydrochloric acid, the dye solutions come in
contact with the clays for a period of 12 days at various pH values, the results are shown in
Figs. 8 and 9. It is clear that the two basic dyes showed the highest adsorption on the
bentonite clays, while the least adsorption was shown by the two direct dyes for all pH
values studied. This may be attributed to the difference in molecular weight, molecular size
and physicochemical characteristics of the dyes: smaller molecules showed more adsorption
(Basic Blue & Basic Red). The numerical values of k and 1/n are shown in Fig. (8, 9).
Variation in the slopes (I/n) and intercepts of the lines (k) reflects the effect of chemical
structure of the different pollutants on the adsorption process and their affinity for
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adsorption. In general, as the (k) value increases, the adsorption capacity of adsorbent for a
given compound increases. The slope of the isoihcrm line may also characterize the
adsorption process. Steeper slopes indicate relatively good adsorption of the compoumd
when present in high concentration. Slight slopes indicate comparable adsorption ovefthe-
entire range of concentrations. Consequently, the adsorption parameters (k, 1/n) describe on
a quantitative basis the adsorption process and account for the variation in adsorbent doses
required for the removal of dyes <U|

3-Ailsorpt ion onto Polymer ic M e m b r a n e s :

Membranes seem to be the most promising technology in wate/ treatment
technologies. Their best advantage is their ability to produce waier with a constant and well
adjusted quality. At a time where the demand for quality is a major drive, membranes linis
have a clear advantage over all other technologies. They remove a wide range of substances,
from particles to ions, including bacteria and viruses. Theoretically they could remove
everything. They can operate without chemical addiiion fo wafer, are reliable, compact, ami
to automate . Their major disadvantages arc still their rather high capital and operation
costs, and the fact that they are prone to fouling, which requires often a high level of
pretreaiment and regular chemical cleaning. The}1 may also have a rather important reject
stream whose disposal creates problems. PolyPropylene (PP) dims were grafted by slyrene /
acrylic acid (pp-g-sl /AAc) and by styrene / acrylamide (pp-R-si ;AAm) to obtain membranes
to be used in the removal of the different dyes from waslewaler. Fig. (10) show the
adsorption capacity (mg/g) of these grafted membranes as a function of equilibrium
concentration (mg/l) lor the different pollutants at pi I ' 7. it can be seen from the figures thai
PP-g-Sly /AAc showed less-adsorption capacity than (lie PP-g-Sty /'AAm membranes, for all
pollutants. This may be due to the functional groups grafted on the trunk polymer.

I)- Radia t ion - Adsorp t ion Puri f icat ion:

Radiation adsorption purification is one 01 Ihc new directions in the radiation
purification Held. This method combines radiation treatment of (lie organic pollutants
coupled with the conventional adsorption purification by equilibrium batching method.
Granular Activated Carbon (GAC). two ion-exchange resins {previously used in the
adsorption section) and one bentonitc . d a y were used as adsorbents for the dyes. All
experiments were carried out at different pi 1 values (<i, 7 and 10). The irradiation dose was 3
kGy for all types of the pollutants as well as the equilibrium concentration 20-35 mg/l for.the
dyes, ll can be observed that very high percent removal was achieved which ranged between
97- 100 % using (he different adsorbents as shown in Table, (1). ft was also observed that the
best conditions for (he adsorption was at pi 1= 4 for all the dyes.-The irradiation .of the dyes
followed by adsorption achieved the highest publication grade under MPC (Maximum
Permissible Concentration) according to the FAO regulations. Adsorption from solutions can
be highly pi I dependent, as discussed earlier '"' 1;. from the economic and practical'
standpoint, a fluid should always be evaluated at ambient pl l . In oilier words, the pll of a
solution is significant for its effect on the adsorbent as well as on the adsorhale. Both
adsorbale and adsorbent may have chemical characteristics that, ai e affected by the
concentration of hydrogen ions [ il ] in the solution. Some adsorbents have affinity for [ II ]
or [ Oi l "] ions can directly affect the solution pi I and therefore the solubility and the

1 adsorption capacity.
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Adsorbent

C3AC

Cation
exchange

resin

Anion
exchange
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Henlonite
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Name

Of dye

Basic
red

Basic
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Basic
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Dasic
red
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Direct
orange

Direct
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pH4

after
rndlalion

18.1

45.9

17.8

44.6

17,4

45

17.7

45.4

28.1

35.2

after
adsorption

0

0

0

.06

.01

19.9

0

.03

.01

*
21.6

pH7

A Her
radiation

25.J

51.9

24.8

50.7

25.1

50.3

25.2

51.2

32.2

40.8

afler
adsorplion

.01

0

0

.03

4.6

29.7

0

.15

.02

27.2

pH 10

after
rndintion

31.6

54.9

30.9

55.2

31.2

55.4

31.3

54.1

41.3

47.6

after
adsorption

0

.06

.3

21.1

. 11.9

41.5

I

15.8

25.93

34.7

Table (I)1:- The remaining concentration (mg/l) afler the radiation &
adsorption treatment of different dyes by radiation
'(3 kGy) Then ndsorption on different adsorbent materials
at differ?':' pi I values and initial conr.entration=100 mg/1.

80 10040 60

Ce (mg/l)

F ig . (10 ) : Relation between the adsorption capacity (mg/g) of PP-g-Sty/AAm & PP-g-Sly/AAc

and the equilibrium concentration (mg/l)of thaijasic red dye at pH =7
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Conclusion
11 can be concluded that the radiation treatment of the pollutants was not enough to

achieve it s complete degradation. Also, adsorption purification alone was not enough lor the
complete removal of these hazardous wastes. The new trend for using the combined
treatment of irradiation followed by adsorption achieved this goal and almost complete
removal of these pollutants and their radiolysis products fragments of the pollutants, new
compound such as acids....etc.) were all removed by the adsorbents. This means that the
radiolysis products which may be also toxic, were completely removed as well as the
original pollutants and were removed from the polluted solutions down to concentrations not
exceeding the maximum permissible concentration (MPC) according to the international
standards.
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Abstract

Wastewater effluents from textile plants typically contain
appreciable quantities of organic dyes that are resistant to
degrade by ordinary treatment processes and constitute a highly
visible form of pollution in the receiving waters. Carbon
absorption as well as ionizing radiation are used as treatment
processes. However, each method alone did not achieve the
complete removal of these pollutants. A combined treatment is
more effective. The two direct dyes(Direct orange S ,Isma Fast
Yellow RL) were degraded by -radiation 76% and 70%
,respectively . Also, the acid dye Sandolane Rubanole E-3GSL
(Acid red 37) was degraded almost to the same extent. Addition of
O2 or H2O2 resulted in a remarkable enhancement in the
degradation process. The effect of pH, y-dose and dye
concentration was studied. Polymeric ion exchangers proved to be
more effective in the removal process than clays. However,
granular activated carbon (GAC) was the best adsorbent for the
direct dyes. Clays proved to be very good adsorbents for two basic
dyes than their weak adsorption behavior of the direct ones.

Key Words: Direct dyes - Degradation - Radiation - Adsorption - Purification

INTRODUCTION

As a consequence of the rapid growth of the various industrial and agricultural
activities, the environment is getting more and more charged with pollutants. In
particular, regarding the aqueous ecosystem, the intensive use of fertilizers and
pesticides and the production of large amounts of wastes, have contributed to
make worse the quality of water resources. Furthermore, the chlorination of water
is another factor that contributes in this respect, due to the formation of toxic by-
product (I"4). Irradiation with Y-rays or electron beam (EB), is an efficient process
for degradation of organic pollutants present in water and wastewaters and
appears to be most promising technique in the future (5"14). In this study the
radiolysis of two direct and one acid dyes Direct orange S, Isma Fast yellow and
one acid dye: Sandolan Rubanole E-3GSL was investigated as a function of dye
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concentration, pH, irradiation dose and dose rate. Combining irradiation with
conventional treatment for enhancement in the degree of degradation, addition of
oxygen or hydrogen peroxide was studied. Experiments on the adsorption of the
dyes onto GAC, some polymeric ion-exchange resins' and polymeric membranes
were carried out.

EXPERIMENTAL
Materials:

Three dyes were used in the present work, namely two direct dyes: Direct
orange S ( Direct orange 26 ) and Isma Fast yellow RL ( Direct yellow 50 ) and
one acid dye: Sandolane Rubanole E-3GSL ( Acid red 37 ). Five adsorbent
materials were used in the adsorption studies; Granular activated carbon ( GAC ),
a strong anion exchange resin, Merck Anion Exchanger III, a strong cation
exchange resin, Merck Cation Exchanger I, and two polymeric memberanes Poly
Propylene (PP) films were grafted by Styrene/acrylic acid and by
Styrene/acrylamide (PP-g-Sty/AAc and PP-g-Sty/AAm) All chemicals used were
reagent grade and were used as received. De-ionized distilled water was used in
the preparation of dye solutions without any contaminant.

Adsorbents:
Strong Anion Exchanger Merck III was supplied by Merck

Laboratories, Germany. GAC was supplied by Arabic Laboratores Company,
Egypt. Details of pH,UV, Y-irradiation dose,and equilibrium studies were carried
out as previously described(9'10'n> 12)

RESULTS AND DISCUSSION

1- Effect of concentration, Y-irradiation dose and dose rate on the
decomposition of the dyes.

The effect of concentration (mg/1) and gamma radiation dose in kGy on
the three dyes studied (Direct Orange S, Isma Fast Yellow RL, Sandolan Rubinole
E-3GSL) was carried at various concentrations (25- 150 mg/1) and the results are
shown in Fig. (1) for the three dyes, respectively. Almost complete degradation
was achieved for low dye concentration (25-50mg/l) and a dose of 1-2 kGy was
enough to achieve this goal. However, for high concentrations (75-150 mg/1) the
acid is more sensitive to radiation than and the two direct dyes. This may be
attributed to the existance of six benzene rings in the structure of the yellow and
orange direct dyes. It is well known fact that the existance of more benzen rings in
a compound makes it more resistance to radiation effects (l5). The effect of
gamma-radiation on the degradation of the dyes differed according to the type and
structure of the dyes. The dose rate study showed that here as in previous studies
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(" ) that the radiation degradation of the dyes is similar in behaviour to the
radiation degradation of other pollutants (pesticides). Low dose rates showed
more degradation than higher dose rate.The three dose rates used ranged (0.52-
1.04-2.08 kGy/h) and experiments were carried out at pH7. However, working
with other kinds of dyes. Suzuki et al ( !6I7) reported some dependence of the
radiation degradation on the dose rate. However, the difference between the
degree of degradation due to the three dose rates was remarkable in the present
study.

2-Effect of pH:
The effect of the dye solutions pH on the percent degradation at constant

concentration (100 mg/1) as a function of irradiation dose (I, 3, 5, 10, 20, kGy)
was shown in Figure (2). The pH value of the dye solutions has a considerable
effect on the degree of the dye at various irradiation doses and it varies according
to the type of the dye. It can be seen from the figures that the amount of the dye
degradation was lowest at pH=10 in all cases and highest at pH= 4. Piccinini et al
(l0) reported that some of the dyes are more destroyed in the basic medium, others
in the acidic medium and that some others are poorly influenced by pH. The dye
molecules are degraded effectively by the primary active species formed from the

radiolysis of water such as OH', H+, HO'2 and the solvated electrons (e "aq). The
energy of gamma radiation absorbed in the wastewater and converted to these
active species reacts effectively with very dilute pollutants such as in our case.
The effect of the pH of the dye solutions at various irradiation doses leads to the
degradation of the dye molecules to lower molecular weight compounds and
consequently the concentration of the dye decreases. Also, secondary products
formed due to recombination or transformation of the primary species (forming
H2, H2O2) also take part in the degradation process.

B- Synergistic Effects of Irradiation and Conventional Treatments :
The synergistic effect of gamma irradiation coupled with nitrogen gas

bubbled in the dye solutions at various pH values (pH= 4, 7, 10) was investigated
showed that the saturation of the dye solutions with nitrogen did not enhance the
degradation but resulted in lowering it.

1 - Oxygen- saturated dye solutions.

The degree of radiation degradation of the oxygen- saturated dye solutions
was investigated at different pH values as a function of irradiation dose and the
results are shown in Fig. (3). The addition of oxygen resulted in an enhancement
of the radiation degradation of the dye solutions. The extent of this degradation
was different for the different types of dyes. Direct orange dye suffered the
highest degree of degradation due to the presence of oxygen, while Direct Yellow
and acid red dyes showed a moderate enhancement in degradation. In most cases
the radiation degradation of the dyes was higher in the acidic medium followed by

296



U) 15 20

Rad. dose (KGyJ.

25

5 10 15 20
Radlalion dose (KGy)

25

Fig.(3):
Effecf • ".f gamma Irradiation doses (kGy) on Ihe degree of
degradation % of the different dyes in (he presence of Oxygen at
different pH.values al constant initial concentration 100 mg/I and
doserale=Z.08JcGy/h.

: Direct orange dye.
: Acid fed dye.

(c): Direct yellow dye.

c

ca

1
o
•v

ID

0)
Q

Fig.(4):

10 15
Radiation doss (M3y).

25

5 10 15 20

Radiation doss (k6y).

(c)

1

5 10 15 20

Radiation doss (KGy)

25

Effect of gamma irradiation doses (kGy) on Ihe degree of
degradation % of Ihe different dyes in the presence of Hydrogen

peroxide (0.025M) at different pH values at constant initial
concentration 100 mg/I and dose ra(e=2.08 kGy/h.

( a ) : Direct orange dye.
t]j\ '. Acid red dye.

(c\; Direct yeilow dye.

297



that in neutral medium and the degradation carried out in alkaline medium
proceeded with the least degree. The irradiation of the dye solutions with gamma
radiation leads to the formation of radical and molecular products formed from the
radiolysis of water. Many authers (7"9) reported that in addition to the primary OH'
radicals, the species (HO2 and O2') contribute to the degradation process and that
this process in the presence of oxygen leads to the formation of peroxides which
contribute also to the degradation reactions. The influence of dissolved oxygen is
generally apparent when working in open air condition and much greater when the
degradation was carried out in oxygen- saturated dye solutions.

2 - Effect of hydrogen peroxide:

The radiation degradation of the dye solution in the presence of 0.025 M
H2O2 as a function of irradiation dose in kGy at a constant dye concentration of
100mg/l at various pH values (4, 7 and 10 ) is shown in Fig. (4). The results
showed that all the three dyes were very sensitive to gamma radiation in the
presence of hydrogen peroxide to a large extent at all conditions studied. A dose
of 5 kGy was enough for almost the complete degradation of these pollutants at
pH= 4, but this was not achieved at pH= 7 and 10. It is obvious that the
degradation reaction is promoted by addition of hydrogen peroxide. Hydrogen
peroxide reacts rapidly with the hydrated electrons (e'aq) formed from the
radiolysis of water, leading to the formation of OH" radical/5'6'

C- Adsorption Purification:
The adsorption of the pollutants on GAC, two ion exchange resins and two
polymeric membranes was investigated at various pH values using equilibrium
studies. The concentration of the dyes ranged from 10-100 mg/1.

1- Adsorption onto GAC and Ion Exchange Resins.

Figure (5) show the relation between the adsorption capacity (mg/g) of
Granular Activated Carbon and the equilibrium concentration (mg/1) for the dyes
at different pH values (4, 7 and 10), respectively. The highest adsorption capacity
onto GAC was shown by the two dyes with different percentages depending on
the physicochemical characteristics of these pollutants and their chemical
structure. More adsorption was shown at pH=4, followed by the neutral medium
and at the last the alkaline medium. However, complete removal of these
pollutants was not achieved, although GAC is well known as a very active
adsorbent. When resinous adsorbents such as Merck I (a strong cation exchanger)
and Merck III (a strong anion exchanger) were used for the adsorption of the
pollutants, less removal was observed Merck I showed better adsorption capacity
for the dyes (Fig.6) followed by the anion exchanger Merck III (Fig.7). Due to the
degree of purification that can be achieved by adsorption, this process is often
used in the case of synthetic polymeric ion-exchangers. This is the first general
trend in the adsorption studies. Also, it was observed that more cationic species
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were adsorbed on GAC and on the ion-exchangers. A sorbate having stronge
affinity with the solvent the solvent usually represents a strongly adsorbed
species, therefore the sorbate has a high adsorption capacity. This may be
explained that there is a strong adsorbed species, which always has a greater
tendency to occupy the adsorption sites, than the weakly adsorbed species does.
Noll et al ( 1 8 \ reported a similar explanation in their work with the system phenol
+ p-chlorophenol onto XAD-4 resin and phenol + p-chlorophenol onto carbon F-
400. A further explanation was given by Malissa ( l 9 ) who reported that when
adsorption forces predominate, the resins do not contain charged or chemically
active groups. Van Vliet et al ( 20 ', reported that widely differing adsorption
isotherms were obtained for phenol on a sereis of synthetic adsorbents and two
activated carbons.

2-Adsorption onto Polymeric Membranes:
Poly Propylene (PP) films were grafted with styrene / acrylic acid (pp-g-st /AAc)
and by styrene / acrylamide (pp-g-Sty /AAm) to obtain membranes to be used in
the removal of the different dyes: ( Acid Red and Direct Yellow) from
wastewater. Fig. (8) show the adsorption capacity (mg/g) of these grafted
membranes as a function of equilibrium concentration (mg/1) for the different
pollutants at pH= 7. It can be seen from the figure that PP-g-Sty /AAc showed less
adsorption capacity than the PP-g-Sty /AAm membranes, for all pollutants. This
may be due to the different functional groups grafted on the trunk polymer.

3- Radiation &Adsorption Purification:

Granular Activated Carbon (GAC), two ion-exchange resins (previously used in
the adsorption section were used as adsorbents for the dyes (Direct Yellow and
Acid Red at different pH values (4, 7 and 10) and irradiation dose 3 kGy. The
equilibrium concentration 20-35 mg/1 for the dyes as shown in tables land 2. It
can be observed that very high percent removal was achieved which ranged
between 97- 100 % using the different adsorbents as shown in Table (1). It was
also observed that the best conditions for the adsorption was at pH= 4 for all the
dyes. The irradiation of the dyes followed by adsorption achieved the highest
purification grade under MPC (Maximum Permissible Concentration) according
to the FAO regulations.

Conclusion

It can be concluded that the radiation treatment of the pollutants was not enough
to achieve it's complete degradation. Also, adsorption purification alone was not
enough for the complete removal of these hazardous wastes. The new trend for
using the combined treatment of irradiation followed by adsorption achieved this
goal and almost complete removal of these pollutants and their radiolysis products
(fragments) were all removed by the adsorbents.
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Table (1):- The remaining concentration (mg/1) after the radiation &
adsorption treatment of the different dyes by radiation
dose (3 kGy) then adsorption on different adsorbent
materials at different pH values and initial
concentration 100 mg/l.

Adsorbent

GAC

Cation
exchange

Resin

Anion
exchange

resin

Name of

Dye

Direct
yellow

Acid red

DSrect
yellow

Acid red
Direct
yellow

Acid red

pH4

After
radiation

35.7

33.9

35.7 ,

33.6

35.1

32.4

After
adsorption

0.0

0.02

0.01

15.2

0.06

0.0

pH7

After .
radiation

40.2

37.4

39.8

38.4

40.4

38.9

After
adsorption

0/04

0.06

0.03

21.6

7.8

0.0

pH 10

After
radiation

48.5

42.9

49.1

43.4

48.9

43.8

After
adsorption

0.1

0.01

13.2

29.8

20.2

1.2
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ABSTRACT

The ability of ion exchange resins ( Merck Ion Exchangers I and III)

and granular activated carbon (GAC) to remove some detergents from

aqueous solutions was investigated. The classes of these detergents

included one anionic detergent (alkyl benzene sulfonate -ABS) and a non-

ionic one (nonyl phenol ethoxylate-NPE).The highest adsorption capacity

for ABS was shown by Merck III, while GAC was the best adsorbent for

NPE. The complete destruction of ABS was achieved at 5 kGy and at 60

kGy for NPE. It was observed that more adsorption of these pollutants

as well as more degradation occurred in the acidic medium ( pH 3 ) than

in the neutral and alkaline media. Also, after the complete saturation of

the adsorbents and at the end of steady state, they were irradiated with a

dose of 20 kGy for GAC and 10 kGy for the ion exchangers resulting in

an increase in the protection time due to radiation regeneration. The

adsorption process continued for even longer times.

Key Words: Detergents - y-RadiaAon - Steady State- Regeneration - Exchangers

INTRODUCTION

All natural waters contain varying amounts of pollutants in different concentration

range. After excellent conventional primary, followed by the best possible conventional

aerobic secondary and then chemical disinfection, significant quantities of contaminants are

still present in wastewater especially toxic or toxicity causing long chain-molecular

forms A ' These contaminants are generally encountered in wastewater. Many of these

chemicals become toxic to man and animals even in concentration of a few parts per

thousand million. A great deal of energy is required when using radiation techniques for

removing a large portion of these contaminants. Gamma radiation used in wastewater

treatment combined with adsorption purification was proved to be successful.*• " }

This study was conducted to evaluate using gamma-irradiation, Granular Activated

Carbon and ion exchange resins for the removal of detergents present in wastewater. Two
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detergents were used in the present work: one anionic detergent ( alkyl benzene sulfonate)

and one non-ionic detergent ( nonyl phenol ethoxylate ). The application of gamma

radiation for the treatment of detergent aqueous solutions will be carried out as well as in

the presence of some additives ( oxygen and nitrogen for synergistic effect).Equilibrium

isotherms and intraparticle diffiisivities will be. investigated through batch experiments.

The radiation adsorption purification method represents one of the new directions in

radiation purification. Gamma irradiation doses affect at the end of steady state region

prolonging the protection time of the sorbent materials. Regeneration by gamma radiation

is tested and compared with other techniques of adsorption regeneration.

EXPERIMENTAL

Materials:

Two detergents were used in the present work; one anionic detergent type, alkyl

benzene sulfonate, and one non-ionic detergent type, nonyl phenol ethoxylate. Three

adsorbent materials were used in the adsorption studies: Granular Activated Carbon, one

strong cation exchanger, Merck I and one strong anion exchanger, Merck HI- Germany.

Detergent:
A white paste contains 48% active material alkyl benzene sulfonate (ABS) was

supplied by Amrya petrochemical Co., Amrya, Egypt. Nonyl Phenol Ethoxylate (NPE)

was received as liquid from Petroleum Research Institute- Cairo, and it's aqueous solutions

were used without further purification.

Adsorbents:
a. Granular Activated Carbon:

BACM Granular Activated Carbon was supplied by Mitsubishi Company, Japan. It

is spherical beads with surfase area 1100m2/g, density in dry state 0.992 g/cm3 and the

particle size fractions were 0.3-0.42mm The moisture content in the BACM activated

carbon was 5.8 %.

b. Ion-Exchange Resins:
Strong Cation Exchanger Merck I, was supplied by Merck Laboratories, Germany.

It is a highly acidic sulfonated cation exchanger of the polymerization type based on

styrene-divinylbenzene (DVB) copolymers, meshO.4-O.6mm, an exchange capacity of 4.5m

m.eq/g and nomial divinylbenzene content of 8% Strong Anion Exchangers Merck III, was

supplied by Merck Laboratories, Germany. It's is a highly basic anion exchanger, based

on a polystyrene derivative with anchored ammonium groups, mesh 0.3-0.6mm, and an

exchange capacity of 2.9 m eq/g. the resins were prepared for use as described in

previous studies. ^ ' '
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Detergent Concentration Measurements:
The anionic and nan-ionic detergent samples were determined on the basis of

the method outlined in standard methods for the examination of water and

wastewater^ '"

Experimental Techniques:
Gamma Irradiation Source:

Irradiations were carried out using a Co gamma source with a dose rate that

ranged from 0.46-0.5 M rad / h. Gamma cell 220,Atomic Energy of Canada Ltd.,

Canada, was used for irradiating the ABS samples, while gamma chamber 4000 A type

of Atomic Energy of India, was used for irradiating the NPE solutions.

U.V. and pH Meter Measurements::

The concentration of detergent solutions was determined spectrophotometrically by

measuring absorbance at wave-length 652 and 620 n.m for anionic (ABS) and non-ionic

detergent (NEP), respectively by using double-beam U.V. visible Sp. 200,PYE Unicam,

England. The pH of the solutions was measured by a Hitachi-Horiba M-5 pH meter ,

Hitachi Co, Japan.

Methods used for adsorption studies (equilibrium and kinetic) were described in previous

studies. < 1 2 " 1 4 )

RESULTS AND DISSCUTION

Adsorption purification of wastewater from detergents:
Column studies:

A column of diameter 3 cm and height of 2 cm was used and the detergent's

concentration was maintained at 3mg/l with a flow rate 22.2 ml/min. at room temperature

(s 25°C). The results are illustrated in Fig.l for the adsorption of Alkyl Benzene

Sulfonate, and Nonyl Phenol Ethoxylate on Granular Activated Carbon, Anion Exchange

Resin Merck III and Cation Exchange Resin Merck I, respectively. It was observed that,

Merck III and GAC showed the highest adsorption capacity for alkyl benzene sulfonate,

while the cation exchanger Merck I showed the least adsorption. The same observation was

reported by Abrams and Lewon ^ ^ who used a strong base resin in the chloride form

and found that it had a higher capacity than did a typical activated carbon and noted that a

weak base resin was preferred to the strong base resin because it was easier to regenerate

and that, the higher adsorption capacity of anion exchanger Merck III than cation

exchanger Merck I may be due to the formation of more anionic species than cationic

species of alkyl benzene sulfonate. Also, GAC showed the highest adsorbitivity for the

non-ionic detergent (NPE) followed by Merck I and the least adsorption capacity was

showed by Merck III. Van Vliet et al. ^ ' reported that generally, the activated carbons
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Fig. ( 1 ) : Relationship between the adsorption capacity in (mg/g) of different

adsorbents and the volume of influent in liter for Alkyl Benzene Sulfonate ( a )

and Nonyi Phenol Ethoxylate ( b ) under constant adsorption conditions.
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performed best, followed by the carbnaceous adsorbents, and finally by the polymeric and

resinous adsorbents. The high adsorption capacity ofGAC may be attributed to it's very

high surface area (1100m2/g).^ 1 7"1 9 *

Radiation regeneration of adsorbents after complete exhaustion:
Adsorbents such as GAC and ion exchange resins must be removed by fresh or

reactivated adorbent after the complete exhaustion of their adsorption capacity. Economic

considerations determine the choice between fresh or reactivated adsorbent material.

Processes such as steam, thermal and physicochemical regeneration are associated with

loss of adsorption capacity and loss of adsorbent weight. In this study of radiation-

regeneration of adsorbents, the results showed that there is almost no loss in adsorbent

mass. Also, the adsorption capacity loss after regeneration with gamma radiation was

minimized appreciably compared with other regeneration processes. After the complete

saturation (exhaustion) of the adsorbent, it was irradiated with gamma radiation (10-30

kGy) for regeneration. From Fig.2 and 3, it can be seen that almost complete regeneration

of the different adsorbents was attained. Better adsorption capacity of the detergents onto

the different adsorbents was observed which may be due to the fact that gamma-irradiation

in small doses leads to the formation of new active sites available for adsorption. These

irradiation doses were sufficient enough to degrade the detergents from the adsorbent and

regenerate it.

Radiation-adsorption purification at the end of steadiness:

The adsorbents were subjected to gamma-irradiation at a dose of 20 kGy for GAC and

a dose of 10 kGy for the ion exchange resins at the end of the steady state of the adsorption

process. The relationship between the adsorption capacity of the adsorbents and the volume

of influent for the non-irradiated and irradiated adsorbents are shown in Fig.(4) . The first

part of the curves in the figures showed the adsorption capacity of the non-irradiated

adsorbent till the end of the steady state and after irradiation the protection time of the

adsorbent increased and was prolonged in the steady state region. Brusentseva et alA '

in their work for the removal of some organic pollutants onto GAC using the method of

radiation adsorption purification reported a protection time of 156 days with continuous

irradiation, but adsorption purification without irradiation was 93 days. The adsorption

process may have continued for even longer times with adsorbent regenerated by radiation

continuously. This may be due to the radiation destruction of the contaminants adsorbed on

carbon surface and its regeneration and that the process may have continued for longer

times.

Radiation degradation yields:

Effect of concentration and pH on the degradation process:

Fig.5 shows the effect of the initial concentration of the different detergent solutions on

the radiation degradation process as a function of gamma radiation dose (kGy) for ABS
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of influent in liter for Alkyl Benzene Sulfonate (ABS).
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Fig. ( 5 ) : Relationship between the residual concentration (mg/!) of aikyl

benzene sulfonate ( a ) and nonyl phenol ethoxylate ( b) and

gamma irradiation dose (kGy) at different initial concentrations.
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gamma irradiation dose ( kGy) at different pH values.
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and NPE. It can be seen that high concentration of the non-ionic detergent needed relatively

high gamma radiation dose about 60 kGy, while ABS with a concentration between 2.5

and 10 mg/1 needed only 5 kGy for it's degradation. The mechanism of the radiation

degradation process taking place in our studied system was suggested by many authors

^ ' and shows that the detergent molecules are degraded effectively by the primary
O i o

active species formed from the radiolysis of water such as OH , flr , HO 2 afld the

solvated electron ( e" aq ) . The effect of the pH of the detergent solutions at various

irradiation doses leading to the degradation of the detergent molecules to lower moleculer

weight compounds and consequently the concentration of the detergent decreases. Results

of pH effect are shown in Fig. 6. Also, secondary products formed due to recombination

or transformation of the primary species also takes part in the degradation process. The

reactions occurring in this system can be amplified by the use of a combined treatment of

gamma irradiation and additives such as oxygen and nitrogen.

Synergistic effects( N2 and O2 -saturated detergent solutions ):

It can be seen from Fig. 7 that nitrogen -saturation did not lead to more destruction of

the detergents, on the contrary the destruction was somewhat less than when the air -

saturated solutions were subjected to irradiation. Oxygen - saturated detergent solutions

showed more destruction of the detergents. The addition of oxygen did not result only in

almost the complete destruction of the detergents, but also resulted in a remarkable

reduction in the total irradiation dose needed to achieve complete destruction( dose was

almost halved ). Table ( 1 ) shows the optimum condition of the removal of the detergents

from wastewater using different processes and shows that radiation degradation is the best

method for removal of these pollutants.

Table ( 1 ) : Optimum conditions of the different processes in the removal of the

detergents from wastewater.

Processes

Adsorption

Irradiation
at the end of
steadiness

Radiation
degradation

ABS

Removal %

76%

71 %

99%

NPE

Removal %

66.3 %

52%

99%
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ABSTRACT

In this contribution, we investigate the chemical and thermodynamic parameters of the
isotopic exchange reaction between radioiodine as iodide ion ( I " ) and iodohippuric acid
isomers (i.e. o-, m- and p-iodohippuric acid). The reaction was performed on molten
ammonium acetate (m.p. 114°C) as exchange medium for 5-10 min. by allowing no-carrier-
added (n.c.a.) radioiodine (125I") to react with o-, m-, and p-iodohippuric acid at 120°C.

The absolute radiochemical yield varied as a function of initial inactive iodohippuric acid
used. Also, the different parameters affecting the radiochemical yield of the isotopic exchange
reaction were investigated. The isotopic exchange reaction revealed that radioiodine as 2 I"
for iodine-127 of o- and p-iodohippuric acid isomers exchange occurs more rapidly than
iodine-127 of m-iodoohippuric acid isomer exchange. The results indicate that the reaction
occurs by nucleophilic substitution as second order reaction. Since, we were also interested in
iodohippuric acid labelling with short lived radioiodine, we tried to optimize the labelling
followed by determination of the radiochemical and radiopharmaceutical purity by
chromatographic analysis. The ultimate purpose of our use of 2 I" was to centralize the
different chemical reaction conditions.

KEY WORDS : Radioiodine / Iodohippuric acid isomers / Chromatographic analysis.
Introduction

Radiorodinated sodium iodohippurate is a diagnostic radiopharmaceutical currently used in

nuclear medicine for the non-invasive determination of renal function, renal blood flow and

urinary tract obstruction (1-3).

Different radioiodinated sodium iodohippurate (i. e., o-, m- and p- isomers) were prepared

by an isotopic exchange reaction methods wherein the reactants (i.e. the substrates and Na*I)

exchange isotopes. So that, the products differ from the reactants only in the isotopic

composition (4-7).

The rate of a nucleophilic halogen exchange usually increases with substrate concentration

and temperature. The mechanism of the isotopic exchange reaction between iodohippurate as

pure substrate and radioiodine as iodide *I" in molten state at 160- 170°C with no-carrier

added is still open to application (8-10). That is due to the formation of other labelling

products i.e. glycyl iodohippurate (g-IHA) and iodobenzoic acid (IBA)
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In our laboratory, this problem was overcome using ammonium acetate (m.p. H4°C)as

molten medium for the isotopic exchange reaction (10), which controls the formation of other

labelling product, rather than iodohippurate (Fig.la,lb)

C O - N H - C H 2 - C O O H

CO-NH-CH2-COOH
O CO-NH-CH2-COOH

o-IHA ^ X * I X

m-IHA *j

p-IHA

Fig.la: Structuralformula of0-, m- and p- iodohippuric acid ispmers

) - C O - N H - C H 2 - C H 2 - C O - N H

COOH

o-[*IJiodoglycyl h^puric acid (g-o-IHA)

•I
o-[*I]iodobenzDic acid (oIBA)

Fig.lb : Structural formula of g-o-IHA and OIHA

Also addition of ammonium acetate to the dry lyophylized reactants where gradual loss of

ammonia by heating above 120°C increases the acidity of the medium which may be required

to perform the isotopic exchange (6,10).

In this work, we tried to investigate the different physical and chemical parameters of the

no-carrier added radioiodination of different iodohippurate i.e. 0-, m- and p- iodohippuric

acid) at different substrate concentrations and different reaction temperatures. Where the

activation energy of each isomer of iodohippuric acid was investigated at 120°C without

interference of any bi-products.
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The rate of the reaction and the activation energy were studied by using the exponential

exchange law. The mechanism of the exchange reaction is probably not simple but depends

on the structure of the substrate, the condition under which exchange is carried out, the

presence of catalyst (11), where the equilibrium constant will be unity according to the

following mechanism :

RI + F = R*I + r

. [R*I] [H

[R*I] [RI]

= — i

[*I] [I']

100[R*I] 100

% Exchange = =

[R*rj + [*n l + [i]/ [Ri]

It is a common observation that the presence of excess base (i.e. NaOH) from the

radioiodine solution tends to inhibit the exchange and the yield dropped from quantitative to

less than 15 % and the exchange proceeds very rapidly close to the neutralization equivalent

point (11). So that, neutralization of the radioactive sodium iodide solution before performing

the experimental procedure is a must.

TLC chromatographic analysis was used to determine the exchange yields using

a developing system (12) consists of the organic phase of the following solvents :-

benzene : Acetic acid : Water : n-butanol (5:5:2:1) which reveals the unknown product

obviously rather than the paper chromatographic analysis presented by British Pharmacopiea.

RfofIHA = 0.5± 0.02

RfOfg-IHA = 0.25 ± 0.02

RfofIBA = 0.81± 0.05
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Experimental

Materials

All reagents and solvents were of analytical grade and were used without further

purification. The [l25I"]sodium iodide solution used was delivered from Amersham (England)

of radiochemical grade carrier free and reductant free and usually had a concentration of

0.8 -1.0 mCi / ul diluted with 0.1 M NaOH up to 20 ul to keep the specific activity constant

during the experiment 0.8 - 1.0 mCi / mg iodohippuric acid isomer.

Synthesis of [ 2SI]iodohippuric acid isomers by dry-state isotopic-exchange up to melt at

120°C

In a quick-fit glass vessel as shown in Fig.2, 6 mg of the iodohippuric acid isomer, 20 \il

Na125I in 0.1 N NaOH (0.8 -1.0 mCi/mg IHA carrier free and reductant free) and 0.20 - 0.25

ml of 10% solution of ammonium acetate (10 gm /100 ml water) were placed in the V-shaped

bottom tube, The mixture was gently swirled to dissolve the content and ensure homogenity,

then a gentle stream of nitrogen was applied to evaporate the solvents.The closed reaction

vessel was kept in an oil bath at a temperature of 120°C for a complete reaction period of 5-10

min. under vacuume and then cooled using ice bath and the solidified melt was dissolved in

50 JJ.1 ethanol and submitted for TLC chromatographic analysis.

Results & Discussion

The results obtained herewith revealed that the factors affecting the rate of this isotopic

exchange are temperature, medium of exchange, concentration of substrate and pH . For

performing the exchange reaction using ammonium acetate as molten medium. The results are

generally in different with well known principles of nucleophilic substitution (11,12,13). In

contrast, three components are formed corresponding to g-IHA, IHA and IBA when the

isotopic exchange is performed in molten state using the substrate itselfas molten medium at

160-170°C.

The main parameters affecting the yield of isotopic exchange.

(1) Effect of iodohippuric acid isomer conten

The infuence of iodohippuric acid isomer content on the radiochemical yield of 125IHA

isomer using 25 mg ammonium acetate at 120 C has been investigated . Fig.3 illustrates the
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Nitrogen gas
outlet.

Nitrogen gas
inlet.

Silicon oil bath

Fig. 2 : Glass (Quick-fit) Reaction Vessel for Molten State no-carrier added

Non-lsotopic Exciiange.
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relationship between the amount of IHA isomer and the radiochemical yield of !25IHA. The

radiochemical yield increases gradually until reaches-98.2, 97.2 and 98.5 % for o-, m-and

p- IHA respectively at 6 mg IHA isomer. Any increse in the quantity of IHA isomer has no

effect. So, to maximize specific activity, 6 mg of IHA isomers were used.

(2) Effect of ammonium acetate

It is clear, as shown in Table 1, which illustrates the relationship between the radiochemical

yield % of l25IHA and ammonium acetate concentration that the radiochemical yield of o-, m-

and p-125IHA increases from ~ 82 - 98.2 %, from 79.4 - 97.2 % and from 86 - 98.5 %

respectively, when amm. Acetate increases from 5 -25 mg within 5-10 min at 120°C. The

observed increase in the radiochemical yield using ammonium acetate may be attributed to "

in situ " thermal decomposition of ammonium acetate which render the final pHofthe

reaction mixture more on the acidic side which facilitates the isotopic exchange.

Table 1 : Relationship between the radiochemical yield % of I25IHA and amm. acetate

Concentration.

Amm. Salt

Mg

0

5

10

15

20

25

30

40

50

o-125IHA

79.2

82.0

84.0

88.0

94.0

98.2

98.1

98.0

98.2

Radiochemical Yield (

m-l25IHA

74.5

79.4

82.0

86.0

91.0

97.2

97.2

97.1

97.3

p-125IHA

81.0

86.0

89.0

92.0

95.0

98.5

98.4

98.2

98.3
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to
oIHAconc, mg

100-

80-

6 0 -

.Q 4 0 -

2 0 -

, mg

4 6 8 10

pIHAConc, mg

Fig. 3 : Effect of IHA isomer content on the radiochemical yield % of o-, m- and p-l25IHA.

[ x mg IHA isomer, 25 mg Amm. Acetate, t = 5-10 min. at temp. 120°C]
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(3) Effect of the molarity of NaOH solution

In order to percolate the best molarity of NaOH solution (in which most of radioactive

iodine are usually dispensed) required for maximum radioiodination, different sodium

hydroxide concentrations have been used to study the effect of the molarity of NaOH on the

radiochemical yield of 125IHA. Fig. 4 shows that the best molarity is approximatlly 0.03 M.

Below and above this investigated concentration show a decrease in the radiochemical yield

percent.

(4) Effect of Temperature

There is a significant effect of temperature on the exchange reaction rate of IHA isomer

with I25F (Fig.5). The exchange reactions were performed with 6 mg IHA isomer, 25 mg

amm. acetate and 20 ul Na125I in dry state using a glycol path thermostate. It is clear that the

maximum radiochemical yield % (98.2, 97.2 and 98.5 % for o-, m- and p-125IHA respectively)

is obtained at 120°C within 5-10 min. Whereas at 100°C, the reaction yield approximates-

73, 70 and 76 % respectively within 5-15 min. The radiochemical yields are very poor at 70°C

and 25°C in comparison with those at 120°C. The optimum temperature was therefore set at

120°C, thus maintained for all subsequent experiments.

Isotope exchange reaction between [125F]iodide and IHA isomers

The reaction to be investigated is :

IHA + Na125I > 125IHA + Nal

The exchange reaction between [ Fjiodide and IHA is a simple homogeneous radioisotope

exchange reaction and its kinetics follow the exponential exchange law (14) :

[A] + [B]

- In ( 1 - F ) = Rt

[A] . [B]

where F = fraction of exchange, [A] = the concentration of IHA in mol L"1 (M), [B] = the

concentration of Nal25I (nca), R = isotope exchange rate, and t = time in min, the fraction of

exchange (F) was calculated, considering that:

X
T7 —
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70
0.02 0.06

MdarilyofNaOHM

a 08 a io

70 70

Mdarity of NaOH M Molar iiy of NaOH M

Fig. 4 : Effect of the molarity of NaOH on the radiochemical yield % of o-, m- andp-l25IHA.

[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = 5-10 min. at temp. 120°C]
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Reaction Time, nin.

10 15 20 25 30

Reaction Time, tin.

10 15 20 25

Reaction Tine, min.

30

Fig. 5 : Radiochemical yield % of o-5 m- and p-I25IHA as a fiinction of reaction time at

different temperatures using amm. Acetate in molten state.
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[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.

where X and XoO are the radiochemical yield ( % labelling ) at time t and at equilibrium

(t = oo), respectively. When log ( 1 - F) is plotted as a function of time, a straight line with

a negative slope passing through the origin is obtained for all reaction temperatures (Fig.6).

This strongly suggests that the mechanism of this exchange is a simple second order iodide

iodine isotopie exchange reaction (14). The rate of exchange (R) is givin by :

R = k [A] [B] where k is the specific rate constant

The specific rate constant (k) was calculated from the slope (p) of the plot of In (1-F) against

t(Fig.6)(14).

- 2.303 log ( 1 - F ) = p t

where p is the slope of the corresponding straight line.

2.303 p

where a = [l25I] + IHA ~ IHA = 0.39334 mol L"1.

Nca [125I"]iodide tracer was negligible considering the radioactivity used in each run only

(20 nl, 20 fiCi) compared to the chemical quantity of IHA isomer.

The activation energy was obtained, according to the Arrhenius equation :

k = A e"E/RT , where A is a constant, usually known as the frequency factor of the reaction,

E = activation energy, R = universal gas constant =1.987 cal / mol. deg., T = absolute

temperature.

This equation can be written as :

E

In k = + constant

RT

plotting log K versus 1/T, a straight line was obtained (Fig.7) its slope = - E / 2.303R.

The activation energy E was calculated to be 10.01, 10.11 and 9.92 k cal / mol for o~, m- and

p-IHA respectively at 120°C using ammonium Acetate.

The activation parameters at 120°C, enthalpy of activation (AH*), free energy of

activation (AG*)and entropy of activation (AS*) were obtained by these equations

:AH* = AE* - RT
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20

Reaction Time, min.

-1.0

Reaction Time, min.

10 15

RcadbnTnrK,min.

Fig. 6 : Variation of Log (l-F) as a function of time at different temperatures using amm.

Acetate in molten state.

[ 6 mg IMA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.
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-as
26

2.4

i/TxlO5

28 3.0 3.2

1/T x 10 s

3.4 3.6
-0.8

I/TXSO'

Fig. 7 : Relationship between reaction rate constant Log K and reaction temperature 1/T

(T= Absolute temp.) using amm. Acetate in molten state.

[ 6 mg IHA isomer, 25 mg Amm. Acetate, t = x min. at temp. x°C.
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R

AG* - 2.303 RT [(Log Log h) - (Log K - Log T)]

N

R

where — = 0.3298 X 10 '23 Cal. deg.4, R = 1.9871 Cal. deg.4 mol"1, h is planck's

N

constant 1.5822 X 10 '34 Cal. Sec.

AH - AG

The equations were derived on the basis of the activated complex theory of reaction rates in

gaseous state (15). The values of E, AH*, AG* and AS* are shown in Table 2.

Table 2 : The activation parameters of the isotopic exchange for o-, m- and p-IHA.

Activation parameter

E, Kcal.mol"1

K^L.mor'.min-'

AH*, Kcal.mol"1

AG*3 Kcal.mol1

AS*,Kcal.mor1. Deg'!

o-IHA

10.01

0.8034

9.23

23.397

-3.605 XI0"2

m-IHA

10.11

0.698

9.33

23.505

-3.607 XI0"2

p-IHA

9.92

0.933

9.14

23.271

-3.5 X 10'2

From the kinetic of the exchange reaction between I25I" and o-, m- and p-IHA, it was found

that the exchange is a second order reaction.

Conclusion

The use of the molten ammonium acetate (m.p. 114°C) as a medium for the nucleophilc

isotopic exchange has been favoured the measurement of the activation energy of each isomer

of iodohippurate due to the high purity of the labelled compound formed. Also, adjusting the

molarity of NaOH of the radioiodinated Na*I before performing of the isotopic exchange
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restored quantitative reaction substitution with high yield over 95 % and high radiochemical

purity over 99 %.
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ABSTRACT

Triiodothyronine Sulfate (T3S) may be an obligatory intermediate metabolic of the metabolism
of thyroid gland hormones invertebrates in peripheral during the process of deiodination of the inactive
form of the thyroid gland hormones,thyroxine(T4), into the active form triiodothyronine (1,2).
Construction of a reliable procedure for the estimation of T3S accurately in blood serum will be of great
importance for medical, biochemical and physiological investigations.

In this work we developed a robust method for the production of anti-triiodothyronine sulfate
polyclonal antiserum with good specifications using a derivatised immunogen and a modified
immunization process and a sensitive radioimmunoassay system was designed and developed.

Key Words: Triiodothyronine Sulfate/ Rabbit Anti-Triiodothyronine sulfate/
Immunization/ Radioimmunoassay.

INTRODUCTION

The main secretory product of the thyroid gland is the prohormone thyroxine (T4) (3,4&5). In
peripheral tissue, especially the liver, T4 is metabolized by outer tyrosyl ring deiodination to the
biologically active triiodothyronine (T3) and inner ring deiodination of T3 to the inactive rT3. Further
stepwise deiodination of T3 and rT3 leads to, among other compounds, 3,3%-diiodothyronine (6&7). It
has been reported that a close interaction between the sulfation and deiodination of iodothyronines in
the liver. Although the identification of T3S in humans were reported in 1958(8), sulfation has only
recently been recognized as a unique pathway of thyroid hormone metabolism (9). Sulfation is a so
called phase FI detoxification pathway by which a variety of lipophilic endogenous and exogenous
compounds are converted into water-soluble conjugates to facilitate their extraction in bile or urine.
Also, it has shown that the majority of normal T3 disposal occurs via T3S formation (10,11). Normally,
concentration of iodothyronines sulfates in plasma, bile and urine are low. However, in some conditions
such as administration of prophyl thiouracil or ioponic acid,selenium deficiency, nonthyroidal illness and
fetal development, iodothyronines sulfate accumulate in plasma and bile (2,12).

However, little is known about the potential pathways of T3S. This prompted us to search
for a convenient assay system to further investigate the role of sulfation in thyroid hormones
metabolism. Here, we describe a pilot study for the preparation and characterization of anti-T3S
antibodies as the prime component of radioimmunoassay system of T3S to be useful in this
physiological and biochemical investigations, involving synthesis of T3S, synthesis of the T3S

'The speaker and responsible author.
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NH.

CH 2 — CH— COOH

HO

3,3'-T2

Figure 1 Sequential deiodination of thyroxine.

C1SO3H + H + HO -+ HO - > 0 > - 0 - > 0 >

x/ x/
- C H 2 -

COOH
DMF

SO3O - ^ Q > _ O -
COOH

Eq.{i}: Synthesis of iodothyronine-sulfates via chloro-

sulfonic/DMF reaction.

Eq,\%}\ Conjugation reactions using carbodiimides may be

represented as a dehydration reaction.

RNHCHCOOH + H»NCHCOOR_ + R.N=C=NR.2 3 4 4

Carrier Hapten CDI

RNHCH[CONHJCHCOOR3 + R^NHCOKHR

Carrier-hapten Urea
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conjugate of T3S hapten coupled with protein carrier bovine serum albumin (BSA), preparation of
T3S immunogen, immunization of the chosen host animals with the prepared immunogen.

MATERIALS AND METHODS

L-triiodothyronin (T3), thyroxine (T4), l-ethyl-3(3-dimethylaminopropyl carbodiimide-HC1
(ECDI) were purchased from Sigma (London, UK).Bovine serum albumine (BSA, Fraction V) was
from Calbiochem (CA, USA). D-diiodothyronine (D-T2) was obtained from Aldrich (London, UK).
Dry heat killed lyophylized Mycobacterium tuberculosis was obtained from the governmental
authority for biological products and vaccines (Cairo, Egypt) and was used for preparation of
complete Freund's adjuvant. Dimethyl formamide (DMF) was obtained from Prolabo (France) and
was freshly purified on alumina. Chlorosulfonic acid was purchased from BDH (UK). All other
chemicals and reagents were of analytical grade or higher purity, and were obtained from either Sigma
or Aldrich.

Synthesis of Triiodothyronine Sulfate:

Esterification of T3 with methanol was performed in a closed glass system purged with pure
nitrogen according to procedure of Ashley & Harington (13) with slight modifications. The obtained
dry powder containing T3 methyl ester compound was purified using preparative paper
chromatography (14).Radioactive labeled I25I-T3 (prepared somewhere else) as well as ninhydrin are
used to identify and visually localize the synthesized compound.

Sulfation of T3-methyl ester was performed using the in situ chlorosulfonic-formamide
reaction (15), as illustrated in Eq. 2. To 600 ul of DMF (cooled to 0o=C),150 ul of chlorosulfonic acid
were dropwise added with continuous stirring. After 30 min. the reaction mixture was added to 150
mg of T3-methyl ester dry powder. Sulfation of T3-methyl ester was continued for 30 min. at 0°C,
after which it was left at room temperature for 16 hr. The formed compound was precipitated by 7.5
mL of bidistilled water at 0°C followed by centrifugation at 2000 rpm for 20 min. under 0°C. The
pellet was dissolved in 1.5 mL of 2 M ammonia followed by precipitation with 7.5mLof 1 M
HCl.The precipitate was washed four times , using 4.5 mL of 0.1 M HC1. The final product was
freeze dried .Sulfated T3 methyl ester (T3-methyl-S) was purified using Sephadex LH-20
chromatograph.y.

Synthesis of T3-methyl-ester Protein Conjugate :

Conjugation of the haptenic T3-methyl-ester sulfate to BSA was performed using ECDI
method of Erlanger (16). 50 mg of dry T3-methyl-ester-S were dissolved in 8 mL of cold DMF. 100
mg of protein carrier BSA dissolved in 60 mL H2O were admixed with the ester sulfate solution and
the pH was adjusted to 5.0 using 100 mg of 1 N HC1, ECDI-HC1 ,divided into two equal portions
dissolved in H2O, were dropwise added ;allowing 3 hr elapse between the two portions. Thereafter,
the reaction was let to continue for 16 hr at room temperature. Reaction by-products, along with
unreacted small molecules were removed by dialysis against distilled water. Dialyzer membranes of
12,000 - 18,000 molecular weight cut off were used with six times change of distilled water. The
final product was lyophilized and the protein epitope ratio was determined using UV spectrum
analysis (17), as depicted in Figure 2
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Immunization and Antiserum Production :

A group of five New Zealand male white rabbits at 3 months age, and weighing on average 3
Kg, were used as host animals and immunized with T3-methyl-S: BSA conjugate, as immunogen , to
raise T3-S antisera.
Immunization regime was as follow :3mg of T3S:BSA conjugate added to 5 mgof dry heat killed
Mycobacterium tuberculosis were dissolved in 1.5 mL of water. The aqueous portion was emulsified
in oil using double hub syringe. Emulsion was injected subcutaneously at multiple sites on the back
and around neck of each animal. Animals were immunized twice, 13 weeks apart (primary
immunization). Two booster immunizations using the above mentioned procedure were carried out.
following the subsidence of immune response. Development of immune response was monitored for
each animal in blood samples withdrawn weekly from marginal ear vein. Titration of antibody
obtained of each individual bleeding was performed on the basis of dilution of antiserum that bind
50% of added I-labeled T3S(prepared somewhere else). Antiserum collected from each animal was
evaluated for specificity by allowing the antibody obtained to cross react with some
iodothyronine.antigens of closely related structure using RIA.

RESULTS AND DISCUSSION

Establishment of a potent radio immunoassay system forthe thyroid metaboliteT3S, decree
necessarily the production of an avid, highly specific and high titer antibody.T3S compound , having
haptenic nature ,will not provoke immune response per se, following administration of a host animal.
Consequently , conjugation to an immunogenic protein is a must to obtain the proposed antiserum.
However, chemical conjugation of the iodothyronine T3S to protein carrier using the water soluble
ECDI involves formation of a peptide bond under proper conditions, and owing to the iodothyronine
molecule bears both carboxylic and amino groups, inter- molecular conjugation prevails. To overcome
such problem and sustain the immunogenic determinants, protection of carboxylic group of the
iodothyronines molecule via esterification reaction was performed using ester formation with a short
chain alcohol (methanol). A high ester yield of approximately 70 - 80 % was obtained. The purified
derivative prepared was found to haven't further structural changes as shown by infrared and
ultraviolet spectrometry (Figs 2 & 3). IR spectra indicated that esterification has occurred as shown by
asymmetric stretching band at 1155 cm"' along with asymmetric stretch at 1300 cm"'and possible
carbonyl stretch at 1735cm"'. BSA conjugate of T3 methyl ester-S showed UV absorption
characteristic to T3 molecule at 325 mu (Fig.3). The calculated average hapten / protein ratio for T3
methyl-S : BSA was 39 : I.

Tabie(l): Triiodothyronine-methyl ester : BSA antiserum cross- reactivity with main iodothyronines
which might expectedly interfere with radioimmunoassay.

Competing compound

-Triiodothyronine sulfate (T3S)

-Tri iodothyronine (T3)

-Reverse Triiodothyronine (r-T3)

-Thyroxine (T4)

Cross-reactivity (%)

100

<0.1

<0.01

<0.01
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Two weeks after second booster immunization , all rabbits showed positive response
immunization technique followed. However, three out of five animals gave usable titer (over 1 / 5000,
initial dilution') in RIA, One out of the three positively responded animals gave a titer as high as over
1 / 12,000 (initial dilution). Meanwhile, highly immunospecific antisera were obtained. The obtained
antisera were evaluated for cross reactivity with some iodothyronines which were expected to
interfere with radioimmunoassay, as shown in Table 1. It should be pointed out that the low cross
reactivity obtained in the present study might be due to protection of the carboxylic function on the
parent iodothyronines sulfate compound.

The protective ester formation effect obtained in the present study might be related to
existence of intact carbonyl groups of the iodothyronine sulfate compound for positive recognition by
antibody forming T and B lymphocytes. Additionally, reaction of unprotected T3S with BSA could
result in linkage of a considerable portion of the hapten via carboxylic groups to amino groups in BSA
lysine residues. Such steric hindrance arrangement would render the attached hapten sulfate molecule
hidden from exposure to T and B lymphocytes.
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ABSTRACT
Labelling of (S)-N-[(l-ethyl-2-pyrrolidinyl) methyl ]-2-hydroxy-3-iodo-

6-methoxy benzamide [ S(-)-BZM ] with iodine-125 using chloramine-T and
iodogen as oxidizing agents was studied. The labelling yield was highly
dependent on the pH of the reaction medium, S(-)BZM concentration,
amounts of oxidizing agents and on the reaction time. High labelling yield
greater than 90 % was obtained by reacting 0.24 uM S(-)BZM solution
with 0.24 uM chloramine-T solution in phosphate buffer of pH 3 at room
temperature for not more than 3 min. When iodogen was used as oxidizing
agent , the labelling yield was found > 80 % under the same conditions
mentioned earlier. The advantages of the use of iodogen as oxidizing agent
are : its molar ratio to substrate does not has a great effect on the percent
yield, no side products were produced as a result of the prolongation of the
reaction time, and finally it is easy to be removed from the reaction mixture.

Key words: S(-)BZM/Chloramine-T/Iodogen coated glass tubes/Iodine-125 labelling/
HPLChromatography.

INTRODUCTION

(S)-N-[(l-ethyl-2-pyrrolidinyl) methyl ]-2-hydroxy-3-iodo -6-methoxy benzamide
([123I] IBZM) is central nervous system (CNS) D2 dopamine receptor imaging agent,
belongs to a group of structully related benzamides which display significant
antidopaminergic activity (13). The pharmacological effect of S(-)BZM assumed to be
induced by blocking the central nervous system D2 receptor with high affinity and
stereospecificity (4'5). Radioiodinated benzamide was prepared at no-carrier added
level. Preparation of the no-carrier added !25I-IBZM has been achieved by an
oxidative iodination of S(-)BZM with sodium 125I iodied as shown in figure 1. In this
reaction the electrophilic radioiodine can be generated by a varity of oxidizing agents
such as chloramine-T, hydrogen peroxide, sodium persulfate, m-chloroperoxybenzoic
acid and peracetic acid (6). Mei-ping Kung and his co-workers stated that, of all the
oxidizing agents tested, peracetic acid appear to be the best agent for no-carrier
added radioiodination. The use of peracetic acid produces high radiochemical yield
and purity with short reaction time.

Recently, Hu-Mingyang et al(7) synthesize and labelled S(-)BZM with
radioiodine using H2O2 as an oxidizing agent and at room temperature with labeling
yield > 80% and radiochemical purity > 90%.

Chloramine -T is commonly used as oxidizing agent for labelling of proteins
and small molecules labelling with radioactive iodine. Due to its strong oxidation
potential, this oxidant is prone to producing side reactions in addition to chlorinated
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side products which decrease radiolabelling yield and are difficult to separate from
the desired iodinated compounds (8). To prevent the formation of both side and
chlorinated products, labeling of S(-)BZM with radioiodine using iodogen in
comparison with chloramine-T was studied. Factor affecting the radiochemical yield
such as pH of the reaction mixture, reaction time, concentration of S(-)BZM,
concentration of the oxidizing agent, and amount of KI carrier were studied. Product
stability as function of time was also studied.

CONHCH2 " CONHCH2

OCH3 \ oxidizing agent

S(-)BZM *IBZM

Fig. (1) : Oxidative iodination reaction of (S) - N - [ (1-ethyl - 2 pyrolidinyl)
methyl J - 2-hydroxy-3-iodo-6-methoxy benzamide.

EXPERIMENTAL
Materials

(S)-N-[( 1 -ethyl-2-pyrolidinyl)methyl]-2-hydroxy-3 -iodo-6-methoxy benzamideS(-)-
BZM : was purchased from RBI (Research Biochemical International, USA), Chloramine-T
(Aldrich) and l,3,4,6-tetrachloro-3a,3adiphenylglucoril,,Iodogen, (Pierce Chem. Co.) were
used without further purification. I25I is no-carrier-added (MDS Nordion S.A., Belgium). All
other reagents and solvents used were of analytical grade.

Labelling techniques:
The radioiodination of S(-)BZM was achieved by two methods:

Chloramine-T method:
hi a reaction vial containing an appropriate amount of the substrate S(-)BZM in

ethanol, a suitable amount of radioiodide (10/^1, 50uCi) and 300 /d of sodium phosphate
buffer pH 3 or ammonium acetate buffer pH 4 were added followed by the addition of
chloramine-T solution of the desired concentration in a total reaction volume of 450 pi. The
reaction is allowed to proceed for a chosen interval of time, after which the reaction was
terminated by the addition of sodium metabisulphite (100 /JI, 200 mg/ml) and neutralized with
saturated sodium bicarbonate (500 Pi).

Iodogen method:
Five milligrams of iodogen were dissolved in 5 ml of chloroform and a volume

containing a desired amount of iodogen is placed in the reaction vial, the solvent is allowed to
evaporate forming a thin film on the wall of the reaction vial. To this coated vial, a solution of
the substrate and radioiodide were added and the volume was completed to 450 fil After a
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chosen interval of time the reaction is stopped by removing the reaction mixture from the.
reaction vial and neutralized with saturated sodium bicarbonate (500 t*\).

Radiochemical yield determination:
The product was analysed directly by TLC (silica gel 60, MN Duran, Germany) using

the solvent system CH3C1: C2H5OH : cone. NH3 (9:1:0.2). The free iodide stayed at the origin
with Rf = 0, whereas iodobenzamide migrate with Rf = 0.8 - 0.9. The purity study using high
pressure liquid chromatography, HPLC, was performed on the reversed phase Lichrosorb RP-
18 column (250 x 4mm) eluted isocratically with the solvent system : acetonitrile : 10 mM
3,3- dimethyl glutaric acid, pH 7 (82:18) at flow rate of lm!/min. The radiochemical yield of
125I-IBZM was calculated as the ratio of the radioactivity of the labelled product to the total
activity. The reported yields are the mean value of three experiments.

RESULTS AND DISCUSSION

Preparation of radioactive I25I-IBZM by radioiodination reaction was studied using
chloramine-T and iodogen coated glass tubes as oxidizing agents. The labelled product
obtained was compared with chemically pure non-radioactive IBZM on HPLC using RP-18
column. Based on the elution profiles, it is clearly demonstrated that the radioiodinated IBZM
display the same retention time « 20 min as that of the authentic sample ( cold IBZM detected
by U.V. tracing ). While the noniodinated starting material, S(-)BZM , under the same
chromatographic conditions, showed a retention time of 20 min. HPLC radio- chromatogram
was shown in Fig. 2. When chloramine-T and iodogen used as oxidizing agents, the
radioiodinated product displayed high radiochemical purity > 90 % and 80 % respectively.

3B0DO

3DQD0

23G0O

2DQD0

•BODO

CGOO

EDDO-

0 -

1B2M

10 15 20
F^srioVfim^rrin

25 30

Fig. ( 2 ) : UV and radiochromatogram of 125I-IBZM.
Elution conditions : (RP-18 column, the elute solvent is acetonitrile : 10 mM

3,3- dimethyl glutaric acid, pH 7 (82:18) at flow rate 1ml / min)
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Influence of pH of the reaction mixture :
The effect of pH of the reaction medium on the labelling of S(-)BZM with !25I using

chloramine-T or iodogen was investigated in pH range from 1 to 12, Fig. 3 shows that the
maximum yield was attained at pHs 3 and 4.

4 5 6 7

pHcffhs reaction madam

CHoarrine-T

10 11 12 13

Fig. ( 3 ) : Effect of pH of the reaction mixture on the labelling yield of S(-)BSM with
iodine-125 using chloramine-T or iodogen as oxidizing agents.

Reaction conditions: ( 0.24 uM S(-)BZM, 0.24 uM CAT in different buffer systems with appropriate
pH values at room temperature and reaction time 3 tnin)

Influence of reaction time:
Labelling of benzamide with iodine-125 was carried out in 0.5 M phosphate buffer pH 3

using both oxidizing agents chloramine-T and iodogen. The molar ratio of chloramine-T to
substrate used is (1 : 1). The labelling yield was determined at different time intervals using
HPLC system. The results of this study was presented in Fig. 4 and clearly shows that, the
labelling of S(-)BZM with CAT in acidic pH leading to produce high yield > 90 %, when the
reaction time is 3 min. But when the reaction was allowed to proceed for more than 3 min the
yield was not increased. The yield of !23I-IBZM was found > 80 % and complete within 9 min
when iodogen coated glass tube was used. The reaction in case of chloramine-T is faster and
high than that of iodogen because of the presence of CAT in solution whereas iodogen react
on the reaction vial boundaries causing less contact with the components of the reaction
mixture.
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Fig. ( 5 ) : Effect of S(-)BZM concentration on its percent labelling
with iodine-125

Reaction conditions: (x M S(-)BZM, 0.24 nM CAT or iodogen, KI in 0.5 M phosphate buffer pH 3 at
room temperature and reaction time 3 min)
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Fig. ( 6 ) : Effect of oxidizing agents concentrations on the percent labelling yield of
S(-)BZM with iodine-125.

Reaction conditions: ( 0.24 uM S(-)BZM, 0.24 uM CAT or iodogen, KI in 0.5 M phosphate buffer
pH 3 at room temperature and reaction time 3 min)
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Fig.(4) Variation of the radiochemical yield of 125I-IBZM with reaction time.
Reaction conditions: ( 0.24 uM S(-)BZM, 0.24 uM CAT iodogen, KI in 0.5 M phosphate buffer pH 3

at room temperature and different reaction time)

Substrate concentration dependence:
Fig. 5 shows the variation of the labelling yield of 125I-IBZM with the concentration of

substrate at constant CAT or iodogen concentrations. Data indicate that the yield of 125I-IBZM
increases with the increase in S(-)BZM concentration at low values (0.05 0.24 uM) and
further increase in substrate concentration has no significant effect on the yield. It is found
that the concentration of 0.24 uM of substrate is sufficient to reach a maximum yield of about
90%. This indicates that the substrate is highly reactive towards the electrophilic substitution
reactions and this due to the presence of phenolic OH" (9). As expected for a second order
reaction, the iodination reaction occurred faster with higher substrate concentration and the
0.24 uM of substrate was chosen and kept constant in all other experiments.

Dependence of the yield of I2SI-IBZM on oxidizing agents concentration :
The effect of the variation in the concentration of chloramine-T or iodogen on the

labelling yield of 125I-IBZM was investigated. Results in Fig.(6) indicate that an
increase in the oxidizing agents concentration increase the radiochemical yield to a
maximum value (90% or 80%) and further increase has no effect on the yield. Also,
It was found that increasing the molar ratio of chloramine-T : S(-) BZM from 1:1 to
10 :1 leads to decrease the radiochemical yield of [125I]IBZM from ~ 90 % to ~ 60%
as shown in table 1. But the molar ratio of substrate
percent labelling yield.

iodogen has no effect on the
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Table (1): Effect of oxidant: substrate molar ratio on the
125*radiochemical yield percent of "SI-EBZM

Chloramine-T
Molar
ratio
1:1
2:1
4:1
8:1
10:1

Yield %

90
85
71
67
61

lodogen
Molar
ratio
1:1
2:1
4:1
8:1
10:1

Yield %

80
78

79.8
80..5
80

KI carrier dependence:
Various amounts of KI carrier were mixed with Na'25I and added to the reaction mixture

containing 0.24 uM of S(-)BZM and 0.24 (iM of the chloramine-T. At these concentrations
the labelling yield is about 90%. As shown in Figure 7 the labelling yield in case of
chloramine-T and iodogen decreased with the increase of KI concentration. Petzoi, G. et al <10)

reported that the decrease in the radiochemical yield with the increase in KI carrier
concentration is due to a competition between the radioactive and inactive iodide.

MO

90

80

70

60

50

40

30

20

10

0
0.0C01

Chkratine-T

0001 0.01 Ql

KI oorcertratkn, iM

10

Fig. ( 7 ) : Effect of KI carrier on the percent labelling yield of S(-)BZM with iodine-125.
Reaction conditions: ( 0.24 ^M S(-)BZM, 0.24 uM CAT or iodogen, x KI in 0.5 M phosphate buffer

pH 3 at room temperature and reaction time 3 min)
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Abstract

An alternative method for the preparation of human serum albumin
macroaggregates (MAA) labelled with 99mTc for lung scanning is described. The
method is based on the use of stannous methylene diphosphonate (Sn-MDP) as a
reducing agent. The use of MDP stabilizes Sn(II) against air oxidation and
hydrolysis- It may be also increase the number of binding sites in the MAA. The
different parameters affecting the labelling yield and in-vitro stability of 99mTc-
MAA have been studied in order to determine the optimum conditions for
labelling macroaggregates with "'"Tc. A high labelling yield (98.9%) was achieved
and more than 98% of 99mTc-MAA coated with Sn-MDP. The determined lung

uptake in mice was found to be > 90% which better than the reported data. A
particular procedure compared to the existing reported procedures, which is
recommended for the preparation of Sn-MDP coated MAA labelled with 99mTc for
lung perfusion imaging.
Key Words: Technetium-99m macroaggregates /Sn-MDP coated MAA /Labelling

/Ligand exchange/ Biodistribution / lung perfusion imaging.

Introduction

Technetium-99m macroaggregates and microspheres radiopharmaceuticals are
widely applicable for lung perfusion (1). A variety of methods have been described in
the literatures for the preparation of denatured albumin macroaggregates (1,2).
Preparation of albumin macroaggregates is based on the principle that protein solution
aggregates into particles with different sizes under specified conditions such as
temperature, pH, time and rate of stirring (3). Tagging of these albumin
macroaggregates with 99mTc has been achieved by different techniques. Eckelman, et al.
(4) outlined the three main approaches for the labelling of proteins and antibodies with
99mTc. The first approach is the direct labelling in the presence of reducing agent. The
second method is through the useof bifunctional group such as bicyclic anhydride of
diethylene triamine pentaacetic acid (DTPA) or mixed anhydride, which is covalently
bounded to the protein (5). The third method includes labelling via ligand exchange
using pre-labelled ligands. Stannous salts have been widely used to reduce pertechnetate
for preparing radiopharmaceuticals since it was first introduced by Alvarz, et al. (6).
Stannous ion (7) was used to both reduce disulphide bonds and convert them into
reversible coordination complexes\ preparatory for 9 mTc labelling. This method which
uses merely a stannous reductant is simple but it has disadvantage that the labelling of
protein occurs at a variety of different sites, termed high and low affinity, which have
different co-ordination atoms, thus variable stability. An adoption of this is the method
of Schwarz and Steinstrasser (8) and Brawer, et al. (9) who used methylene
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diphosphonate (MDP) as the transfer ligand after reducing of antibody protein with
P-mercaptoethanol or dithiothereitol (DTT) which serves to break S-S bond and thus
generate SH groups. These readily complex with the technetium ion and employ
phosphonate compound for transchelation.

This study describes an alternative procedure for the preparation of "mTc-MAA
via pre-labelled MDP ligand, following the procedure of EL-Kolaly, et al. (10) for the
preparation of albumin microspheres. Various parameters affecting the labelling yield,
like amount of protein, concentration of SnCl2.2H2O, concentration of MDP and pH
value have been studied. The biological distribution of 99mTc-MAA has been
determined in mice.

Experimental

Materials and Method:
Technetium-99m was obtained from sterile 99Mo-99mTc generator. Sterile,

pyrogen free human serum albumin (HS A) solution "Sero" poor in salt content Vienna,
Austria, was used in the preparation of albumin macroaggregates. Methylene
diphoshonate (MDP) was purchased from Sigma Chemical Co.. All other reagents were
of analytical grade. Solutions were prepared by using double distilled water purged with
N2 gas.
The stannous chloride reagent was freshly prepared by dissolving 100 mg SnCl2.2H2O
in 0.25 ml concentrated HC1 in 10 ml pencillin vial by gentle heating on hot plate till
clear solution was obtained. The volume was completed with N2 purged double distilled
water to 50 ml. The final concentration was 2 mg SnCl2.2H2O/ml of 0.05N HC1.

Preparation of albumin macroaggregates
In a 10 ml pencillin vial under positive N2 pressure, a mixture of MDP (0.1 mg),

0.1 ml of aqueous solution HSA (4 mg), 0.32 ml of 0.1 % Tween-80, 4.33 ml acetate
buffer of pH 5:5 and freshly prepared 0.25 ml SnCl2.2H2O (0.2 mg) were added. The
vial's content was stirred at a rate of 325 rpm for 10 min on a water bath at 80°C. The
suspension of the vial was cooled to room temperature and the particle size was
measured using a haemocytometer and a light microscope.

Labelling of albumin macroaggregates with 99mTc :
To a 1 ml ofMAA suspension, 1-2 ml of 99mTc04'eluate (185-370 MBq) was

added in a 10 ml pencillin vial under positive N2 pressure. The reaction mixture was
incubated for 30 min at room temperature.

Determination of the radiochemical purity and in-vitro stability :
The radiochemical purity and in-vitro stability of 99mTc-MAA were determined

by paper and/or ITLC-SG chromatography using 85 % methanol as solvent (11).

Study of the biological distribution :
The study was carried out in albino mice weighing 25-30 g. 0.1 ml of the 99mTc-

MAA (185-740 KBq) was injected in the tail vein of mice. A group of three mice were
used for each determination. The mice were sacrificed 30 min after injection. Fresh
blood samples were collected in a preweighed vial and counted. The different organs
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were removed, washed, counted and compared to a standard dilution of the labelled
albumin macroaggregates. The average values of the percent injected dose (ID.) were
calculated after correction for radioactivity in the tail. The total blood, bone and muscles
are assumed to be 7, 10 and 40 % of the body weight, respectively (11).

Results and Discussion

99mTc-MAA is currently used for lung perfusion imaging in diagnostic nuclear
medicine (1,11). The albumin solution can be irreversibly denatured and precipitated by
heating the solution under specified conditions. The properties of MAA depend on the
aggregation step, which is largely related to the amount of human serum albumin, the
concentration of stannous chloride, adjustment of pH, temperature and the rate of
stirring (7). Rodes has been reported (7) that the exposure of disulphide groups of
albumin during denaturation to form macroaggregates and microsphers particles, make
them more easily reduced to SH and provide high affinity sites for binding 99mTc. The
reaction of divalent tin with free sulphohydryl groups of the denaturated macroprotein
for tagging with 99mTc is well carefully studied by wolfangel (12). Billinghurst reported
(13) that technetium-99m is actually exchanged between 9mTc-pyrophosphate and
human serum albumin. He further added that the duration of rapid exchange is pH
dependent. On the basis of the above method and the method reported by El-Kolaly, et
al. (10) who used MDP as a transfer ligand for labelling human albumin microspheres
with 99mTc. MDP was used in this study as pro-ligand for labelling of MAA with 9 mTc.

99mTc-MAA was prepared by ligand exchange (4 mg HSA, 0.02 mg MDP, 0.1
mg SnCl2.2H2O, pH 5.5 acetate buffer, reaction time 30 min. at 80°C and stirring at 325
rpm). To the preparation material, 1-2 ml 99mTc0'4 eluate (185-370 MBq) was added to
1 ml MAA suspension in pencillin vial under positive N2 pressure and incubation time
for 10 min at room temperature. The reaction mixture was analyzed by ITLC-SG using
85 % methanol as a solvent. 99mTc-MAA remains at the start line while 99mTc(V
migrates towards solvent front (11). The labelling yield was calculated which defined,
the percent ratio of the activity of 99mTc-MAA relative to the total activity on the ITLC-
strips.

The parameters, which could affect the labelling yield of 99mTc-MAA including
HSA content, MDP content and pH value were investigated. The obtained results are
summarized in Tables 1-3. The results shown in these Tables are average of three
experiments (mean + SD) carried out while the other parameters were kept constant
except the parameter under investigation.

Effect of HSA Content:
The influence of HSA content (0.5 to 20 mg in 1 ml MAA suspension) on the

labelling yield of 99mTc MAA was studied . The obtained results indicated that the
labelling yield increased by increasing the HSA content as shown (Table 1) A high
labelling yield (97.8%) of 99mTc MAA was obtained . The labelling yield did not
increase by increasing the HSA content above 10 mg HSA. At low HSA content (0.5
mg), the HSA quantity is not sufficient for stabilizing Sn (II) and a high amount of
reduced hydrolyzed technetium (RH 99mTc) and free "'"TcCV were obtained. This is
incomplete agreement with the results of EL-Asrag et al. (14) who found that the use of
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low HSA quantity resulted in some liver uptake and attributed to the formation of
99raTc-Sn-colloid.

Effect of SnCl2-2H2O content:
The effect of Sn(II) content on the labelling yield of 99mTc-MAA was studied in

order to determine the optimum quantity of Sn(II) that gives high labelling yield and
maximum stability. The results shown in Table 2 clearly reveal that increasing the
amount of Sn(II) will increase the labelling yield up to 0.1 mg SnCl2-2H2O. Above or
below this quantity of Sn(II) will induce a decrease of percent labelling yield of "mTc-

MAA. The unbound MmTc fractions were increased significantly at low Sn(II) content

due to incomplete reduction of """TcCV. The presence of large amounts of tin will

favour the formation of tin colloid which compete with Sn-MDP-MAA complex for
reduced technetium and a low labelling yield was obtained (14).

Effect of pH and the reaction medium:
The labelling yield of MmTc exchange between MDP and MAA is depend on the

pH of reaction medium. The highest labelling yield is achieved in the rang of 5-5,5
acetate buffer (pH 5;isoelectric point of albumin) and the labelling yield is dimensioned
in 0.1 N HC1 and bicarbonate buffer medium. It is known that at low pH Sn(II) is
soluble but readily precipitates at high pH. The higher pH would likely maximize the
formation of free pertechnetate and insoluble reduced hydrolyzed technetium (10).

Table (1) Effect of HSA content on the labeling of "mTc- MAA

HAS content in
mg
0.5
2
4
10
20

% Labelling
yield

68.3 ±1.15
82.7 ± 0.95
97.7 ±1.90
97.8 ± 1.26
97.3 ± 1.40

Table (2) Effect of SnCl2.2H2O content on the % labelling yield of 99mTc-MAA

Sn(H) content in
mg
0.01
0.05
0.10
0.20
0.30

% labelling
yield

67.3 + 1.10
90.8 +1.25
97.9 ± 1.90
86.8 + 2.80
75.7 ± 1.30

Effect of MDP content:
The effect of MDP as pre-labelled ligand on the labelling yield was studied.

The obtained data (Table 3) indicated that 0.02 mg is the minimum amount of MDP
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required to achieve the highest labelling yield. Increasing the MDP content more than
0.02 mg decreases the labelling yield due • to the formation of 99mTc-MDP as
demonstrated in the filtrate through filtration of the labelled complex by 0.22 um
Millipore filter (17).

99mnTable (3) Effect of MDP content on the % labelling yield of TC-MAA

MDP content in
mg
0.00
0.02
0.20
0.10
0.20
0.60

% labelling
yield

96.3 + 1.10
98.4 ±1.06
93.1 ± 1.55
85.4 +1.22
60.3 + 1.40
48.5 ±1.18

Biological distribution:
The tissue distribution of 99mTc-labelled Sn(II) MAA or Sn(II) MDP -MAA

clearly showed that 96 and 98 % of the injected 99mTc-MAA have been respectively
localized in the lung after 10 min post injection as shown in Table 4. The obtained
results, are incomplete agreement with the published data (18). Al-Janabi, et al. (18)
have been reported that the percentage of radioactivity in the lung must be not less than
90 % of the injected activity and that in the liver not more than 5 %. The percentage of
the injected activity in bone not more than 1 %, indicated that 99mTc-MDP transchelated
to MAA complex. From the data presented in Table 5, it is clear that the optimum time
for lung scintigraphy was achieved after 10 min post injection. Considering a 30 min
reaction time is sufficient for complete labelling as demonstrated from Table 6. The
labelled Sn-MDP have a good in-vitro stability (> 5h) which is confirmed by small
variation in biological distribution of the injected 99mTc-MDP-MAA incubated at
different time intervals as shown in Table 6. The biodegradation rate of the 99mTc-MDP-
MAA complex was determined via injection into mice, which are sacrificed at different
time intervals after injection.

Effect of stirring rate on the biological distribution of 99mTc-MAA:
Stirring rate is among the determined factors, which affect the MAA particle size .

Consequently, the tissue distribution of 99mTc-MAA in mice at different stirring rates,
indicated that 98% of the injected activity in the lung was obtained using
macroaggregates prepared at a rate of 325 rpm as shown in Table 7. This high
localization in the lung is due to the formation of MAA with optimum particles size
between 15-80 jim (Fig.l). It is clearly shown that the lung uptake decreases with
increasing the rate of stirring due to the formation of smaller particles size of MAA
which passed through the lung sieves. These particulates are trapped by liver, spleen
and bone marrow as demonstrated above (Table7). At 1000 rpm the percentage of
radioactivity in the lung was found to be 79% and 8.5% in the liver. At 0.00 rpm, the
injected radioactivity represents the particles size of 99mTc-MAA which passed only
through a 26-gauge needle syringe of injection. This means that stirring rate is an
important factor in the preparation of MAA and its biological distribution.
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Table (4) the biodistribution of "mTc-MAA as a function of MDP content

yyrtlTc
complexs
Lung
Spleen
Liver
Heart
Blood
Muscle
Bone
Stomach
Intestine
Kidney
Urine

yymTc-MAA

96.3+0.9
0.03+0.02
1.6+0.9
0.3+0.01
0.9+0.15

0.1+0.02
0.06+0.04
0.2+0.1
0.4+0.1
0.05+0.09

^Tc-MDP-MAA

98.6+0.74
0.01+0.00
0.4+0.09
0.06+0.04
0.1+0.08

0.3+0.1
0.02+0.01
0.1+0.05
0.3+0.06
0.02+0.00

"""Tc-MDP

0.3+0.2
0.2+0.1
1.7+0.3
0.06+0.00
8.6+0.25
16.3+0.62
36.5+1.28

2.5+0.3
4.9+0.5
27.5+1.16

Table (5) Determination of the optimum delay scanning time.

Time

Lung
Spleen
Liver
Heart
Blood

Bone
Stomach
Intestine
Kidney
Urine

5

96.3
0.05
1.60
0.50
0.30

0.30
0.04
0.20
0.60
0.20

min

+1.30
+0.04
+0.90
+0.10
+0.01

+0.10
+0.90
+0.00
+0.10
+0.06

10 min

98.6 +0.74
0.01 +0.00
0.40 +0.09
0.06 +0.04
0.10 +0.08

0.30 +0.10
0.02 +0.01
0.10 +0.05
0.30 +0.06
0.02 +0.00

% LD / organ

3d

88.3
0.08
2.40
0.30
2.80
n in

0.70
1.10
0.80
1.70
1.70

min

+2.50
+0.02
+0.20
+0.01
+0.25
4-ft fld

+0.10
+0.30
+0.14
+0.23
+0.30

60

83.8
0.10
2.90
0.40
3.60
n ?n
0.90
0.90
3.10
1.20
2.80

min

+2.40
+0.02
+0.16
+0.05
+0.42

+0.13
+0.12
+0.20
+0.15
+0.20

120 min

77.5
0.10
3.20
0.20
4.20
1 40

0.80
1.30
4.30
3.00
2.40

+3.10
+0.02
+0.20
+0.00
+0.10
4-fl 30

+0.15
+0.30
+0.10
+0.12
+0.20
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Table (6) The biodistribution of "mTc-MDP-MAA as a function of time elapsed
after labelling

% LD / organ

Time

Lung

Spleen

Liver

Heart

Blood

Muscle

Bone

Stomach

Intestine

Kidney

Urine

30 mih

>> -

98.6 +0.74

0.01 +0.00

0.40+0.09

0.06 +0.04

0.10+0.08

0.30+0.10

0.02 +0.01

0.10+0.05

0.30+0.06

0.02 +0.00

1 hr

96.9 +0.95

0.05 +0.02

1.20 +0.22

0.20 +0.10

0.70+0.30

0.05 +0.02

0.10+0.08

0.20+0.10

3 hr

95.6+1.20

0.40+0.05

1.50 +0.90

0.20+0.06

0.80+0.15

0.04 +0.01

0.10+0.09

0.60+0.10

1.00+0.60

5 hr

94.9 +1.50

0.20+0.10

1.90 +0.90

0.20 +0.08

1.90+0.10

0.05 +0.02

0.20+0.06

0.60 +0.09

1.40+0.70

0.70 +0.20

8 hr

91.9+1.10

0.70 +0.20

2.00 +0.80

0.30+0.10

1.80 +0.70

0.70+0.15

0.60+0.10

0.40+0.09

0.60 +0.20

1.60+0.60

0.30+0.05

12 hr

91.1+1.40

0.80 +0.20

1.50+0.10

0.40 +0.10

1.30 +0.70

0.80+0.20

0.60+0.10

0.40+0.10

0.80+0.06

1.80 +0.90

0.4Q.+0.09

15 hr

92.8 +1.30

1.10+0.80

0.90 +0.60

0.20(0.10

0.80+0.05

0.40+0.10

0.50+0.16

0.20+0.12

0.70" +0.07

2.60+1.40

Table (7) The biodistribution of "mTc-MDP-MAA as a function of stirring rate

stirring rate
Lungs
Spleen
Liver
Heart
Blood

Bone
Stomach
Intestine
Kidneys

Urine

90
0
1
0
1
a

0
0
0
1
0

0
.8
.3
.7
.7
.5
o

.9

.7

.5

.5

.4

.00
+ 1.25
+ 0.01
+ 0.23
+ 0.12
+ 0.26
4- ft t 7

+ 0.15
+ 0.10
+ 0.10
+ 0.30
+ 0.04

325
98.6
0.01
0.40
0.06
0.10

0.30
0.02
0.10
0.30
0.02

%LD

rpm
+ 0.74
+ 0.00
+ 0.09
+ 0.04
+ 0.08

+ 0.10
+ 0.01
+ 0.05
+ 0.06
+ 0.00

/organ

775
94.1
0.05
1.60
0.30
1.10

0.80
0.10
0.40
1.10
0.40

rpm
+ 1.23
+ 0.00
+ 0.30
+ 0.01
+ 0.05

+ 0.06
+ 0.30
+ 0.10
+ 0.05
+ 0.08

1000 rpm
79.2

0.3
8.5
0.4
1.7
n Q

3.8
0.1
1.6
2.2
0.8

±2.10
+ 0.10
+ 0.60
+ 0.10
+ 0.16
+ n Of;

+ 0.42
+ 0.09
+ 0.50
+ 0.30
+ 0.06
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At the end, a comparison between alternative methods and the present method for
the preparation of "mTc-MAA was presented in Table 8

Table 8: Comparison between the alternative methods and the present
method for the preparation of 99mTc-MAA.

Procedure
The present work
(ligand exchange
method)

The direct labelling
method

The bifunctional
chelate groups method

Conditions
The methode uses 4 mg HAS, 0.02
mg MDP, 0.1 mg SnCl2.2H2O, pH
5.5 acetate buffer at 80°C and
stirring at 325 rpm for 30 min,
ligand exchange from 99mTC-MDP
easily with MAA forming WmTC-
MAA with radiochetnical yield ~
98%

The labelling methods have been
reported employing commercially
kits. Kits are available some in the
lyophilized form and others in
solution. The Kits usually contain
0.34 to 3mg MAA, 0.07 to 0.3 mg
SnCI2.2H2O and others substance
such as lactose or sodium acetate to
facilitate particle dispersion with
99mTc04\

This method uses WmTc bifunctional
chelate agent such as DTPA bicyclic
anhydride or mixed, attaching to the
protein or antibody , more
complicated molecules with
functional groups that are more
selective with the amino residues
antibody. Reaction condition used to
conjugate chelate to protein or
antibodies have been reported
employing different chelators
/antibody molar ratio, number of
chelators conjugated/ antibody or
protien, pH of buffer medium.

Remarkes
The advantages of this
method is quite simple
to prepare kit form,
MDP as pro-ligand
which stabilizes Sn2+

from oxidation and
hydrolysis, it can be
used with whole IgG or
F(ab')2 fragments with
splitting the disulphide
bonds
The advantage of this
method is simple,
useful only when the
protein is known to
bind 99mTc with high
affinity, but its
disadvantage that
multiple binding of
various affinities result
in-vivo instability. Its
chemistry is almost
unknown.
The advantage of this
method is mild
labelling conditions
definite binding sites,
high radiochemical
yield , its chemistry is
almost known , protein
retains its biological
behaviour. The
disadvantage of this
method is required to
carry out multiple
steps as well as post -
labelling purification.

Ref
8,10,19, 20.

13,18,21,22

23,24,25
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Fig (1) A picture of MAA in the optimum particle size ( 1 5 - 8 0 \im ) which

formed under the following conditions : 4 mg HSA , O.I nig SnCI2.2H2O,

0.02 mg MDP, pH 5.5 (acetate buffer), 80°C with stirring rate of 325 rpni
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Conclusion
This study describes a radiopharmaceutical preparation procedure of 99mTc-

MAA. the ligand exchange from a technetium complex 99mTc-MDP results in more than
97% of the technetium labelling MAA. It has been demonstrated that stannous ion
stabilized against hydrolysis and oxidation by the formation of Sn-MDP complex. This
complex has a lower stability than Sn-MAA complex, led to the formation of 99mTc-Sn-
MDP-MAA complex. The optimum conditions for preparation of 99mTc-MDP-MAA of
highest stability are as follow:
4 mg HSA, 0.1 mg SnCl2.2H2O, 0.02 mg MDP, pH 5.5 acetate buffer at temperature
80°C and a stirring rate 325 rpm for aggregation within 10 min. A high labelling yield
(> 98 %) is obtained upon addition of9

 '"TCCM" eluate to the prepared Sn-MDP-MAA.
This method has many advantages: the rapid labelling occurs at increasing binding sites,
high affinity and stability than direct labelling. A high lung uptake of the injected 99mTc-
Sn-MDP-MAA in mice and normal in bone was achieved.

References
(1)H. L. Atkins, Pulmonary Nuclear Medicine : Techniques in Diagnosis of Lung

Disease, New York (USA), Marcel Dakker Inc., p. 29-47 (1984).
(2)K. M. Sajid, M. Akhtar, L. Ahmed, et al., I of the Pakistan-Medical-Assoc. 41, 167

(1991).
(3)1 Steigman and P. Richards, Semin. Nucl. Med., 4, 269 (1974).
(4)W. C. Eckelman, C. H. Paik and T. Steigman, Nucl. Med. Biol. 16, 171 (1989).
(5)D. J. Hanatowich, W. W. Layne, R. L. Childs, et al. Science, 220, 613 (1983).
(6)J. Alverz and C. Arriaga, Int. J. Appl. Radiat. Isot. 18, 635 (1967).
(7)B. A. Rhodes, Semin. Nucl. Med., 4, 281 (1974).
(8)A. Schwarz and Steinstrasser, J. Nucl. Med. 28, 721 (1987).
(9) K. H. Bremer, L. Kuhlmann, A. Schwarz and Steinstrasser, European Patent Office

Apllication (EPO) 271806 A2 (1987).
(10) M. T. El-Kolaly, A. Amin, M. Raieh and A. El-Mohty, Arab J. Nucl. Sci & Appl.
29,43(1996).
(11) B. Johannsen and D. V. S. Narnsimahn, IAEA-TECDOC-649 (1992).
(12) R. G. Wolfangle, United states Patent (19), Millinckrodt Chemical Works St.

Lowis, Mo (1975)
(13) M. W. Billinghurat and N. Dupuis, J. Labelled Compd. & Radiopharm., 18, 141

(1981).
(14) H. A. El-Asrag, A. S. El-Wetery and A. A. El-Mohty, 4th Conf. Nucl. Sci. &

Appl. II (p. 3.5.1/5), 590(1988).
(15) H. A. El-Asrag, M. T. El-Kolaly, E. A. El-Sayed, et al. 4th Conf. Nucl. Sci. &

Appl. II (p. 3.3.1/1), 565(1988).
(16) A. Amin, M. Sc. Degree in Chemistry " Preparation and Biological

Distribution of Some Radiopharmaceutical Compounds for Human Application",
Faculty of Science, Cairo University (1997).

(17) Y. Arano, A. Yakoyamam, Y. Magata,\ et al. Int. J. Appl. Radiat. Isot., 37, 587
(1986).

(18) M. A. A. Al-Janabi and S. O. Moussa, J. Labelled Compd. & Radiopharm., 28,
519(1990).

(19) K. Y. Pak, M. A Medelman, S. H. Tarn, et al. Nucl. Med. Biol., 19, 669 (1992).

357



(16) A. Amin, M. Sc. Degree in Chemistry " Preparation and Biological
Distribution of Some Radiopharmaceutical Compounds for Human Application",
Faculty of Science, Cairo University (1997).

(17) Y. Arano, A. Yakoyamam, Y. Magata,\ et al. Int. J. Appl. Radiat. Isot., 37, 587
(1986).

(18) M. A. A. Al-Janabi and S. O. Moussa, J. Labelled Compd. & Radiopharm., 28,
519(1990).

(19) K. Y. Pak, M. A Medelman, S. H. Tarn, et al. Nucl. Med. Biol., 19, 669 (1992).
(20) E. Joirs, B. Bastin and J. R. Thornback, Nucl. Med. Biol., 18, 353 (1991).
(21) W. C. Eckelman and J. Steigman, Nucl. Med. Biol., 18, 3 (1991).
(22) D. J. Hnatowich, Nucl. Med. Biol., 17, 49 (1990).
(23) A. Najafi and N. Hutchison, Int. J. Appl. Radiat. Isot., 37, 548 (1986).
(24) C. F.meares and D. A. Goodwin, J. of Protein Chemistry, 3, 215 (1983).
(25) S. C. Srivastava and R. C. Mease, Nucl. Med. Biol., 18, 589 (1991).

358



Seventh Conference of Nuclear Sciences & AppSications
6-10 February 2000, Cairo, Egypt

IP-5 Separation of Tc-99m By Means of
Radiation Grafted Membranes

H.Kamal, Ei-Sayed A. Hegazy, K.EI-Adham", El-Sayed
A.Soliman*", M.Abde! GeleeS*

National Centre for Radiation Research and Technology
P.O.Box 29, Nasr City, Cairo, Egypt

National Centre for Nuclear Safety and Radiation Control
"Ain-Shams University, Faculty of Science

ABSTRACT

Characterization and possibility of practical use of different polymeric
materials for the purpose of radioactive isotopes separation from their wastes
were studied. The influence of chemical treatment on the chelation or
adsorption capacity at 25 °C was studied. The equilibrium swelling of these
polymers in distilled water at room temperature and the effect of solvent
composition on the graft yield were also investigated. In this study, the
mechanical, chemical resistance and other properties for the grafted,
untreated and treated membranes were investigated. The performance of the
membranes was studied as a function of time and degree of grafting. The
effect of chemical treatment on the initial activity and separation of Tc-99m
have been studied. It has been noticed that the base polymer and degree of
grafting have greet influence on the Tc uptake.

Key words: Gamma radiation - Membranes - Separation - Low level waste - Technetium
99-m

INTRODUCTION

Synthesis of ion-exchange membranes based on the PE-g-co-acrylic acid system <M) has
been
investigated. Graft copolymers that possess ionic character were prepared by radiation
grafting of acrylic acid onto polyethylene and fluorinated polymers for adsorption of different
metal ions from a simulated waste solutions(5"7). Adsorbents containing amidoxime groups
which make chelate complexes with urany! ions are noted for the recovery of uranium from
sea water(8"I0).With increasing different sources of radioactive waste, the concern about the
treatment of low level radioactive waste (LLW) is increasing'"'.

In this respect, radiation-induced graft copolymerization of acrylic acid (AAc) and
acrylonitrile (AN) comonomer system onto low density polyethylene (LDPE), high density
polyethylene (HDPE) and polypropylene (PP) films was studied for preparing ion-exchange
membranes, which can meet the requirements of separation of Tc-99m from their wastes. The
different variables affecting the grafting reaction ( including solvent and its composition,
addition of inorganic salts and acids) were studied as well as chemical treatment of the grafted
carboxylic and nitrile groups. Characterization and some properties of the prepared
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membranes were carried out such as, swelling in water and chemical stability and mechanical
properties.

EXPERIMENTAL
Materials

Low density polyethylene (LDPE), high density polyethylene (HDPE) and polypropylene
(PP) films of thickness; 70, 30 and 55 jam, respectively, were produced by EL-Nasr Co. for
Medical supplies, Egypt. Acrylic acid (AAc) of purity 99% (Merck) and Acrylonttrile (AN) of
purity 99.3 % (Merck) were used as received. Other chemicals, such as solvents, inorganic
salts, acids and other reagents were reagent.

Graft Copolymerization

The direct radiation grafting method was used as a technique. The irradiation was carried
out using Co-60 gamma rays at a dose rate 0.6 Gy/s in nitrogen atmosphere. After irradiation,
the grafted films were removed and soaked in DMF then washed with hot distilled water to
extract the residual monomers and the homopolymer. These films were then dried at 40 - 50
C in oven for 24 h. to constant weight. The degree of grafting was calculated by percentage

increase in weight as follows:

o,

Degree of Grafting (%) = [ (W g - W 0 ) / W o ) ) x 1 00

Where Wo and Wg are the weights of blank and grafted films, respectively.

Chemical Treatment of The Graft Copotymers:

Improvement the hydrophilic and ion-exchange properties of the graft copolymers
was
carried out by treating them with aquous KOH (3%), 1:1 alcoholic solution containing 3%
hydroxylamine - HCI at pH 7 or with HCI (3mole %) using a reflux system at 90 °C for 16 h.
The treated films were then immersed in bi-distilled water for 24h to remove the excess
reagents and then dried in oven at 40-50 °C for 24h.

Swelling Measurement :

The grafted and treated films were immersed in distilled water for different times at 25 °C.
Then, the film was removed, blotted quickly with absorbent paper to remove the water that
attached on its surface, and weighed quickly. The degree of swelling was determined as
follows:

Swelling (%) = { (Ws - Wg ) / Wg } x 100
where Wg and Ws represent the weights of the dry and swelled films, respectively.

Mechanical Properties

The measurement of tensile strength and elongation at break were employed by anlnstron
(Model - 1195 - England). A dumbbell shaped specimens (length 50 mm, with a neck of 25
mm and 4 mm wide) were used in these tests and the crosshead speed was 50 mm/ min.
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Radioactive Waste Treatment

Radioactive liquid waste were measured by using Multichannel Analyzer Model 800 A. Tc-
99m waste was introduced from the hospitals of Ain Shims University. The grafted treated
membrane was immersed in the radioactive liquid waste. The remaining activity was then
measured after removing the film.

Radioactive Isotope Uptake (%) = { (Io -1) / Io} x 100

where Io and I represent the initial and the remaining activity, respectively.

RESULTS AND DISCUSSION

Effect of Solvent

Table (1) show the effect of different solvents on the degree of grafting of AAc and
AAc/AN comonomer onto LDPE, HDPE and PP films. It can be seen that the maximum
degree of grafting was obtained when water is used as a dilluent for AAc and the decrease in
water content leads to a decrease in the degree of grafting. However, in the AAc/AN
comonomer system the maximum grafting extent was obtained when H2O/DMF mixture of
composition (50/50wt %) was used as a solvent and minimum grafting extent was obtained in
the absence of DMF.

The apparent increase in grafting of AAc in the unitary system and its mixture with AN
in the binary system in the presence of H2O and H2O/DMF, respectively, may arise from the
increase in diffusivity of AAc and AAc/AN into the polymer matrix. This leads one to believe
that the presence of these solvents may reduce G-value of these monomers by chain transfer.
This resulted in proceeding the graft polymerization and retarding the homopolymerization
processes. Therefore, water was selected to be the suitable diluent for the grafting of AAc
while H2O/DMF was used for (AAc/AN) comonomer.

Table (1)
Effect of different solvents on the grafting of AAc and AAc/AN (50/50) binary monomers
onto LDPE, HDPE and PP films of thickness 70,30 and 55um, respectively. Irradiation dose;
20 kGy, AAc and AAc/AN concn,; 30 wt %.

Polymer
Substrate

LDPE
HDPE
PP

AAc
H2O

26.3
37.4
7

H20/Me0H

19.4
13.6
4.3

MeOL

3
3.9
3

AAc/AN
H2O

29.8
50.6
41.5

H2O/DMF

217.8
38.8
122.1

DMF

94.9
49.5
87.3

Effect of Solvent Composition

The influence of H2O/DMF mixture composition on the grafting yield is determined and
shown in Fig. 1. It can be seen that the degree of grafting increases as the water content
increases in the solvent mixture until it reaches its maximum value at 30/70 (wt %) H2O/DMF
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mixture. Thereafter, addition of more H2O results in reducing the graft copolymerization yield
for all polymer substrates used.

The above results suggest that the increase in DMF content is required to enhance the
diffusivity of AN with AAc, since, DMF is a good solvent for AN as reported in literature (l2).
However, more H2O content resulted in hindering the diffusion of AN and facilitates the
diffusion of AAc only due to the less hydrophilic properties of AN as compared with that of
AAc which is highly hydrophilic. Energy transfer process occurs in these systems, these
include transfer of energy from one solvent to the other and presumably also transfer from
each solvent to the polymer and vice-versa. The previous data indicates that the most suitable
H2O/DMF mixture composition is 30/70 (wt %).

Effect of Inorganic salts

Although, the direct method of radiation grafting is the most efficient one, since the
radicals can react as fast as they are formed, excessive homopolymerization is encountered
competing with the grafting reaction. Therefore, the grafting system, i.e., the monomer and
the substrate to be grafted should be selected carefully in a way that the sensitivity of both
moieties towards gamma radiation is comparable. Generally, it is much better that the radical
yield (G-value) of the substrate to be grafted is higher than that of monomer, so the
homopolymerization-is minimized.

Inorganic salts such as CUSO4 and FeSC>4 were added to the reaction mixture in an attempt
to optimize grafting conditions of AAc and AAc/AN-mixture onto LDPE, HDPE and PP
films and the results are shown in Table (2).

Table (2)
Effect of inorganic salts on the degree of grafting of 30 wt %AAc and AAc/AN (50/50 wt%)
onto LDPE, HDPE and PP films in H2O/DMF; (30/70 wt%) as solvent. Comonomer concn.;
30 wt%, irradiation dose; 20 kGy, inorganic salt concn.; 0.5 wt%.

Polymer
substrate

LDPE
HDPE

PP

salts - free

AAc

26.5
36
7

AAc/AN

92.4
39.8
83.3

CuSO4

AAc

31.6
37
13.8

AAc/AN

117.8
55.8
102.1

FeSO4

AAc

31.9
34:2
13

AAc/AN

87.9
48.4

77.4

It can be seen that the grafting process onto all polymer substrates is affected by the
addition of such inorganic salts. Such effects is different and varied depending on the type of
salt and also on the polymer substrate. The maximum degree of grafting was obtained when
CuSCM was used as an additive and the film looks to be homogeneous and smooth.
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Effect ofCuSOi Concentration

Figure (2) show the effect of varied Q1SO4 concentration on the grafting of AAc onto
LDPE, HDPE, and PP. It can be seen that the grafting yield increases with CuSO^
concentration to reach a maximum value at 0.5 wt % of CUSCM and the homopolymerization
was reduced to a minimum. Further increase in Q1SO4 concentration's accompanied by a
monotonical decrease in the grafting yield.

The addition of such salt may affect the chain transfer process of AAc monomer and/or the
chain transfer of its growing graft chain radicals leading to somewhat higher grafting yield
and lower homopolymer formation. On the other hand, at high C11SO4 concentration, the Cu
ions may form a complex with AAc monomer and the diffused CuSO^ is negligible.
Therefore, its effect on the grafting process is not very significant.

Effect of Acid Addition

Figure (3) shows the effect of HC1 concentration on the grafting yield of AAc onto LDPE,
HDPE and PP in presence of water as a solvent. It can be seen that the grafting yield increases
with increasing HC1 concentration to reach its maximum value at about 3 mole. Further
increase in HC1 concentration is accompanied by a little decrease in the grafting yield and it
nearly levels off.

For the grafting of AAc/AN comonomer, addition of 3 mole of HC1 to the reaction
medium was tested and the results are shown in Table (3). It is obvious that, the grafting yield
is enhanced in the presence of HCI in the reaction medium.

Table (3)
Effect of addition of 3 mole HCI on the grafting of AAc / AN (50/50 wt.%) binary
monomers onto LDPE, HDPE and PP films in H20/DMF (30/70 wt %.) as a solvent and in
presence of 0.5 wt. % CUSO4.

Polymer
substrate

LDPE
HDPE
PP

Degree of grafting %

in absence of
HCi

117.8
55.8
102.1

in presence of
HCI

287.8
75.8
122.1

Properties of The Grafted Copolymer

The properties which might be incorporated into the base polymer are determined by the
evaluation of various parameters, e.g. swelling behavior, mechanical properties and chemical
stability. The effect of alkaline treatment on the properties of the graft copolymers were also
investigated.
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Equi!ibriuf?i Swelling

Figures (4-6) show the degree of swelling as a function of time for different grafted
treated and untreated membranes in distilled water at room temperature (25 °C). It can be seen
that the degree of swelling increases with time to reach a certain limiting value equilibrium
swelling after 3 hr. This behavior is obtained for LDPE and HDPE base polymers Figs.(4,5).
It is also observed that the absolute values of swelling are very low for the grafted untreated
membranes. However, the absolute values of equilibrium swelling for KOH-treated
membranes are higher than those for NH2OH and HCI treated membranes. For PP grafted
untreated and KOH-treated membranes Fig.(6), it is observed that the equilibrium swelling
can be obtained after 30 min. while its absolute value increases to-500 % for the KOH
treated membranes compared to (10%) for the untreated one. This means that, the hydrophilic
nature of the treated membrane increases to great extent leading to an increase in the water
absorbing capacity. The increase in hydrophilicity of the membrane is expected to increase its
adsorption of metal ions and radioactive isotopes as well.

Mechanical properties

The changes in tensile strength (Tb) and elongation percent (Eb) at break point for the
untreated and chemically treated membranes with various chemical reagents; KOH, NH2OH
and HCI, were measured as a function of grafting yield and the results are shown in Fig. (7). It
can be seen that Tb increases and Eb decreases with degree of grafting for the untreated,
alkali- and acid-treated membranes. It is also obvious that the type of treatment has a strong
influence on the Tb and Eb and consequently on the mechanical properties. This means that
Tb and Eb depend not only on the degree of grafting but also on the nature of functional
groups.

The influence of alkali, acid and oxidized media of various concentrations on Tb and Eb
of the prepared membranes was investigated after soaking the membrane for - 24 h. (Figs. 8-
10). It is obvious that the curves of Tb and Eb for the membranes in alkaline media differ
from the similar measurements in acid and oxidized media. It can be also seen that Tb
increases and Eb decreases with KOH concentration. These results indicate that the
conversion of carboxilic acid groups to their salts which are more polar and their interactions
increases the rigidity and Tb of the membrane, and consequently the Eb percent decreased.

Figure (9) show the changes in Tb and Eb with acid concentration for different mineral
acids; HCI, HNO3 and H2SO4. It can be seen that, at lower acid concentration (less than 1
mole) the Tb increases for membranes in HNO3 and H2SO4 and possess higher Tb than those
of unexposed one. Thereafter, Tb decreases at higher acid concentration while no significant
changes in Tb for membranes in various HCi concentrations up to ~ 4 mole beyond which Tb
decreases.

The increase in Tb at lower HNO3 and H2SO4 concentration is strongly influenced by
chemical crosslinking. The decrease in Tb at higher acid concentration possibly due to
chemical scission of the crosslinks in the graft side chains. Therefore, loosing of the graft
copolymer structure might be responsible for the decrease in Tb of the graft copolymer films.
The increase in Eb with acid concentration may be due to the less entanglement in the graft
copolymer chains in such acidic media which facilitate the sliding of these chains under
strain.
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The decrease in Tb and Eb of the prepared membrane in the H2O2 which is an oxidative
media (Fig. 10) is due to the extensive damage for the graft copolymer in H2O2 due to the
oxidative degradation. Generally, from this study we can conclude that such prepared
membranes for the purpose of liquid radioactive wastes treatment are mechanically stable
against alkali and different acidic media.

Applications of Grafted Membranes in Separation of Tc-99m from its Wastes

Separation of Tc-99m from its liquid radioactive wastes, which is commonly used in most
hospitals was investigated by using the prepared membranes. Among the factors affecting the
separation process are; treatment time, degree of grafting and the initial activity.

Effect of Time

The time of the treatment is very important factor due to radiation safety, economical
reason and radiation exposure to the workers. Also, the efficiency of membrane in waste
treatment can be determined from the time required to adsorb the maximum capacity of
radioisotopes by adsorption or chelation with its functional groups. In this respect, the
dependence of radioisotopes uptake on the time for the treated membranes is shown in Tables
(4,5).

Table (4) .
Effect of time on the uptake of
Tc-99m using PP-g-P(AAc/AN)
untreated and treated membranes,
degree of grafting; 98 %.

Table (5)
Effect of time on the uptake of Tc-99m by
using LDPE-g-P(AAc/AN) untreated and
treated membranes; degree of grafting; 240%.

Time

(min.)

1
2
3
4
5
10
15
30
45
60
120

Uptake %

Untreated
membrane

0.003
0.01
0.01
0.02
0.03
0.1

0.2
0.3
0.7
0.5
0.6

KOH-
treated

31.3
49.8
66.9
74.9
78.6
81.3
82.1

82.9
83.5
83.7
83.8

Time

(min.)

5
15
30
45
60
90
120

Untreated
membrane

0.002
0.004
0.005
0.01
0.02
0.20
0.23

Uptake

KOH-
treated

8.9
15.5
20.6
27.3
29.6
31.4
31.7

%

NH20H-
treated

8.8
13.7
18.6
23.2
25.8
26.9
20.6

HC1-
treated

3.8
5.5
7.8
8.9
10
10.9
27.4

The results show that the activity decreases i.e. radioisotopes uptake increases as the time
increases and it is very fast to its maximum value which is termed here as the maximum
membrane capacity. The PP-based membrane adsorbs almost all the loaded radioisotopes
quickly in the initial 0.5 hours.
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Effect of Degree of Grafting

The degree of grafting plays an important role in determining the isotopes uptake from
their wastes. Tables (6,7) show the effect of different percent graft on the uptake of Tc-99m at
various immersion times by using LDPE and 1TDPE grafted with P(AAc/AN) and treated with
KOH or NH2OH.

Table (6)
Effect of percent graft on the uptake of Tc-99m from its liquid
wastes by using HDPE-g-P(AAc/AN),.

Degree of
Grafting

(%)

41
51

61.4
73.8
82.5

Uptake % at different immersion time (hrs.)

0.08

KOH

4.8
5.3

5.8
6.8
7.5

NH.OH

4.0
4.7
5.1
5.9
6.3

1.0

KOH

13.3
14.9

16.5
17.7
18.2

NH2OH

11.0
12.5

13.6
14.9
16.9

2

KOH

15.6
8.0
19.5
20
21.3

NH2OH

14.1
15.3

17.2
18.5
20

Table (7)
Effect of percent graft on the uptake of Tc-99m from its liquid
wastes by using LDPE-g-P(AAc/AN).

Degree of

Grafting

(%)

155
183
219
240
273

Uptake % at different immersion time (hrs.)

0.0.8

KOH

10.3
8.8
8.9
8.9
8

NH2OH

8.9
7.7
7.8
8.8
7

1.0

KOH

31.4
25.8
26.9
29.6
26

NH20H

29
24

,25.1
25.8
24

2

KOH

33.8
27.7
29.8
32.4
29

NH2OfJ

3 2 •

27.1
28
27.8
26.9

The adsorbed amount of radioisotope increases i.e activity decreases with increasing
degree of grafting and immersion time Table (6). The adsorption capacity for KOH - treated
membrane is higher than the NH2OH - treated ones. It must be noticed that, for HDPE-base
polymer, percent grafting of membrane employed is less than 83%.

These results suggest that, the efficiency of these membranes is a function of the number
of functional groups introduced in the grafted copolymer and their subsequent ability to
adsorb or chelate ions. By introducing carboxylate groups via KOH-treatment the adsorption
properties increased as well as chelating ligands derived from these groups. The adsorption
ability of the grafted membrane decreased significantly at higher percent graft > 150 for
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LDPE - base polymer (Table 7). This result can be reasonabley explained by considering the
content of crosslinked network structure that formed at high degrees of grafting and restrict
the extraction and diffusivity of radioisotope.

It was noticed that low molar mass hydrophilic branches attached to the hydrophobic
backbone would provide optima! effeciency of the properties of the resultant graft copolymer
( \ Ion - exchange could then take place as many sites as possible for a given percentage of
grafted monomer. Having long polymer chains attached to a limited number of sites is not
desirable for ion exchange. This is because they would minimize the efficient use of
monomer, giving far less potential for ion exchange to occur.

Generally, membranes treated with KOH seems to possess higher adsorption capacity.
The prepared membranes exhibited an ability to adsorb Tc-99m and this is particularly true
with all grafting levels.

Effect of Initial Activity

The decrement in initial activity of liquid radioactive waste is very important factor due
to its effects onto the publics and workers when they exposed to the radiation. The efficiency
of membranes in the treatment of radioactive liquid wastes can be determined from its ability
to adsorb or chelate the radioisotopes and consequently decreases the initial activity of
radioactive liquid wastes.

Tables (8,9) show the effect of initial activity on the uptake of Tc-99m by using different
prepared membranes with different base polymers.

Table (8)
Effect of initial activity on the uptake of Tc-99m from its liquid wastes by using LDPE-g-
P(AAc/AN) untreated and treated membranes, degree of grafting; 240 %, emmersion time; 1
h.

' Initial
Activity
(C/min.)

35325
32416
30228
25285
20516
18326

Untreated
membrane

7.1
6.4
5.8
5.4
4.9
4.5

Tc-99m Uptake
KOH
treated

32.4
28.4
29
26.8
24.4
22.5

NH2OH
treated

27.8
26.1
24.4
22.6
21.5
17

HC1
Treated

15.8
14.1
13.6
12.2
11.7
11.1
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Table (9) ;
Effect of initial activity on the uptake of Tc-99m from its liquid wastes by using HDPE-g-
P(AAc/AN) untreated and treated membranes, degree of grafting;
51 % , emmersion time; 1 h.

Initial
Activity
(C/min.)

35325
32416
30228
25285
20516
18326

Tc-99m uptake
Untreated
membrane

5.6
5
4.3
4.2
4.2
4.2

KOH
treated

20.2
19.8
19.3
18.9
18.4
17.8

NH2OH
treated

18.6
18
17.3
16.8
16
15.6

HCI
Treated

10.7
9.4
8.5
8.1
7.6
7.1

These tables showed that the amount of isotope adsorbed by each membrane increased
with the initial activity but different levels were recorded depending on the type of treatment
and the base polymer. Also, the KOH treated membrane with has a stronger ability to separate
Tc-99m than the NH20H and HCI treated ones.

CONCLUSION

The prepared membranes possessed good properties of great interest in adsorption and/or
chelation of Tc-99m from its liquid wastes. They possess good hydrophilic and mechanical
properties and they have reasonable chemical stability againest alkali and acidic media. It can
be concluded that, the KOH-treated grafted FP is the most efficient membrane in reducing the
activity of this radioactive liquid waste to a great extent. Such decrement in activity reaches to
83.8 % of the initial activity of Tc-99m waste.
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ABSTRACT

Aluminium metal is used for the fabrication of inner and outer cans,
used for irradiation of various materials for different purposes in the
Egyptian nuclear research reactor ET-RR-1 at Inshas . Radioactive isotopes
of aluminium have very short half-lives. Yet, Aluminium used for fabrication
of these cans contains some trace elemental impurities, which on irradiation
in the reactor produce radioactive isotopes of the corresponding trace
elemental impurities . Some of these radioactive isotopes have relatively very
long half-lives and are hard gamma emitters , which represent great disposal
problems of the spent irradiation cans. In the present work radiometric
analysis and pre-dispsal management studies on samples of irradiated spent
aluminium cans have been carried out. The objectives of this work are:
1) Establishment of advanced economical analytical techniques for pre-
disposal treatment and management of the irradiated spent cans involving
radiochemical processing for volume reduction and waste minimization within
the view of environmental remediation .
2) Use of radiochemical methods for the recovery of some long-lived
radioactive isotopes in a pure form to be used in some other applications.

The applied chemical processing involved dissolution / precipitation
cycles and sorption/ desorption cycles using different kinds of ion exchangers .
The detected irradiation-induced radioactive isotopes were l ssEu (from
- S m ) , — E u , 125Sb, 144Ce, m R h , "4Cs,
9SNb,
lives

106
Ru-106Rh , 11OmAg, 95Zr,

54Mn, 46Sc, 59Fe, 65Zn and 60Co. These isotopes have, relatively long half

Using one dissolution/precipitation cycle, most of these radioactive
isotopes were concentrated in the form of insoluble material having
percentage weight of 0.8-1.5 of the treated aluminium sample.

On applying the chosen techniques in the present study , it was possible
to achieve concentration and separation of some radioactive isotopes in a very
pure form.

65

For example, more than 99.0% of the activity of Cs and Zn were recovered
and separated in a pure form, the precipitated aluminium hydrous oxides
were completely purified from radioactive isotopes and may be used in other
applications.
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INTRODUCTION

Pure Aluminium contains some trace elemental impurities . On neutron irradiation, these

impurities produce irradiation-induced radioactive isotopes, which represent serious problems

with respect to radioactive waste management and environmental remediation. These impurities

of trace elements have been determined using different methods such as inductively coupled

plasma emission spectrometry(1'2'1, instrumental and radiochemical neutron activation

analysis^.

Predisposal chemical treatment is needed in order to concentrate the radioactive isotopes in

a small volume and reduce the solid radioactive waste as low as possible and, simultaneously to

recover some radioactive isotopes, in a pure form, especially 134Cs and 65Zn. Some

radiochemical methods have been, recently applied for therecovery and separation of some

radioactive isotopes from different media, which are of interest for the present work. Thus,

radioactive isotopes of Cs were removed from liquid radioactive effeluents with percentage

removals of 90-99.8 % using co-precipitation with nickel ferrocyanide1-8-1. Lobo and Turel(9)

have carried out adsorption and radiocemical separation of Cs using zirconium phosphate ion

exchanger. Besides, uptake of radionuclides of caesium and cobalt has been performed using

chemically modified Zeolite(10) . Concentration of some metal impurities, including zinc from

sodium aluminate solution has been performed using partial precipitation with percentage

removals of 70-95 % ( u ) . A chelating resin containing 4-(2-thiazolylazo) resorcinol as a

functional group has been used for chromatographic preconcentration and separation of Zn(II)

and some other trace metal ions using EDTA as eluent .

The present work describes the details of the processes developed and demonstrated on

bench and semi-pilot scale for pre-disposal treatment of irradiated aluminium, in order to

concentrate the radioactive isotopes of trace elemental impurities and to minimize the solid

waste as low as possible. Besides, the paper describes the used process for the recovery of

some radioactive isotopes in pure form. The process is a simple one requiring minimum steps

and has the advantage of low costs.

EXPERIMENTAL

Materials:- All used chemicals were analytical grade reagents. The used resins were Dowex-

50x8 hydrogen form; a product of Serva, Chelex-100 sodium form and AG-lx8 chloride form ;

products of Bio-Rad. All resins were 50-100 mesh.
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Gamma Spectrometric analysis

Usually, irradiation of materials in the Egyptian nuclear reactor ET-RR-1 is performed after

sealing the samples in two aluminium cans. These cans are an internal small one has an average

weight of 6.8 g, which, in turn is sealed in an outer larger one and its weight of aluminum is ~

50 g. . In the present work, samples of an irradiated outer can was washed very well with

distilled water and analyzed gamma-radiometrically. The can has been irradiated for 48 hours

in a neutron flux of 1013n/sec. cm2. Gamma-ray analysis was carriedout, after a cooling time

of one month to allow the induced activities of the short lived isotopes, produced from

irradiation of trace element impurities in aluminium to decay. The measurements were repeated

to follow the decay of some induced radioisotopes. Short-lived isotopes are not interesting in

this work, since they represent no problems with respect to the end disposal of these cans.

Gamma-spectra for the irradiated samples were recorded using hyper pure Germanium detector

connected to a 8192 channel multichannel analyzer .

Sample dissolution:

Samples of irradiated aluminum cans each weighed about 2 grams have been dissolved

in the necessary volume of 0.5 N NaOH. The solution was then filtered using filter paper

Filtrack 389mm. The weight of the insoluble residues was determined . The percentage weights

of both the soluble part and residues of the analyzed samples were calculated. Gamma

spectrometric analysis was carried out for the total aluminium solution before filtration, the

insoluble residue, as well as for the filtrate .

The percentages of the dissolved (%D) and insoluble (%I) parts of each trace elemental

impurity in aluminium were calculated . This was performed by comparing the areas under the

characteristic gamma peaks for each isotope in the recorded gamma spectra of both the filtrate

and residue with the gamma spectrum of the total sample solution, using the following

equation:

A
% D = x 100 (la)

xlOO

Where A-,, A and A" are, respectively the net areas under characteristic gamma peak for a

radioactive isotope in the spectra of the total sample solution, filtrate and insoluble residues,

This calculation was repeated using all characteristic gamma-lines for each isotope .
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Chemical treatment

Two different chemical processes have been applied for separation and recovery of the long-

lived radioactive isotopes and precipitation of the dissolved aluminium from solution.

The first process was adsorption of these radioactive isotopes on different-type ion

exchangers. These ion exchangers were Dowex-50x8 hydrogen form, AG- 1x8 Chloride form

and Chelex-100 sodium and hydrogen forms. For this purpose a certain volume of the original

solution (after filtratration) was diluted ten folds. Definite volumes of this diluted solution were

allowed to pass through glass columns filled, individually with 2 g quantities of the

aforementioned resins. Each column has a diameter of 1 cm. The flow rate was adjusted to be 1

ml / min. Gamma spectra were recorded for solution before and after passing through the

different columns. The percentage uptake for each isotope by each of the three resins was

calculated from the following equation :

Ao-A
% Uptake = x 100 (2)

A.

where Ao and A are the net areas under the characteristic y-line for an isotope before and after

passing through the column, respectively .

The second process included precipitation/ dissolution cycles for separating some

radioisotopes. For this purpose dilute HC1 and NH4OH were used for, simultaneous

neutralization and precipitation of some isotopes in the original solution, as well as

precipitation of aluminium.

RESULTS AND DISCUSSION

Fig. 1 presents the y-spectrum of the irradiated aluminium samples. The identified y-lines in

this spectrum are the characteristic gamma-lines of the following radioactive isotopes :

155Eu,152+154Eu, 144Ce, 102Rh, 106Ru-106Rh, 134Cs, I37Cs, 54Mn, ^Sc, 95Zr, 95Nb, 122Sb, 11OmAg,

59Fe, 65Zn and 60Co. Some of these isotopes result only as fission^products like 144Ce and 137Cs .

This may indicate the presence of uranium impurities as trace element in the analyzed

aluminum samples . With this respect, Lucic and Krivan have determined uranium in some

aluminium targets by NAA(4). However, the radioactivity of these two isotopes is

comparatively very high. This may lead to the assumption that these isotopes are difused from

the reactor coolant into the aluminium metal or adsorbed on a very thin layer of A12O3 on the

surface.

The y-spectra of the insoluble residue and filtrate, resulting from dissolution of aluminum in

0.5N NaOH are shown in fig. 2. Most of the identified radioactive isotopes remain, completely

in the insoluble residue and are not dissolved in 0.5 N sodium hydroxide solution. These
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radioactive isotopes are: 155Eu, 152+154Eu, 144Ce, 125Sb I06Ru-10SRh, 95Zr, 95Nb, ^Sc, UOmAg , 59Fe,

and 54Mn. However, the percentage weight of this insoluble residue to the total sample weight,

as determined using equation lb is 0.8-1.5%, whereas the percentage of the dissolved part is

about 99%. In addition, some other radioactive isotopes remain partialy in the insoluble

residues with different percentages. Thus, 42.8 % of 65Zn, 95.0 % of 60Co and 2.0 % of 134Cs

&137Cs remain in the residue. This means that, nearly most of the radioactivity resulting from

irradiation of trace elemental impurities in aluminium are concentrated in the insoluble part, i.e.

in only 0.83-1.5% of the original weight of aluminum . Table 1 presents the energies of

identified y-lines, the corresponding isotopes and percentage activity of each isotope at each

y-line in the insoluble residue and filtrate.

Probably, the insoluble residue consists of the elemental impurities hydroxides . These

hydroxides may act, partially as a cation exchanger which explain the adsorption of 2.0% of

Cs activity on the insoluble residue.

Chemical treatment of the filtrate:

The solution resulting from filtrating the original aluminum solution contains, respectively

98.0 %, 57, 2.0% and 5.0% of the original activities of Cs, 65Zn and 60Co, respectively in

addition to sodium aluminate. Two different chemical processes have been applied in the

present work for separation and recovery of the aforementioned isotopes from this solution.

The first one is ion exchange and the second is precipitation.

Ion exchange process:

The percentage uptake values of 134Cs, 137Cs, 65Zn and 60Co by the used ion exchangers are

presented in table 2. As can be seen from this table 134Cs and 137Cs cations are very highly

adsorbed on the cation exchanger Dowex-50x8 (98%). However, 65Zn and 60Co are partially

adsorbed on this ion exchanger with percentage uptake values 39.56 and 22, respectively .

With respect to the anion exchanger AG-1, 65Zn and 60Co are, highly adsorbed with

percentage uptake values 98.57 and 98.0, respectively . In the presence of excess of alkali

hydroxides, Zn is fairly readily soluble and form zincates anions formulated as

[Zn(OH)4]
2" (13>14) and Co(II), also forms the soluble anionic complex [Co(OH)4]2"(15). It may,

consequently concluded that , these anionic complexes are highly adsorbed on the anion

exchanger AG-1x8.

In the case of the chelating resin Chelex-100 in sodium form, it was found that 65Znis,

highly adsorbed with percentage uptake value of 95.0 , However, Caesium is, partially co-

adsorbed with percentage uptake values 22.0 whereas 60Co is slightly adsorbed (7.7%).
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Table(l): Recorded y -lines, corresponding radioisotopes and percentage activity of each
isotope at each y-line in the insoluble residue and filtrate resulting from
dissolution of irradiated Al-sample in 0.5N NaOH.

Energy
102.82
105.3
121.8
123.1
133.4
244.6
344.2
427.8
443.9
475.0
563.2
569.3
604.7
621.9
657.8
661.6
698.23
724.2
756.6
765.8
778.6
795.8
802.0
834.8
874.72
884.5
889.4
964.1
997.42
1005.5
1050.5
1086.0
1098.6
1115.4
1120.3
1168.0
1173.1
1212.0
1274.3
1291.5
1299
1332.4
1364.8
1384.0
1401
1407.7
1489.55

Isotope
mCe
1bbEu
1b4Eu
1b4Eu
144Ce
l w E u
1MEu
l i !bSb
™Eu
10JRh
134Cs
1J4Cs
134Cs
1U6Ru-10BRh
110mAg

i a ' C s
144Ce
9bZr
9bZr
9bNb
152Eu
134Cs
1a4Cs
b4Mn
1 w E u
11UmAg
4HSc
1 w E u
1b2Eu
1b4Eu
1OeRu-1UeRh
1b2Eu
b9Fe
BbZn
4BSc
134Cs
BUCo
1 w E u
1b4Eu
59Fe

b 2Eu
60Co

34Cs
l u m Ag
34Cs
b 4Eu
24Sb

% dissol.
0.0
0.0
0.0
0.0
0.0
0.0
1.51
0.0
0.0
100
98.0
98.0
98.0
1.20
0.0
98.0
0.0
0.0
0.0
0.0
0.0
97.5
99.0
0.44
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.18
57.20
0.0
97.0
5.0

.0.0
0.08
0.0
0.0
5.0
98.0
0.0
98.5
0.93
0.0

% ppted.
100
100
100
100
100
100
98.49
100
100
0.0
2.0
2.0
2.0
98.80
100
2.0
100
100
100
100
100
2.5
1.0
99.56
100
100
100
100
100
100
100
100
99.82
42.80
100
3.0
95.0
100
98.92
100
100
95.0
2.0
100
1.5
99.1
100
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Table. (2) : 'Percentage retention of radioactive tracers on AG-lx8, Dowex-50x8 and Chelex-
100 columns, from filtrate resulting from dissolution of Al- in 0.5N NaOH after
dilution ten folds.

Radioactive

isotop

65Zn

m Cs+ 1 3 7 Cs

60Co

% retention

AG-lx8

Cl" form

98.57

0.0

98.0

Dowex-50x8

H+form

34.56

100

22.07

Chelex-100

Na+ form

94.91

22.0

7.72

Chelex-100

JHTform

100

14.5

45.9

The partial adsorption of 65Zn and 60Co on the cation exchanger Dowex-50x8 and the high

adsorption of 65Zn on the chelating resin Chelex-100 from the dilute NaOH solution may be

attributed to the partial dissociation of the anionic hydroxo complexs of these isotopes in the

presence of the former ion exchanger and the complete dissociation of Zn complexes in the

presence of the latter ion exchanger, where Zn ions form, preferentially strong chelates with the

chelating functional groups of the resin . This may also explain the complete adsorption of Zn

ion on the resin in H* form. The functional groups of Chelex-100 are the strong chelating

groups iminodicarboxylate <!6 \ However, the equilibrium of the physico- chemical forms of

trace elements present in a solution may be disturbed by applying chemical procedures to this

solution and hence alter the speciation of this element(17)

The anionic species of aluminium in sodium hydroxide solutions, i.e. [A1(OH)4]"
(I4) may be

very slightly adsorbed on the anion exchanger AG-lx8 owing to their low charge.

In order to separate Cs in very pure form, separation of 65Zn and the very small fraction of

60Co is performed by adsorption on the anion exchanger AG-1x8. Two column stages are

performed for complete adsorption of 65Zn and 60Co on these columns. Caesium isotopes

remain in the eluate solution in a pure form. When this solution is allowed to pass through a

Dowex-50x8 column, Cs is completely adsorbed resulting in complete decontamination of the

sodium aluminate solution. This solution is then acidified to give the free metal ions and then

aqueous ammonia is added to precipitate A1(OH)3 . The radioisotopes of Cs are then eluted

from Dowex-50x8 column using a small volume of 6N hydrochloric acid. Elution of 65Zn from

AG-1 column is acheived using 10% NH4OH. The elution curves are illustrated in Fig.3(a&b).

Accordingly, the used resins are recovered from the adsorbed radioisotopes . The following

flow sheet shows the steps of the used procedures (Fig.4).
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Eluate volume (ml)

Fig.(3a): Elution of Zn-65 from AG-lx8 using 10 % ammonium hydroxide solution.

column diameter = 1 cm, bed hight = 4 c m , flow rate= 1 ml/min., temp = 25 °C.

20

Ui

0 5 10

Eluate volume (ml)

Fig.(3b): Elution of Cs from Dowex-50x8 using 6 N HCl solution.

column diameter = 1 cm, bed hight = 4 cm , flow rate= 1 ml/min., temp = 25 °C.
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2gof
Irradiated AI

Dissolution in 150 ml 0.5 NaOH

Filtration

Filtrate (-98.5% of the
total weight) containing : 98%

*Cs+57.2 % 65Zn +5% 60Co

Dilution 10 folds with H2O

Residue (0.030 g ; 1.5% of the
total sample weight) containing: 100% of 46Sc,

54Fe,95Zr,95Nb, 103+106Ru, UOmAg)
 152+1^>»Eu, » 4

C
12SSb, 54Mn + 42.8 % 6sZn + 95% Co + 2% *Cs

Elution with
10%NR,OH

AG-lx8Cl" form
Adsorption of:

NHtOH
Ion exchange process

65-98.57% MZn +
98.0 % 60Co

Dowex-50X8
H+form
Adorption of
100% *Cs
+34.56%
+ 22.07%

65Zn

Chelex-100Na+form
Adsorption of:

94% 65Zn + 22%
*Cs + 7.7% 60Co

Eluate:
100134Cs +

1.97%65Zn
NarAlO21

65Znin
10%

NH4OH

Elution with
6NHC1

Dowex-50x8 H+ form
Adsorption of: 100%*Cs

Eluate : A1O2"

HC1

134Cs in
6NHC1

NH^OH

Al(OH)3ppt.

Precipitation process HC13N

T
Neutralization, Precipitation

Filtration

gel
95.0%6 5Zn+ll%
*Cs+49.6%60Co

Filtrate
89% *Cs+ 4.6%

65Zn +50.3% S0Co

Dissolution in
3NHC1

Precipitation
with NH4OH

Filtation

Filtrate
65Zn +*Cs +60Co

gel
Airom,

; * _ 134+137Cs

Fig (4): Flow chart for pre-disposal chemical treatment of irradiated Aluminium can sample
134+137,and radiochemical separation procedure for Zn and Cs recovery

387



Precipitation Process

The second process which is applied in this work includes precipitation / dissolution cycles.

Stepwise addition of 3N HC1 is used for the simultaneous neutralization and precipitation of

some of the original filtrate contents. About 95% of 65Zn , 11% caesium activity and 49.6% of

the remaining tracer of 60Co are co-precipitated with aluminium in the form of white gel. 89%

of caesium activity remains in the filtrate beside 4.6% of s5Zn and 50.3% of the remaining 60Co

(Table 3). In a second dissolution / precipitation cycle, the gel is dissolved in 3N HC1 and a

solution of 10% NH4OH is used for reprecipitating aluminium hydroxide . The filtrate resulting

from this cycle contains the radioactive tracers in NH4OH . Thus, only partial separation of

these isotopes is possible using this process, hence ion exchange process is prefered to

precipitation process for separation of these isotopes and is recommended for the recovery of

Zn and Cs in a pure form. The steps of this process are illustrated in the flow chart (Fig. 4.).

Table (3) Fractional precipitation of radioactive tracers from filtrate using 3 N HC1

Radioactive isotop
65 Zn

60Co

134Cs+137Cs

% in filtrate

4.6

50.3

89.0

% in precipitate

95.0

49.6

11.0

CONCLUSION

As can be concluded from this study, the removal of the most radioactive contaminants

resulting from trace elemental impurities in irradiated aluminium can be achieved using a single

dissolution/ precipitation cycle, where these radioactive isotopes are concentrated, mainly in the

form of hydroxides. The percentage weight of these hydroxides to the total weight of the treated

aluminium sample is 0.85-1.5% . This may lead to an efficient volume reduction of the

disposed radioactive waste.

Only 65Zn, 137Cs, 134Cs and 60Co are partially precipitated. Using sorption/ desorption

cycles, recovery and sorption of these isotopes can be achieved . Thus, separation of 65Zn and
60Co from Cs-isotopes is achieved by adsorption of 65Zn and 60Co on an AG-lx8 column . Cs-

isotopes are then recovered from eluate by adsorption on Dowex-50x8 column. Zn and Cs are

then eluted from the corresponding columns using 10% NH4OH and 6NHCI, respectively .

Aluminium is precipitated from the solution in the form of A1(OH)3, by adding HC1 to get the

free ion then adding NH4OH . The precipitated aluminium hydroxide is free from radioactive
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isotopes. The used resins are regenerated after the elution of the adsorbed isotopes and can

be used once more . The precipitated aluminum hydroxide can be converted to alumina and

may be used for other applications or may be safely disposed . The separated isotopes 65Zn and
134Cs & 137Cs may be used in other applications. The only consumed reagents are HCl, NaOH

and NH4OH. These reagents are cheep which make the recommended procedure for predisposal

treatment of the spent irradiated aluminium cans very economic.
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ABSTRACT
A magnetic field-enhanced filtration/sorption device is described for
removal of radioactive and heavy metals from water and wastewater.
The device consists of a column of supported magnetite surrounded by
a movable permanent magnet. The mineral magnetite, or synthetically
prepared iron ferrite (FeO Fe2O3), is typically supported on various
materials to permit adequate water passage through the column. In the
presence of the external magnetic field, enhanced capacity was
observed in using supported magnetite for removal of actinides and
heavy metals from wastewater. The enhanced capacity is primarily due
to magnetic filtration of colloidal and submicron particles along with
some complex and ion exchange sorption mechanisms. The loaded
magnetite can easily be regenerated by the removal of the magnetic
field and use of a regenerating solution. This paper will review
previous work on the use of iron oxides for wastewater treatment and
discuss the development and potential of the magnetic
filtration/sorption process for water and wastewater treatment.

INTRODUCTON
Many processes have utilized iron oxides for the treatment of liquid
wastes containing radioactive and hazardous metals. These processes
have included adsorption, precipitation and other chemical and physical
techniques [1-4]. For example, a radioactive wastewater precipitation
process includes addition of a ferric hydroxide floe to scavenge
radioactive contaminants, such as americium, plutonium and uranium
[5]. Some adsorption processes for wastewater treatment have utilized
ferrites and a variety of iron containing minerals, such as akaganeite,
feroxyhyte, ferrihydrite, goethite, hematite, lepidocrocite, maghemite

390



and magnetite [6]. Fenrite Is a generic term for a class of magnetic iron
oxide compounds [7]. Feixites posses the property of spontaneous
magnetization and are crystalline materials soluble only in strong acid.
Iron atoms in iron ferrite (FeO'Fe2O3) can be replaced by many other
metal ions without seriously altering its spinel structure

Various ferrites and natural magnetite were used in batch modes for
actinide and heavy metal removal from wastewater [8-12]. Supported
magnetite was also used in a column mode, and in the presence of an
external magnetic field, enhanced capacity was found for removal of
plutonium and americium from wastewater [13-15]. These observations
were explained by a nanolevel high gradient magnetic separation
(HGMS) effect, as americiurn, plutonium and other hydrolytic metals
are known to form colloidal particles at elevated pHs [15]. Recent
modeling work supports this assumption and shows that the smaller the
magnetite particle the larger the induced magnetic field around the
particle from the external field [16]. Other recent studies have
demonstrated the magnetic enhanced removal of cobalt and iron from
simulated groundwater [17,18].

The magnetic field-enhanced filtration/sorption process differs significantly
from magnetic separation processes used in the processing of minerals, and
more recently, for water treatment and environmental applications.
Conventional processes use, for example, a fine stainless steel wool to form
a magnetic matrix within a flow field of a solution containing mineral
particles to be separated. For this reason, in order for such processes to
remove metal ions and nanoparticles from solution, precipitating or
flocculating agents must first be added to effect formation of large particles.
In contrast, the magnetic filtration/sorption process is unique because a
highly porous adsorbent material not only acts as a magnetic matrix; it also
contributes an adsorptive component to the system. This adsorptive
component allows for the removal of complex metal species and ions from
solution, while the relatively low field magnetic matrix allows for the
removal of nanoparticles through a HGMS effect.

This paper will review previous work on the use of iron oxides for
wastewater treatment and work leading to the development of the
magnetic filtration/sorption process. A conceptual magnetic device and
its operation options will also be presented along with a discussion of



its potential for simple and inexpensive water and wastewater
treatment.

FERRITE WASTEWATER TREATMENT
Metals are removed in most conventional wastewater treatment
processes in the form of metal hydroxides since they have low
solubilities. As noted above, ferric hydroxide is often added to
scavenge a wide variety of heavy metal contaminants [19]. However,
the metal hydroxide solids can form gelatinous precipitates, which are
difficult to filter. Consequently, filter aids must sometimes be added to
facilitate the filtration process.

The use of iron ferrite and magnetite in wastewater treatment has a
number of advantages over conventional flocculent precipitation
techniques for metal ion removal [8]. Ferrite solids are crystalline
materials, unlike hydroscopic metal hydroxide sludges, and can be more
readily filtered; and their ferromagnetic character permits use of
magnetic separation of the solids from solution. A wide variety of
metal ion impurities can be effectively removed in one treatment step,
and their removal is not seriously affected by high salt concentrations
[8, 12]. The ferrite method does not require expensive chemicals, and
since iron is usually a constituent of waste solutions, its oxidation states
can be adjusted by chemical or electrolytic means to form ferrite. In
situ and preformed ferrite methods have been used in wastewater
treatment applications [8].

Most commonly with the in situ method, ferrous ion is added to the
waste solution (usually heated to between 60° and 90°C) followed by
the addition of base and subsequent oxidation (usually by aeration), and
ferrite is formed within the waste solution itself. In this technique,
metal ions undergo ferrite formation and can be incorporated into the
lattice of ferrite crystals. In the preformed case, ferrite is prepared
separately using the in situ procedures described above and added in
solid or slurry form to the waste solution. Magnetite, a naturally
occurring ore and very prevalent in most parts of the world, can also be
used in place of preformed ferrite. However, natural magnetite needs
activation to have the same capacity as preformed ferrite [13].

The ferrite functions as an adsorption medium to remove contaminating
species from solution. In situ ferrile can also function in this manner in
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addition to its chemical incorporation capabilities. The adsorption
mechanism of ferrite occurs through metal hydroxide species. In
alkaline solution, most metal ions form insoluble species, which may be
complexed with additional hydroxide ions, depending upon the
chemistry of the metal and the pH of the solution. Hydroxide ions are
strongly adsorbed onto the surface of ferrite particles, so that metal ions
can bond to the ferrite surface through the hydroxide ions to which they
are bound. Alkali, alkaline and other metals, which do not form
insoluble hydroxides, and metals which form soluble hydroxide
complexes at high pH, such as aluminum and zinc, also are not
removed by ferrite.

SUPPORTED MAGNETITE PROCESS
Magnetite from natural and waste sources is usually only available as a
fine powder. To achieve low back-pressure and good water flow in a
column of the magnetite, it must be supported with another material.
The first tests of supported magnetite involved using a column
containing a nonporous polyamine-epichlorohydrin resin bead coated
with activated magnetite surrounded by an electromagnet of 0.3 Tesla
[13]. In this work, the capacity of the magnetite coated resin for both
plutonium and americium removal from water increased by a factor of
five compared to using unsupported magnetite particles in the absence
of a magnetic field.

The above observations were explained by a nanolevel HGMS effect, as
americium> plutonium (and other hydrolytic metals) are known to form
colloidal particles under alkaline conditions [15]. The pores of the
magnetite-coated resin are large enough to permit the free displacement
of the colloidal particles. When the field of the electromagnet is turned
on, the magnetite particles are magnetically induced; creating a field
that contributes to the net field sensed by the colloidal particles. When
the magnetic force is sufficiently greater than the force associated with
Brownian (thermal) motion, the magnetic force created by the field can
be attractive and sufficiently large to allow the magnetite to sorb the
colloidal particles, provided they have sufficient magnetic
susceptability. Recent modeling work has shown that the smaller the
magnetite particle the larger the induced magnetic field around the
particle from the external field [16]. When the electromagnet is turned
off, the nanoparticles are released and dispersed in solution by thermal
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motion (metal hydroxide complexes would still be adsorbed, however,
and would have to be removed by an eluent solution).

Recent studies have demonstrated the magnetic enhanced removal of
cobalt and iron from simulated groundwater [17]. These preliminary
results also indicate that natural components of groundwater, such as
calcium and magnesium, do not interfere and are not removed with the
process. Several suitable support media including glass beads were
tested for mixing with natural magnetite that achieves satisfactory flow
characteristics while retaining the magnetic field-enhanced sorption
properties of magnetite [18].

CONCEPTUAL DEVICES AND PROCESS OPERATION
One inexpensive device for containing supported magnetite is simply some
type of static-bed column with screens at the entrance arid exit for holding
the support in place while permitting the flow of smaller magnetite particles
in and out of the column. The first step in operating the column would be to
pass a slurry of activated magnetite down the column containing a support
material such as glass beads [18]. Once the column is loaded with
magnetite, the magnets would be placed around it to hold the magnetite in
place. Then water to be treated would be passed upflow through the column
until contaminant breakthrough is reached. Then the magnetic field would
be removed and an additional amount of fresh magnetite slurry added to the
top of the column to displace a portion of loaded magnetie and the captured
contaminate particles. Then the magnets would be replaced around the
column and more water passed upflow. The spent magnetite could be
regenerated or discared depending on the contaminants and operational
situation. Discarding the material would be useful for contaminants that sorb
strongly onto the adsorbent material (thus perhaps serving as a favorable
waste form for final disposal.

In some cases it may be advantageous to have the magnetite bonded to the
support and to use a normal fixed-bed column operation with regenerating
solution. There are several methods available to adhere or bond the
magnetite particles onto supports. For example, crushed glass and glass
wool may be mixed with the support in the presence of a solution of a alkali
or alkaline hydroxide (this process would also activate the magnetite);
heating may also assist the process, as well as raising the temperature to near
the melting point of the glass without the solution present. Grinding the
glass wool (or waste fiberglass insulation) with the magnetite may also bond
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the materials, as would the use of silica gel, resins and other bonding
adhesives.

Besides supporting magnetite on inexpensive supports such as sand,
crushed glass, glass beads or wool, etc, some supports could have
adsorption characteristics that magnetite does not possess. Examples of
these types of supports include selective inorganic ion exchangers, such
as zeolites to sorb cesium, strontium etc., and activated carbon particles
and fibers to adsorb dissolved organic compounds from solution. A
layer of finely divided iron metal at the column inlet could be utilized to
reduce certain metal ions, such as chromium, to a more insoluble form,
and to form ferrites on the iron surface from the adsorption of ferric
ions. Ferrites could also be prepared insitu as described above to
enhance removal of certain contaminants. If metals would require
removal in their higher oxidation states, air sparging or addition of
oxidizing agents could be used to pre-treat the water.

Besides ferrite treatment, wastewater could also be pretreated with
standard flocculation/precipitation and filtration steps to remove gross
amounts of metal ions from solution. The magnetic filtration/sorption
device would then be used as a polishing step for the water to remove
colloids, small particles and complex ions not removed in the
precipitation/filtration steps.

The column configuration and material of construction may improve the
cost, operation and efficiency of the process. For example, in third world
countries, columns could be constructed of plastic water bottles of various
types. If the magnet is rectangular in shape, then thin rectangular columns
may be more effective than cylindrical columns, and several devices run in
parrallel may be advantagous with a row of columns sandwiched with fixed
magnets.

CONCLUSIONS

Iron oxides in various forms have been used in water and wastewater
treatment technology. The use of ferrites and magnetite has some
advantages for batch treatment of a broad range of aqueous wastes.
Activated magnetite, supported and used in a column mode in the
presence of an external magnetic field, shows enhanced capacity in
removal of a wide variety of contaminants from wastewaters. The
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magnetic field-enhanced filtration/sorption process shows promise as an
improved, simple and inexpensive method for treating water and
wastewater.
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ABSTRACT

Organic pollutants has been a great problem of environmental pollution, the
traditional methods are not effective in removing these compounds and most of
them are deposited for long time causing problems to the environment Ionizing
radiation has been used with success to destroy these organic molecules. In the
present study, Five dyes Astrazon red 6B ,Astrazon blue BG-200%,
Direct orange, Isma Fast yellow and Sandolane Rubanole E-3GSL were
subjected to electron beam irradiation. Also, these pollutants were
treated by ozone as well as a combined ozone / electron beam irradiation
process. Treatment of the dye solutions with ozone resulted in the
degradation of the dyes by different percents as happened with the
electron beam irradiation. However, more degradation was observed
when the combined treatment (ozone / electron beam) was applied. It
may be concluded that radiation degradation of the toxic dye pollutants
and their removal from wastewater down to concentrations not
exceeding the maximum permissible concentration (MPC) according to
international standards, proved to be better than the conventional
methods of purification alone.

Key Words: Irradiation- Electron beam- Dyes- Wastewater- Ozone.

INTRODUCTION

It is well known that ionizing radiation (predominantly electron beams) can be used for
treatment of polluted water and wastewater. Hl From economical viewpoint, the only
electron-beam treatment is restricted by few cases (mainly by ground water containing
very small amounts of pollutants). As a rule, electron-beam treatment can be believed as
an additional instrument for purification and can be used in a combination with
conventional methods (biological treatment, ozonation. flotation, coagulation, adsorption
and so on).(5) Combined electron-beam and ozone treatment of ground water polluted
with chlorinated organic compounds'" , combined electron-beam and biological
purification of industrial vvastewater from refractory emulsifier'7', and electron-beam
decoloration of highly-coloured river water intended for drinking18'. The combined
method of purification of wastewater from emulsifier found an industrial application; the
maximum output of the respective facility with two electron accelerators is about 12,000
mVd. In the present study, Five dyes Astrazon red 6B .Astrazon blue BG-200%, Direct
orange, Isma Fast yellow and Sandolane Rubanole E-3GSL will be subjected to electron
beam irradiation. Also, these pollutants will be treated by ozone as well as a combined
ozone / electron beam irradiation process.

EXPERIMENTAL
A- Materials:

Five dyes were used in the present work, namely two basic dyes: Astrazon red 6B and
Astrazon blue BG-200%, two direct dyes: Direct orange S and Isma Fast yellow RL and one acid
dye: Sandolane Rubanole E-3GSL. All chemicals were reagent grade and were used as received.
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B- Electron Beam Accelerator:

It is an electrical instrument used to produce an electron beam with high energy which
can be used for different applications in different fields. The electron beam accelerator
consists of three main parts:- Electron beam source, Acceleration section, and Output
scanning device. All electron accelerators operate on the same principle where charged
particles are accelerated under an electric field which can be delivered directly from high
voltage electrodes (direct accelerator) or indirectly from changing magnetic field (indirect
accelerator) and the NCRRT accelerator is a direct accelerator.
Accelerator specifications:

Energy: 1.5 MeV, Beam current: 25 ma, Power: 37.5 kW, Scan width: variable up to
90 cm.
C- Ozone Generator:

OrectM ozone generator V-series, the variable voltage switch transformer was adjusted
until the generator power and ozone output was about 40% of rated output., Ozone output
was about 2-4% by weight on oxygen feed of total volume of feed. The rate of oxygen
supplied to the ozone generator was about (0.6 bar), Phoenix Operations OrectM

Ozonation systems, 4953 West Missouri Avenue, Phoenix, AZ 85301-6100 USA.
UV measurements were carried out as previously described (I'2'3)

RESULTS and DISSCUSION

a- Electron Beam Irradiation

The five dyes studied.( two basic dyes: Astrazon red 6B and Astrazon blue BG-
200%, two direct dyes: Direct orange S and Isma Fast yellow RL and one acid dye:
Sandolane Rubanole E-3GSL) were subjected to electron beam irradiation at different pH
values (4, 7, 10) at a constant initial dye concentration 100 mg/l. The irradiation dose
ranged from 3-10 kGy and the results are shown in Fig. (1-5) for different dyes. It can be
seen from the figures that the acid red, the basic red and the direct orange were
completely degraded at a dose of 3 kGy while the direct yellow and basic blue needed a
dose of 7 kGy to achieve complete degradation. This difference between the two groups
of dyes may be due to the difference in their physico-chemical characteristics such as the
existance of benzene rings in their structure or some aliphatic side chains which leads to
more radiation resistance in the former case and to more radiation sensitivity in the latter
case. To cause chemical degradation, the energy of fast electrons must be transferred to
the molecules of the material irradiated. This happens in small steps and with many
changes in the direction of the electron. A simple rule is that the probability of an
inelastic collision for a fast electron varies with the inverse square of its velocity.<9)

Application of this rule is complicated greatly by scattering of electrons in the target and
by the requirement that the relativistic mass must be used at the high electron energies
encountered. This mass is not a constant but depends on electron velocity and is typically
increased many-fold over its normal constant value, as required by the principles of
relativity theory.

Most of the energetic interaction is with the electrons of the penetrated material since
the number of electrons in an atom is roughly proportional to its relative atomic mass,
absorption per unit distance traversed tends to be proportional to density. Therefore, the
thickness to be irradiated is often given instead as the product of thickness and density
too, in units of mg/cm2 or g/cm2. (IO'H) The outstanding exception to the genera! rule stated
above is described, which is about twice as rich in electrons per unit mass as element of
higher relative atomic mass. The factor involves the objective of an approximately
uniform exposure for curing in all layers of the coating. This can be achieved at the far
end of the sample, where the rate of energy deposition has fallen to perhaps fifty to sixty
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percent of the surface rate using excess electron energy at the expense of allowing some
of the beam to escape into the substrate, there by wasting the beam energy remaining.
Low energy electrons are advantageous for thin coatings because they conform with
requirement two above, but on the other hand, a large fraction of the total energy is
consumed passing through the window and the air layer. Comparison between electron
beam irradiation and gamma-irradiation showed that EB is more effective and faster than
gamma rays.

b- Ozonolysis

The effect of bubbling ozone as a strong oxidizing agent in the dye solutions was
studied at constant pH 7 and a constant concentration 100 mg/1 as a function of the time
of bubbling. As can be seen from the results in Fig. (6), ten minutes bubbling of ozone
resulted in maximum degradation of four dyes, while the fifth one (direct yellow) needed
about 15 minutes to achieve this goal. The extent of the degradation depends on the type
and structure of the dyes. It is well known that ozone is a powerful oxidant and it can
react with organic and inorganic molecules in solution both directly and indirectly via its
aqueous phase degradation products such as the hydroperoxyl and peroxyl radiac!s(12'13)

thus, in the presence of water in either the gas or aqueous phase, ozone will photolyze to
produce hydroxyl radicals, which are strong oxidizing agents. Therefore, the combined
ozone/ electron beam process greatly enhances the degradation of organic compound
more than ozone process alone. A variety of Advanced Oxidation Processes (AOPs)
employed ozone combined with hydrogen peroxide, or ozone combined with ultraviolet
irradiation has been explored. In this system, ozone decomposes via a free radical chain
reaction to generate hydroxyl radical (t4iI5). Even though ozone is a strong oxidant
(E°=2.07 v), it is selective in terms of its reactions. For example, ozone preferentially
reacts with alkenes and sites with high electronic density. In contrast, hydroxyl radical is
non-selective in its reactions, allowing it to react with organic compounds by H-atom
abstraction, direct electron transfer, or insertion. The coupling of ultrasonic irradiation
with ozonation provides another possible (AOP). Like that for other (AOPs) using ozone,
OH' is generated from the decomposition of ozone. However, by sonolysis and photolysis
ozone is decomposed thermolytically in the vapour phase of a cavitation bubble as
follows(IM7):

O3 > O2 + O(3p)

The initiation reaction yields atomic oxygen, which react with water to form hydroxyl
radical:

O(3p) + H2O > 2OH
The combination of O3 and ultrasound may be an effective oxidation system since two

OH' Molecules are formed per O3 molecule consumed. However, O3 may also react with
atomic oxygen

O3 + O (3p) > 2O2

Or other reactive species in or near the bubble, thus, reducing the efficiency of OH'
production. Irradiation with y-rays or electron beam (E B), is an efficient process for
degradation of organic pollutants present in water and wastewater and appears to be most
promising technique in the future (I3ll9). The same mechanism for the action of ozone as
discribed above can be applied to our case i. e. in the dye solutions.

c- Electron Beam Irradiation / Ozonolysis

Industrial effluents containing dyes at initial cone. 100 mg/1 and different pH values
were irradiated using an electron beam I Mev to study the compounds degradation. The
samples were irradiated with different doses ranging between 3 and 10 kGy. Electron
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Table.(l): Effecl of bolli Electron Beam ( E. D. ) & Ozone
( OJ ) on the degree of concentration degradation ( AC/Co) of
the different dye solutions at different pi I values

pi I

4.0

7.0

10.0

Acid
4/red
/Cbr\C .

99.75

99.98

100.0

100.0

99.35
99.53

99.61
99.75

99.18

99.39

99.39
99.68

Basic
blue

99.1

99.4

99.56

99.73

99.0

99.32

99.5

99.7

97.73

99.25

99.36

996

Dasic
red

99.87

99.88

99.87

99.92

"99.77

99.78

99.83

99.85

99.64

99.77

99.79

99.84

Direct
orange

98.73

99.21

99.3

99.74

98.5

99.02

99.2

99.38

95.45

(98.49

98.52

98.84

Direct
yellow

91.85

94.2

95.7

95.93

87.9

93.8

95.1

95.2

87.2

91.9

94.8

94.74
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beam irradiation treatment efficiency was evaluated by U. V. measurement of the samples
after irradiation. Table (1) shows the relationship between the electron beam irradiation
dose and the degree of degradation of the five dyes at various pH values. It can be seen
that at a dose of 3 kGy the dyes reached a maximum degradation of 99%.

d- Comparison between gamma and electron beam irradiation. :

Figures (7and 8) show the effect of gamma irradiation treatment the dye solutions
at various pH on the degradation percent at constant concentration (100 mg/1) as a
function of irradiation dose (1, 3, 5, 10, 20, kGy). The pH value of the dye solutions has a
considerable effect on the degree of degradation of the dye at various irradiation doses
and it varies according to the type of the dye. It can be seen from the figures that the
amount of the dye degradation was lowest at pH=10 in all cases and highest at pH= 4.
Piccinini and Ferrero <22) reported similar radiation degradation behaviour versus pH
which was different according to the type of the dye and reported that some of the dyes
are more destroyed in the basic medium, others in the acidic medium and that some
others are poorly influenced by pH. The dye molecules are degraded effectively by the
primary active species formed from the radiolysis of water such as OH', H+, HO2 and the
solvated electrons (e"aq). The energy of gamma radiation absorbed in the wastewater and
converted to these active species reacts effectively with very dilute pollutants such as in
our case. The effect of pH of the dye solutions at various irradiation doses leads to
degradation of the dye molecules to lower molecular weight compounds and
consequently the concentration of the dye decreases. Also, the secondary products formed
due to recombination or transformation of the primary species (forming H2, H2O2) take
part in the degradation process. In the presence of organic substances, reactions occur
with the primary species of various types: polymerization, hydroxylation, reduction but in
the presence of dissolved oxygen, oxidation is caused by HO2 and O2'species <23'24'25).
One can conclude that the radicals are to be considered as mainly responsible for dye
degradation. They lead in fact to the formation of organic radicals that are able in turn to
react or transform and form either similar products of greater molecular complexity at
different oxidation stages. In any case, the structure changes always involve a diminished
dye absorptivity, as saturated conjugated bonds constituting the chromophores are
entirely or partially destroyed and the products appear either colourless or less intensely
coloured than the original substance'22'2 '24'26'27).

Conclusion
It may be concluded that the electron beam irradiation proved to be much

effective than gamma irradiation in all cases. The degree of degradation using gamma
rays was 78-85 % and by using electron beam machine it rose to 99% at pH 4. The
efficiency of electron beam irradiation is obviously much greater than the degradation of
gamma- irradiation, which may be explained by the high effective energy of the electron
beam accelerator adsorbed by the dyes in a very short time compared with the energy and
time of gamma irradiation.(2Ol2!)
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ABSTRACT

Membranes were prepared by the radiation-induced grafting of N-vinylpyrrolidone
onto low density polyethylene and the possibility for their practical use in the
removal of two dyes: Acid Red 116 (Erionyl Red 2B) and Blue Reactive (Brilliant
Bright Blue ) was studied . The effect of the degree of grafting on the adsorption of
these pollutants was investigated and showed maximum adsorption occurred at 394
% grafting. Radiation degradation of the dyes with a dose of ~5kGy was followed
by adsorption of the residual concentration of the dyes by the membranes, which
resulted in the complete removal of these pollutants as well as the radiolysis
products present in the irradiated solutions. Also, characterization of the
membranes before and after adsorption was carried out using thermogravimetric
analysis and scanning electron microscopy.

KeyWords: Membranes / Radiation / Grafting / Dye / Removal

INTRODUCTION

As a result of the strong development of various industries and the rapid growth of
world population, a rather heavy overloading of water resources is observed .In addition to
this, chlorine - containing dyes, pesticides, detergent and other chemicals, as wall as fertilizers
in modern agriculture, contributes to contamination of ground water (1"l0). A rather heavy
pollution of the global environment is occurring .The consequences of the environmental
pollution are manifold: Health hazard for the population, respiratory diseases, cancer, allergies
as well as polluted soil, drinking water, agriculture products and hence animal diseases,
pollution of rivers and oceans resulting in plankton killing and reduction of fishes etc. Also,
the CO2 greenhouse effect is resulting in global warming and acid rains as well. Many
technologies are being developed to overcome these huge problems all over the world (1M6). In
previous studies, copolymers were used in the removal of pesticides, heavy metals and dyes
from waste waters.
In the present study radiation induced copolymers of low density polyethylene grafted by

N-vinylpyrrolidone will be used to remove some toxic dyes from aqueous solutions . Factors
affecting this process such as concentration, pH, degree of grafting ... etc. will be studied.
Also, some physical properties of the prepared membranes such as thermal, mechanical,
scanning electron microscopy ...etc . Will be studied.
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EXPERIMENTAL
Materials:

Low-density polyethylene (LDPE) films of thickness 60 y m were supplied by
EL-Nasr Chemical Company - Egypt. N-vinyl - 2- pyrrolidone , (NVP ) Merck-Schuchardt
purity > 99%, were used without further purification.The two dyes used in the present
work , namely Erionyl red 2B ( Acid Red 116) and reactive dye Blue Brilliant Remazol (
Bright Blue).

Apparatus and Methods:

A. Gamma Radiation Source:
The Samples were irradiated with cobalt-60 gamma rays at a dose rate 0.61 Gy/ sec. Gamma

chamber 4000 A, India. The graft copolymers were prepared by the direct radiation grafting of
N-vinyl. Pyrrolidone (NVP) monomer onto LDPE films using cobalt-60 gamma rays at a dose
rate 0.61 Gy / sec - Details of this technique are described in a previous study (17).

B. Dyes:
1 - Acid Red 116 ( Erionyl Red 2B ) IB , C22H15O4S4 Na ( Molecular Weight 454 ) .
2 - Remazol Blue Reactive Dye (Brilliant Bright Blue) IIA, C22 H16 O,, N2 S3 Na2

(Molecular weight 626).

C. Thermogravimetric analysis (TGA):
A model (Shimadzu - 50) was used for the measurements of TGA. In the present study
nitrogen flow must be kept at constant rate of about 60 ml /min to prevent oxidation of the
polymer sample, the heating rate 1 0 C / min up to 600 C .

D. Scanning electron microscopy (SEM):
The surface topography of the grafted and adsorbed dye films was studied using a JEOL I SM
- 5400 scanning microscope ( JEOL , Japan ).

RESULTS AND DISCUSSION

Removal of toxic dyes: -
The direct radiation - induced grafting of N-vinyl-2 - Pyrrrolidone onto low-density

polyethylene films was carried out to prepare membranes to be used in the removal of two
toxic dyes from waste effluents (l7). These dyes are Remazol Blue Reactive dye (Brilliant
Bright Blue IIA) and ( Erionyl Red 2B ) IB and acid dye. The effect of degree of grafting of
the membrane on it's adsorption capacity of the two dyes was studied at various pH values
(3,7 and 10). The results of this study are shown in Figs. (1-12) which show the adsorption
capacity (mg/g) against equilibrium concentration (mg/1) for the blank polymer and for the
grafted polymer (membrane) with various degrees of grafting ranging form 4% to 394%. It
can be seen from the figures that relatively small amounts of the dyes was removed by the
trunk polymer, while the grafted membranes showed appreciable adsorption capacity which
increased with the increase in the degree of grafting between 4% up to 287%. However, a drop
in the adsorption capacity was observed at 394% grafting, which may be due to saturation of
the active sites (functional groups). Increasing the degree of grafting i .e increasing the
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NVP groups resulted in more adsorption of the toxic dye. Membranes show generally good
affinity for adsorption of different pollutants such as heavy metals(17), pesticides and dyes °'l6)

Physical properties of the membranes are also an important factor in the adsorption process as
well as the physico-chemical characteristics (for example molecular size, molecular weight
...etc) of the adsorbent. The diffusion of the dye molecules through the porous ionic membrane
which is dependent on the polarity, ionic radius , electronic structure and most important it's
reaction with the functional groups of the grafted membrane.

Effect of solution pH:

The adsorption of reactive blue dye is best at pH 3 followed by the alkaline and neutral
media, while the highest adsorption of acid red dye occurred at pH 7. Hwang and chen(I8)

reported that this phenomenon from an economic and practical stand point, a fluid should
always be evaluated at the ambient pH. In other words, the pH of a solution of significance for
its effect on the adsorbent as well as on the adsorbate. Both adsorbate and adsorbent may have
chemical characteristics that are affected by the concentration of hydrogen ions [H+] in the
solution. Some adsorbents have affinity for [H+] or [OH"] ions and can directly affect the
solution pH and therefore the solubility and the adsorption capacity. The acid dyes are so
called because they are applied in a bath containing mineral or organic acid, and therefore pH
is a very important factor. A wide range of dye pH was investigated. Figures (1-12) illustrate
the influence of pH on the adsorption of acid red 116 and remazol blue reactive dye. The
results show two different effects. The adsorption of the blue reactive dye increase with [H+]
as figures (1-6) show. This phenomenon is possibly caused by the electrostatic potential
between the dye molecules and the membrane surfaces adsorbed hydrogen ion at low pH
solution. This electrostatic potential can improve the adsorption affinity between dye and
membrane. Figures (7-12) show that the adsorption effect between pH 6.0-7.0 was for acid red
dye. This is possibly because of the good adsorption affinity between membrane and the
anionic ion at low [H+]. According to these results, most of the acid dyes can be adsorbed onto
membranes at a very weak pH level (pH 6-7).
Hwang and Chen (18) reported that polyamide - epichlorohydrin - cellulose polymer (PAE -
cell) was able to remove various acid dyes from aqueous solution and that these polymers
exhibit better capacity for acid dye removal than some commercial activated carbons, this is in
good agreement with our results.

SEM of adsorbent adsorbed dyes:
The surface of a macroreticular adsorbent was observed by scanning electron

microscope (SEM). The SEM photo of grafted membrane shows the pore structure and fiber
structure Fig. 13 (a). After adsorbing a low initial concentration of blue reactive dye, the SEM
photo showed particles of aggregates dye, but some pore and fiber structures also were
observed in Fig. 13 (b). In addition, the shadowing on the SEM photo clearly reveals that the
visible particles are in the pore structure of the grafted membrane, and the largest particles
were seen to be those nearest to the outer surface, as shown in Fig. 13 (c).

Desorption:

Figs. 14 and 15 show the desorption rate of the dye release concentration as a function
of time (min.) for the reactive and acid dyes at various degrees of grafting, respectively (5 %
HCL was used at room temp.). There was, however, a slight release of the dyes, which
reached its maximum after 2 hours .It is obvious that membrane uptake of the dyes is strong
and the release is not that much.
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( a )

( b )

( c )

Fig. (13): Scanning electron micrographs of the surface of grafted LDPE
films at 394% grafting and adsorption dyes

( a ) before adsorption ( b ) afler adsorption of blue reactive dye .

( c ) after adsorption of acid red dye .
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Fig. (14): Effect of time on dye release concentration of blue reactive dye
from grafted membrane at different PH values .

( a ) 84.3% grafting . ( b ) 287.4% grafting

( c) 394% grafting .
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Fig. (15): Effect of time on dye release concentration of acid dye from
grafted membrane at different PH values .

( a) 84.3% grafting . ( b ) 394% grafting .
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Fig. (16) : Thermogravi metric curves for the grafted LDPE films at 394%
grafting (dotted line, solid line ) after and before adsorption dye respectively.

( a ) blue reactive dye . (b) acid red dye.
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Fig. ( 17,): relationship between the adsorption capacity (mg / g) of 287.4 % grafting LDPE-g-NVP and the

equilibrium concentration of ( J ) irradiation solution for two dyes

(a) blue reactive dye at PH3 ( 5 KGy ) ' .(b)acid dye at PH7 (4 KGy ).
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Thermal stability of prepared membranes:

The thermal resistance is an indicator of the chemical stability of the polymeric
membrane at high temperatures in vacuum, air or an inert atmosphere. It is a very important
factor for the durability of these membranes during practical use. Fig. 16 shows the percentage
weight loss at elevated temperature during the dynamic TGA for LDPE-g- NVP copolymer
and for the copolymer saturated with the acid and the reactive dye. It can be seen that the
grafted membrane and the grafted one plus the adsorbed dye show a slight difference, (the
membrane with the dye is less by 10 °C than the grafted one) i.e. a good thermal stability for
both . It is known that the stabilization is governed by the strength of binding of the dye with
the copolymer i.e. the complexation and / or exchange, chelation with the groups of the
membrane. Also, the thermal stability of the copolymers can be explained according to ligand
field stabilizing energy and ionic radii. It may be concluded that the LDPE / NVP membrane
showed good removal of the two toxic dyes studied as well as good stability which makes it
suitable for practical uses.

Radiation - adsorption purification:

This method combines the radiation treatment of the two organic dyes coupled with the
conventional adsorption by the polymeric membranes. The reactive and acid dyes were
subjected to y - irradiation dose of 5 (pH 3 and 100 mg / L concentration) and 4 KGy by
(pH 7 and 100 mg / L concentration ) for the two dyes , respectively.
After irradiation the dyes suffered (25 %) for the reactive dyes, while the acid dye suffered
(18 %). After which, the residual dye concentration was got in contact with the grafted
membranes (287 % grafting) for a period of 8 days, Fig. (17) shows the adsorption capacity
(mg/g) of the membranes for both dyes as a function of equilibrium concentration (Ce). It
can be seen from the figure that both dyes were adsorbed by the membranes to almost the
same extent, Also, it was observed that not all the residual dye concentration was removed
.The removal percent reached (86 %) and\ (78 %). However, this removal percent is with the
maximum permissible concentration (MPC) according to the FAO regulations. The
radiation adsorption method proved to be more efficient than either method alone.
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ABSTRACT

The removal of heavy metal ions from wastewater using y - radiation has

been investigated for the cases of copper and nickel ions. Hydrated electrons and

hydrogen atoms reduce these metal ions. Parameter analysis includes the effect of

metal ions concentration, pH, temperature and irradiation dose. The maximum

precipitation of the unirradiated metal ions was achieved in the alkaline medium,

followed by the neutral one and the least precipitation was in the acidic medium.

Irradiations at pH 5.5 showed that Cu2+precipitated more than Ni2+and that the

same behaviour was observed when both elements were adsorbed by different

adsorbents . (GAC, Amberlite IR-120 plus and Dowex -1 exchangers). The

combined treatment of irradiation plus adsorption resulted in more removal percent

especially for powdered activated carbon .

Key Words : y - Radiation - Heavy metals - Copper - Nickel - Precipitation .

INTRODUCTION

The metallic compounds extensively use in industry resulted in the generation of toxic

waste. The major metal waste producing industries are metal coating, smelting and refining of

non-ferrous metals, paint, ink, and associated products, petroleum refining, iron and steel

manufacturing , photographic production and developing, leather tanning, wood preserving

,and battery manufacturing .Waste stream from each of these industries have unique

characteristics, and can contain dissolved metal salts, such as those of aluminum, arsenic,

cadmium, chromium, copper, lead, nickel, silver, mercury, and zinc. Such metals can

accumulate in living plants and further enter the animal and human food chain through their
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water-soluble compounds. It is, therefore, necessary to remove the toxic metals from the

wpste stream before releasing the wastewater into the environment. Ionizing radiation can be

utilized for the reduction of certain metal ions to insoluble metals. This has been

demonstrated for lead and mercury in aqueous media *1"4* The radiation-floatation process has

been applied for the removal of mercury from aqueous industrial wastes (5)" The radiolytic

reduction yield of mercury (IT) as a function of mercury ion concentration has been

measured® . These authors also reported that the presence of certain other metal ions can

enhance the reduction yield of mercury . Moreover, ionizing radiation has previously been

applied successfully to reduce aqueous solution of highly toxic acidic Cr(TV) to less toxic

Cr(ni) in the presence of acetic acid ^ . Also,the uptake of different heavy metal ions by ion

exchange resins GAC and PAC was studied by many authors'-8"14* .In the present study, the

removal of heavy metal ions from wastewater using /-radiation will be investigated for the

cases of copper and nickel ions . Parameter analysis include the effect of metal ions

concentration , pH , temperature and irradiation dose . The maximum precipitation of the

irradiated and unirradiated metal ions will be measured in the alkaline medium , the neutral

one and the acidic medium . Adsorption by different adsorbents (GAC , PAC , Amberlite IR-

120 plus and Dowex-1 exchangers ) as well as the combined treatment of irradiation plus

adsorption will be studied .

EXPERMENTAL
Materials:

Four Metals were used in the present work, Two inorganic

anionic metal salts: (Nickel chloride and copper sulfate); Two

organic salts: (ferric citrate and zinc acetate). Four metals

were used in the adsorption studies one of these was Granular

Activated Carbon (GAC) , one Powdered Activated Carbon

(PAC),one strong cation exchange resin Amberlite IR-120 plus

and strong Anion exchange resin Dowex-1

All chemicals used were reagent grade and were used as

received. All salts are freely soluble in water except ferric

citrate, which dissolve in hot water,

a) Metal salts:

-Copper sulfate pentahydrate CuSO4. 5H2O., Nickel chloride hexahydrate: NiCl2 .6H2O,

Were supplied by Aldrich Company, U.K. I ron ( I I I ) c i t r a t e Hydrate was

supp l i ed by Merck Company, Germany. , While Zinc a c e t a t e

d i h y d r a t e (CH3 COO) 2 ZN.2H2O was suppl ied by BDH Company, U.K.
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b) Adsorbents:

Cation Exchange Resin Amberlite IR-120 plus is a strongly

acidic cation exchange resin, it has sulfonic acid as active

group, effective pH range 0-14, maximum pperating temperature

is 120 C° , supplied by Cytec Co., Italy. Cross linkage is 8%

wet mesh size is 100-200u and sodium as ionic form, Its

mois£ure content is less than 20 %, and capacity is;4.4 meq/g.

-Anion Exchange resin: Dowex-1 is a strongly basic anion

exchanger. It has trimethylbenzil ammonium as active group,

effective pH range 0 - 14, its ionic form is chloride, dry

mesh size 20 - 50u, moisture content range is 43-48%, maximum

operating temperature is 150C° , capacity is 3.5 meq/g and this

resin was supplied by Dow Co., USA.

Granular Activated Carbon (GAC). untreated Charcoal, activated

granular, it's commercial synthesized, it has 8-20u mesh size

, It was supplied by ALEK Co. ,Egypt .

Powdered Activated Carbon:- (PAC), was supplied by El-Nasr

Company , Egypt.

c) chromophore reagents :-These reagent were added to the metals used by certain ratio to

shift their wave length to visible range, to estimate them spectrophotometricall:

Cuprizone, Sulfarazene ( Ci8Hi4O8N6S Na As-), TIRON, ( C6H4O8S2Na2.H2O), and

Zincon (QoHuN^SNa) were supplied by Machery-Nagel Co., Germany.

d)Methods used for Adsorpt ion s t u d i e s :

Equilibrium and kinetic studies ,pH measurements as well as

spectrophotometer U.V.-Vis. and electrical conductivity

measurements were carried out as previously described (15-16)

RESULTS AND DISCUSSION

a) Effect of concentration and y -irradiation dose

This study on the removal of copper and nickel metal

ions from waste water using Y~ r aY s which is generally reduced

by hydrated electrons and hydrogen atoms (produced by the

radiolysis of water)to lower or zero valence state and

eventually precipitate out of solution. The effect of metal

ion concentration (mg/1) on the precipitation percent of both

metals was investigated at an irradiation dose of 10 KGy and
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Fig.(1,2)shows the residual percent of the metal ions against

concentration. It can be seen from the figure that copper

precipitated somewhat higher than nickel. Also, the study on

the effect of y-irradiation dose on the precipitation of both

metal ions showed that at all irradiation doses studied copper

precipitated higher than nickel. This may be attributed to the.

difference- in the physico-chemical characteristics of the two

metals (copper and nickel). The reduction of these, heavy metal

salts into insoluble products after y-irradiation which is

subsequently filtered out of the solution. This reduction by

the hydrated electron and hydrogen atom is very efficient.

However , reoxidation by hydroxyl radicals and hydrogen

peroxide has to be prevented according to Chaychian et al <6)

Fujita et all8) reported that Nickel ion is proved to

precipitate in a solution saturated with H2 by the aid of Co
60

y -ray irradiation and that the amount of nickel precipitated

increases with the increase in total y-dose. This is in good

agreement with our results. Also, a mechanism for this process

was proposed :

eaq + Ni 2+ = Ni+ (1)

r "H + Ni 2+ = Ni+ + H+ (2)

The -H radical formed through the radiolysis of water gives

unstable Ni+ ion which is produced also by the reaction of the

hydrated electron, eaq (Eq.l) and it is this reaction (Eq.l)is

most responsible for the unstable Ni formation. The Nickel ion

(Ni+)subsequently undergoes a disproportionation reaction as

follows :

2 Ni + = Ni 2+ + Ni

However, almost all of the unstable Ni+ ion produced readly

undergoes the reaction with 'OH radical to give Ni2+ again (12>

The Ni-precipitation reaction should compete with the fast

reaction

Ni+ + "OH = Ni 2+ + OH"

,which has incurred a small G(Ni) as a consequence . Also,

other reactions may contribute to the suppression of nickel
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precipitation (6'8) : (a) the disappearance of -H radicals

through recombination. (b) formaion of dimeric nickel ions.

The ̂ addition of an OH scavanger is necessary to enhance nickel

precipitation. Addition of ethanol, 2-propanol and

ethylenediamine tetraacetic acid (EDTA) in deoxygenated as

well as air-saturated solutions resulted in more removal of

lead and mercury ions as reported by Chaychian et al<6) and

Schmelling (9) . .

b-Metal uptake by different adsorbents

Four adsorbents were used to study the metal uptake namely : Granular Activated

Carbon (GAC), Powdered Activated Carbon (PAC), AmberliteIR-120 plus (a strong cation

exchanger) and Dowex-1 (a strong anion exchanger ). Fig. 3-10 show the relationship

between the removal percent of copper and nickel by the above-mentioned adsorbents as a

function of time in hours for various metal ions concentration. The metal ions uptake increase

with time to reach it' s maximum value i.e. the maximum crpicity of the adsorbent after 1-3

hours for the different adsorbents with the exception of the removal of nickel by PAC which

needed 8 hours. The initial rate of metal uptake is dependent on the type of metal, regardless

of the value of maximum uptake. GAQPAC and amberlite IR-120 plus show a good affinity

for chelation and/or complexation with the toxic metals investigated. The efficiency of most

adsorbents is high and the maximum metal uptake is reached quickly. This is in good

agreement with reported results ( 7>8-9 ) . The physical properties and molecular size of the

metals investigated have a great influence not only on the maximum uptake but also on it's

initial rate . This can be explained considering the diffusion coefficient of the metal through

the pores of the adsorbent, which is mainly dependent on it's polarity, electronic structure

ionic radius, and also on the nature of their interaction with exchanging groups of the ion

exchangers . These may be the reason for the difference in uptake behaviour of copper and

nickel. Also , the existance in solution of cationic and anionic metal ions explains the

difference in ion exchange properties and/or complexation between the exchangers and the

metal ions in the feed solution .

It is necessary to obtain some knowledge on the adsorbent's sorption capacity towards

the metal ions investigated by equilberating a fixed amount of the sorbent with a series of

metal ion solution (2.5 -30 rng/1) . A maximum amount of metal ion can be removed from

the solution when the chelating sites of the sorbent are saturated. It can be seen from Figs.

3-10 that increasing the concentration of the metal ions results in an increase in the amount of
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metal ion uptake, finally reaching a certain limiting value. This was observed to copper and

nickel with all adsorbents used.

It may be concluded that the removal of the metal ions ( Cu2+ and Ni2+ ) from aqueous

solutions in the presence of oxygen has been achieved by radiation-induced reductioa The

dissolved oxygen in wastewater during and after irradiation c~r have a major influence on the

process yield. It competes with soluble heavy metal ions and organic solutes for the primary

radicals generated in the radiolysis of water i.e. the hydrated electron and hydrogen atom.

Copper and nickel were efficiently removed by radiation-induced precipitation and the metal

ions uptake was also achieved separately by different adsorbents.
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ABSTRACT

Hydrogels have been prepared by Irradiation acrylic acid and glycerol using methanol
and water as solvents. Another sample was prepared with methanol only. The
application of the prepared two hydrogels used for recovery of some reactive, acid and
direct dyes and also recovery two different pesticides and detergents from wastewater
were studies. The hydrogels complexes with different pollutants have been isolated and

methanol and water as solvent during polymerization has a great adsorption towards
dyes, pesticides and detergents than sample containing methanol only. The adsorption
isotherm capacity of the two hydrogels was studies by the effect of temperature
(20,30,40 °C) on the adsorption capacity through the kinetic studies of adsorption. The
adsorption capacity increase with rising temperature and thermodynamic parameters
AH, AS and AG were determined. AJso, the adsorption capacity is considerably affected
by pH values (3,7 and 10). It was found that the adsorption capacity increases in acid
medium and decreases towards the alkaline medium for both dyes and pesticides, while
the irreversible results was shown in case of anionic detergents. Frundlich equation of
adsorption isotherm was applied in this work.

Keywords: Radiation polymerization, Removal of dyes, Pesticides, Detergents .

INTRODUCTION

Crooslinked hydrophilic polymers capable to absorption large volumes of water are termed
hydrogels. Hydrogels have found widespread applications in the fields of bioengineering, biomedicine,
pharmaceutical, veterinary, food industry, agriculture and others. It is used as controlled release systems
of drugs for production of contact lenses as adsorbents for removal of some agents in environmental
applications and also as carrier mater, pesticides and fertilizer in agriculture(I7).

In our previous studies, adsorption of some cationic dyes and some heavy metal ions by
acrylamide-maleic acid hydrogel, acrylic acid, acrylonitryle-acrylamide with rubbers powder, for the
recovery of different metal ions, have been investigated.(3>8'9)

The present paper is aimed to study a convenient method for removing some dyes, pesticides
and detergents from water by adsorption on a new adsorbent of acrylic acid/glycerol hydrogels and
prepared by irradiating gamma - rays. The hydrogels were used in adsorption of some water soluble
dyes, such as reactive blue dye, acid red dye, and direct orange dye and two pesticides such as larvine
and dursbane, and two detergents such as comperlan and dehydroquart.

EXPERIMENTAL
Materials & Techniques:
Materials:

Acrylic acid (AAc) was of pure grade (Merck, Germany) and Glycerol was also of pure grade.
Pure grade solvents were used also.
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Techniques:
Preparation of the hydrogels:

The first hydrogel was prepared by mixing acrylic acid to glycerol by the ratio of (1:1) mol.
Using methanol and water (5:5) ml. For each mole as solvents. The second hydrogel was prepared by
mixing acrylic acid with glycerol by the same ratio with 5 ml methanol only. The previous components
were subjected to Co-60 gamma source at irradiation dose of 20 kGy at a dose rate 8.8 KGy/h.
Application

The hydrogels were used for recovery of reactive, acidic and direct dyes and also recovery of
pesticides, Larvine (carbamite) and Dursbane (organophosphorous) and anionic detergents, Comperlan
and Dehydroquart from wastewater.
Characterization:- i
Determination of water uptake percent:

A known weight of the non-soluble hydrogel (W^ was soaked in bidistilled water for 24 hrs. at
room temperature. The sample was then removed and blotted on a filter paper to remove the excess of
water on the surface (W2). The water uptake was calculated using the following equation:

Water uptake (W.U.) % = W2-W,/W2 100
Where

Wj : initial weight of the hydrogel
W2 : final weight of the swelled hydrogel

Instrumentation
1-Gamma irradiation source.

The irradiation process was carried out using gamma cell facility at National Center for
Radiation- Research and Technology, Nasr city Cairo, Egypt.
2- X-ray Diffraction :

The x-ray diffraction patterns of prepared hydrogels were measured by a shimadza
diffractometer XD-DI series which is operated fully automatically. The X-ray copper target tube was
operated at 40kv and 30mA. All the diffraction patterns were examined at room temperature with
scanning speed of 2°C in 20 min"1 ( 20 mm/min ).
3- U.V. spectrophotometer:

The instrument with the double beam U.V- visible sp.200, PYE-Unicam, England The
concentration of each pollutant solutions was determined by measuring absorbance at
characteristic wavelengths; 594 nm for reactive blue dye, for acid red dye, 528 nm for direct
orange dye; also 498 nm & 283 nm for dehydrogel detergents .

4- Thermal Analysis:
Shimadzu TGA system of type TGA-50 was used for measurement of TGA. Nitrogen flow was

kept at constant rate of about 50 ml/min to prevent thermal oxidation processes of the polymer samples.

RESULT and DISCUSSION

Characterization of the hydrogels:
Water uptake and the effect of organic solvents towards the two hydrogels were investigated as

shown in Table (1). It can be observed that the hydrogel containing methanol and water as solvents have
greater water uptake percent than the hydrogel containing methanol only. The swellibility as the
prepared hydrogels in different organic solvent were investigated. It is found that both hydrogels have
great affinity to polar solvents than non polar solvents. Also, hydrogel containing a mixture of solvent
methanol and water has less swelling in organic solvent than the hydrogel containing methanol only.
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Table (1): Behaviour of the hydrogels towards different solvents.

Solvent

Water

Methanol

DMF

Acetone

Chloroform

Toluene

Benzene

Cyclohexane

PAAc/Gly.
(MeOH)

Uptake %

88

69

30

18

5

2

0

0

PAAc/Gly. (MeOH + H2O)

Uptake %

100

51

18

12

4

2

0

0

Chemical stability of the two hydrogels against Acid and Alkali:
The prepared two hydrogels were treated with 1% dilute sodium hydroxide. However, such

treatment dose not resulted in obtaining the sodium salt. On the contrary, a gelatinous product has been
formed. This behavious may be attributed to the destruction of the crosslinks in which decrease in the
crosslink density leads to obtain a gelatinous product of the hydrogels. On the other hand, it was found
that HC1 has no adverse effect on the hydrolysis of the crosslinks and practically no change in the
chemical structure was observed. However, it has been found that the addition of dilute 1% HC1 leads to
a slight increase in the swelling equilibrium of the two hydrogels.

Thermogravimetric analysis
The TGA thermogravimetric of acrylic acid / glycerol / methanol (I) which is illustrated in fig.

(1) show that the thermal decomposition of the hydrogel is occurred in the two steps. It is clear that the
hydrogel in the first step losses about 35 % of its weight, 90% decomposed during the second steps at
420°C. The TGA thermogram of acrylic acid /glycerol /methanol / water (II) shows that the thermal
decomposition of the hydrogel also is occurred in two steps. It is losses 22% of its weight in the first
step, 67% during the second step at 445°C. Moreover, it can be observed that the hydrogel (II) has better
thermal stability than the hydrogel (I)

Infra red spectroscopy:
Hydrogel was characterized by IR in previous(10)

Adsorption isotherm for removing the different pollutants.
Kinetic adsorption isotherm

In figs (2-5) show that the relation between the time of adsorption (hour) and the removal percent.

Removal % = C0-Cj /Co 100
or AC /Co 100

where Co initial concentration mg/L
Q final concentration after absorption mg/L
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In general trends, it was found that the adsorption capacity for the two hydrogels increases with
increasing the temperature. In fig. (2) hydrogel contain (MeOH) at constant pH = 7 gives 80 % removal
for reactive blue dye, 60 % for acid red dye and 57 % for direct orange dye and the steady state was
achieved after about 8 hours where the equilibrium state of adsorption was become constant. Fig. (3)
using the same dyestuffs with other hydrogel (MeOH + H2O), it shows the decreasing in removal
percent for reactive blue dye than in hydrogel (MeOH) where gives 70 % removing percent but the other
dyes gave 80% and 78 % removal in acid red dye and direct orange respectively. The factor make
reactive blue dye have lower affinity to be absorbed on to the hydrogei (MeOH + H2O) then hydrogel
(MeOH) was due to net work crosslinking of hydrogel and the physicochemical structure of the dye.

Figs. (4, 5) show the removal percent of pesticides (Larvine and Dursban). It was found that
Larvine has more affinity to be adsorbed than Dursban compound in both hydrogels. This is due to the
aliphatic nature of Larvine compound to the aromatic nature of Dursban. Also, it was found that
hydrogel (MeOH + H2O) has more ability to adsorb the two pesticides more than hydrogel (MeOH), it
gives at pH = 7 and 40 °C (77 %, 62%) for the first hydrogel while the second gives (60 % , 52%) for
the second hydrogel without water for both Larvine and Dursban respectively.

Figs. (4, 5) also illustrate the removal percent of detergents (comperlan and dehydroquart)
anionic detergent. They show high affinity to be adsorbed onto the hydrogels than dyes and pesticides, it
gives removal percent in hydrogel (MeOH + H2O) (96% and 80%) and in hydrogel (MeOH) gives (70%
and 60%) for both comperlan and dehydroquart respectively. This can be explained in the light of the
high charge in an anionic detergents, which has very high affinity towards the active crosslinkage in
hydrogels.

The adsorption isotherm was followed thermodynamically according to the data tabulated in
table (2). In both hydrogels, the pollutants were adsorbed onto the network structure and the penetrated
through the pours. The heat of adsorption of all pollutants onto hydrogels hand a negative sign which
indicated that the adsorption process through these hydrogels was exothermic
Reaction, where AH is negative values and AH was calculated from the following equation.(4)

(AHads) = R In CyC, /(1/T,

Q concentration at firs' temp Ti
C2 concentration at second temp T2

The entropy change ( AS acjs) was measured by the equation .

AS ads. = AH ads./T

It was found that all the value of ASadS; for all the pollutants onto the hydrogels are very small
negative fraction limited to zero which represented that the reaction at equilibrium state was ordered
reaction.

Also the free energy change (AGadS. ) of the adsorption was measured and it is found that the
batch adsorption technique is spontaneous reaction where all the values are negative values .

AG = A H - T A S

Equilibrium adsorption isotherm
Figures(6,7) show the relationship between the effect pH on the maximum adsorption capacity .

It was found that for both dyes and pesticides, the maximum adsorption increase with decreasing pH
value (acid medium) and decrease with increase the pH value (alkaline medium). In case of anionic
detergents the opposite results was obtained where the maximum adsorption increase at pH= 10 (
alkaline medium ) and decreases at pH = 3 ( acidic medium).

Also, it was found from figs (6a,7a) that reaction blue dye was more adsorbed at pH =3 than the
other dyes red and orange ( 80% , 63% and 41% ) for hydrogel (MeOH) and (85%, 80% and 73% ) for
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hydrogel (MeOH + H2O) respectively . Pesticides larvine is more than dursbane 78% and 60% at pH =3
for hydrogel (MeOH) and (85% and 70%) for hydrogel (MeOH + H2O). In case of detergents
comperlane was more affinity towards the hydrogels in pH =10 90% and 73 % for hydrogel contain
(MeOH) and (98% and 84%) for hydrogel (MeOH + H2O) respectively.

The effect of pH can be attributed to three interrelated causes: the hydrophobicity of pollutants,
the solubility of the pollutants and the ions of the buffer solution. This show that the effect of pH on the
adsorption capacity was much better than the effect of temperature. The fact that the adsorption capacity

indicated that the ions of the buffer solution interact with the hydrogels and the pollutant molecules.

X-Ray Diffraction
X-ray diffraction data of both the two hydrogels before and after adsorption by different

pollutants (dyes, pesticides and detergents) are shown in table (3). This technique is used to represent
their morphological structure and the change in its crystal form due to the effect of swelling and
interaction of pollutant compounds onto the hydrogel polymer structure. Table (3) shows the angle
between incident and diffracted ray (20) Viz intensity I/Io (peak light) for hydrogels (MeOH) and
hydrogel (MeOH + H2O) before adsorption process. It was found that 28 was 20.1 degree and 64.3
degree and the interplanar distance was 4.4°A and 1.4°A, respectively. It is illustrated that there are a
wide change between the two hydrogels, therefore the hydrogel (MeOH + H2O) has more 29 than
hydrogel (MeOH) by three times. This can be represente the more swelling character of hydrogel
prepared with water than that prepared without water. Also, the interplanar distance decrease from 4.4 to
1.45°A and this decrease is three times too. The interplanar distance changes can be explained by the
formation of new crosslinkage between the polymeric chains by the formation of intermolecular
hydrogen bonding.

It was also found that integrated int.(counts) are taken as indication of the amorphous and
crystallinity percent of the polymer according to the area under the peak obtained from the sharts of the
x-ray diffraction patterns, when integrated int. (counts) is increased, the crystallinity is also increased .

It was shown from table (3) that the hydrogel contains water-methanol as solvent is an
amorphous one while hydrogel containing methanol only was found to be crystalline. This phenomena
was due to the free mobility of the polymer chain containing water molecule, which is considered as a
good swelling agent for poly acrylic acid, and probably due to the break down of the hydrogen bonding
net work structure, caused by the incorporation of such dyes, pesticides and detergents towards the
activity of new action polar sits excess in hydrogel (MeOH + H2O) than the other prepared without H2O

CONCLUSION

In this work , the hydrogel prepared with water give more swelling and also more adsorption capacity
for the uptake of all pollutants used. The structure of two hydrogels are confirmed by x-ray, IR and
TGA analysis. It was found that the adsorption is physical adsorption at different temperature 20, 30
and 40 °C and it is exthothermic reaction, ordered at equilibrium and spontaneous. Also, the pH effect
at 3, 7 and 10 was measured and it was found that the effect of pH for removing the pollutants is very
important factor than the temperature effect.
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Table (2) '. Therniodynmnic pnranictcrs such as Heat of adsorption ( A H), the entropy at equilibrium stale

(AS) and free energy change of adsorption prosscss (A O) of different pollutants onto different hydrogcl.

Pollution

Dyes

Pesticides

Determents
i

Sample

Reactive Blue

Acid Red

Direct Orange

Dursban

Larvine

Conipeilane

Dchydquant

AAc/Gy(MeOH) I

-A U,,,h.
KJ/nwl

7.7

6.8

5.2

4.2

4.8

3.0

2.1

-A S KJ/
ntol

0.027

0.02

0.018

0.014

0.016

0.013

0.007

-AGKJ/mol

0.05

1.14

•0 .1

0.238

0.272

0.221

119

AAc/Gy (MeOH + H2O) "

-A //„,„. KJ/
mol

6.9

7.3

7.0

3.0

3.7

4.S

2.8

-AS
KJ/itwl

0.02

0.025

0.024

0.010

0.013

0.016

0.009

-A G
KJ/nwl

1.24

0.225

0.208

0.17

0.021

0.272

0.253

Table (3) X-ray diffraction mcasurmeiits of two different prepared hydrogel befor and
after uptaking onto them by different dyes, pesticides and detergents.

Pollution

Dyes

Pesticides

Determents

AAc/Gy(MeOH) I

Sample

Blank
Reactive

Blue
Acid Red
Direct

Orange

Dursbiin
Liirvine

Comperlan

Dcliydquart

2 0 (dcg.)

20.1
81.3

20.6
21.6

46.!
17.9
22.8

20.6

J(A°)

4.4
1.2

4.3
4.1

1.97
4.9
3.9

4.3

Integrated
int. Counts

11913
304

8101
16734

2424
11071
6464

8960

AAc/Gy (McOH+HjO) II

Sample

Blank
Reactive
Blue
Acid Red
Direct
Orange

Dursban
Larvinc
Comperlan

Dehydquart

2 0 (dcg.)

64.3
20.1

20.4
63.4

22.3
27.4
21.6

19.9

tl(A')

1.5
4.4

4.4
1.47

4.1

4.5

Integrated
int. Counts

57
8626

9059
125

3680
23576
5009

4205
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Fig. (1): TGA curve of Acrylic acid / Glycerol / Me hydrogelCU-

TGA curve of Acrylic acid / Glycerol /Me /H2O hydrogel (II).
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A B S T R A C T

The preparation of chelating membranes containing nitrile and carboxylic acid as
functional groups was investigated. The modification of such membranes by chemical
treatments to produce significant changes in their properties was studied. This
modification results in a higher rate of exchange and higher capacity. The
applicability of such modified membranes in the removal of Co-60 and Cs-137 from
their wastes were tested. The dependence of these radioactive nuclides uptake on the
time and degree of grafting for IIC1-, NHjOH- and KOM-treated membranes was
investigated. )t was found that the adsorption rate and capacity were higher for
KOH-treated membrane than those for the NH2OH and HC! treated ones. The
prepared grafted membranes have a good affinity towards the adsorption or chelation
with Co-60 and Cs-137. This result may make such prepared materials acceptable for
practicable use in some radioactive waste treatments and recovery.

Key words: Radiation, Grafting, Membranes, Radioactive Waste
Treatment.

I N T R O D U C T I O N

Low level liquid radioactive waste is generated by nuclear power reactors, nuclear fuel cycle,
hospitals, universities, radioisotope manufactures, research institutes and other organizations using
radioactive materials'". At present, the most effective method for the treatment of liquid radioactive
waste is removing the activity by passing the solution through an ion exchange resin'2'. Radiation graft
copoKmerization of different monomers onto low density polyethylene for removal of metal ions such as
Fe, Cu, Pb,...etc. which are commonly exist in waste water was studied (3'4'5'.

The present study aims to synthesize graft copolymers by radiation grafting of AAc/AN binary
monomers system onto low density polyethylene (LDPE), high density polyethylene (HDPE) and
polypropylene (PP) for the treatment of Co-60 and Cs-137 wastes. Characterization and the possibility
of their practical use in such application were investigated.

EXPERIMENTAL

Materials

Low density polyethylene (LDPE), high density polyethylene (HDPE) and polypropylene (PP) films
of thickness; 70, 30 and 55 urn, respectively, were produced by EL-Nasr Co. for Medical supplies,
Egypt. Acrylic acid (AAc) of purity 99% (Merck) and reagent grade acrylonitrile (AN) of purity 99.3 %
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(Merck) were used as received. Other chemicals, such as solvents, inorganic salts, acids and other
reagents were reagent grade.

Graft Copolymerization

The direct radiation grafting method was used as a technique. The irradiation was carried out using
Co-60 gamma rays at a dose rate 0.6 Gy/s in nitrogen atmosphere. After irradiation the grafted films
were removed and soaked in DMF then washed by hot distilled water to extract the embedded
homopolymer. These films were then dried at 40 - 50 °C in oven for 24 h. to constant weight. The
degree of grafting was calculated by percentage increase in weight as follows:

Degree of Grafting (%) = [ (W g- W 0)l W o ) ] x 1 00

Where \V0 and Wg are the weights of blank and grafted films, respectively.

Chemical Treatment of The Graft Copolymers:

Improvement the hydrophilic and ion-exchange properties of the graft copolymers was carried out by
treating them with aquous KOH (3%), 1: 1 alcoholic solution containing 3% hydroxylamine - HC1 at
pH 7 or with HC1 (3mo!e %) using a reflux system at 90 °C for 16 h. The treated films were then
immersed in bi-distilled water for 24h to remove the excess reagents and then dried in oven at 40-50 °C
for 24h.

Water Uptake Measurement

The clean, dried grafted films of known weights were immersed in distilled water at 25°C until
equilibrium was reached (almost 24h ). The films were then removed, blotted quickly with absorbent
paper and weighed. The percent of water uptake was calculated as follows:

Water Uptake (%) = [ (W, - W J / Wg] x 100

Where Wg and Ws represent the weights of dry and wet grafted films, respectively.

Differential Scanning Calorimeter}'(DSC)

Melting temperature (Tm) and heat of melting ( Hm) were determined using Perkin - Elmer DSC-7 at
a heating rate of 10 °C/min under nitrogen atmosphere.

Thermal Gravimetric Analysis (TGA)

(TGA) curves were performed using Perkin Elmer 7-TGA at a heating rate of 20 °C/min. under
nitrogen atmosphere.

Radioactive Waste Treatment

Radioactive liquid wastes were measured by using Multichannel Analyzer Model 800 A. Co-60 and
Cs-137 wastes were obtained from the Decontamination Unit, Radiation Protection Department ,
Nuclear Research Centre, Atomic Energy Authority. The grafted treated membrane was immersed in the
liquid waste and the remaining activity was then measured after removing the film.

Radioactive Isotope Uptake (%) = { (Io -1) / Io} x 100
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where Io and I represent the initial and remaining activities, respectively.

RESULTS AND DISCUSSIONS

Effect of Coitionomer Composition

Figure (1) shows the effect of comonomer composition on the grafting of AAc/AN-mixture onto
LDPE, HDPE and PP films in presence of H2O/DMF (30/70 wt.%) as a diluent mixture. It is clear that,
the grafting yield decreases with increasing AAc content in the mixture untill it reaches its lower value
at 100 % AAc. It seems that the presence of AN enhances the grafting of AAc, as it was found in other
binary- graft copolyrnerization systems'6'. The increase in grafting yield with AN concentration in the
feed solution may be due to its higher polarity strength compared with AAc monomer(7).

Solvent type may also has a strong influence on the total grafting yield. DMF is a good solvent for
the hvdrophobic AN monomer, consequently, as the content of the hydrophilic AAc monomer increases,
the diffusion of the comonomer into the active sites decreases at this lower content of water in the
solvent mixture.

Effect of Monomer and Comonomer Concentration

The effect of aqueous AAc concentration and AAc/AN comonomer (10/90 wt %) in H20/DMF
(30/70 wt %) on the grafting yield onto LDPE, HDPE, PP films are investigated and shown in Figures
(2,3) respectively. For the grafting of aqueous AAc, it is obvious that the grafting yield initially
increases with AAc concentration, thereafter, it tends to level off at higher monomer concentration. This
is due to the formation of highly viscous homopolymer and consequently the diffusion of AAc to the
bulk polymer becomes somewhat difficult. Whenever, in the grafting of AAc/AN binary systems, it can
be seen that, the grafting yield increases with comonomer concentration and an acceleration for the
grafting process was occurred at comonomer concentration 30 wt %. It is also observed that at a given
monomer concentration, the grafting yield is higher for AAc/AN binary mixture than that for the
individual grafting of AAc.

The increase in the grafting yield with monomer concentration may be due to the increase in
diffusion rate of the monomer into the bulk poljiner. The acceleration occurred at AAc/AN comonomer
concentration 30 wt % may be due to the so called " gel effect" which enhances the propagation process
and retards the termination of radicals because of the low mobility of the growing chain radicals. The
chain transfer from the growing grafted chain to the backbone polymer, thus starting a new graft chain,
may be also has an effect.

Effect of Irradiation Dose

The effect of irradiation dose on the degree of grafting of (AAc/AN) comonomer is investigated and
shown in Fig. (4). For PP and HDPE polymer substrates, the grafting process goes through an
"induction period" which is a typical behavior of grafting onto crystalline polymers (8). Thereafter, the
degree of grafting increases with irradiation dose. As well known that the free radicals formation
increases with irradiation dose to reach a maximum value at a certain dose and no longer increase with
increasing dose due to recombination of the free radicals at high doses, accordingly, the degree of
grafting tends to level off. It is also found that no induction period was observed for LDPE polymer
substrate. This is due to the difference in diffusion coefficient as compared with those of PP and HDPE.
It can be noticed that, the grafting of AAc/AN comonomer onto LDPE films proceeds successfully with
higher degrees of grafting than those of onto PP and HDPE films, at a given reaction condition. It can
be suggested that the diffusion of the comonomer solution into amorphous LDPE matrices is much
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easier than into semicrystaliinc PP and HDPE films and the polymer morphology plays a great role in
the grafting process.

Water Uptake Properties

The swelling of the prepared membranes in water was studied for LDPE film having different
degrees of grafting and the results are shown in Figs.(5). It can be seen that the water uptake increases
with increasing graft yield due to the increase in hydrophi 1 icity of such graft copolymers. The
chemically treated grafted membranes possess much higher water uptake than the untreated ones. The
treatment of nitrile group with HCI convert it to the amide group and the alkaline treatment of PAN with
KOH and NH2OH convert the nitrile to carboxylate and amidoximc groups, respectively c9'10). It must be
noted that, the swelling character for KOH-treatcd graft copolymers is higher than those treated with
NHjOH, due to the influence of carboxylate unit on the properties of the polymer. The above results
demonstrated that, the KOH hydrolyzed membranes have a stronger affinity to water than the NH2OH
and HCl-treated ones.

With increasing degree of grafting the contribution of the decrease in crystallinity of the membrane in
regulating the water penetration is in addition to the increase in hydrophilicity of the amorphous
region00. The above results indicated that, the swelling behavior depends mainly on the amount and
form of functional reactive groups introduced into the polymer substrate by grafting.

Thermal Analysis

DSC and TGA were used to investigate the thermal stability and the changes in thermal properties of
LDPE-g-P(AAc/AN) films and the treated ones with KOH, NH2OH and HCI.

Differential Scanning Cahrimetry (DSC)

DSC analysis has been carried out for the base polymer, graft copolymer and grafted treated
membranes and the results are given in Fig.(7). It can be seen that, the grafted membranes show an
endothermic peak with AHm values depending on the degree of grafting and the form of introduced
functional groups by different chemical treatments of the graft copolymer.

Table (1) shows the thermochemical features as calculated from the crystalline melting transitions
behavior of the first DSC scans. It can be seen that, for the untreated grafted membranes, the melting
temperature (Tm) and heat of melting (AHm) of the graft copolymer is reduced as compared to the blank
polymer.

Table (1)
The effect of grafting and chemical treatment on Tm and AHm for LDPE-g- P(AAc/AN).

Treatment
M e d i a '•<;'•

blank
untreated
untreated
HCI
NH:OH
KOH

% Graft

80
218
226
224
240

TmCQ

105.5
104.9
100.5
106.7
105.7
98.2

69.1
28
21.2
7.1
50.2
6.8
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The introduction of (218 \vt %) of P(AAc/AN) into LDPE causes a depression of 5 °C in the Tm and
a significant drop in AHm by 47.9 j/g. However, due to chemical treatment of such graft copolymers
with HC1, NH2OH, and KOH a slight increase in Tm for the graft copolymer treated with HC1 and
NH2OH treated membranes while a decrease in Tm for the KOH treated ones is observed.

The observed decrease in Tm and AHm with grafting indicated that grafting affects the crystilline
structure of LDPE. AHm decreased as the degree of grafting increased due to the amorphous nature of
the incorporated P(AAc/AN) and the crystalline distortion occurred as a result of their grafting onto
LDPE films. It is also observed that, for H O treated membranes there are two distinctive endothermic
peak i.e. two transition phases for the treated and untreated moieties. The area under peak (AHm) is a
comniulative heat of melting for both phases which means that each polymer shows its characteristic
melting endotherm in an incompatible mixture.

Table (1) shows also that, the treatment with KOH causes a decrease in Tm and AHmof ~2.3 °C
and 14.4 j /g while the treatment with NH2OH results in increasing Tm and AHm by 5.2 °C and 29 j/g.
These results suggest that, the crystalline distortion is more pronounced in the KOH-treated membranes
than the NH2OH-treated ones due to the higher polarity of the carboxylate groups than the amidoxime
ones. Consequently, the form of the incorporated functional groups also affects the crystalline structure
of the grafted LDPE.

Figure (7) shows that, on heating the samples up to 330 °C in the same heating run, all the samples
showed a well-pronounced exothermic transition in the temperature range (178.5-328.5 °C). LDPE-
blank did not show any transition in this temperature range. This exothermic transition in the graft
copolymer can be attributed to the anhydride formation reaction as reported in literature 02).

It also observed that, the peak temperature (Tb) increases with grafting and the area under the peak
shows an increasing trend with increasing degree of grafting. However, the shape of the thermograms
remains almost the same, except for HC1 hydrolyzed membrane. The calculated heat of reaction (AH),
and ( T p ) corresponding to different LDPE graft copolymers are presented in Table (2).

Table (2)
Heat of reaction
DSC scan.

and peak temperature of LDPE-g-P(AAc/AN) before and after treatment by using

Treatment
Media

Untr.
Untr.

HC1
NH20H
KOH

HC1
NH2OH
KOH

% Graft

80
218

227
224
240

188
184
162

: T,
<°C)

192.8
178.5

178.5
178.5
185.6

178.5
192.8
216

T2

<°C)

296.3
307

314.2
328.5
296.3

310.6
321.3
300

TP

CO

264.7
271.4

278.8
272.3
272.6

280.7
274
273.6

To
fC)

255.6
246.8

216.4
225.2
258.8

245
231.3
255.6

T p -T 0

9.11
24.5

62.4
47.1
13.8

35.6
42.7
18

AH (j/g)

-367
-612

-665
-1073
-438

-590
-903
-354

The analysis of the DSC scan showed that the initial temperature (Ti) and onset temperature (To)
decreases with increasing degree of grafting indicating that the dehydration process increases with
grafting and initiated at lower temperature. (Tp - To) is a measure of overall rate of dehydration, the
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smaller the difference, the greater the rate of dehydration reaction. An increase in the Tp- To value with
grafting suggests a decrease in the overall rate of reaction. This may be due to the formation of transient
crosslinking through the H- bonding of the carboxylic acid groups which increases with grafting and
retard the dehydration process. It is also observed that the rate of dehydration for the low graft yield
treated membranes is of the sequence KOH > HC1 > NH2OH. However, the rate of dehydration for the
high graft yield treated membranes is of the sequence KOH > NH2OH > HC1. In addition to the
nature of ther functional groups, thermal behavior is affected by tacticity and sequence distribution of
these groups in the polymer chain.

The higher weight-loss in the temperature range 175-300 °C for NH2OH-treated membranes confirm
that the amidoxime groups participate in the dehydration process which agree with that of DSC studies.

Table (2) shows that the heat of dehydration (AH) increased with degree of grafting from 367 J/g
for 80 % graft to 612 for 218 % which indicate that the increase in -COOH groups contents in the graft
copolymer increases the dehydration process. The increment in AH for NH2OH-treated membranes
suggested that, the presence of amidoxime groups enhances the dehydration process.

Thermal Gravimetric Analysis (TGA)

TGA thermograms for the blank, grafted and grafted treated LDPE films are presented in Figs.(8,9).
Table (3) reveal that there are three distinct steps of weight loss. The first step of weight loss in the
range of 175-300 °C may be attributed to the elimination of side products through the anhydride
fonnation as indicated from DSC scans at this temperature range. The weight loss below 175 °C is
attributed to the removal of absorbed water which is absent in the thermogram of LDPE blank. It can
be seen that, the absorbed water is much higher for KOH-treated and NH2OH-treated membranes
compared to the untreated and HC1 - treated ones due to the higher hydrophilicity of these membranes.
The second and third steps observed in the temperature ranges of 300 - 500 °C and 500 - 600 °C,
respectively are the regions of major weight loss which is attributed to degradation of graft side chains
and the polymer backbone chains.

Table (3)
Weight loss of blank, LDPE-g- P(AAc/AN) and chemically treated membranes having different degrees
of grafting at different decomposition temperatures.

Treatment

media

blank
untreat.

HC1
NH20H
KOH

HC1
NH20H
KOH

Grafting

(%)

213

200
210
215

166
185
167

Weight loss (%)

50-175°C

0.0
1.6

0.8
10.3
11.3

1.2
9.8
10.2

175-300°C

2.9
4.4

2.9
23.4
4.1

3.3
19
13.9

300-500 °C

90.2
31.9

29.9
21.7
44.3

25
29.3
33.2

500-600 °C

8.5
19

21
21.3
4.9

29.1
22.!
1.6
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Application of The Prepared Membranes in Radioactive Waste Treatment:

The prepared modified membranes were employed for the removal of Co-60 and Cs-137 which are
the most commonly exist in liquid radioactive wastes.

Effect of Time

The time of treatment is very important factor due to radiation safety, economical reason and
radiation exposure to the workers. Also, the efficiency of membrane in waste treatment can be
determined from the time required to adsorb the maximum capacity of radioisotopes by adsorption or
chelation with its functional groups. In this respect, the dependence of radioisotopes uptake on the time
for the treated membranes is shown in Tables (4,5).

The results show that the radioisotopes uptake increases as the time increases and it is very fast to
its maximum value. The PP-based membrane adsorbs most of the loaded radioisotopes quickly in the
initial 30 mins. It can be also observed that, the adsorption rate and maximum capacity obtained were
higher for KOH-treated membranes than those of the NH20H and HCl-treated ones and the maximum
uptake is reached after 1 hr for PP-g-P(AAc/AN), and 2 hr for LDPE-g-P(AAc/AN).

Table (4)
Effect of time on the uptake of Co-60 and Cs-137 using untreated and treated PP-g-P(AAc/AN) having
degree of grafting; 98 %.

Time
(min.)

1
2
3
4
5
10
15
30
45
60
120
1440

Co- Uptake %
i

1Untreated |KOH-Treated

0.05
0.75
2.3
3
3.8
4.3
4.7
4.9
5
5.2
5.2
5.3

35.4
59.9
77.8
86
88
89.1
89.9
90.1
90.3
90.3
90.4
90.4

Cs-Uptake%

Untreated

0.0005
0.001
0.003
0.01
0.01
0.1
0 !
0.2
0.4
0.5
0.6
0.6

KOH-Treated

30.5
48.5
64.1
71
77.4
79.2
79.4
79.8
79.9
80.1
80.2
80.2
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Table (5)
Effect of time on the uptake of Co-60 and Cs-137 using untreated and treated LDPE-g-P(AAc/AN)
membranes having degree of grafting; 240.

(min.)

10
15
30
45
60
90
120
180

Untreated
membrane

1.3
2.1
2.8
3.1
3.3
3.8
4.2
4.4

Co-60 Uptake %

KOH-
treated

11.9
19.3
26.4
31.8
35.5
36.7
37.4
37.9

NH20H-
treated

9.8
14.9
20.1
25.3
27.1
28.2
28.8
29.6

HC1-
treated

6.3
11.5
16.8
21
23.5
25.4
25.9
26.4

Cs-137 Uptake %

Untreated
membrane

0.002
0.003
0.004
0.007
0.011
0.065
0.12
0.2

KOH-
treated

7
11.7
15.7
17.1
17.7
20.3
20.6
20.8

NH20H-
treated

6.4
8.5
11.9
15.7
16.7
18.3
18.7
18.8

HC1-
treated

2.2
4.5
5.7
7.2
7.2
7.4
7.6
7.6

The chemically-treated membranes gave a higher radionuclide uptake due to the high diffusion rate
caused by the improved hydrohilicity. The adsorption efficiency of HC1 and NH20H treated membranes
is less than KOH-treated ones due to the difference in swelling behavior.

Effect of Degree of Grafting

It is demonstrated that, the degree of grafting plays an important role in determining the isotopes
uptake from their liquid wastes. Tables (6,7) show the effect of different percent graft on the uptake of
Co-60and Cs-137 from their liquid radioactive wastes at immersion time 1 hr by using LDPE and
HDPE grafted with P(AAc/AN) and treated with KOH or NH:OH.

Table (6)
Effect of percent graft on the treatment of Co-60 and Cs-137 liquid wastes by using chemically treated
HDPE-g-P(AAc/AN).

Degree of
Grafting

(O/\
\/o)

0.0
41
51
61.4
73.8
82.5

Co-60 Uptake (%)

KOH

1.0
17.6
18
19
20
22.9

NH20H

0.4
15.1
15.8
16.9
18.7
20

Cs-137 Uptake (%)

KOH

0.7
7.8
10.4
11.3
12.9
14.9

NH2OH

0.3
6.9
8.3
10.6
11.9
14
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Table (7)
Effect of percent graft on the treatment of Co-60 and Cs-137 liquid wastes by using chemically treated
LDPE-g-P(AAc/AN).

Degree of
Grafting

(%)

155
183
219
240
273

Co-60 Uptake (%)

KOH

37.5
27.3
29.8
35.5
29.1

NH2OH

29.9
21.2
24.0
27.1
23.7

Cs-137 Uptake (%)

KOH

20.4
13.7
15.4
17.7
15.2

NH2OH

17.6
15.9
16.5
16.7
15.8

The radionuclide uptake (%) for HDPE membranes increases with degree of grafting. However, for
LDPE membrane, it gradually decreases with increasing degree of grafting. Meanwhile, the uptake (%)
of Co-60 is higher than Cs-137 for both membranes.

These results suggested that, the efficiency of these membranes is a function of the number of
functional groups introduced in the grafted copolymer and their subsequent ability to adsorb or chelate
ions. By introducing carboxylate groups via KOH-treatment the adsorption properties are increased as
well as chelating ligands derived from these groups. The adsorption ability of the grafted membrane
decreased significantly at higher percent graft > 150 for LDPE - base polymer Table (7). This result can
be reasonably explained by considering the content of crosslinked network structure that formed at high
degrees of grafting. Such crosslinks may restrict the extraction and diffusivity of radioisotope via such
network structure. As a consequence, no significant further increase in radioisotope uptake at higher
degrees of grafting is found.

Effect of In itial A ctivity

Tables 8 (a,b) shows the effect of initial activity on the uptake of Co-60 and Cs-137 from their liquid
radioactive wastes by using different prepared membranes with different base polymers.

Table 8 (a,b)
Effect of initial activity on the treatment of Co-60 (a) and Cs-137 (b) liquid wastes by using untreated
and treated LDPE-g-P(AAc/AN), degree of grafting; 240 %, emmersion time; 1.5 hr.

Table 8 (a)

Initial Activity
(C/min)

35325
32416
30228
25285
20516
18326

Co-60 U
Untreated
membrane

7.1
6.4
5.8
5.4
4.9
4.5

KOH
treated

38.4
34.1
31.3
28.4
27.1
26

ptake
NH2OH
treated

30.3
25
22
18.8
16
14

HC1
treated

17.7
16.1
15.6
14.2
13.7
13.1
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Table 8 (b)

Initial Activity
(C/min.)

35325
32416
30228
25285
20516
18326

Cs-137 Uptake
Untreated
membrane

5.1
4.6
3.7
3.5
3.5
3.5

KOH
treated

22.6
21.1
20
19.7
19.1
18.7

NH2OH
treated

1L9
11.2
11
10.8
10.6
10.3

HC1
Treated

13.8
12.5
11.6
10.9
10.2
9.9

Tabie9(a,b)
Effect of initial activity on the treatment of Co-60 (a) and Cs-137 (b) liquid wastes by using untreated
and treated HDPE-g-P(AAc/AN), degree of grafting; 51 %, emmersion time; 1.5 hr.

Table 9 (a)

Initial Activity
(C/min.)

35325
32416
30228
25285
20516
18326

Co-60 Uptake
Untreated mem

6.1
5.7
5.3
5.0
4.7
4.4

KOH
treated

22.3
21
19.4
18.8
17.7
15.8

NH2OH
treated

19.3;
18.8
17.9
16.8
16.1
14.8

HC1
Treated

11.5
10.4
9.5
8.6
7.9
7

Table 9 (b)

Initial Activity
(C/min.)

35325
32416
30228
25285
20516
18326

Cs-137 Uptake
Untreated mem

5
4.7
3.5 x

3.4
3.3
3.4

KOH treai

13.2
12.6
11.9
11.7
11.5
11.4

NH2OH tre

11.9
11.2
11.0
10.8
10.6
10.4

HCl Treat

9.7
8.4
7.5
7.1
6.6
6.1

These tables showed that the amount of isotope adsorbed by each, membrane increased with the
initial activity but different levels were recorded depending on the type of treatment and the base
polymer. The isotope uptake for Co-60 is higher than for Cs-137. These results suggest that the divalent
isotopes Co2+ tend to make stable complex with active groups rather than monovalent ones Cs"1' (13).
Also, the higher affinity of the prepared membranes toward Co-60 than Cs-137 waste m^y be due to the
smaller ionic radii of Co.
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Conclus ion

It can be concluded that, the KOH-trcated grafted PP is the most efficient membrane in reducing
the activity of these radioactive liquid wastes to a great extent. Such decrement in activity reaches to
-90 % for Co-60 and 80 % for Cs-137. The KOH treated membranes have strong ability to separate
Co-60 and Cs-137 from their liquid radioactive wastes than those of NH2OH and HCl-treated
ones. Generally, the prepared membranes exhibited an ability to adsorb radioisotope such as Co-60 and
Cs-137 and this is particularly true with all grafting levels.
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Abstract

Poly (acrylamide-acrylic acid)-zirconium phosphate P(AM-AA)-ZrP is a new

organic resin and can be synthesized by gamma radiation induced polymerization of

acrylic acid (AA) in the presence of poly acrylamide (PAM) using a template

polymerization technique in the presence of zirconium oxychloride and then soaking

in phosphoric acid. The obtained polymer shows an excellent thermal and chemical

stabilities, high capacities measurements in addition to high selectivity behaviour to

some hazardous heavy metals. In a comparative study for the previous organic resin,

P(AM-AA)-ZrP with cerium(IV) antimonate (CeSb) and titanium(IV) antimonate

(TiSb) as inorganic ion exchangers we can concluded that both of CeSb and TiSb

have a greater selectivities to the hazardous heavy metals as compared with P(AM-

AA) ZrP whereas the later has a higher capacity than CeSb and TiSb.

Key Words: Synthesis, Toxic elements, Organic resin, Cerium(lV) antimonate,

Titanium(lV) antimonate.

Introduction

Inorganic ion exchange materials in recent times are being increasingly used

in various separation schemes [1] owing to, they are found to possess excellent ion

exchange characteristics, high selectivities for some metals and high chemical and

radiation stabilities [2]. Also, a lot of organic resins show high stability to radiation

[3] and can be used for the treatment of radioactive liquid waste [4].

Some acrylamide polymeric resins were prepared by gamma radiation-

initiated template polymerization of acrylic acid on acylamide polymers. These

polymeric materials have polyfunctional groups, good hydrophilic properties and

excellent ion exchanging properties [3-13]. For this reseon these polymeric materials

can be used to remove some metallic ions such as Cu2+, Fe3+, Zn2+ and Mg2+ from

wastewater and also were used to decontaminate some radionuclides (Cs+, Co24, Sr"H

and Eu3+) from radioactive waste solutions [3-13].
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In the present work we prepared some inorganic sorbents such as cerium(IV)

antimonate (CeSb) and titanium(IV) antimonate (TiSb) and organic resin such as poly

acrylamide acrylic acid (P(AM-AA)-ZrP} with study its ability for the removal of

some heavy metals such as Cu2+, Zn2+, Cd2+ and Ni2+ from toxic waste solutions.

Experimental

All reagents were analytical grade and used without further purification.

Preparation of organic and inorganic sorbents

Poly (acrlamide-acrylic acid) zirconium phosphate (P(AM-AA)-ZrP} and cerium(IV)

antimonate (CeSb) were prepared as reported earlier [14,15].

Titanhim(IV) antimonate (TiSb) was prepared by droupwise addition of equimolar

solutions of titanium(IV) chloride and antimony pentachloride by a ratio 1:1 by

weight with vigorous stirring in a water bath at 60°C. Then ammonia solution is added

to hydrolyze the solution.and the white precipitate formed was left in the mother

solution overnight, filtered and washed with deionized water, until the pHofthe

supernatant solution was 6.5, then it is dried at 60°C for two days. The prepared

material is then washed with 1M HNO3 until it becomes free from chloride and

ammonium ions, then it is washed again with deionized water, left to dry at room

temperature, finally it was grounded and sieved to obtain different mesh sizes.

Chemical Stability:

The chemical stability of the different sorbents CeSb, TiSb and P(AM-AA)-

ZrP was studied in water , nitric and hydrochloric acids by shaking 50mg of sample

with 50ml of the desired solution with continuos shaking for two days. The filtrate

was tested for cerium, zirconium, titanium and antimony using atomic absorption

spectrophotometer of model (6701 F. Shimadzu - Japan) whereas in case of P(AM-

AA)- ZrP the filtrate was tested by calculating the present loss in weights.

X-Ray Diffraction and Infrared Spectra:

Measurement of x-ray diffraction patterns was carried out using a Shimadzu

X-ray diffractometer, model (XD 1180 - Japan) with a nickel filter and a Cu-K

radiation. Whereas for IR spectra measurements a Raman and FTIR spectrometer was

used model (MB 157, Raman / mid -IR Spectrometer, Bomen, Canada) In all cases,

measurements were carried out using KBr disk method.
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Tli ennal Stability Measuremen ts:

Differential thermal analysis (DTA) and thermogravimetric (TG) analysis

were carried out using a Shimadzu DTG - 40 Thermal Analyzer obtained from

Shimadzu, Kyoto, Japan. The sample measured for ambient temperature up to 850°C

with the heating rate of 10 deg/min.

Distribution Studies:

A batch technique was followed to determine the distribution coefficient (Ka),

where 0.1 g of the ion exchanger was shaken with 20ml of 50 PPM salt solutions of

Cu2+, Zn2+, Cd2+ and Ni2+ ions in a shaker thermostat at 25±1°C. After an overnight

standing (sufficient to attain equilibrium) the mixtures were centrifuged and the pH

values of the solutions were determined by means of a pH meter (HANNA) whereas

the concentration of the cation was determined by means of atomic absorption

spectrophotometer model (6701F - Shimadzu- Japan).

Distribution coefficient (Kd) was calculated from the following equation;

Ao — Am
Kd = . V/w mlg1

Where; Ao and Aoo are the initial and final concentration of cation (PPM), V is the

total solution volume (ml) and m is the weight of the exchanger (g).

Column Operations:

For column experiments, amount of 0.5 g of CeSb and TiSb in 10ml of water

was packed into the identical chromatographic column of ( 0.5 cm) diameter and (4.0

cm) length. The flow rate was adjusted to be 0.7ml/min for the tracer solution of 50

PPM for each of Zn +, Cd2+, Ni + or Cu2+. Column rains were conducted by

collecting and counting equal effluent fractions at the same flow rate.

Results and Discussion

The results of solubility (Table 1) show that CeSb, TiSb and polyacrylamide

acrylic acid resin impregnated with zirconium phosphate { P(AM-AA)-ZrP} are

stable in water, HNO3 up to 6M while in HCl solutions, cerium(IV) antimonate are

physically quite stable upto 5M HCl but titanium(lV) antimonate and P(AM-AA)-ZrP

are very stable upto 6M HCl.

X-ray diffraction patterns of cerium(IV)- and titanium(lV) antimonates (Figs.l

and 2) revealed that the investigated solids are amorphous. Nevertheless, the

crystallinity of the materials is slightly increased with increase the healing

temperatures from 50°C to 600°C. While x-ray diffraction pattern of polyacrylamide
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acrylic acid impregnated with zirconium phosphate (Fig.3) shows that the material is

crystalline and the crystallinity of the material is slightly increases with increasing of

heating temperature of the polymeric material in the investigated range, 50-200°C.

The IR spectra of P(AM-AA)-ZrP, CeSb and TiSb are shown in Table (2) and

Figs. (4 and 5), respectevily. The Figures show that a band at ~2500-3600cm"' for

CeSb and TiSb may be due to strong inter-and intra-molecular of interstitial water

with strong hydrogen bonding [16]. The second band at 600-900 cm"1 in both CeSb

and TiSb is due to M-0 interaction vibration. The two bands at 1410 cm"1 and

1140 cm"1 are due to Sb-OH and -Sb-OH deformation vibration [I].

Differential thermal analysis (DTA) and thermogravimetry (TG) of both

cerium(IV)- and titanium(IV) antimonates (Figs. 6 and 7)and also the differential

scanning calarometry (DSC) of polyacrylamide acrylic acid resin impregnated with

zirconium phosphate (Fig. 8) support the fact that the three ion exchange materials

have a good thermal stability. From the above results, we can conclude that, the

prepared materials ere very stable in water, HNO3 and HC1 and have a good thermal

stability and so these materials are suitable for use in industrial and environmental

waste treatment and technology purposes.

The results of equilibration for the exchange of Zn2+, Ni2+, Cd2+and Cu2+on

the studied materials showed that the equilibrium was attained within 4h.

The cation exchange process between II"1 and M'1+ in solution is represented as

follows:

nTf + M"+ ^ + nit (1)

The selectivity coefficient can be defined by the following equation [17]:

/ 7 / /
!?*„= _ _ (2)

where [Mn+] and [H+] denote to the concentrations of Mn+ and H+ ions in the cation

exchanger, and [H+] and [Mn+] their concentrations in the solution. As Kd is given by:

Kd = [Mlt+]/[M"+] (3)

So equation (3) can be written as:

., or
{Iff

log Kd = log I^H fij" - n log {It] (4)
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when [Hn+] « [H+] and [Mn+] « [H+] then the value KM
H [H+]n can be considered as

a constant, equation (4) can be reduced to:

toglQ^C-nlogflfj (5)

when log Kd values of n valent metal ions are plotted against log [H+] a straight line

having a slope -n should be obtained or when log Kd values of n+valent metal ions

are plotted against pH values of the ion solutions a straight line having a slope n

should be obtained. Figs. (9-11) show the pH-dependency of Kd values of Zn2+, cd2+,

Ni2+ and Cu2+ of 50 PPM concentration of these cations in the solutions. The linear

relationship between log Kd and the pH values of ion solutions was observed.

The slopes of the straight lines are not equal to the valence of the sorbed ions

and this may be due to the great complexity of the system involving different cations,

or due to hydrolysis of Zn2+, Cd2+, Ni2+ and Cu2+ ions and so subsequent precipitation

at higher pH values [18]. Besides, it is not expected that the activity coefficients is the

solid, or the involved activity coefficient ratios, will remain constant over the whole

range in which the log Kd - pH curves were determined [19]. The same case was

found for the ion exchange of divalent transition metal ions on amorphous hydrous

titanium dioxide and hydrous zirconia [20,21]. The Kd values and separation factors

(K) of the studied cations Zn2+, Cd2+, Ni2+ and Cu2+ on CeSb, TiSb and P(AA-AM)-

ZrP were summarized in Table (3). Table (3) shows that the Kd values are increased

with increasing in thepH values of the solution and the selectivity sequence is in the

order; Cd2+ > Zn2+ > Cu2+ > Ni2+. This behaviour may be attributed to the cations are

adsorbed in the hydrated form [22] where, the order of ionic radii is Cd2+ > Zn2+ >

Cu2+ > Ni2+ and so the hydrated ionic radii are arranged in Cd2+ < Zn2+ < Cu2+ < Ni2+.

The breakthrough curves for CeSb and TiSb were determined for four divalent

cations using 0.5 g of the exchanger in a column of ( 0.5 cm) diameter and (4.0 cm)

length and the flow rate was adjusted to be 0.7ml/min. The data obtained from

breakthrough curves, as shown in Figs.(12 and 13), are related to the respective Kd

values of the metal ions and indicates the same selectivity sequence for these cations

on CeSb and TiSb.

In the view of the above results of Kd values and breakthrough curves of Ni2\

Cd2+, Cu2+ and Zn2+ on CeSb and TiSb we can concluded that, CeSb and TiSb are

selective sorbents for Zn2+ and Cd2+ ions and can be separated from Ni2+ and Cu2+

ions in aqueous solutions.
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Table(l): Solubility of cerium(IV) antimonale, titanium(IV) antimonate and poly
acrylamide acrylic acid impregnated with zirconium phosphate (g/L) at
25±1°C.

Solvent

H2O

HNO3, M

HC1, M

0.1

0.5
1.0
2.0
4.0

6.0
0.1
0.5
1.0

2.0

4.0
6.0

CeSb
0.008

—

—
0.026
—

0.033
0.049
—
—

0.35
—

0.35
CD

Solubility, g/L
TiSb
BD

0.15

1.35
1.50
1.75
2.70

3.20
1.05
1.50
2.05

2.50
CD
CD

P(AM-AA)-ZrP
0.008

0.0054

0.0058
0.0062
0.0066
0.0069
0.0090
0.0040
0.0046
0.0050

0.0053
0.0060
0.0070

BD: Below Detection
D: CompletelyDissolved
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Table (2): HI spectral data of polymeric resins with copper sulphate

Absorption bands of original
groups, cm"1

Amide:

Auricle II:

Free > NH slret., (3500, 3400)

Bonded > NH slret., (3350, 3 180)

>NHbend: (1620-1590)

Amide 1 : > O O stret. (1650)

Aliphatic:

CH2 stret., (2960-2870)

CH2beud. (1300-110, 1470-1400,

790-720)

Ilydroxvl:

Free-Oil stret., (3700-3650)

Bonded-OH (3400-3200)

Carboxvlic:

-COOH slret., (1725-1700)

-COOH bend. (1420,1300-1200 & 920)

Free -OH stret., (3550)

Bonded-OH (3300-2500)

Carboxylate:

-COO" slret., (1610-1550)

-COOH bend. (1400-1300)

Ester: > C=O stret. 1750-1735

>C-0 stret. 1300-1100

Ions Fkosphate:

1014-1110

Experimental absor )tion bands, cm*1

P(AM-AA)-Zr-r r(AJM-AA)

3430

1616

2927

nio

1415

3431)

1724

1616

1415

1724

1004,1030 & 1110

3432

1669

2927

1414

3472

1725

1414

1725

--
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Table (3): Kd values and separation factors (=*) of Ni2+, Cd2+, Cu2+ and Zn:+ ions on different ion exchangers at 25±loC

Ion Exchanger

pH
2.10

3.20

4.20

5.30

7.05

Zn 2 +

2181

2741

2830

3248

6466

CeSb

Cd2+

2503
(1.15)

3504
(1-28)

4800
(1.70)

6943 •
(2.14)

9800
(1.52)

Cu 2 +

911
(0.42)
(0.36)

1034
(0.83)
(0.30)

1133
(0.40)
(0.24)

6943
(2.14)
(1.00)

71228
(11.02)
(7.27)

Ni2+

435
(0.20)
(0.17)
(0.48)
1133
(0.41)
(0.32)
(1.10)
3133
(1.10)
(0.65)
(2.77)
3800
(1.17)
(0.55)
(0.55)
11847
(1.83)
(1.21)
(0.17)

Kd, (~

-7 2+

Zn
2073

3504

3800

6050

9800

:)
TiSb

Cd2+

1238
(1.67)

1260
(2.78)

1293
(2.94)

1586
(3.81)

1974
(4.96)

Cu 2 +

335
(6.19)
(3-69)

911
(3.85)
(1.38)

1338
(2.84)
(0.96)

7492
(0.81)
(0.21)

24800
(0.39)
(0.08)

Ni2+

255
(8.13)
(4.85)
(1.31)
752
(4.66)
(1.68)
(1.21)
2877
(1.32)
(0.45)
(0.47)
9800
(0.62)
(0.16)
(0.77)
19800
(0.49)
(0.10)
(1.25)

-7 2+

Zn
2022

2300

2503

2578

2657

P(AM-AA)-ZrP

Cd2+

356
(0.18)

388
(0.17)

441
(0.18)

490
(0.19)

514
(0.19)

Cu 2 +

741
(0.37)
(2.08)

780
(0.34)
(2.01)

831
(0.33)
(1.88)

853
(0.33)
(1.74)

853
(0.32)
(1.66)

Ni2+

600
(0.30)
(1-69)
(0.81)
800
(0.35)
(2.06)
(1.03)
911
(0.36)
(2.07)
(1.10)
976
(0.38)
(1.99)
(1.14)
2528
(0.95)
(4.92)
(2.96)
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Carboxymethylated Cross-Linked Pregelled Starch

Removal of Co-60 and Cs-137 from Aqueous Waste Solution
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ABSTRACT

Low and intermediate radioactive liquid waste streams are resulting
mainly from Nuclear Power Plants in addition to that originating from the
applications of radioisotopes in different fields of life (medicine-industry-
agriculture, research works, ect...). Treatment of these aqueous waste solutions
before its release is an important process that keeps the environment clean for
man and for the coming generations.
Carboxymethylated cross-linked pregelled starch has been prepared and used as
an organic exchanger for the removal of Co-60 and Cs-137 from aqueous waste
simulate. More than 90% of Co-60 and up to 60% of Cs-137 were removed from
the waste streams at 29 ± 1 "C after 60 minutes.
Different factors that may affect the removal process of both radionuclides using
the exchanger (e.g. contact time, temperature, and pH-value of the waste solution)
were studied systematically.

Key words: Ion Exchange /Carboxymethylated Cross-Linked Pregelled Starch /
Removal/ Cobalt-60 /Cesium-13 7/pH.

INTRODUCTION

Radioactive liquid wastes are originated from different applications of radioisotopes in life. In
the nuclear power plants they are originated as leakage from equipments, as a drain from reactor and
auxiliary systems, from decontamination and cleaning operations, from active laundry and from
personal shower. (1) In addition huge amounts of low and intermediate level liquid wastes are
collected from the applications of radionuclides in medicine, industry, agriculture, research works and
other applications. ®

Treatment process of low and intermediate level liquid wastes before its release to the
environment is essential and aims mainly at effective volume reduction of these wastes.(3) To avoid
the drawbacks of evaporation process(4) and to overcome the problem of chemical treatment of highly
salt solutions, ion-exchange technique has been widely used, as a very simple technique for
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processing of low and intermediate level liquid wastes. Ion-exchange process has extensive
applications in the different nuclear fields and involve cleaning up activities of primary and secondary
coolant circuits in Boiling Water Reactors, Pressurized Water Reactors and Heavy Water Reactors.
Treatrrient of fuel storage Pond water and reprocessing plants(5> 6), clean up of active drain water and
treatment of liquid wastes arising in the radioisotope production and its applications in the different
fields of life.(7)

In addition to the well-known cleaning role of ion-exchange techniques in the different fields
of nuclear industry.(8'9) They have also extensive applications in the treatment of hazardous waste
solutions containing heavy metals/10"11*.

This work is a part of R&D program for the treatment and immobilization of low and
intermediate level radioactive wastes that carried out at inorganic and applied chemistry unit ,
radioisotope department, Atomic Energy Authority of Egypt.

The present study aims at optimizing the process of treatment of low and intermediate level
liquid wastes simulate using the ion-exchange properties of carboxymethylate cross-linked pregelled
starch resins. The Carboxymethylated cross-linked pregelled starch resin has been prepared and used
for the removal of Co- 60 and Cs-137 from liquid radioactive waste simulate. Factors that may affect
the uptake of the two radionuclides using this resin (e.g. equilibration time, the reaction temperature,
pH of the waste solution simulate) were studied on laboratory batch scale experiments.

EXPERMINTAL WORK

A) Exchanger Preparation

1) Cross-linking of starch:

100 g pregelled starch was slurred in 150.0 ml water containing 1.5 g sodium chloride and 8 ml
epichlorohydrin. To this slurry, add 6.0g of sodium hydroxide in 40 ml water slowly over 30 minutes.
The mixture was stirred for 16 hours at room temperature. The pH was adjusted to 6.5 by 2%
hydrochloric acid. The product was washed with water, filtered, washed with water and ethanol, and
air-dried. The reaction of epichlorohydrin and starch in presence of NaOH can be represent as in the
following equation

ST-OH + CH2-CH-CH2C1 * ^ • S T - O - C H 2 - C H - C H 2 - O - S T (!)

O OH

2)CarboxymethyIating the cross-linked pregefled starch :

38.0 g NaOH in 86 ml water was added to 24.0 g cross-linked pregelled starch. To this
suspension, a solution of 12.0 g chloroacetic acid in 20.0 ml water was added by stirring at 0 °C . The
mixture was heated to 70 °C for 20 minutes, cooled to 0 °C, then partly neutralized with acetic acid,
washed with water, 1 N HC1, water, and ethanol and dried at room temperature. The cationic
properties are imported to cross-linked starch via its reaction with monochloroacetic acid. This
reaction can be represented in the following equation:

ST - O - CH2 - CH - CH2 - O - ST + C1CH2 COOH -SsS&> ST-O-CH2- CH -CH2-O-ST + HC1

OH O-CH2COOH (2)

ST= starch moiety
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To confirm the previous equations proposed for the preparation of thecarboxymethylate
cross- linked pregelled resin Infrared as a nondestructive test was carried out using Ftir- 8202 Fourien
transform, Shimadzu Infrared Spectrophotometer. The data of the infrared spectrum of the cation
resin prepared is shown in Fig.(l). It is clear from the figure that the bands present in the region
4000 - 3400 cm are due to the hydroxyl groups of that hydrogen-bonded in various degrees, i e the
hydroxyl group of the carboxylic unit or due to the remained undried water of the resin. CH2 group in
-CH2OH give rise to two characteristic bands near 2920 cm1 and 2850 cm1 and represent the
vibration of hydrogen atoms. Band near 1700 cm'1 is due to stretching vibration of -C = O groups
The bands near 1500 cm' are attributed to the stretching vibration of -C-O-0 groups. The band due
to etheral and/or hydroxylic -C-O group appears near 1300 cm"', also -C-O stretching vibration

localized near 1150 cm" and 1110 cm"1. The skeletal vibration of sugar rings is observed below 800
cm . * '

$6.0

%T

55.0

54.0

53.0

52.0

St-O-CHj-CH-CHj-O-StCH-CT

O-CHj-COOH

4000.0 3000.0 2000.0 1500.0 •

Fig (I): IR Spectrogram of Carboxymethylated Cross-linked Pregelled Starch.

looo.o 500.0
I/cm

B) Experimental Test Solution:

Co-60 (y : 1.17 and 1.33 Mev ,T1/2= 5.25 years) and Cs-137 (y: 0.662 Mev , T m = 30.1
years) carrier free solutions were purchased by Amersham , England and used as a traces in preparing
the liquid waste solution simulate. The two radionuclides represent the most important long lived
isotopes that found nearly in most low and intermediate level liquid waste streams collected. Co-60
representative for divalent element insoluble in alkaline solutions, while Cs-13 7 representative for
monovalent element soluble in wide pH range. Aliquot portions of distilled water were labeled with
Co-60 and Cs-137solutions separately (400 Bq / ml). The resulting solutions were used for
performing the work in this study.

C) Treatment Process:

Batch ion-exchange tests were carried out by weighing 0.1 gofcarboxymethy late cross-
linked pregeUed cations resin in a 50 ml stopper conical flask, 10 ml of the waste solution simulate
has been poured over the resin. The flask shacked in a thermostatic water bath shaker for a
predetermined time. At the end of shacking time, lml of the solution has been withdrawn and
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analyzed radiometerically using computerized multi-channel analyzer (PCA-P from Oxford
instruments Inc.).

Different factors that may affect the removal of Co-60 and Cs-137 from the waste solution
simulate such as equilibration time (contact time), pH values of the waste solutions and temperatures
of exchange reaction were studied systematically. The pH of the solution was adjusted using dilute
solutions of sodium hydroxide or hydrochloric acid.

RESULTS AND DISCUSSION

Considering the kinetic of the up take of both Co-60 and Cs-137 from liquid waste simulate, the
labeled samples (pH = 5.9) were shacked for increasing periods of time at 29±1 °C.
A stander method for exchange process evaluation is the determination of the equilibrium coefficient
(Kd)

Kd = (A0 .A f/A f)XV/M (3)

Where:

Kd= Distribution coefficient in (ml / g)

Ao = Initial activity of interest in the liquid waste solution.

Af = Final activity of interest in liquid waste solution after a period of contact,

V = Solution volume (m!).

M = Mass of ion - exchanger used (g)

A high Kd value in the operating environment is critical to achieving the maximum reduction in waste
activity.(8)

To evaluate the process uptake percentage could be also used as another indicator for the
efficient selectivity of the ion-exchanger for removal of Co-60 and Cs-137 from their waste
solutions where:

Uptake % = (Ao - Af /Af) X 100 (4)

It is clear from the data obtained in table (1) that increasing the contact time accompanied by an
increase in JQ values for both Co-60 and C-137. It is worth mentioning that after 60 minutes K̂
reached maximal for the both radionuclides. Therefore 60 minutes was chosen as an optimum
equilibration time for removal of Co - 6 0 and Cs-137from their liquid waste solutions under the
stated operating conditions. The same trend was reached for the up take percentage values for both
Co-60 and Cs-137. In addition the uptake percent values for Co-60 was higher than that for Cs-
137under the same experimental conditions (Table (1)). The data previously obtained could be
explained as follows. The divalent cobalt ions have electrostatic interaction with the active sites of
the exchanger resin higher than that of monvalent cesium ions.(i3) The same trend was observed for
similar work. (14) Also the easy exchange of cobalt ions with the active sites of carboxymethylate
cross- linked pregelled starch resin compared with cesium ions may attributed to the difference in
the atomic radii of both element .The atomic radius of cobalt that found in the first long period in
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the atomic table equa! to 61 pm is smaller than that of cesium found in the third long period in the
atomic table and has atomic radius 167 pm.

Table (1): Effect of contact time of carboxymethylate cross-linked pregelled starch
and liquid waste solution on the uptake percentage and distribution
coefficient K4 of Co-60 and Cs-137.

Contact time ( min.)

15

30

60

120

180

Cs-137

Uptake,%

59.8

63.5

63.9

63.5

59.3

Ko(ml/g)

1.5 x 102

1.7 x 102

1.8 x 102

1.7 x 102

1.5 x 102

Co-60

Uptake, %

95.8

95.7

97.6

95.3

92.3

Kd(ml/g)

2.3 x 103

2.2 x 103

4.1 x 103

2.0 x 103

1.5 x 103

To study the effect of the presence of one radionuclide on the uptake of the other
when the two nuclides are found in the same solution, mixtures having different proportions
of Co-60 and Cs-137 were added to the solid cation resins at 29±1 °C and shacked for 60
minutes. The data obtained were represented in table (2) . It was found that increasing the
portion of Co-60 activity on the expanse of Cs-137 activity affect negatively on the up take
percent of Cs-137.On the other hand, at high activity content of Cs-137, the uptake of Co-
60 did not affected (Table (2)). This may be attributed to the competing effect of cobalt on
cesium and this again confirms the explanation previously given for the uptake data
percentage of each radionuclide separately .

Table (2): Effect of activity level content of Co-60 and Cs-137 in the aqueous
waste solution on the uptake values of the both radionuclids

Composition of waste solution

Co-60,%

100

25

50

75

Zero

Cs-137,%

Zero

75

50

25

100

Uptake percent, %

CO-60,%

97.6

95.77

98.3

98.2

Zero

Cs-137,%

Zero

48.2

36.7

29.7

63.9
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The ion-exchanger needs to maintain its high capacity and physical integrity at very wide range
of pH. The data represented in Fig. (2) show the effect of different pH values on the uptake
percentage of Co-60 and Cs-137 from the liquid waste simulate. It is clear from the figure that
increasing the pH values (i.e. increasing the hydrogen ion concentrations) accompanied by a
detectable reduction in the uptake percent values for both Co~60 and Cs-137 ( Fig. (2)). On the other
hand raising the pH values up to 12 results in clear reduction in Cs-137 uptake percent while the
Co-60 uptake percent value did not be affected (Fig (2)). The same trend was observed for similar
exchanger in previous work.(15) This could be explained on the basis, that at lower pH values the
carboxylic groups of the resin are mostly unionized , hence exhibit lower exchange capacity but at
high pH values the active carboxylic groups of the cation exchanger are ionized so it can easily
exchange with the ions in the solutions.^ The reduction in Cs-137 uptake at high pH value,
Fig. (2), may be attributed to the slightly high concentration of sodium ion [Na+] in the alkaline
solutions, which can compete cesium ions and hence influence the ion exchange selectivity for
Cs-137.(9)

—•—Cs-137 uptake

—B— Co-60 up take

100

80

a
3

SO

40

20

10 12 14

pH-values

Fig.(2) : Effect of pH- values of waste solution on
Co-60 and Cs-137 up take percentage •

The thermal stability of the ion-exchange resins is an important characteristic that determining
the choice of certain resin for the processing of low and intermediate level liquid radioactive wastes.
To study the effect of temperature of the exchange process on the uptake percent values of Co-60 and
Cs-137 from liquid waste solution using carboxymethylate cross-linked pregelled starch resin,
samples of the resin and labeled liquid waste simulate (pH = 5.9) were shacked for 60 minutes, at
different exchange temperatures (up to 80 °C). It is clear from the data represented in Fig.(3) that
raising the shacking temperature affect negatively, on the uptake of Cs-137.A (10 %) reduction in the
uptake of Cs-137 was reached when raising the exchange temperature from 29 °C to 80 °C( Fig.(3)).
On the other hand the uptake percent of Co-60 seems to be unchanged. This may be attributed to
strong electrostatic interaction exist between Co2 +and the cation exchange resin compared with that
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exist between Cs+ and the resins, therefore raising the temperature may lead to the break down of the
weak electrostatic interaction between cesium ion and the exchanger.

CL
3

100

80

60

40

20

-Cs-137 up take

-Co-60 up take

20 40 60 80 100

Temperature ,

Fig. (3}:Effect of exchange temperature on the up take percent of
Co-60 and Cs-137

CONCLUSION

In conclusion carboxymethylated cross-linked pregelled starch cation exchange resins can be
used safely as an organic exchanger for the treatment of low and intermediate level liquid waste
streams containing Co—60 and Cs-137 that may originated from the applications of radioisotopes in
different fields of life. Based on the data obtained from batch wise ion-exchange experiments for
liquid waste simulate solution it was found that up to 97% of Co-60 and about 63% of Cs-137 was
removed under the experimental conditions stated.
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ABSTRACT

Wastewater containing toxic materials poses a serious environmental problem. Many
of the pollutants are not readily biodegradable and complete removal in many cases is
a relatively expensive process. On the other hand, incomplete removal is a serious
health hazard. In the present study, a try was made to explain the degradation
kinetics due to gamma-irradiation and adsorption of some heavy metals : Uranium,
Molybdenum, Zirconium and Vanadium. Factors affecting the process such as
concentration, irradiation dose and pH of the solution was studied. Gamma -radiation
doses up to 50 kGy did not result in the degradation of the heavy metals. However, as
expected gamma radiation resulted in a change in the valency of these heavy metal
ions to other oxidation states which may have resulted in less toxicity. Adsorption and
ion-exchange purification of the heavy metafs onto GAC, Merck Ion Exchangers I,
and IV and polymeric membranes showed that GAC has the highest adsorption
capacity for all pollutants compared with the ion-exchangers and polymeric
membranes which may be due to its very high surface area and high porous nature
which causes internal and external cfistribution within the carbon particle more than it
does in the case of polymeric membranes and ion-exchangers. GAC was followed by
the cation exchanger with different percent adsorption according to the type of
pollutant and the least removal percent was shown by the polymeric membranes.
Also, a study of the affinity of the pollutants towards the different adsorbents was
carried out.

Key Words .' Heavy Metals - Gamma Radiation- Adsorption - Ion Exchange.Removal.

INTRODUCTION

The toxic nature of many metals, even at trace level, or above certain "threshold toxicity" levels
lias been recognized with respect to public health for many years. On the contrary, there are current
agreement that no such threshold exists. Most heavy metals are toxic metals affecting the internal
organs of the human body also they are found in trace amounts in food. Heavy metal pollution can
affect all environments but its effects are most long lasting in soils because of the relatively strong
adsorption of many metals onto the humic and clay colloids in soils. The duration of contamination
may be for hundreds or thousands of years in many cases depending on the soil type and their
physicochemical parameters. Unlike organic pollutants, which will ultimately be decomposed, metals
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will remain as metal atoms, although their speciation may change with time as the organic molecules
binding them decompose. (1'4)

A wide range of heavy metals is found in fossil fuels, which are either emitted into the
environment as particles during combustion or accumulate in ash, which may be transported in air and
contaminate soils or waters. Some of the metals arising as pollutants from fossil fuel combustion are
Pb, Cd, Zn, As, Sb, Se, Ba, Cu, Mn and V. A wide range of metals, including U in some coal, which
accounts for coal burning power stations being responsible for the emission of significant amounts of
radioactive pollutants. Many heavy metals are used in specialist alloys and steels such as V and Mo.
Hence both the manufacture and disposal, or recycling of these alloys in scrap metal can lead to
environmental pollution with a wide range of metals.

The extent to which metal ions are adsorbed by GAC, and cation exchangers (Resins, silicate
compound and polymeric memberane) depends on the properties of the metal concerned (valency,
radius, degree of hydration and coordination with oxygen), pH, redox conditions, the nature of the
adsorbent (permanent and pH dependent charge, complex forming ligands), the concentrations and
properties of other metals present, and the presence of soluble ligands in the surrounding fluids. It is
usually found that the adsorption of metal ions onto solids is described by either the Langmuir or the
Freundlich adsorption isotherm equations.

EXPERIMENTAL

- MATERIALS :
Four heavy metals: Uranium, Molybdenum, Zerconium and Vanadium were studied. Uranium

(U4+), used as uranyl acetate UO2 (Ac)2) it is a greenish yellow crystal with purity 99.9%. Uranyl
acetate is easly soluble in water. Molybdenum Mo3+ used as molybdenum nitrate, is a pale blue crystal
with purity 97%. Zirconium Zr4+ was used as Zr (SO4)2, it is white crystal with purity 98%.
Vanadium V+ , it used as vanadium chloride VC14, it is a yellow crystal with purity 99.8%. .

Granular Activated Carbon (GAC), two ion exchange resins were used; one strong cation
exchange resin-Merck I and one weak cation exchange resin Merck II (Merck Labs., Germany). Four
modefied graft copolymer membranes were used as adsorbent materials : one of these was low density
Polyethylene-Styrene/Acrylic Acid copolymer (LDPE-g-Sty/AAc); one iow density Polyethylene-
Styrene/Acrylamide copolymer (LDPE-g-Sty/AAm); one Polypropylene -Styrene / Acrylic Acid
Copolymer (PP-g-Sty/AAc) and one Polypropylene -Styrene /Acrylamide copolymer (PP-g- Sty/AAm)
PP and LDPE were supplied by El-Nasr Company - Egypt.

1- Gamma Source : Irradiations were carried out using a 60Co gamma irradiator (Gamma
Chamber 4000 A, India) with a cylindrical irradiation chamber. All irradiations were carried out at
ambient temperature (about 45 °C in the chamber) and at a dose rate of about 0.28 Gy/sec.

2- Inductively Coupled Plasma (ICP) : Jobin Yvon Panovouma Inductively Coupied Plasma
ICP, France was used in the present work. It is an instrumental analysis technique based on atomic
emission spectrometry. Emission phenomena occur in a plasma. A plasma is a gas that has been ionized
to a high degree and is electrically neutral. The gas used is argon which is easily ionized, a good
electrical conductor and is reasonable in cost. The relationship between the emitted intensity from a line
and the concentration of the associated element must be calculated and this determines the line's
calibration curve. The concentration of the heavy metal solutions was determined by measuring the
intensity of a line spectrum at wave lengths 365.5 nm for Uranium, 340 nm for Zirconium, 311 mn
for Vanadium and 202 nm for Molebdenum.
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Equilibrium studies
Adsorption isotherms were determined by the batch, or bottle-point method, for all adsorbents.

Amounts of adsorbent equal to one gram were added to 250 ml bottles containing 100 ml of buffered
adsorbate solution with concentration from 10 to 100 mg/l for dyes and 10 to 100 mg/l for heavy metal
solutions. The bottles were sealed by an aluminium foil paper, stirring mechanically and then left for
8-14 days at room temperature (25°C). Resultant solution concentration were then determined, the
equilibrium data from each such bottle representing one point on an adsorption isotherm.

RESULTS AND DISCUSSION

Adsorption Purification of Wastewater From Pollutants.
The adsorption of several kinds of pollutants (U, V, Zr and Mo) were used in the adsorption

studies. The adsorption of these pollutants on GAC, two ion exchange resins Merck II, IV, four
different polymeric membranes were investigated at various pH values using equilibrium studies. The
concentration of the heavy metals ranged from 10-100 mg/l.

a. Adsorption onto GAC and Ion Exchange Resins.
Figures (1-4) show the relationship between the adsorption capacity (mg/g) of Granular

Activated Carbon and the equilibrium concentration (mg/l) for the heavy metals at different pH values
(3,7 and 10). The highest adsorption capacity onto GAC was shown by heavy metals with different
percentages depending on the valances of these heavy metals and their chemical valancy. Jiang et al(S)

reported that the adsorption of heavy metals. (Pb, Cd and Cr) on activated carbon may be affected by
ion exchange, oxidation and reduction, complexation, precipitation and competition.etc, simultaneously.
Due to their effects, the chemistry for and valence of heavy metals will change in the adsorption system
to create a complex adsorption isotherm. Among these factors, the adsorption characteristics of the
different complexes play an important role. X-ray photoelectron spectroscopy has confirmed that
multiple species are involved in the adsorption of heavy metals on activated carbon More adsorption
was shown at pH 3, followed by the neutral medium and at last the alkalie medium. However, complete
removal of these pollutants was not achieved, although GAC is well known as a very active adsorbent.
When resinous adsorbents such as Merck I (a strong cation exchanger) and weak cation exchanges
(Merck II). Merck I showed better adsorption capacity for the the heavy metals (Fig. 4). It was also
noted that more adsorption occured at pH 3 for the heavy metals. It was reported by many authors (5'6'7'
8) conflicting behaviour of the different heavy metals pollutants and their dependence on the pH of the
solutions. The adsorption onto Merck II was less than in the case of the strong cation exchanger Merck
I. Also, the same behaviour of the cationic species of the heavy metals ions were adsorbed less easily on
the weak cation exchanger Merck II (Fig. 3) than on the strong cation exchanger Merck I. (Fig. 2).

Due to the high degree of purification that can be achieved by adsorption, this process is often
used in the case of the synthetic polymeric ion- exchangers. This is the first genera! trend in the
adsorption studies. Also, it was observed that more cationic species were adsorbed on GAC and on the
ion exchangers. A sorbate having strong affinity with the solvent usually represents a strongly adsorbed
species, therefore the sorbate has a high adsorption capacity. This may be explained that there is a
strongly adsorbed species which always has a greater tendency to occupy the adsorption sites than the
weakly adsorbed species does. Generally, the activated carbons performed best, followed by the
carbonaceous adsorbents, and finally by the polymeric and resinous adsorbents. The shapes of the
isotherms suggest that the polymeric and resinous adsorbents may be most competitive with activated
carbon at very waste concentrations. This is in good agreement with our results. The higher adsorption
capacity of GAC than the ion exchange resins may be attributed to the very high surface area of GAC
(1100 m2/g) and the high porous nature which causes effective internal and extenal distribution within
the carbon particle more than between them"exist in the specific surface area and the mean pore size, so
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the adsorption behavior is controlled to a large extent by kinetic forces. The extraction step is not very-
selective and the distribution coefficients fni many chemicals in the resin water equilibrium are rather
high .

It is well known that the adsorption on a solid takes place in three stages (a) External diffusion
where the mass transfer by diffusion of the adsorbate molecules (heavy metal ions) from the bulck fluid
phase through a stagnant boundary layer surrounding each adsorbent particle to the external surface of
the solid (GAC or polymeric ion exchanger, polymeric membranes) (b) Internal diffusion where the
transfer of the adsorbate to the interior of the particle by the migration of the adsorbate ions from the
relative small external surface of the adsorbent to the surfaces of the pores within each particle, (c) The
diffusion of the adsorbate molecules through the pores of the particles. The actual adsorption process
where the molecules in the pores are adsorbed from the solution to the solid phase. This later stage is
relatively fast, compared to the first two steps, hence, local equilibrium usually assumed between these
two phases.

The role of the adsorbent is very important to the adsorption process as well as the physico-
chemical characteristics of the adsorbate plays an important role too. There were some difference in the
magnitude of the efficiency of adsorption of these pollutants. This difference may be attributed to the
difference in ionic size and atomic weight of the heavy metals. The lower affinity towards the active
sites was shown by the smaller ion .

Low density polyethylene (LDPE) films were grafted by styrene /acrylic acid and by styrene/
acrylamide using gamma-radiation to obtain membranes to be used in the removal of the different heavy
metals pollutants : such as (U, Zr, V and Mo) from wastewater. Figs. (4 and 5) show the adsorption
capacity (mg/g) of these grafted membranes as a function of equilibrium concentration (mg/1) for the
different heavy metal pollutants at various pH values. It can be seen from the figures that LDPE-g-
Sty/AAc showed less adsorption capacity than the LDPE-g-Sty/AAm membranes, for all heavy metal
pollutants. This may be due to the functional groups grafted on the trunk polymer. Also, uranium and
zirconium showed higher affinity towards the membrane compared with vanadium and molebdinum.
This may be due to the difference in molecular weight, molecular size and valancy (generally the
different physico -chemical characteristics).

Also, polypropylene films were grafted by styrcne /acrylic acid and styrene/acryiamide using
gamma-radiation and the obtained membranes were tested to remove the pollutants studied. Figs. (6 and
7) show the results and it can be seen from the figures that the polypropylene grafted membranes show
higher adsorption capacity than the grafted polyethylene membranes for all pollutants at various pH
values. Also, the same behaviour as with the grafted polyethylene membrane, the grafted membranes
with acrylamide showed higher adsorption capacity than the ones grafted with acrylic acid.

In our laboratories different types of membranes were used for the removal of toxic heavy
metals from wastewater using every polymeric substrate available and tested the removal of most heavy
metals. (9~ l0>. Transition and non-transition metal ions such as CuCl2 - MnCl2 - FeClj CrCl.? - CdCl2,
NiCI2, CoCl2, UO2 (Ac)2, Pb(NO3)2 and CaSO4 were removed from sewage water(9) NVP-g-TFB
membranes removed Pb2+ acetate/11}, while membranes of NVP+AAm onto PP succeeded in removing
Pb2+ and Hg2+ (12>. Fe3+ and Cd2+ were adsorbed by AAc/Sty-g-PP membranes.(U) Also, recovery of Co
and Ni salts using waste rubber powder grafted AAm and amidoxime derivative was achieved (14) as
well as the use of AAc/AAm-g-Nylon 6 membranes for the adsorption of Cu:' and Co2\The adsorption
of certain metals on membranes was explained by the difference in atomic and ionic radii of the heav\
metal ions and the variation in their valencies, polarity, the nature of its interaction with the functional
groups of the membrane. Also, the affinity of a metal ion to show more adsorption on a certain
membrane may depend on the swelling behaviour of the membrane as well as on the pore size ..etc.(15'16)

The numiricat values of k and 1/n are shown in Table (1). Variation in the slopes (1/n) and
intercepts of the lines (k) reflects the effect of valances of the different metals on the adsorption process
and their affinity for adsorption. In general, as the (k) value increases, the adsorption capacity of
adsorbent for a given metal ion increases. The slope of the isotherm line may also characterize the
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Table (1): Adsorption isotherm parameters (Freundlich constant k, 1/n) for different adsorbent and ion
exchangers for different heavy metals (Ci = 100 mg/I) at various pH values

Heavy Metal

Adsorbent

GAC

Merck I

Merck II

LDPE-g-Sty/AAc

LDPE-g-Sty/AAm

PP-g-Sty/AAc

PP-g-Sty/AAm

Uranium
pH3

k

8.50

4.80

2.50

0.54

0.60

0.80

1.10

1/n

0.80

0.92

0.65

0.25

0.45

0.50

0.65

pH7

k

7.40

4.00

2.20

0.40

0.38

0.65

0.75

1/n

0.80

0.92

0.65

0.25

0.45

0.50

0.65

pHIO

k

3.500

2.800

1.900

0.020

0.015

0.018

0.020

1/n

0.75

0.85

0.60

0.25

0.40

0.42

0.60

Zirconium
pH3

k

7.80

4.00

2..20

0.50

0.58

0.75

0.95

1/n

0.70

0.80

0.55

0.20

0.48

0.60

0.70

pH7

k

6.50

3.20

2.00

0.40

0.30

0.55

0.68

1/n

0.70

0.80

0.55

0.20

0.48

0.60

0.70

pHIO

k

2.80

2.60

1.40

0.15

0.10

0.10

0.15

1/n

0.70

0.80

0.50

0.20

0.48

0.60

0.70

Vanadium
pH3

k

6.50

3.20

2.00

0.45

0.50

0.£>

0.80

1/n

0.75

0.82

0.60

0.20

0.33

0.70

0.80

pH7

k

5.60

2.80

1.85

0.39

0.28

0.56

0.66

1/n

0.75

0.82

0.60

0.20

0.33

0.70

0.80

pHIO

k

2.40

2.20

1.30

0.18

0.16

0.13

0.20

1/n

0.72

0.82

0.60

0.20

0.30

0.70

0.80

Molybdenum
pH3

k

5.40

0

0

0

0

5

2

1/n

0.60

0

5

0

0

5

2

pH7

k

4.20

0

8

6

0

0

0

1/n

0.60

0

5

0

0

5

2

pHIO

k

2.20

0

0

5

4

1

0

1/n

0.5S

0.70

0.65

0.60

0.70

0.65

0.82



adsorption process. Steeper slopes indicate relatively good adsorption of the metal when present in high
concentration. Slight slopes indicate comparable adsorption over the entire range of concentrations.
Consequently, the adsorption parameters (k and 1/n) describe on a quantitative basis the adsorption
process and account for the variation in adsorbent doses required for the removal of heavy metals. (l7)
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ABSTRACT

A working group from the IAEA (International Atomic Energy Authority)
published a new study concerning waste acceptance criteria for near surface disposal. The
study calculates the waste inventory values through off and on-site scenarios. The present
work applied the results to assess the criteria, through an off-site scenarios of vault design
from the acceptance criteria at El-Dabaa site, ISO Km west of Alexandria north Coast of
Egypt

The present work deals with the study of the relation ship between the sealed
faults parameters, which are detected from the integrated interpretation of the
geophysical data and the seismic energy assumed to be released through the faults of the
area. Distribution of the earthquake energy and its b-value were calculated.

Two generic conservative scenarios were applied for the end of the institutional
control period,. The first deals with the natural release of the radionuclides using the
geophysical characteristics of the site, and the waste inventory resulting from the
acceptance criteria to the nearest aquifer. The second considered an unexpected
earthquake which creates crack in the reinforced concrete cover. The crack offered
increases the infiltration rate inside the vault. A higher radionuclides release resulted
from the vault to the nearest aquifer. From the two scenarios, the acceptance criteria,
and the suitability of site for waste disposal are assessed by calculation of internal
effective collective dose received by an individual using the water from the aquifer for
domestic purposes.

Key words: Near Surface/Radioactive waste Disposal/ Safety Assessment/El- Dabaa/Earthquake
Energy.

1. INTRODUCTION

The waste inventory is a critical parameter required for the safety assessment of the post-
closure of waste disposal. Therefore, the maximum acceptable amount of each disposed radionuclide
needs to be determined to prevent, future radiological hazard to the environment. Some works were
performed for this purpose. A new generation of works took place April 1997 by a working group
from the IAEA. They developed a Safety Report on Quantitative Acceptance Criteria for Near Surface
Disposal of Radioactive Waste1-^. This study illustrated through practical examples, an approach for
the post-closure disposal which allows the derivation of quantitative values based on radiation safety
criteria. A draft report contains the first results, was published March 1999. This draft report limited
distribution for those concerned in this field. A commentary on the draft is required for the final
complete report. From here, it appeared reasonable to derive the comments through the application of
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the results of the quantitative criteria on a national disposal site using specific geosphere conditions
and different scenarios.

From the IAEA draft, the waste inventory values selected are the limiting total amounts
(Bq) in sandy geosphere in temperate climate for the off-site scenario for vault disposal system. This
result is chosen for convenience. In the present work, the contamination of the geosphere is considered
to occur as a result of two off-site scenarios, namely, normal and abnormal conditions in a mostly
limestone area.

The burial site is assumed to behave as one system for the two scenarios which start at the end
of the institutional control period of 100 years (in general the institutional control period is from 100
to 300 years). Failure of the various engineered and natural barriers begin by the effect of time, and the
system starts to lose its integrity. The failure of the cover causes an increase of its hydraulic
conductivity. Concerning the natural release scenario, the increase of the hydraulic conductivity is due
to cover degradation by time(2l The increase of cover hydraulic conductivity is derived from the data
given in the draft material. The water from the rainfall penetrates the vault and leaches a fraction of
radionuclides from the solidified waste in the cement matrix. The contaminant flow is modeled by one
vertical direction downward to the limestone aquifer. The retardation process of radionuclides in
limestone is unavailable, also, the presence of two types of ground water (saline and pure water) lead
to a very complex chemical situation for the determination of the retardation behavior of
radionuclides. Using known approaches, the work will be undertaken through generic, conservative
scenarios. The aquifer is located directly under the vault. The concentration of contaminant flow in the
aquifer is analyzed by PAGAN code(3). PAGAN used a constant leach rate option, which is used for
the diffusive release of radionuclides from stabilized waste form. A domestic well is assumed to be
drilled at 150 m from the vault system, and a small farm will be build using this water for drinking,
irrigation and animal use. The effective dose received by an individual, after 10 years was assessed
and compared a dose limit of 1 mSv/y. This annual dose limit is used by the draft report, and it is the
annual dose limit for the member of the public for both internal and external radiation exposure.
GENII code(4) was used to calculate the effective dose from the domestic use of the well.

The hazard derived from the disposed waste is decreased by using various engineered barriers:
waste form, containers, backfill material and vault structure. Vault structure is a concrete reinforced
design which prevents the infiltration of water and protects the release of the disposed waste with the
environment. However, superficial cracks in concrete structure are unavoidable phenomena due to
different natural reasons(5). The maximum allowable crack-widths are taken in accordance with the
Canadian Portland Cement Association (CPCA) requirements^, namely, 0.33 mm for internal walls
and concrete roof slab, and 0.4 mm for external walls. However, as a result of such an unexpected
event the structure may have cracks slightly larger than the allowable crack width and deep enough to
infiltrate water inside the vault. A seismic movement exceeds the design seismic parameter values and
seismic energy distribution can be one of these events. However, design has been constructed which
takes in consideration the consequences of exceedance which must not be severe enough to cause
total structure failure(5).

The Dabaa site may be subjected to earthquake events. For that reason, an accidental scenario
of an earthquake appears of special importance to study. In the present work, a large deep crack (not
severe to cause total failure) is assumed on the vault roof resulting from an unexpected earthquake.
Based on this assumption, another generic conservative scenario was considered. The study estimates
the infiltration of water from the crack and calculates the total annual dose from the release of
radionuclides similar to the first scenario. The study has the following objectives:

$ Derive the comments for the IAEA report through the testing of waste inventory results in a
safety assessment study using different geosphere conditions and scenarios.

$ Assess the geological suitability at El-Dabaa area for the waste disposal through:
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1 - Review of the geology and the historical earthquakes around El-Dabaa.
2- Estimate of the B-values.
3- Estimate of the seismic energy emanated from the faults in the area as part of Mediterranean Sea

Coast.

GEOLOGIC SETTING

El-Dabaa area has been studied by many authors17"12-1

Geomorphology
The area exhibits two main geomorphic units:

1- The coastal plain.
2- The elevated plateau.

Each of these units has its own characteristic assemblage of landforms, which reflects the
dominant conditions, etc. The existing landforms have a great influence on the ground-water
conditions, watershed areas, collecting basins, drainage lines, salt lakes and salt marshes.

Stratigraphy
In the Northern Western Coastal Zone, the exposed rocks belongs to the Early Miocene,

Middle Miocene, Pliocene, Pleistocene and Holocene. The thickness of the exposed succession
exceeds 200m, of which about 110m of Middle Miocene limestone. The concerned succession could
be summarized as follows from top to bottom.

Table (1) Generalized stratigraphic succession of El-Dabaa area
AGE

QUATERNARY

NEOGENE

HOLOCENE

PLEISTOCENE

PLIOCENE

MIDDLE MIOCENE

EARLY MIOCENE

TYPE OF SEDIMENTS
Beach deposits
Acolianc deposits
Alluvial deposits

Oolitic limestone
Pink limestone
Cardium limestone
Creamy limestone
Calcareaous sandstone.

Limrstone and clay interbeds

Sand, sandstone and clay interbeds
(Moghara formation)

Structure
The general structure of the area is simply regional northward dip on the northern edge of the

great Marmarican Homoclinal Plateau, which occupies the area to the northern Depression. There are
numerous monoclinal and synclinal axes, oriented in NE-SW direction.

Hydrogeology
The area of the study is a portion of the semi-arid belt, which is characterized by unstable

rainy winter and stable dry summer. The development of an extensive higher table-land at southern
fringes of the area and a lower coastal plain to the north allows much of the rain water falling (average
130 mm per years) to be directed through drainage lines into the low-lying collecting basins within the
coastal plain. The Oolitic limestone belongs to Pleistocene age, having a great extension allover the
coastal plain. It is exhibiting considerable ground-water potentialities. The main aquifer in the area is
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the fissured marly limestone of Miocene age. Another aquifers of secondary importance like alluvial
deposits of Holocene age and creamy limestone of Pliocene age which having very limited extension.

REVIEW OF THE HISTORICAL EARTHQUAKES

Catastrophic historical earthquakes in El-Dabaa area occurring in Alexandria and El-Fayium
and Mediterranean Sea area. Table (2) shows the historical earthquakes for a period 2800 B.C(1325).

Table (1) Distribution of Historical earthquakes, for details about damages and the distribution of
intensities and magnitudes see Sieberg 1932a,b, EI-Kebasy etal 1981, Ambraseys 1961 and Poirier and
Taher (1980).
DATE
2800 B.C
2200 B.C
221 B.C
93 B.C
20 A.C
262 A.C
320 A.C
365 A.C
553 A.C
796 A.C
951 A.C
955 A.C
1204 A.C
1263 A.C
1303 A.C
1326 A.C
1341 A.C
1375 A.C
1687 A.C
1698 A.C
1754 A.C
1811A.C

1879 A.C
1880 A.C

INTENSITY
I =VII
I = VI
1 = VII
[ = VIII
[ = VI
[=VH
=VIII
t = IX, I = VII
[=VI
= IX
= VIII, IX
= VIII, VI
= VII at

Egypt
I = IX,X
I=IX
I = VIII-IX
I = VIII
I = VIII
I = VI
I = VI
I=IX
I=IX

I=IX
I = IV

MAGNITUDE
M = 5.8

M=5.9
M=6.5
M = 6
M = 6.2
M = 6.1

M=5.2
M=5.5
M=6
M=6.2

M=6
M=4.8

FELT AND OBSERVATION
ESE of Zagazig
Shargia Province, east Nile Delta
Felt at Mediterranean Basin , Siwa and Libya
Felt at Mediterranean sea

Libya, Siwa Oasis
Alexandria
Alexandria
Great, Alexandria (with Tsunami)
Alexandria
Nile delta at Bilbies near Zagazig
Alexandria
Alexandria and Cairo
Egypt, North Africa, Syria, Iraq and Greek
South west Alexandria
Alexandria, many person were buried under ruins
Alexandria
Alexandria
Alexandria
Alexandria
Alexandria
Siwa Oasis
El-Fayium, Cairo, Alexandria, many person were buried
under ruins
Siwa Oasis
Alexandria

Only general conclusions can be made regarding the characteristics of the historical seismicity as
follows:

1. The historical activity is clear in the Mediterranean Sea, Alexandria siwa Oasis and Nile
Delta. The presence of thick sediments is likely to be the main cause of the high intensities.

2. The distribution of epicenter earthquakes suggested a three major trends a NW to Burg El-
Arab -SE Cairo trend, this trend is nearly parallel and in agreement with Wadi El-Natron fault(26;i.
Another trend is Red Sea-Gulf of Suez Alexandria road, The last, is Eastern Meditreean sea
Fayium (NE-SW).
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METHOD OF ANALYSIS

Seismic Energy Distribution
Seismic energies have been estimated by using the relationship between the earthquake

magnitude and the common logarithm of the released energy in the form of seismic waves. This
relationship is represented by an empirical linear equation determined by treating 10 earthquakes in
California and Nevada by the method of least squares^, as follows:

LogE,=12.24+1.44M (4)

Where:
Es is the energy in ergs, and
M is the calculated magnitude of earthquake.

Applying this technique, the seismic released energies through the implied system of
faulting around El- Dabaa during the successive phases of tectonic activities can be defined
utilizing the computed earthquake magnitudes. By studying the fault parameters, the fault
downthrow was selected to compute the comparable earthquake magnitudes. The relation
between the magnitudes and the fault downthrow was used. The applied relationship (28) is:

ML = 3.71+ 0.8 log D for 3.6 > ML < 5.3 (5)

Where:
ML is the local magnitude,
D is the displacement (fault downthrow) in cm.

RELEASED SEISMIC ENERGY DISTRIBUTION

Subsurface structural features of the studied El-Dabaa area, in terms of fault elements, have been
delineated on the basis of seismic, gravity and well depth data(29), as shown in Fig. (2). The
determined released energies of a certain rock unit represent the total sum of energies emanated
through the considered fault during the growth of its throw by the increment increased during the
deposition of the total thickness of the considered rock unit.

Accordingly, the seismic energies of the various rock units at El-Dabaa and its surrounding area
were calculated at different depths (0.5 km, 1.0 km, 1.5 km, 2 km, 2.5 km, 3 and 3.5 km). These
depths represent the Miocene and Pleistonce-Holocene Epochs, Oligocene, Eocene, Upper
Cretaceous,Lower Cretaceous as well as Upper Jurassic rocks, respectively. Every type of these rocks
will be discussed in terms of energy maps as shown in Fig. (3,4,5,6,7,8).

Miocene and Pleistocene-Holocene Rocks
Seismic-released energy are about 1.4E+20ergs, as displayed in Fig. (3). Moreorless the

energies reflect the fault positions as shown in Fig. (2).

Oligocene Rocks
At the surface of the Oligocene rocks as displayed in Fig. (4), all the released seismic energies

associated with the definite number of faults are moderate as compared by the underlying rock units.
The maximum and minimum values of the seismic-released energy are 8.5E+20 and 9.5E+20 ergs
respectively.
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Fig. (3) Realcased seismic energy due to
Miocene- Holoccne rocks, El-Daba. Egypt
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Fig. (4) Realcascd seismic energy due to
Oligoccnc rocks, El-dabaa, Egypt

Upper-Eocene Rocks
The constructed seismic released energy map on the top of Eocene rocks reveals three low

energy anomalies in the study area as shown in Fig. (5). All the energy values released through the
initiation of these faults as shown in Fig. (2) are very high. The released energies ranged between
4.0E+20and 1.4E+21 ergs.

Upper-Cretaceous Rocks
The seismic energy map released constructed on the surface of this unit shows one high

energy anomalies. The greatest energy anomaly is located at the south part and of the studied area. As
shows in fig.( 6 ). The realeased energy is about 2.5E+21erg.

30.3S

23.20 28.30 28.40 28.50 28.60 28.70 28.8 2 8 2 0 2 8 . 2 5 28.30
iliiiiiiii!

28.40 28.45 28.50

Fig. (5) Realeased seismic energy due to
Upper- Eocene rocks, El-Daba. Egypt

Fig. (6) Rcalcased seismic energy due to
Upper-Cretaceous rocks, El-dabaa, Egypt

Lower Cretaceous- Rocks
It exhibits high-released energies in the North-weastern part in the map. Seismic-released

energies ranged from 9.1E+21 ergs in the northwestern part to 1.1E+21 ergs in the southeastern part of
the area, as displayed in Fig.(7). Moreorless the energies reflect the fault positions as shown in Fig.(2).

Upper Jurassic Rocks
The energy maps on the Upper Cretaceous rocks reveals only one very high released energy

anomaly located to the southwest of th area under study as indicated in Fig. (8). The maximum
determined released energy, value for this anomaly reaches 3.1E+20ergs. In general, this map reflects
that, the intensive tectonic activity during the formation of Upper Jurassic Rocks is restricted to the
major longitudinal faults of Egypt, as displayed in Fig. (2)
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Fig. (7) Realeased seismic energy due to
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Fig. (8) Realeased seismic energy due to
Upper-Jurasic rocks, El-Dabaa, Egypt

MODELING APPROACHES
System Description.

The vault facilities, as in the draft report, is assumed in the present study. The facility is
composed of 10 vaults oriented perpendicular to the ground flow as shown in Fig. 1. The site is
located in a limestone geosphere as the majority land type of El-Dabaa area.. The vault dimensions
and characteristics are the same as in the draft material, which has been adopted from a previous
working group "Safety Assessment of Near Surface Radioactive Waste Disposal Facilities (NSARS),
Test Case 3 . The vault is excavated into the ground, lined with concrete and covered with a cap
containing rolled clay. The waste is contained in a concrete matrix within drums which are sand
backfilled in the vault. The limestone aquifer is located at a distance of 1 m under the vault. To be
conservative, the unsaturated zone is not considered. A 100 years is undertaken as the duration
necessary for the institutional control period after the closure of the disposal facility and 300 years for
the comparison. Dimensions, and characteristics of vault and the aquifer, required for the study, are
presented in Table (1).

The disposed radionuclides subjected for the study are those commonly considered in the
safety assessment of near surface disposal facility. This inventory are the result from an off-site
scenario of vault in sandy geosphere the draft report(1). Their calculations based on the standard
permissible dose 1 mSv/y. However, it is important to note that the Ca-14, Zr-93, and Sm-153
radionuclides are neglected from that inventory due to lack of data concerning these radionuclides in
PAGAN code. Also, the study of daughters are not taken in consideration. The waste inventory,
considered in this study, are presented in Table (2).

Table (1). Vault and Aquifer Characteristics
Vault Dimensions
Internal Length
Internal Width
Internal Depth

Sand Backfill
Density 1600

Total Porosity
Multi-layered Cap
Total Porosity

100 m
15 m
6 m

Kg/m3

0.3

0.3

Aquifer characteristics
Thickness*
Long. Dispersivity
Trans. Dispersitity
Total Porosity
Darcy velocity**

35 m
15 m
1.5m

0.5
0.07884m/y

* The aquifer thickness is calculated from previous study on the Dabaa area.
** Darcy velocity in the aquifer is calculated depend on the values in the previous study on the Dabaa area
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Table (2). Initial Waste Inventor
Name
H-3
C-14
Fe-55
Co-60
Ni-59
Ni-63
Sr-90
Nb-94
Tc-99
1-129

Cs-134
Cs-137
Ra-226
Ra-228
Th-232
U-234
U-235
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Am-241

Inventory (Bq)
1.00E+13
7.00E+13

>1.00E+20
>1.00E+20
3.00E+14

>1.00E+20
5.00E+16
8.00E+12
4.00E+13
2.00E+09

>1.00E+20
>1.00E+20
2.00E+12

>1.00E+20
3.00E+10
2.00E+10
3.00E+10
6.00E+10
6.00E+11
5.00E+13
3.00E+11
1.00E+12
8.00E+16
3.00E+15

Taken as*

5.00E+20
5.00E+20

5.00E+20

5.00E+20
5.00E+20

5.00E+20

Half-Life (year)
1.24E+01
5.73E+03
2.70E+00
5.27E+00
7.54E+04
9.60E+01
2.91E+01
2.03E+04
2.13E+05
1.57E+07
2.06E+00
3.00E+01
1.60E+03
5.75E+00
1.40E+10
2.45E+05
7.04E+08
4.47E+09
2.14E+06
8.77E+01
2.41E+04
6.54E+03
1.44E+01
4.32E+02

*No fixed value resulted for these radionuclides from the draft material. Therefore, for this study a value of 5.00E+20 is
assumed for them

SCENARIO DEVELOPMENT

Radionuclides release to the Aquifer.
During the institutional control of 100 years, the site will be under control. Any normal, or

even, an accidental release will have a remedial action during this period. All barriers are in good
performance. The concrete and the earth cover get the infiltration rate of rain fall approximately
negligible. Then, after the end of the institutional control period, no surveillance will be done for the
facility and the engineered barriers will begin to lose their integrity. The earth cover becomes
ineffective and the concrete cover begins to degradate.

The authors, of the draft report, assumed that the concrete cover is degraded and its hydraulic
conductivity (K) reaches 10"5 m/s after 500 years rather than its initial value 10'9 m/s. This decrease in
value is not spontaneous, but, gradual with time. The relation between the time (from 0 time to 500
years) and the decrease of K is assumed linear. Therefore the K value will be estimated from the initial
and the final values. For simplicity and depend on the saturated K value (Ksat) of fine particles
approximately equals the unsaturated K value (Kunsat) °

2). The maximum infiltration rate (q) percolates
inside the vault will be limited by the value of Ksat, hence, q = Ksat. Assuming, homogeneous texture of
soil, unit gradient, steady state flow, and vertical direction downward, the pore velocity inside the
vault is calculated by.

V = q/9(I3)

where, 6 is the total porosity of the whole system inside the vault.

For the first scenario, under normal condition, the undecayed radionuclides are assumed to be
leached when contact with water. The flow of radionuclides is retarded by the backfill material (sarid
soil) within the vault and migrates directly into the limestone aquifer. The PAGAN code calculates the
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leaching rate of radionuclides out from the vault and analyzes their flow in the aquifer. No retardation
in the aquifer is taken in consideration because the lack of suitable data for limestone rock, and the
different composition of existing water in the aquifer. In PAGAN, transport of radionuclides within
the facility is assumed to be downward vertically and the facility is modeled as a series of number of
equal-sized well mixed cells. The limestone aquifer is assumed to be homogeneous with a constant
thickness. PAGAN calculates the concentration of dispersed radionuclides into the aquifer. Table (4),
shows respectively the worksheet of the input data of the Pagan code. The output data obtained in this
study is presented in the section of results (Table (6).

Table (4). The Input data for PAGAN Code
Porosity
Longitudinal Dispersion Coefficient [mVyrJ
Transverse Dispersion Coefficient [m2/yr)
Pore Velocity [m/yrj
Integral Discretization
Maximum Time of Interest [yr]
Distance to Well [m]
Facility Length [m]
Facility Width [m]
Aquifer Thickness [m]
Number of Intermediate Times
Number of Intermediate Distances
Number of Source Mixing Cells
Unsaturated Zone Delay Time [yr]

0.5
1.183

0.1183
0.07884

200
100
150
100
15
35
20
1

80
0

For the second scenario (earthquake energy distribution), the study assumes that unexpected
earthquake has taken place in the area at the end of the institutional control period (100 years). Any
such event occurring during the institutional period will be counteracted by suitable remedial action.
In this scenario, a crack on the roof will be formed with width of to 0.4 mm (maximum allowable
crack) but deep enough to percolate water into the vault. The infiltration water rate will be controlled
by this width. Again, assuming that steady-state and uniform precipitation and infiltration rate,
uniform pressure and text soil are perdominant. By the effect of time, the earth cover becomes
compacted leading to lower porosity and permeability which may render this barrier ineffective.
Lowered permeability along any portion of the vault roof can lead to localized perched water. Perched
water of 50 mm depth is assumed to be formed over the cap. The infiltration water rate in the vault is
calculated through the CEMENT code(32). The input and output data are represented in Table (5).

Table (5). Worksheet of the Input and Output parameters for CEMENT Code
INPUT PARAMETERS
Crack Width
Crack Spacing*

Depth of Perched Water
Hyd. Cond. of Porous Media
OUTPUT

Effective Flow Rate

4.0E-01 mm
5.0E+02 mm

5.0E+01 mm
1.0E-04 mm/s

4.6E-06 mm/s

"The average crack spacing was given as S= 2t, where t is the concrete thickness over steel'33'

In the second scenario, the undecayed radionuclides are assumed to be released directly in
contact with water with no solubility limit (the container within the waste form is assumed damaged).
Since the permeable roof admits significant amount of water. The resulting downward release of
dissolved radionuclides of concern in the present study will be the principal mass transfer mechanism.
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The flow of radionuclides is retarded by the backfill material within the vault and migrates directly
into the limestone aquifer. The PAGAN code is again used to calculate the concentration of
radionuclides dispersed into the aquifer.

Human Exposure.
The study for the two scenarios takes into consideration the ingestion pathways only.

Therefore a domestic well is assumed dugged at 150 m distance from the vault. The concentration of
radionuclides is affected by the amount lost due to decay and dispersion.. The contaminated well will
be used for domestic purposes, drinking water, ingestion of crops irrigated by the contaminated
water, and the animals which drink contaminated water and eat contaminated forage, and the
ingestion of animal products. The GENII code is used to calculate the effective annual dose received
by an individual during 10 years of the utilization of water from the well. The used input data for
running the code are the concentration calculated by PAGAN in table-4, and the standards input data
of GENII for consumption rate of food and animals. The GENII estimates the effective annual dose
received by the individual. This was obtained by the two scenarios.

DISCUSSIONS

The seismicity of Egypt is constracuted to four main zones, those zones are Northern Read
sea-Gulf of Suez-Cairo-Alexandria-Creat(NW-SE), Gluf of Aqaba-Levant fault(NNE-SSE), Eastern-
Mediterranean-Cairo-El-Fayum (NE-SW)and Egypt -Mediterranean Coastal zone(E-W). Those four
main zones are parts of the plate boundaries between the Arabian, African and Eastern plates and the
Sinia subplate The fouth zone, Egypt -Mediterranean Coastal zone(E-W) is charactrized by larger
and deeper (down to 80Km) earthquake and the estimated focal depth are in agreement with depth
and active tectonic elements(15) and with the crustal thickness estimated(l9).

El-Dabaa is coverd by sediments layers and the water saturation of the sediments vary from
area to another. Therfor, these factores have impact on the potenial earthquake damege. The soft
sediment neneth of the studied area amplifeies the seismic wave energy by 100%(26). The gravity
anomiles studied(29) around El-Dabaa cocolude that the area is subjected to regional tectonic
deformations of varying trends along the geologic units. The gravity anomalies studied(29) around El-
dabaa conclude that the area is subjected to regional tectonic deformations of varying trends along
the geologic units.

Empirical relationships between these fault parameters and earthquake magnitudes are used
to as a technique for estimation of the magnitudes of the earthquakes associated with the movements
of these faults. The emanated earthquake energies from these faults of the consecutive time intervals
of the accompanying Iithostratigraphic units represented a new constructed release energy map for
the six rock stratigraphic units.

There is a good agreement between the distribution of the released energy and the
seismotectonic provinces. The high energy observed at Egypt-Mediterranean Coastal zone given
by(19). For example High released energy has been reported for the NNE-SSW oriented Gulf of
Aquba transverse fault. Moreover, there is a good agreement with NNE-SSE trends leading that old
trends lower Cretaceous Age. These old trends are reactivated recently in the Quaternary in dip
components of throw.

These seismological and geological evidence emphasize the recent activities of the existed
fault system, across the western part and Northwestern part is more stronger tectonics, these results
should taken into consideration in the construction of Nuclear facilities.

It could be concluded that, released energy emanated from the earthquakes caused by El-
Dabaa area has been affected by Egypt -Mediterranean Coastal zone and Suez-Cairo-Alexandria-
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Creat. The highest energy at the studied area are 1.741E+21 erg which equivalent to earthquake
magnitude 6.3, and acceleration using the attenuation models of Mammon is 0.12g, 21g, 0.32g
respectively in 100,500 1000 years.

Another important objective of this study, is to test the approaches of the quantitative criteria
from which the doses received by an individual from normal and accidental release were assessed.
The radionuclides involved in the study are those presented in Table (3). The table contains six
radionuclides (Fe-55, Co-60, Ni-63, Cs-134, Cs-137, Ra-228) with values as indicated in the table.
For the calculations of the present work, the inventory of these radionuclides was taken to be
5.0E+20 Bq. The waste is disposed safely for 100 years under the institutional control.

For the normal operation scenario, the disposal safety design, concrete cover plays an
important barrier. It prevents the infiltration of water inside the vault. Unfortunately, roof failure is
being considered beginning between 100 years and 600 years(8) after closure. Therefore, in the draft
material05, an increase of cover hydraulic conductivity (K) is assumed to be 10'5 m/s after 500 years.
The K value at 100 and 300 years has been estimated from Fig. 1. This is assumed to be linear change
with time. It was found that K = 9.0E-9 m/s at 100 years and 2.0E-7 m/s at 300 years. The concrete
cover, very small pore size material, remains near saturation even in unsaturated environment and
requires tensions of hundred of thousands of bars to remove water(6). For that, the Ksat approximately
equals the K^a/ l As was mentioned before, the infiltration rate will be limited as a maximum rate by
the Ksa[ value. The value of pore velocity at 100 and 300 years within the vault are calculated and
found to be 0.95 m/y and 21.0 m/y respectively.

The earthquake scenario is assumed to occur after 100 years which is the beginning of roof
failure and the end of institutional control period. The formation of the crack is assumed to be deep
enough to increase water infiltration to some extent without lead to total failure. The CEMENT code,
as a deterministic program calculated the effective flow rate. The effective flow rate, from table-4,
was found equal to 4.6E-06 mm/s. The maximum hydraulic conductivity value (K) of concrete cover
will be limited by the value of the effective flow rate. Using the value of K, Darcy velocity (V)
inside the vault has been calculated assuming unit hydraulic gradient (dh/dz =1), steady state
hydraulic conditions and homogeneous texture soil. The pore velocity, inside the vault, was
calculated based on V= K(dh/dz)/0 where 9 represents the porosity. Pore velocity was found equal to
0.483 m/y. Darcy flow contaminated the aquifer and it was modeled using the convective-dispersion
equation in the transverse and longitudinal directions..

In the PAGAN code, the aquifer flow was studied as one-dimensional with constant pore
velocity which equals 0.07884 m/y. PAGAN analyzes the contaminant flow downward from the vault
for the two scenarios. It calculates the concentration of the radionuclides in Ci/m3 in the well for 100
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and 300 years for the first case and the concentration results from the flow of infiltration through the
crack induced by the earthquake.

For the first scenario after 100 years, the system must be to some extent in good performance.
A small infiltration rate enters the vault, the waste packages (intact concrete) protects the release of the
radionuclides. For that reason, a small leaching rate is assumed released from containers which equal
0.01% from the initial inventory per year. Except for H-3 which was assumed to release with a rate of
0.1% from its initial inventory per year due to the chemical behavior of H-3. After 100 years, all
radionuclides don't reach their peak of concentration (maximum concentration). However, after 300
years, some radionuclides exceed their peak concentration except those have a half-life higher than 30
years as is shown in Fig. 10 and from the values of radionuclides concentrations in Table 5.

H-3

co-eo
.••••

SR-eo

CS-134

CS-13?

RA-2J8

400 BOO BOO
Tim* (yaan]

1,000 1,200

Fig. 10. Th« Peack Concentration ot RadlonucIWea From 100 to 300 year*

Table (6). The concentration
Name

H-3
C-14
Fe-55
Co-60
Ni-59
Ni-63
Sr-90
Nb-94
Tc-99
1-129
Cs-134
Cs-137
Ra-226
Ra-228
Th-232
U-234
U-235
U-238
Np-237
Pu-238
Pu-239
Pu-240
Pu-241
Am-241

of radionuclides (Ci/m3) in
Concentration
After 100 years

2.70E-15
1.40E-15
1.70E-20
7.40E-15
8.60E-17
7.10E-11
4.90E-18
2.60E-18
1.80E-14
1.80E-17
4.20E-25
2.00E-11
4.50E-19
4.10E-15
1.20E-21
4.00E-21
6.30E-21
1.30E-20
2.10E-19
1.20E-17
1.10E-19
3.50E-19
1.50E-16
9.00E-16

Concentration
After 300 years

1.50E-12
1.50E-06
0.00E+O0
2.40E-17
1.30E-O9
4.50E-02
9.10E-08
5.00E-11
8.60E-O5
4.50E-06
O.O0E+O0
3.70E-06
3.70E-12
5.20E-17
2.30E-15
4.60E-14
7.00E-14
1.40E-13
3.80E-12
5.40E-13
1.90E-12
1.20E-04
2.60E-15
1.20E-08

the well at 150 m.
Earthquake Energy
Distribution (after
100 years)
6.60E-14
3.90E-12
8.05E-24
5.21E-11
2.22E-13
2.89E-08
8.10E-11
7.08E-15
4.62E-11
5.33E-16
1.01E-21
2.88E-09
8.51E-16
9.75E-12
2.93E-18
1.07E-17
1.60E-17
3.11E-17
5.33E-16
3.82E-16
2.66E-16
6.75E-11
1.34E-14
2.21E-12
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As is shown in Table (7), PAGAN calculated the values of radionuclides concentrations after
100 and 300 years and also for the earthquake event. As was mentioned before, the value of
radionuclides concentration having half-lives higher than 30 years increase after the 300 years. The
peak concentration values of released radionuclides from the vault to the aquifer, and the time of that
peak is very important for the safety analysis of any disposal system.

The importance of this statement appears very clear from the result of effective dose
calculations by the GENII code (table 5). The effective dose is Jess than the annual limit for the
member of the public (lmSv/y) at 100 years. However at 300 years, the effective dose is higher than
the dose limit from Cs-137, Ni-63,1-129, Tc-99, Am-241 and C-14. Also, for the second scenario of
earthquake event after 100 years, the effective dose is exceeded the limit dose of Cs-137.

Table (7). The effective dose that will be received by any individual using the wel! for a period of 10 years
after the elapse of 100 and 300 years for the normal refease scenario, and 100 years for the earthquake
event scenario.

Name

H-3

C-14

Fe-55

Co-60

Ni-59

Ni-63

Sr-90

Nb-94

Tc-99

1-129

Cs-134

Cs-173

Ra-226

Ra-228

Th-232

U-234

U-235

U-238

Np-237

Pu-238

Pu-239

Pu-240

Pu-241

Am-241

SUM

Inventory

Bq

1.00E+13

7.00E+13

5.00E+20

5.00E+20

3.00E+14

5.00E+20

5.00E+16

8.00E+12

3.00E+13

2.00E+09

5.00E+20

5.00E+20

2.00E+12

5.00E+20

3.00E+10

2.00E+10

3.00E+10

6.00E+10

6.00E+11

5.00E+13

3.00E+11

8.00E+12

8.00E+16

3.00E+15

Half-life

year

1.24E+01

5.73E+03

2.70E+00

5.27E+00

7.54E+04

9.60E+01

2.91E+01

2.03E+04

2.13E+05

1.57E+07

2.06E+00

3.00E+01

1.60E+03

5.75E+00

1.40E+10

2.45E+05

7.04E+08

4.47E+09

2.14E+06

8.77E+01

2.41E+04

6.54E+03

1.44E+01

4.32E+02

Effective Dose

Earthquake

100 yr

2.40E-08

5.70E-06

3.40E-12

2.70E-05

2.50E-09

5.60E-03

1.10E-07

2.70E-09

8.80E-05

2.10E-06

1.80E-14

6.30E-01

3.80E-08

4.400E-04

1.20E-10

1.50E-11

2.40E-11

9.90E-17

5.50E-08

2.00E-07

1.80E-09

5.90E-09

1.70E-08

1.40E-04

6.40E-01

300 yr

5.20E-06

2.80E+02

1.00E-18

4.40E-09

1.20E-01

6.10E+04

3.70E-03

1.40E-02

1.50E+04

2.80E+04

0.00E+01

3.10E+05

1.70E+00

8.60E-05

5.40E-03

6.90E-04

1.20E-03

2.10E-03

5.00E+00

1.90E-K)

8.50E-02

2.80E-01

2.20E-06

5.00E+03

4.20E+05

100 yr

5.90E-07

1.60E-02

1.60E-14

1.90E-01

6.30E-06

2.30E-00

1.80E-00

7.50E-06

2.30E-01

6.00E-05

4.40E-11

9.10E+01

7.00E-05

1.10E+00

2.80E-07

1.10E+00

6.00E-08

1.00E-07

1.30E-04

6.40E-06

4.50E-06

1.10E+00

1.41E-06

3.20E-01

9.92E+01

In the cases of higher dose, different options are considered. These options can be effective to
reduce the effective dose. These options used separetly or combined depending on the response for
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each option on the total dose. The first, is to study the chemical retardation of these radionuclides in
the limestone geosphere and in the different types of ground water. Second, is to decrease the initial
amount of these radionuclides. Third, is to use more effective engineered barriers (waste form,
containers, backfill and vault structure) to reach a dose that doesn't affect the safety of the
environment. These solutions are not the objectives of this paper and it will be studies in details in
future work.

Conclusion

It appears that the new approach for the quantitative criteria of disposed waste is effective
approach to certain extent. But, as a recommendation, the approach needs to study the relevant safety
scenarios for each disposal system to determine the waste inventory as an average. These safety
scenarios must depend on the specific conditions of the site. Even, the results of waste inventories
obtained in the draft materials can be used as a base for the safety analysis calculations. But, these
results must be modified depending on specific conditions of disposed system, and relevant scenarios
of the site selected.

Also, considerations must be born in mind in respect to the probable lowering of the annual
effective dose limit to the public to be less that 1 mSv/yr.
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ABSTRACT

Aluminum oxide powders were prepared by advanced chemical techniques. The morphology of

the produced powders were examined using scanning electron microscopy (SEM). Surface

characteristics of the powders were measured through nitrogen gas adsorption and application

of the BET equation at 77 K, through the use of nitrogen gas adsorption at liquid nitrogen

temperature and application of the Brunauer-Emett-Teller (BET) equation. The total surface

area, total pore volume and pore radius of the powders were calculated through the construction

of the plots relating the amount of nitrogen gas adsorbed V, and the thickness of the adsorbed

layer t (V,-t plots). The thermal behaviour of the powders were studied with the help of

differential thermal analysis (DTA) and thermogravimetry (TG). Due to the presence of some

changes in the DTA base lines, possibly as a result of phase transformations, X-ray diffraction

was applied to identify these phases. The sintering behaviour of the compact powders after

isostatic pressing was evaluated using dilatometry. The sintering temperature of the studied

samples were also determined using heating microscopy. The effect of changing sintering

temperature and of applying different isostatic pressures on the density and porosity of the

compacts was investigated

Keywords: fabrication of ceramic powders/ alumina/ flame hydrolysis/ polymeric routes/ sol-gel

technique/ nano-powders.

INTRODUCTION

The preparation condition as well as the preparation techniques for the fabrication of

ceramic powders are receiving new research emphasis because of their recognized relationship

with the physical and chemical characteristics of the end products0"3'. To achieve the desired

properties of the ceramic powders, some authors (4M) all over the world practiced different

techniques such as coprecipitation and thermal decomposition of carbonates, vapour phase

reactions, laser techniques, flame hydrolysis, polymeric routes, sol-gel ,etc. to obtain ultra

pure, ultra fine and homogeneous powders.

Aluminium oxide is considered as one of the most important and most widely studied

oxide ceramic powder due to its applications in different fields such as structural, electrical,
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optical and nuclear technology(I3I6!. A12O} oxide spheres fabricated by different methods can be

applied as inorganic ion exchangers for the removal of radioisotopes from thier solutions05' and

fixation of very high concentration of high level radioactive waste elements07'. However, due

to its covalent nature, the pure material require very high sintering temperature (> 1700 °Q to

produce dense material (> 95 % of theoretical density). Such high sintering temperature

produces porous, coarse grained (>10(im) ceramic material with poor properties08'.

Accordingly, sintering aids °8'20), forming techniques (I8-2(UI) as well as advanced preparation

techniques are to be used to improve the sintering kinetics and to control non-uniform grain

growth producing a high dense ceramic materials.

In the present work three wet chemical methods for powder preparation have been

studied and applied to produce ultra fine ceramic powders which in turn reduce the sintering

temperature of the fabricated materials. Physico-chemical characteristics of the produced

powders using scanning electron microscope, BET technique (surface area measurments using

<brunauer.Emmitt Tailor equation), x-ray diffraction and heating microscope were studied and

the results were discussed.

POWDER METHODOLOGY AND WET CHEMICAL METHODS:

Wet chemical methods became an almost universal techniques for production of all

types of ceramic powders with high efficiency. Also the produced oxides by wet methods have

several advantages over others which are produced by conventional methods. The three

different techniques that applied in the present work are:

1 . Flame Hydrolysis
This method is used to prepare oxide powders having nanometeric particle size. This

process is based on the generation of aerosol droplets of liquid reactants. The droplets are then

exposed to a coreactants in the vapour phase to yield predictable shape and size powders (22"25'.

It involve spraying of salt solutions (aluminium chloride ) into a furnace having a temperature

between 900-1000 °C, where the droplets are solidified and the salt decomposes to oxide. The

chemical reaction follows the equation:

4 A1C13 +6 H, + 3 O2 > 2 A1,O3 + 12 HC1 (1)

The used A12O3 powder are produced commercially in a very large quantity by a

Degussa Company (Germany) and have the commercial name aluminum oxide C.
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. 2 . Polymeric Routes

The polymeric routes for the preparation of reactive and fine oxide ceramic powders

using urea formaldehyde resin was applied in this study. The route has been utilized for the

production of the powder from their respective salts <26~28). The alumina powder that used in the

present work was prepared through polymerization reaction between urea and formaldehyde to

form the respective resin hosting AI +3 cation. The clear transparent glassy like gel with no

signs of precipitation has been achieved over the full range of pH-values for the composition of

urea : formaldehyde of 1: 2 mole.%. Two moles of ethylene glycol (the appropriate alcohol

chosen to terminate the polymerization reaction) is added to the mixture of urea formaldehyde

resin. The polymeric resin hosting AI+3 was synthesized by adding one mole salt solution of

aluminium chloride in the final stage of the reaction. The material were left to react under reflux

with stirring for about 1 h at a temperature 60-70 °C. Water and other organic by-products

were separated using vacuum distillation pump. The prepared resin hosting Al+3 was calcined

to yield aluminium oxide powders.

3 . Sol-Gel Processes

The sol gel process as an example of wet chemical method appears to be particularly

promising method for the production of many oxides (29"32). In this method three operations

take place:

1- Preparation of an aqueous sol,

2- Removing of water from the prepared sol to get the gel,

3- Thermal treatment of the gel to produce the oxide .

The gelly state of matter has become a source of special interest due to the fact that from gel of

certain composition at certain temperature one may get a solid state.

The high surface area of the dried gels results in a very high reactivity which permits a

low temperature processing. By starting with low mixed solution or sols, chemical

homogeneity can be obtained and high purity can be maintained. The general overview of the

sol gel process established by some authors ("' is shown in the fig (1).

In this sol-gel method, aluminium oxide was prepared using aluminium tri sec butylate

as precursor. 250 g of this alkoxide was added to 300 ml isopropyl alcohol with strong

stirring. Excess amount of distilled water and drops of ammonium hydroxide (pH of the

mixture = 7) were added under vigorous stirring to the alkoxide mixture for hydrolysis. The

gel solution was then centrifuged for 5 min. (4000U/min.). The separated gel was then slowly

dried at a different temperature range 60-120 °C.
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Fig. (1) General overview of the sol-gel process (33)

I I I . EXPERIMENTAL AND RESULTS

I I I . l . Physico-chemical Characteristics of the Fabricated Powders

The powders produced by the different techniques were slowly dried till 120 °C. The specific

surface area of the different aluminium oxide powders was measured using calibration method

by nitrogen adsorption at 77 K and application of the BET equation. The pH value, were

followed during preparation. The densities of the dried powders were measured using

pechnometer at 120 °C. The particle size of the powders was measured using scanning electron

microscope and the present phases were detected using x-ray diffraction technique.

Table (1) shows the effect of preparation method on the specific surface area, pH, density,

particle size and the present phases, While Table (2) shows the effect of calcination temperature

on the properties of the produced powders.
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Table (1): Effect of preparation method on the different properties of the ceramic powder

after drying at 120 °C

Measured Properties^

Sp. surface area [mVg]

pH value

Density [g/cm3]

Particle size [nm]

Present phases

Flame Hydrolysis

91,4
*?»

2,9

<20

gamma

Polymeric Route

38

1-2
—

<75

amorphous

Sol-Gel Process

45

7
— .

<50

amorphous

Table (2): Effect of calcination temperature on the surface area and the present phases for

the fabricated powders.

Preparation method

Flame Hydrolysis

Polymeric route

Sol-gel process

Calcin. temperature

«C

500

700

900

1150

500

700

900

1150

500

" 700

900

1150

Specific surface area

[mVgj

85

81

44,5

20.68

205

163

96

73

68

79

125

92

present phases

gamma

gamma

gamma + theta+delta

alpha

amorphous

amorphous

gamma + theta

alpha

amorphous

amorphous

gamma + theta

alpha

2 . Scanning Electron Microscope Examination :

Fig (2a,b) show the morphology of the prepared aluminium oxide powder produced by

polymeric routes and sol-gel process respectively using scanning electron microscope (SEM),

while Fig. 2c shows the transmission electron micrographs (TEM) of the powder produced by

flame hydrolysis. The use of TEM to examine the morphology of ceramic powders produced

by Flame hydrolysis is due to its very fine structure which could not be detected by SEM.
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Fig (2):- SEM micrograph of the AI,O, powders prepared by

(a) Polymeric routes (b) So!-Ge! Process

Fig (2c):- TEM micrograph of the A13O3 powders prepared by Flame Hydrolysis
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3 . Thermal behaviour of the compact Samples using LEITZ heating

microscope:

Different A12O3 powders produced by the three used preparation methods were pressed

biaxially at a pressure of 255 MPa.

The thermal behaviour of pressed powder were examined using LEITZ Heating Microscope

Fig (4) shows the axial shrinkage of the three different powders.
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Fig (4):- Axial shrinkage of Alumina powders prepared by different techniques.

4 . Sintering behaviour of Ai2Oj samples:

The different A12O3 powders were pressed isostatically at 600 MPa pressure after its

calcination at 900 °C/3h. The compacts were sintered at the following conditions:

a- Heating rate of 10 °C/min from room temperature to 900 °C

b- 10 min. socking time at 900 °C then

c- 5 °C/min from 900 °C and up to the different sintering temperatures (1100, 1200, 1300,

1400, 1500, 1600, 1650, 1700 °C). All samples were soaked for 2 h.^at the selected sintering

temperature. The relation between sintering temperature and density is shown in Fig (5).
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Fig (5):- Densification behaviour of the fabricated Alumina powders using different wet

chemical techniques.
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DISCUSSION

1. Effect of Preparation Method, Calcination Temperature on the Surface

Area of the Powder:

Table (1,2) give the results of the surface area for all prepared powders, which show :

i) In case of A12O3 which prepared by flame hydrolysis technique.

a) The surface area of the received aluminium oxide powder reached 91.4 g/m2. This could be

explained due to the use of Flame hydrolysis techniques in which the powder of a very small

droplets is formed by the oxidation reaction .

b) The decrease in surface area from 91.4 to 81.7 g/m2 (as shown in Table 2) after 3h

calcination at 500°C could be explained due to beginning of closure to open pores by

temperature.

c) The continuous decrease in surface area to reach 44,5 g/m2 after 3h calcination at 700 °C and

then to 20 g/m2 after Calcination at 1150°C for 3 h. is due to more pore closure by increasing

the temperature as well as the beginning of sintering process.

ii) A12O3 prepared by sol gel process,

a) The powder that prepared by sol gel process using aluminium tri.sec.butylate as alkoxide

precursor have relatively small surface area about.45 g/m2. This is due to its presence as

amorphous agglomerated gel structure, which on calcination up to 900°C for 3h lead to an

increase in surface area to reach a value of 125 g/m2. This observation lead to expect the

evaporation of the organic by-product as well as the present physically and chemically bonded

water with a complete pores opening. The decrease in surface area to a value of 92 at 1150°C is

due to pore closure and beginning of sintering process. Accordingly, the best calcination

temperature for the sol gel powder ranges between 700-900 °C.

iii) A12O3 prepared by polymeric routes

a) The use of aluminium chloride as precursor for the production of alumina by polymeric

routes method produce powder with surface area of 38 g/m2. This can be explained due to the

presence of the gel as agglomerated closed structure due to the presence of rest water in addition

to organic byproduct.

b) The increase of surface area to reach a value of 205 g/m2 at 500 CC is due to evaporation of

organic byproduct as well as physically and chemically bonded water with a complete pores

opening as in case of sol-gel powders. The decrease in surface area after thermal treatment at

different temperatures up to 1150 °C could be explained due to beginning of closure to open

pores under the effect of calcination temperature.

518



CONCLUSION

The aim of the present study is to produce aluminium oxide powder of high density at

relatively low sintering temperature to be applied as a matrix for the fixation of high level

radioactive waste elements (HLW). Where during the fixation process many problemes, such

as extreme high temperature, evaporation of toxic elements as well as the segrigation of the

heavy elements are present. Therefore the idea to decrease the sintering temperature to produce

a very dense alumina matrix applied in the field of fixation of HLW could be optimal. Although

the powder prepared by flame hydrolysis method has a higher density than that produced by the

polymeric route method, the polymeric routes powder could be formed with a specific shape

character i.e. a stable shape while flame hydrolysis Powders, due to their very fine character

could not be formed so easy. It is very hard to deal with it due to its softness and problems

accompanied the forming process. Accordingly its recommended to work with polymeric

routes alumina powders. But it was concluded that the powder prepared by sol gel have a

higher density than the other flame hydrolysis and polymeric routes powders. So to get high

reactive A12O3 powder of high density (more than 97 % T.D) at relatively low sintering

temperature (1600 °C) the following conditions must be followed:

1) Preparation of A12O3 powder by sol gel method using Aluminium tri sec butylate as

alkoxide precursor.

2) Drying the powder at 120 °C and grinding in a ball mortar (for Ih).

3) Calcination the powder for 3h at 900 °C (this powder have very high surface area).

4) Pressing the powder under an isostatic pressure of 600 MPa

6) Sintering the powder with the following rate,

(a) 10 °C/min. from room temperature till 900 °C

(b) 5 °C/min. from 900 °C till 1600 °C.

(c) 2h soaking time at 1600 °C.
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Introduction
The Egyptian Society of Nuclear Sciences and Applications

(ESNSA) as a non-governmental organization was officially
established in 1967, registration number 378. The purpose and aim of
the society is to establish a scientific medium for scientists involved,
concerned or interested in nuclear science and its multidisciplinary
applications in all walks of life. This scientific media will provide a
forum through which scientists at the national and international level
may interact and communicate to discuss and exchange knowledge,
achievements, operational experience and state of art of nuclear
sciences. This is done through conferences, scientific meetings,
lectures, and scientific publications.

ESNSA publications include the Arab Journal of Nuclear
Sciences and Applications that appears in two parts in January and
July. A text entitled One Decade after Chernobyl, issued October
1996 and an Arabic translation of the International Nuclear Societies
Council (INSC) publication (A Vision of the Second Fifty Years of
Nuclear Energy). These publications were distributed in Egypt and
Arab countries. Besides these publications, there are periodic general
lectures which address main issues of nuclear technology and
applications.

The ESNSA Board of Directors is composed of eleven
members who are elected by the ESNSA genera! assembly every
year. From these eleven, the Chairman, Vice Chairman, Executive
Secretary, Treasurer and the Editorial Board are nominated.

Since the Sixth Conference of Nuclear Sciences and
Applications (Cairo 15-20 March, 1996), ESNSA joined the
Internationa! Nuclear Societies Council (INSC) in May 1998 as the
thirty ninth member.

The society organizes a general conference very our years.
This Seventh Conference is the second to have international
participation from USA, Italy, Germany , Syria and Libia. The
conference was sponsored by the Atomic Energy Authority of Egypt.



The scientific programme of the Seventh Conference included
29 scientific sessions during which 250 oral presentations and 13
plenary lectures were discussed. The conference also included two
poster sessions which displayed 32 presentations . Also, a separate
seminar on the use of nuclear techniques and applications in
agricultural sciences took place during the conference . This
particular event provided a platform for an important avenue of
nuclear science applications.

The conference programme addressed issues related to the
scientific promotion of nuclear sciences, peaceful applications,
environmental radioactivity, atmospheric and underground nuclear
tests (1945 1998), human health hazards, radiation protection,
nuclear safety, and issues of public concerns.

The conference proceedings appear in three volumes. The
contents of each are indicated at the beginning of each volume.



J Î fl.jl*U -̂a ^ OJ -̂*-̂ -? t ^ j Y • • « J J I j^a ^ • —1 QA Sjfiall

J—^ ^
^Ic £)x*\

JJJJ

A *A-\\\ Jn j'l /

aUI

2 MUH

JUJI 1 JA ^ SjljlJI diijji

-Y

SjxiaU-JI <Ja&

d i l i n) ?>,

QJJ diljjiJI



ft U " i V ' - < * • "**<

U A k U V '• •

i-Ulk.1

w

s

HI . ^

LJSJII

rv

lp.^U

1

L

CJL^J a 1 î  ^r-
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Hot Laboratories Center, Atomic Energy Authority, Cairo, Egypt.

Rad.C-10 Characterization and Some Properties of Functionalized Graft 247
Copolymer
El-Sayed A. Hegazy*, H. kamal, Nevien A. Khalifa** and Gh. A.
Mahmoud*
* National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.
** Faculty of Science, Helwan University, Helwan, Cairo, Egypt.

Rad.C-11 Improvement of Some Physical Properties of Loaded Nitrile Rubber 261
Vulcanized by Ionizing Radiation
M.M. Abdel-Aziz*, A.A. Basfar** and S. Mofti**
* National Center for Radiation Research and Technology, Atomic Energy Authority,
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Naser City, Cairo, Egypt.
**lnstitute of Atomic Energy, KACST, Riyadh-11442, Saudi Arabia

Rad.C-12 Radiation Degradation - Adsorption Treatment of Some Toxic Dyes 269
Present in Wastewater
A.M. Dessouki, E.A. Hegazy and N.AA. El-Kelesh
National Center for Radiation Research and Technology, P. 0. Box 29 Nasr City,
Cairo, Egypt.

Rad.C-13 Removal of Some Dyes from Industrial Effluents by polymeric 282
Materials and Gamma Irradiation
S.E. Abdel-Aal, A.M. Dessouki and Y.H. Gad
National Center for Radiation Research and Technology, P. O. Box 29 Nasr City,
Cairo, Egypt.

Rad.C-14 Use of Polymeric and Natural Materials for the Removal of 293
Irradiated Direct and Acid Dyes from Effluents
A.M. Dessouki, S.E. Abdel-Aal and Y.H. Gad
National Center for Radiation Research and Technology, P.O. Box 29 Nasr City,
Cairo, Egypt.

Rad.C-15 Removal of Some Detergents from Effluents Using Polymeric 305
Materials and y-Irradiation
A.M. Dessouki, M.S. Abdel-Mottaleb, M.Eid and O. Aly
National Center for Radiation Research and Technology, P. O. Box 29 Nasr City,
Cairo, Egypt

Isotope Production:
IP-1 Investigation of the Physico-Chemical Parameters of the Isotopic- 318

Exchange Reaction Between Radioiodine (*I) and lodohippuric
Acid Isomers on Dry-State
G. El-Shaboury*, M.A.M. Aly*, M.S. El-Shahawi**, M.E1-
Tawoosy* and F.Abou El-Nour*
*Radioisotope Production Division, Hot laboratories center, Atomic Energy Authority,
Cairo, Egypt.
**Chemistry Department, Faculty of Science, damietta, Mansoura University, Egypt.

IP-2 Production of Anti-Triiodothyronine Sulfate Antibody for 333
Radioimmunoassay Applications
I.M. Elbanna and M.T. Ragab
Radiobiology department, Nuclear Research Center, Atomic Energy Authority, Cairo,
Egypt.
Radiolabelled Compound Department, Hot laboratories center, Atomic Energy
Authority, Cairo, Eg)>pt.

IP-3 Labelling of S(-)BZM with Iodine-125 Using Chloramine-T and 340
lodogen as Oxidizing Agents
E.A. El-Ghany, N. Farouk, M. Raich and M.T. El-Kolaly
labelled Compound Department, Hot laboratories center, Atomic Energy Authority,
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IP-4 Preparation of Human Serum Albumin Macroaggregates (MAA) 348
Labelled with 99mTc via Ligand Exchange
A.A. El-Mohty, E.A. El-Ghany, A.A. Amin and M.T. El-kolaly and
M.Raieh
labelled Compound Department, Hot laboratories center, Atomic Energy Authority,
Cairo, Egypt.

IP-5 Separation of Tc-99m by Means of Radiation Grafted Membranes 359
H. Kamal*, El-Sayed A. Hegazy*, K. El-Adham**, El-Sayed A.
Soliman* * * and M. Abdel-Geleel**
* National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.
** National Center for Nuclear Safety and Radiation Control, Atomic Energy
Authority, Cairo, Egypt.
*** Faculty of Science, Ain-Shams University, Cairo, Egypt.

IP-6 Pre-disposal Treatment of Spent Irradiated Aluminum Cans and 377
Recovery of Some Important Radioisotopes
F.H. El-Sweify and A.M. Abd El-Razek
Nuclear Chemistry department, Hot Laborites Center, Atomic Energy Authority,
Cairo, Egypt.

Waste Management:
WM-1 A Magnetic Field-Enhanced Filtration/Sorption Device and its 390

Potential for Inexpensive Water and Wastewater Treatment
James D. Navratil
Environmental Engineering and Science, Clemson University -Clemson Research
Park, 342 Computer Court, Anderson, South Carolina29625-65J0, USA.

WM-2 Decomposition of Some Industrial Wastes by Electron Beam 397
Irradiation Combined With Ozone
S.E. Abdel-Aal, A.M. Dessouki and Y.H. Gad
National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.

WM-3 The Use of Membranes Prepared by Radiation-Induced Grafting in 407
Waste Water Treatment
M. B. El-Arnaouty, S.E. Abdel-Aal and A.M. Dessouki
National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.

WM-4 Applications of Ionizing Radiation For Remediation of Materials 421
Contaminated with Heavy Metals
A.M. Dessouki, M. B. EI-Arnaouty, N.H. Taher and M.M. El-Toony
National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.
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WM-5 Recovery of Waste Dyes, Pesticide and Detergents by Using 432
Hydrogels Prepared by Gamma Irradiation
M.S. Ibrahim*, Samia E. Abdel-Aal** and H.M.M. Nizam El-Din**
* Departments of Radiation Chemistry, and ** Department of Polymer Chemistry,
Natural Center Radiation Research and technology, Atomic Energy' Authority, Cairo,
Egypt.

WM-6 Treatment of Some Radioactive Wastes by Using New Chelating 446
Membranes
El-Sayed A. Hegazy*, H. Kamal*, , K. El-Adham**, El-Sayed A.
Soliman*** and M. Abdel-Geleel**
* National Center for Radiation Research and Technology, Atomic Energy Authority,
Cairo, Egypt.
** National Center for Nuclear Safety and Radiation Control, Atomic Energy
Authority, Cairo, Egypt.
*** Ain-Shams University, Faculty of Science, Cairo, Egypt.

WM-7 Synthesis and Adsorption Behaviour of Some Organic and 461
Inorganic Sorbents for Some Hazardous Toxic Elements
I.M. El-Naggar, M.M. Abou-Mesalam, M.M. Abdcl-Hamid, S.A.
Shady and H.F. Aly
Hot Laboratories Center, Atomic Energy Authority, Cairo, Egypt.

WM-8 Ion-Exchange Characteristic of Carboxymethylated Cross-Linked 473
Pregelled Starch
Removal of 60Co and 137Cs from Aqueous Waste Solution
S.B. Eskandar*, L.H. Khalil**, D.Y. Sabry**, Kh.M. Mostafa***
andN.S. Abd El-Aziz***
*Radioisotope Department, Nuclear Research Center, Atomic Energy Aauthority,
Cairo, Egypt.
**Faculty of Science, Am Shams University, Cairo, Egypt.
***National Institute for Standards NIS, Egypt.

WM-9 Removal of Some Heavy Metals from Wastewater Using Radiation- 481
Adsorption Method
A.M. Dessouki, E.A. Hegazy, S.A. El-Korashy and N.A. El-Kelesh
National Center for Radiation Research and Technolgy, Atomic Energy Authority,
Cairo, Egypt.

WM-10 Generic Study of Geosphere Contamination from Waste Disposal 494
Site
S.T. El-Hemamy and N.S. Mahmoud
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

WM-11 Preparation, Characterization and Application of Alumina Powder 510
Produced by Advanced Preparation Techniques
T.Khalil*, J.Bossert**, A.H.Ashor*** and F. Abou El-Nour*
* Hot Labs Center, Atomic Energy Authority, Cairo, Egypt.
** Material Science Department, Friedric Schiller University, Jena, Germany.
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*** Physics Department, Radiation Technology Center, Atomic Energy Authority,
Cairo Egypt.

VOLUME II
Nuclear and Reactor Physics:

NRP-1 Reactivity Worth of the Flooding of the ET-RR-2 Second Shutdown 522
System Chambers
N. Ashoub* and E. Amin**
*Reactor Physics Department, Nuclear Research Center, Atomic Energy Authority,
Cairo Egypt.
**National Center of Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.

NRP-2 Distribution of Release Fission Products at the Nuclear Reactor Site 536
N. Ashoub*, A. El Ghazaly* and H.G. Saleh**
*Reactor Physics Department, Nuclear Research Center, Atomic Energy Authority,
Cairo Egypt.
**Faculty of Girls for Art, Science and Education, Ain-Shams University, Cairo,
Egypt.

NRP-3 The Effect of Beryllium Interaction with Fast Neutrons on the 550
Reactivity of ET-RR-2 Research Reactor
Moustafa M. Aziz and A.M. El-Messiry
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo Egypt.

NRP-4 Effect of Cu Substitution on Hyperfine Parameters for Ni-Mn 562
Ferrite
M.K. Fayek and S.S. Ata-AHah
Reactor and Neutron Physics Department, Nuclear Research Center, Atomic Energy
Authority, Cairo, Egypt.

NRP-5 Safety Evaluation for Irradiation of CANDU Type Fuel Element in 571
the High Pressure Test Loop of ETR-RR-2 Reactor
A. Fathalla*, H. El-Sawy Temraz* and N. Ashoub**
^National Center of Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.
**Reactor and Neutron Physics Department, Nuclear Research Reactor, Atomic
Energy Authority, Cairo, Egypt.

NRP-6 Expanding the Storage Capability at ET-RR-1 Research Reactor at 585
Inshass
A.Mariy, M. Sultan and M. Khattab
Reactor Department, Nuclear Research center, Atomic Energy Authority, Cairo,
Egypt.

NRP-7 Self Adjointed Dirac Particle in a Non-Fuzzy Potential 599
Representation
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M.W. Morsy and Maha S. El-Otaify
Department of Mathematics and Theoretical Physics, Nuclear Research Center,
Atomic Energy Authority, Cairo, Egypt.

NRP-8 Effect of Sudden Change in the Nuclear Core Charge on the 605
Electron Shake-off From Atomic Orbital
Gaber Omar
Physics Department, Faculty of Science, Ain Shams University, Egypt.

NRP-9 A Study of Alpha Particles Range in CR-39 617
Z.A. Ibrahim*, M.R. El-Aasser**, T.M. Tallat* and Kh. M.A. Abdel
Aziz*
*Physics Department, Faculty of Science, Zagazig University, Egypt.
**'Atomic Energy Authority, Cairo.

NRP-10 Transverse Momenta of Projectile Fragements and Angular 625
Characteristics of Shower Particles Emitted in Interactions of 24Mg
with Emulsion Nuclei at 3.7A GeV
N. Ali-Mossa
Basic Science Department, Faculty of Engineering, Shoubra Branch, Zagazig
University, Egypt.

NRP-11 Mossbauer and Magnetic Susceptibility of Two Dimentional 640
Ferrous Complex
M.F. Mostafa* and J. Mulhen**
Department of Physics, Faculty of Science, University of Cairo, Cairo, Egypt
Department of Physics, Faculty of Science, University ofTeshreen, Lathequia, Syria.

Plasma Physics:
PP-1 Plasma Beam Interaction with Negative Glow Discharge 649

H.A. El Tayeb and H.A. El-Gamal
Plasma Physics and Nuclear Fusion Department, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt.

PP-2 Plasma Deposition by Discharge in Powder 656
H.A. El-Gamal, H.A. El-Tayeb, M. Abd El-Moniem and M.M.
Masoud
Plasma Physics and Nuclear Fusion Department, Nuclear Research Center,
Atomic Energy Authority, Cairo, Egypt.

P P ' 3 Modeling of "EGYPTOR" Device 6 6 4

B.F. Mohamed* and A.A. Nicolai **
*Plasma Physics and Nuclear Fusion Department, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt.
**Institut Fuer Plasmaphysik, Forschitngzentrum Juelich GmbH Assoziation Euratom-
KFA, P.O.B. 1913, D-517, Juelich, Germany.

PP-4 Profiles of ArlV for Plasma Diagnostics 674
H.Hegazy
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Plasma Physics and Nuclear Fusion Department, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt.

PP-5 Power Transfer to Plasma Coaxial Accelerator 680
G.M. El-Aragi, H.M. Soliman and M.M. Masoud
Plasma Physics and Nuclear Fusion department, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt.

PP-6 REB-Instability with Magneto-Active Inhomogeneous Warm
Plasma
Kh. H. El-Shorbagy
Plasma Physics and Nuclear Fusion Department, Nuclear Research Center, Atomic
Energy Authority, Cairo, Egypt.

Instrumentation and Devices:
1D-1 Computer Aided Analysis of TM-Multimode Planar Graded-index 695

Optical Waveguides
M.Ashry*, A.S. Nasr* and A.A. Abou El-Fadl**
*'National Center for Radiation research and Technology, Atomic Energy Authority,

Cairo, Egypt.

**Electrical Commun. Dept., Faculty of Electronic Eng, Menounfia University,
Eg)>pl.

ID-2 A Computer-Based Digital Signal Processing for Nuclear 706
Scintillator Detectors
M.A. Ashour and A.M. Abo Shosha
National Center for Radiation research and Technology, Atomic Energy Authority,
Cairo, Egypt.

ID-3 Proposal for Using of a PC for Data Acquisition, Signal Processing 715
and Control of Egyptor Tokamak
Imbaby I. Mahmoud
Engineering Dept., Nuclear Research Center, Atomic Energy Authority.

ID-4 Realization of a Counter/Timer Circuit Used in Digital Pulse Height 723
Analyses in a Single Chip
Imbaby I. Mahmoud
Engineering Dept., Nuclear Research Center, Atomic Energy Authority, Cairo, Egypt.

ID-5 Analysis and Simulation of a Series Resonant Uninterruptible 729
Power Supply Using Thyristors
M.S. Ismail, Imbaby I. Mahmoud and S.A. Kamel
Engineering Department, Nuclear Research center, Atomic Energy Authority, Cairo,
Egypt.

ID-6 Implementation of Reactor Control Rod Position Sensing/Display in 736
a CPLD
Imbaby I. Mahmoud
Engineering Department, Nuclear Research Center, Atomic Energy Authority, Cairo,
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ID-7 Synchrotron Radiation 744
F.I. Asfour
Nuclear Physics Department, D.B.N.S., Nuclear Research Center, Atomic Energy

Authority.

ID-8 Characteristics of a Trigger Counter for Electromagnetic-Schowers 756
Y.Abdou*, T. Sharshar**, I.I. Boundouk* and H.M. Badran*
"Department of Physics, Faculty of Science, Tanta University, Tanta, Egypt.
**Department of Physics and Chemistry, Faculty of Education, Tanta University, Kafr
El-Shaikh, Egypt.

ID-9 Effect of UV Radiation on Alpha Range in CR-39 Detector 765
M.R. El-Asser*, T.M. Talaat* and Kh.M. A. Abel Aziz**
^Atomic Energy Authority

**Physics Department, Faculty of Science, Zagazig University, Zagazig, Egypt.

ID-10 Operating Characteristics of the Low Energy Aaccelerator 773
M.M. Abd EI-Baki and M.M. Abd El-Rahman
Accelerator & Ion Source Department, Nuclear Research Center, Atomic Energy
Authority, Cairo, Egypt.

ID-11 Fission Rate Sensitivities and Fission Fragement Ranges for 788
Uranium and Thorium-Bearing Materials Irradiated with 252Cf
Neutron Source
B.M. Moharram
Physics, and Engineering Mathematics Department, Faculty of Engineering, Tanta
University, Tanta, Egypt.

Trace and Ultra Trace Analysis:
TUA-1 Progress in Determination of Long-lived Radionuclides by 802

Inductively Coupled Plasma Mass Spectrometry
Johanna Sabine Becker and Hans-Joachim Dietze
Central Department of Analytical Chemistry, Research Center Juelich, D-52425
juelich, Germany.

TUA-2 Iron Isotopes in Inductively Coupled Plasma Mass Spectrometry 812
A.I. Helal, N.F. Zahran and A.M. Rashad
Element and Isotope Central Laboratory, Nuclear Research Center, Atomic Energy
Authority, Cairo, Egypt.

TUA-3 An Easy Sample Preparation Procedure for the Determination of 820
REEs in an Egyptian Phosphate Deposit
M.A. Eid, K.M. El Behery, E.A. Alashkar and K.A. Eid
Spectroscopy Department, National Research Center, Cairo, Egypt.

TUA-4 Inductively Coupled Plasma Atomic Emission Spectrometric 829
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Determination of Elements in Aluminum Alloys
S.S. Hamed*, S.I. Soliman* and M.A. Eid**
* Physics Department, Faculty of Girls, Ain Shams University, Cairo, Egypt.

**Spectroscopy Department, National Research Center, Cairo, Egypt.

TUA-5 Long-Lived Radionuclides: Trace, Ultratrace and Isotope Analysis 836
by Laser Ablation Inductively Coupled Plasma Mass Spectrometry
Johanna Sabine Becker, Carola Pickhardt and Hans-Joachim
Dietze
Central Department of Analytical Chemistry, Research Center Juelich, D-52425
Juelich, Germany.

TUA-6 Recent Applications of Stable Isotopes in Environmental medicine 848
in Germany
P. Krumbiegel and O. Herbarth
Department of Human Exposure Research and Epidemiology of the UFZ Center for
Environmental Research Leipzig-Halle, Permoserstr, 15, D-04318 Leipzig, Germany.

TUA-7 Trace Metals Distribution in Environmental Samples From Lake 853
Naser, Egypt
S. Shawky
National Center for Nuclear Safety and Radiation Control, AEA, Nasr City, P.O. B.
7551, 11762, Cairo, Egypt.

TUA-8 Application of Inductively Coupled Plasma Mass Spectrometry for 862
Multielement Analysis in Small Sample Amounts of Thyroid Tissue
From Chernobyl Area
S.F. Boulyga*, J.S. Becker**, N.N. Bazhanova***, N.V. Kanash***,
A.F. Malenchenko*** and H.J. Dietze**
*Radiation Physics and Chemistry Problems Institute, 220109 Sosny, Minsk, Belarus.
**Central Department of Analytical Chemistry, Research Center Juelich, D-524245,
Juelich, Germany.
***lnslitute of Radioecological Problems, 220109 Sosny, Minsk, Belarus.

TUA-9 Quality Control of Al Aalloy by ICP-MS 872
N.F. Zahran, S.A. Waly*, M.A. Amr, Y.K. Afifi* and A.I. Helal
Central Lab. for Elemental and Isotopic Analysis, NRC, Atomic Energy Authority,
Cairo, Egypt.
*FMPP, NRC, Atomic Energy Authority, Cairo, Egypt.

TUA-10 Studies of Some Parameters Affecting the Efficiency and Accuracy 879
of the Neutron Activation Analysis Technique.
A.S. Abdel-haleem*, A. Sroor**, M.F. Abdel Sabour and R.A.
Zaghloul*
*Hot Laboratories Center, Atomic Energy Authority, Cairo, Egypt.
** Nuclear Physics Lab., Faculty of Girls, Ein Shams University, Cairo, Egypt.
***Soil Water Pollution University, Nuclear Research Center, Cairo, Egypt.
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Environmental:
En-1 Concentration and Speciation of Radionuclides in Environmental 885

Samples
C. Testa, D. Desideri, M. A. Meli and C. Roselli
Institute of General Chemistry, Urbino University, Piazza Rinascimenlo 6-61029
Urbino, Italy.

En-2 Radioactivity Analysis of South Sinai Region by Gamma 897
Spectrometry and Radiation Monitoring Network
S.A. El-Mongy, N. Abd El-Aziz, M.S. EI-Tahawy and S.Morsy
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.

En-3 Preliminary Investigation of Candidate Specimens for the Egyptian 910
Environmental Specimen Bank
S. Shawky*, H. Amer*, F. Abou EI-Nour**, J.D. Schladot***, P.
Ostapzuck*** and H. Emons***
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.
Atomic Energy Authority, Hot Labs. Center Inshas, Cairo, Egypt.
Institute of Applied Physical Chemistry, Research Center Juelich, Juelich, Germany.

En-4 Radioactivity Concentrations in Some Industrial Ores and Their 923
Waste Products by Gamma Spectrometry
N.M. Ibrahiem*, B. El-Ezaby**, A. Nada**, T.M. Abd El
Maksoud** and S.A. Abd El-Azeem**
* National Center for Nuclear Safety and Radial ion Control, Atomic Energy Authority,
Cairo, Egypt.
**Physics Department, Women's College, Ain Shams University, Cairo, Egypt.

En-5 A Comprehensive Radiological Investigation for the Industrial 928
Helwan City Environment
F. Wafaa, M.S. El-Tahawy, S.A. El-Mongy and S. Anwar Sayed
* National Center for Nuclear Safely and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.
** Chemistry Department, Faculty of Science, Helwan University, Cairo, Egypt.

En-6 The Effect of Fe, Mn, Ni and Pb Load on Soil and its Enrichment 942
Factor Ratios in Different Soil Grain Size Fractions as an Indicator
for Soil Pollution
F.H. Rabie* and M.F. Abdel-Sabour**
* Soil Department, Faculty of Agriculture, Ain Shams University.

**Soil and Water Pollution Unit, Nuclear Research Center, Atomic Energy Authority,
Cairo, Egypt.

En-7 Mitigation of High 222Rn Concentration in Potable Water 954
A.M. Mamoon*, W.H. Abulfaraj**, S. Jastaniah** and M.Sohsah*
Atomic Energy Authority, Cairo, Egypt.
King Abdulaziz University, Jeddah, Kingdom of Saudi Arabia.
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En-8 226Ra and National Uranium in Egyptian Bottled Mineral Waters 963
R.H. Higgy
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.

En-9 The Influence of Mechanical Vibrations of Railway and Car 968
Traffics on the Radon Exhalation Using Track Detector Technique
B.M. Moharram
Physics, and Engineering Mathematics Department, Faculty of Engineering, Tanta
University, Tanta, Egypt.

En-10 Geochemical Characteristics and Environmental Isotopes of 981
Groundwater Resources in Some Oases in the Western Desert,
Egypt
M.S. Hamza, M.A. Awad, S.A. El-Gamal and M.A. Sadek
Siting and Environmental Department, National Center for Nuclear Safety and
Radiation Control, Atomic Energy Authority, Nasr City, Cairo, Egypt.

En-11 Radon Measurements in Underground Metro Stations in Cairo 998
City, Egypt
A.F. Hafez*, A.S. Hussein* and N.M. Rasheed**
*Department of Physics, Faculty of Science, University of Alexandria, 21511
Alexandria, Egypt.
**Nuclear Materials Authority, Cairo, Egypt.

En-12 Uranium Monitoring in Water of Hand Pump Wells Present in El- 1010
Sharika Governorate.
N. Rasheed
Nuclear Materials Authority, Cairo, Egypt.

VOLUME III
Radiation Protection:

RP-1 Personnel Selection and Training for Radiation Protection and Safe 1019
Use of Radiation Sources
M.A. Gomma
President Training Committee, Atomic Energy Authority, Cairo, Egypt.

RP-2 Internal Contamination Assessment with Regard to 90Sr, 134Cs, I37Cs 1026
Nuclei During Nuclear Accident
M.Ayad* and K.M. Hanna**
^Radiation Protection Department, Nuclear Research Center, Atomic Energy
Authority, Cairo, Egypt.

**Mathematics and Theoretical Physics Department, Nuclear Research Center,
Atomic Energy Authority, Cairo, Egypt.

RP-3 Radiation Protection Guide Lines for Electron Beam Processing 1033
System at NCRRT
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A.M. Eid and A.H. Zahran
National Center for Radiation Research and Technology (NCRRT), Cairo, Egypt.

RP-4 Detriment Calculations Resulting From Occupational Radiation 1044
Exposures in Egypt
A.H. Abdel Ghani
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

RP-5 Regulatory Inspection of the Egyptian Gamma Irradiator Using a 1050
Proposed Inspection Checklist
A.H. Abdel Ghani
National Center for Nuclpnr Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

Radiation Health Hazards:
RHH-1 Congenital Malformations in Neonates after Irradiation of Rats 1055

During Pregnancy
Iman I. Abd Elgawad* and Mahmoud M.H. Mahmoud**
*Nuclear Research center, Atomic Energy Authority, Cairo, Egypt.
** National Center of Nuclear Safety and Radiation Control, Atomic Energy Authority,
Cairo, Egypt.

RHH-2 Histopathological Alterations in Neonates After in Utero Irradiation 1063
of rats
Iman I. Abd Elgawad*, Amir A.E. Scdki** and Mahmoud H.M.
Mahmoud ***
* Nuclear Research Center, Atomic Energy Authority, Cairo, Egypt.
** Faculty of Medicine, Ain Shams Univ., Cairo.
***National Center of Nuclear Safety and Radiation Control, Atomic Energy
Authority, Cairo, Egypt.

RHH-3 The Design, Construction and Application of Time Varying 1072
Magnetic Exposure System
A.A. Saad-El-Din, H.M. Saad and Hoda H. Said
Department of Radiation Physics, National Center for Radiation Research and
Technology, Atomic Energy Authority, Cairo, Egypt.

Nuclear Safety:
NS-1 Regulatory Steps Taken to Licensing the Operation ofET-RR-2 1085

Research Reactor
A.A. El-kady
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

NS-2 Proposal for Analysis of the safeguarded Nuclear Materials 235U 1092
and 239Pu by Delayed Neutrons Technique
Sayed A. El-Mongy
Safeguards Department, NCNSRC, Atomic Energy Authority, Nasr City, Cairo, Egypt.
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NS-3 Strengthened International Nuclear Safeguards; Burdens and 1102
Effects on Nuclear Technology Development
Ismail Badawy
NCNSRC, Atomic Energy Authority, Cairo, Egypt.

NS-4 Safety Assessment of ET-RR-2 FSS Reactivity Criteria 1110
A.M. El-Messiry and Moustafa M. Aziz
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

NS-5 Criticality Safety for the New Spent Fuel Storage Pool of ETRR-1 1116
Reactor
Moustafa M. Aziz and A.M. El-Messiry
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

NS-6 Regulation for Radiological Safety in the Design and Operation of 1121
Industrial Gamma Irradiators in Egypt
A.H. Abdel Ghani and A. Z. Hussein
National Center for Nuclear Safety and Radiation Control, Atomic Energy Authority,
Nasr City, Cairo, Egypt.

NS-7 ajjJi ^jj^l ^jaJl 1 1 3 3

N S " 8 XxAA CiUiilb ijlsll <> ^UaJI U A ^ J I 1 1 6 8

Biology
Bio-l Vitality Improvement of the Mediterranean Fruit Fly, Ceratitis 1218

capitata Wied.
I. Measured by Using Dehydrogenase Enzyme Activities
M.S. Salama*, A.A. Shoman**, S.M. Elbermawy*** and I. Abdul
Yazid**
* Entomology Dept., Faculty of Science, Ain Shams Univ. Egypt.

**Biological Applications Dept., Nuclear Research Center, Atomic Energy Authority,
Cairo, Egypt.
*** Biological and Geological Science Dept., Faculty of Education, Ain Shams Univ.,

• Egypt.
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Bio-2 Vitality Improvement of the Mediterranean Fruit Fly, Ceratitis 1227
capitata Wied.
II. Measured by Using ME and At Pase Enzyme Activities and Total
Protein Content
M.S. Salama*, A.A. Shoman**, S.M. Elbermawy*** and I. Abdul
Yazid**
* Entomology Depl., Faculty of Science, A in Shams Univ. Egypt.

**Biological Applications Dept., Nuclear Research Center, Atomic Energy Authority,
Cairo, Egypt.

*** Biological and Geological Science Dept., Faculty of Education, Ain Shams Univ.,
Egypt.

Bio-3 Some Biological Studies on the Mediterranean Fruit Fly Ceratitis 1234
capitata (Wiedemann) After Egg Exposure to Acetone, Diethyl
Ether, Ethyl Alchol and Gamma Irradiation
AwatefM. Fadel
Biological Applications Dept., Nuclear Research Center, Atomic Energy Authority,
Cairo, Egypt.

Bio-4 Gamma Radiation and Temperature Effects on the Mediterranean 1243
Fruit Fly Ceratitis capitata (Wied.)
Awatef M. Fadel and Eman M.S. El-Kholy
Biological Applications Dept., Nuclear Research Center, Atomic Energy Authority,
Cairo, Egypt.
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II III 111 Illlll ITU
EG0100051 ABSTRACT

The ET-RR-2 research reactor has a second shutdown system consisting of
four chambers surrounding the core chimney. These chambers are to be filled with
Gadolinium solution in case of failure of the first shutdown system within a certain
time period. The reactor core chimney together with second shutdown system four
chambers lie inside the reactor main water pool. The possibility of the chambers to
be flooded with water is considered to be one of the safety issues to be addressed.

As the reactor core is very heterogeneous, the reactivity effects of each
individual chamber are different. Also, the reactivity worth of these chambers
depends on the core configuration. The present study aims to evaluate the reactivity
worth of each individual chamber, the total worth of all the chambers and the
maximum worth of any flooded chamber in case of the other chambers being filled
with nitrogen. Certain conclusions are drawn regarding the safety of the ET-RR-2
reactor in case of the chambers being filled with water and the second shutdown
system being on demand.

Key words: ET-RR-2 reactor /Second shutdown system /Reactivity worth

INTRODUCTION

The Second Egyptian Research Reactor (ET-RR-2), that went critical on the fall of 1997(I),
has gadolinium solution as a second shutdown system (SSS). The gadolinium solution is to be injected
in four chambers bolted in the chimney that is surrounding the reactor core. In normal operation
conditions these chambers are filled with nitrogen. In case of the second shutdown system (SSS) being
requested, the nitrogen would be replaced by gadolinium solution.

According to the recommendation of IAEA as is given in Safety Series No. 35-G2 (2)

Appendix and the USNRC safety review plan (3), the reactivity insertion accident is one of the
important accidents to be analyzed for research reactors. One possible cause of reactivity variation in
ET-RR-2 is the flooding of the gadolinium chamber belonging to the second shut down system.

The problem under investigation in the present work might occur in normal operation when
the SSS is not requested. This problem deals with the flooding of one up to the four chambers with the
reactor pool water and whether the flooding would cause a negative or positive reactivity addition. The
effect of this reactivity addition on the reactor performance is investigated in this paper. The first ET-
RR-2 reactor core is very heterogeneous because of two reasons. The first of these is the fact that three
types of fuel with different uranium (235U) content are loaded in the core. The second is the presence
of control plates and either the water channel for cobalt irradiation box, or the presence of cobalt
radiation box itself in this channel. Moreover, the beryllium reflector elements are arranged in
different patterns in the different sides of the core. The heterogeneity of the core has the effect that;
each chamber might have different reactivity worth. As a result, different permutations of the flooded
chambers are considered in the present work.
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The reactor core can be operated with either a water reflector (case 1), or beryllium reflector
(case 2). In case 2 the cobalt is loaded in its position in the middle of reactor core. The reactor core
power distribution differs, strongly for water reflected core from that for the beryllium reflected core
with cobalt and that without cobalt. It is to be expected therefore that the chimney chambers flooding
effects are different in each case.

DESCRIPTION OF THE PROBLEM

The ET-RR-2 reactor, first core configuration and the subsequent configuration cores are very
heterogeneous. The first core configuration is shown in figure 1. This core was chosen to resemble the
equilibrium core. Figure 1 shows the different fuel elements loaded with different U-235 content
namely, (404,209,and 148gr per element). What adds to the heterogeneity of the core and hence the
heterogeneity of the power and neutron flux distribution is the presence of the control plates (or guide
tubes of the control elements) in the core as clear from figure 1. In addition, in case 2, beryllium
reflector elements are distributed in a unsymmetrical pattern around the core. The core is surrounded
with four chambers, which are filled with nitrogen in normal reactor operation. If the second shut
down system, SSS, is activated then the chambers are filled with gadolinium solution. The presence of
the beryllium reflector as shown in figure 1 would increase the effect of flooding as will be seen later.

The tightness of the four chambers was checked during reactor erection and in reactor
commissioning phase. However, the leak of one up to the four chambers is still possible. In case of
leakage water from the reactor pool would replace the nitrogen tilling the chambers.

CACULATIONS AND RESULTS

The standard neutronic calculation scheme is used to get the effective multiplication factor and
hence the core reactivity with chambers filled with nitrogen and flooded with water. All the possible
permutations of the chambers filled with water or nitrogen are considered in the calculations. The
calculation procedures started with cell calculation using the WIMSD4 (4) code and the generated
macroscopic cross section library was used in the two-dimensional diffusion code DIXY2 (5).

The reference core load in the present calculation is represented by all four chambers filled
with nitrogen, which are refereed to as void. This core configuration is shown in figure 2, and the
cobalt irradiation box is not loaded. The calculation showed that this core has a reactivity excess of
1619pcm. The extreme case, when all four chambers flooded with water has excess reactivity equals to
1200pcm. This means that flooding of all the four chambers with water has a negative reactivity worth
equal to 413pcm.

The results of all possible permutation of the filling of one up to the four chambers are shown
in table 1. The reactivity worth varies in each case and lies between -527pcm, to a minimum value
equal +67pcm. The first value (-527pcm) belongs to the core configuration with chambers 1, 2, and 4
filled with water and chamber 3 filled with nitrogen, and the last one (+67pcm) for the reverse case
when chamber 3 is filled with water and all the other three chambers are filled with nitrogen. To
understand the small reactivity effect in the second case, one can see that chamber 3 is near to the
water channel of the cobalt irradiation box, the effect of filling of this chamber is negligible. The effect
of the central water gap overweighs the water in chamber 3. The reactivity worth of the flooding of
each of chambers 1, 2, and 4 is close (-179pcm, -202pcm and -197pcm respectively).

The effect of flooding the chimney chambers on the neutron group fluxes are shown in figures
4 to 8, for water reflected core and figures 9 to 12 for beryllium reflected core. Figures 3 and 4 show
comparison of thermal and fast neutron fluxes for all chambers either empty or filled with water.
These figures are drawn along the line passing by the irradiation channel box and parallel to the
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control plates. It is to be seen from figure 3, that more thermal neutrons are trapped in the chamber gap
and thus have less chance to diffuse to the core region and contribute to the Fission process. This is
indicated in the fast neutron flux, which is lower in case of flooding as indicated in figure 4.

Figures 5 and 6 show the same trend for fluxes crossing the irradiation channel box
perpendicular to the control plates. Fig. 7 and fig. 8 show the effect when only single channel is
flooded chamber C3 on the thermal and fast neutrons respectively. It is clear that the presence of water
lowers the flux in the core.

The results when the core is reflected with beryllium are given in table 2. One can see from
this table that, the flooding of all chambers has more marked effect than in case of core reflected by
water only. The amount of reactivity worth of the flooding of all four chambers is -1328pcm
comparable to -413pcm in case of water reflected core. This is due to two reasons, the first one is that,
water has absorption cross- section larger than that of beryllium, and the presence of water between
the reflector and core would increase the core absorption. The second reason is that, not only the
neutrons generated and moderated in the core would be absorbed in the chamber water but also the
reflected neutrons would suffer absorption in these water gaps.

Table 1 shows the different permutation results in case of beryllium reflector. The reactivity
worth of the flooding of any single chamber with water has a minimum value equal to -209pcm for
chamber C2 and a maximum value of -567pcm for chamber C4. As can be seen from figure 1
showing the core configuration, chamber C4 is facing two rows of beryllium reflector blocks while the
other chambers either are facing only one row C3, or combination of beryllium and water as reflectors
Cl and C2. Chamber C2 has the lowest effect as this chamber is facing less beryllium blocks on one
hand, and on the other hand facing fuel elements with lower uranium contents. That is to say this
chamber is facing the side of the core with lower neutron flux distribution as can be seen in figures 2
and 3 for the neutron fluxes.

Filling the four chambers with water (thickness 1.8cm), means that the core having two
reflectors, the first of them is water. As the reflecting properties of the beryllium is superior to water
because of the lower values of the absorption cross section of beryllium, the overall effect of flooding
is larger in case of beryllium reflector. Table 3 shows comparison of the group absorption cross
section of water and beryllium, indicating the large differences between the absorption for the five
energy groups.

The results of different permutation show that the reactivity worth depends on which chamber
is empty. When chamber C4 or C3 is filled with water, the reactivity worth becomes higher.

Table 3 Comparison between the,absorption cross section Sa for water and beryllium

Absorption
cross section Za ^m"1

Water

Beryllium

Group 1

4.30150E-4

M.1445E-2

Group 2

2.3060E-7

6.9393E-7

Group 3

9.1200E-4

6.1460E-5

Group 4

9.4200E-3

6.8220E-4

Group 5

2.0600E-2

1.4585E-3

The negative sign indicate production not absorption because of the (n,2n) reaction in beryllium.
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The effective multiplication factor, K^, for the core reflected with water is 1.016461 and that
for core reflected with beryllium is 1.058931 and that for chamber flooded with water and core
reflected with beryllium is 1.044246. Thus the presence of water between the core and the beryllium
reflector increases the absorption and then decreases the fission rate which leads to the lower values of
effective multiplication factor.

As the effect of flooding in case of beryllium reflected core is more significant this problem
needed more clarification. Therefore, the detailed group fluxes are drawn in figures 9 to 12 for fast,
eipthennal and thermal neutron energy groups, in the neighborhood of the water filled chamber with
the maximum reactivity worth. All these curves are along a line crossing the core center parallel to the
control plates passing by the irradiation channel box (maximum thermal flux in the core).

It is clear from figure 9 the fast neutron flux decreases due to the presence of water in the
chamber C4, and the flux is high in the elements away from this chamber. The same trend is also clear
in figures 11 and 12 for the eipthermal neutron groups. The decrease in the fluxes for fuel elements
near the chamber C4 (the filled chamber) is greater than the increase on the other side of the core. The
increase in the absorption rate in the core is larger than the variation in the production rate with the
overall effect of large negative reactivity.

In figure 12 the effect is shown for the thermal neutrons. The thermal neutron flux is dropped
in the chamber C4 of the chimney with less chance to contribute to fission in the core.

Figures 13 and 14 show the fast and thermal neutron fluxes for a line crossing the first column
of fuel elements perpendicular to the control plates facing the chamber C4 filled with water. It is clear
from that the presence of water in this chamber lowers the neutron production from the fission process
as more neutrons are absorbed in water and the peak neutron values in the reflector is much lower as
seen in figures 13 and 14.

SUMMARY AND CONCLUSION

The present study was initiated in order to investigate the safety implication of the flooding of
the second shutdown system chambers in the ET-RR-2 reactor, which is usually filled with nitrogen in
case of normal operation. Neutronic calculations were performed to show the reactivity worth of each
and/or all four cambers which compose the second shutdown system in case of flooding event.

Results of the above calculations showed that, flooding of all the four chambers gave a
negative reactivity worth equal to -413pcm for the water reflected core and -1328pcm for beryllium
reflected core. This value is nearly close to the vendor's predication during reactor commissioning
phase (6). The reactivity worth of the three chambers named Cl, C2 and C4 is almost equal -527pcm
for the water reflected core, and-94 lpcm for beryllium reflected core, while the reactivity worth of
chamber C3 is almost insignificant for water reflected core.

The final conclusions for this study insure that, the flooding of the four chambers, which
compose the second shutdown system, would not cause any safety problem, from the neutronic point
of view, during the normal operation for water reflected core. While for beryllium reflected core the
same conclusion is also true. However a negative reactivity of-1328pcm may cause operation or
unavailability problem rather than a safety problem. In spite of the above conclusion, the flooding is
still undesirable accident because it blocks the injection of gadolinium, and disturbe the neutron flux
harmony in the reactor core.
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Table. 1 The reactivity worth of the different situations of flooding chimney chambers.

Water
Chambers

—

C1+C2+C3+C4

Cl

C2

C3

C4

C1+C2

C1+C3

C1+C4

C2+C4

C3+C4

C1+C2+C3

C1+C2+C4

C1+C3+C4

C2+C3+C4

Nitrogen
Chambers

C1+C2+C3+C4

—

C2+C3+C4

C1+C3+C4

C1+C2+C4

C1+C2+C3

C3+C4

C2+C4

C2+C3

C1+C3

C1+C2

C4

C3

C2

Cl

KefT

1.016461

1.012208

1.014586

1.014373

1.017148

1.014426

1.012474

1.015484

1.012833

1.012644

1.015143

1.013615

1.011038

1.013775

1.013595

Reactivity,
p pcm

1619

1206

1438

1417

1686

1422

1232

1525

1267

1249

1492

1343

1092

1359

1341

Excess React,
p pcm

REFERENCE

-413

-179

-202

+67

-197

-387

-94

-352

-370

-127

-276

-527

-260

-278
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Tab!e.2 The reactivity worth of the different cases of flooding chimney chambers in final
critical core with Be reflector.

Water
Chambers

—

C1+C2+C3+C4

Cl

C2

C3

C4

C1+C2

C1+C3

C1+C4

C2+C4

C3+C4

C1+C2+C3

C1+C2+C4

C1+C3+C4

C2+C3+C4

Nitrogen
Chambers

C1+C2+C3+C4

~

C2+C3+C4

C1+C3+C4

CI+C2+C4

C1+C2+C3

C3+C4

C2+C4

C2+C3

C1+C3

C1+C2

C4

C3

C2

Cl

Kerr

1.06211

1.033179

1.055285

1.057027

1.053439

1.052284

1.049986

1.047256

1.046036

1.047760

1.042706

1.042620

1.041313

1.037161

1.038890

Reactivity,
p pcm

5848

3211

5239

5395

5073

1422

4761

4512

4401

4558

4096

4088

3967

3583

. 3743

Excess React,
p pcm

REFERENCE

-2637

-609

-453

-775

-879

-1087

-1336

-1447

-1290

-1752

-1760

-1880

-2265

-2105
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Table.2 The reactivity worth of the different situations of flooding chimney chambers in final
critical core with Be-mixture- water reflector.

Water
Chambers

—

C1+C2+C3+C4

Cl

C2

C3

C4

C1+C2

C1+C3

C1+C4

C2+C4

C3+C4

C1+C2+C3

C1+C2+C4

C1+C3+C4

C2+C3+C4

Nitrogen
Chambers

C1+C2+C3+C4

~

C2+C3+C4

C1+C3+C4

C1+C2+C4

C1+C2+C3

C3+C4

C2+C4

C2+C3

C1+C3

C1+C2

C4:

C3

C2

Cl

Keff

1.058931

1.044246

1.055123

1.056586

1.053440

1.052604

1.053410

1.050689

1.049834

1.051257

1.047500

1.049385

1.048483

1.045162

1.046589

Reactivity,
p pern

5565

4237

5224

5356

5073

4998

5070

4824

4747

4876

4535

4706

4624

4321

4452

Excess React,
p pem

REFERENCE

-1328

-341

-209

-492

-567

-495

-741

-818

-689

-1030

-859

-941

-1244

-1113

529



-o-Ch.= AIIH2O

Ch.= All voids

O.OOE+00

0.00E+00 1.50E+01 3.00E+01 4.50E+01 6.00E+01 7.50E+01 9.00E+01

Distance along core center line, cm

Fig. 2 The effect of flooding the four second shutdown
system chambers of water on the thermal neutron flux {water

reflector case)

6.00E-03

* 5.00E-03
3

2 4.00E-03
!5
TO

* 3.00E-03

•g 2.00E-03

c

« 1.00E-03

0.00E+00

-Ch.= AHH2O

-Ch.= All voids

0.00E+00 1.50E+01 3.00E+01 4.50E+01 6.00E+01 7.50E+01 9.00E+01

Distance along the core center line, cm

Fig. 3 The effect of flooding the four second shutdown
system chambers of water on the fast neutron flux

(water reflector case)

530



E
3

X

c
2
G)

c
15

Ch.= All H2O

Ch.= All voids

O.OOE+00
O.OOE+00 2.00E+01 4.00E+01 6.00E+01 8.00E+01

Distance perpendicular to core center line, cm

1.00E+02

Fig. 4 The effect of flooding the four second shutdown
system chambers of water on thermal neutron flux

(water reflector case)

6.00E-03

£ 5.00E-03
c
3

Ch.= AI!H20

Ch.= All voids

2 4.00E-03

{< 3.00E-03

i
0)

O.OOE+00

O.OOE+00 2.00E+01 4.00E+01 6.00E+01 8.00E+01 1.00E+02

Distance perpendicular lo core center line, cm

Fig. 5 The effect of flooding the four second shutdown
system chambers of water on fast neutron flux

(water reflector case}

531



c

1
(0

x"

c

s
4-1
03
C

15
0)

-Ch.= C3H2O]
•Ch.= C3void I

O.OOE+00
0.00E+00 1.50E+01 3.00E+01 4.50E+01 6.00E+01 7.50E+01 9.00E+01

Distance along the core center line, cm

Fig. 6 The effect of flooding chamber C3 on the thermal
neutron flux ( water reflector case)

f 
ub

its
tr

an
irb

r

x"
5=

c

lu
trc

0)
C
%
ta
u_

6

5

4

3

2

1.

OJ

.OOE-03

.OOE-03

.OOE-03

.OOE-03

.OOE-03

OOE-03

OOE+00

Ch.= C3 H20
Ch.= C3 void

O.OOE+00 1.50E+01 3.00E+01 4.50E+0I 6.00E+01 7.50E+01 9.00E+01

Distance along core center line, cm

Fig. 7 The effect of flooding chamber C3 on the fast neutron
flux (water reflector case)

532



£

5.00E-03

4.50E-03

§ 4.00E-03

g 3.50E-03
+3

3.00E-03

3 2.50E-03

| 2.00E-03

5 150E-03
c
« 1.00E-03
u.

5.00E-04
O.OOE+00

O.OOE+00

Ch.= All voids
Ch.= C4 H2O

2.00E+01 4.00E+01 6.00E+01 8.00E+OI

Distance along core center line, cm

1.00E+02

Fig. 8 The effect of flooding chamber C4 on the fast neutron
flux (group 1), (Beryllium reflector case)

5.00E-03

4.50E-03
'c
^ 4.00E-03

| 3.50E-03

™ 3.00E-03

c 2.50E-03

1 2.00E-03
c

1.50E-03ro

1.00E-03

5.00E-04

O.OOE+00 I
O.OOE+00 2.00E+01 4.00E+01 G.OOEHOI 8.00E+01

Distance along core center line, cm

1.00E+02

Fig. 9 Tht> offect of flooding chamber C4 on the epithermal
neutron flux (group 3), (Beryllium reflector case)

533



' 
un

it
it

ra
rj

, 
ar

b

X

c
8
3
V

7i

Q.

iD

9

8

7

6.

5.

4.

.00E-04

.00E-04

.OOE-04

.00E-04

00E-04

OOE-04

3.00E-04

2.

1.

OOE-04

OOE-04

O.OOE+00 i

•Ch.= All voids

•Ch.= C4H2O

O.OOE+00 2.00E+01 4.00E+01 6.00E+01 8.00E+01

Distance along core center line, cm

1.00E+02

Fig. 10 The effect of floodiny chamber C4 on the eipthermal
neutron flux (group 4), (Beryllium reflector case)

•Ch.= All voids

•Ch.= C4H2O

0.00E+00
0.00E+00 2.00E+01 4.00E+01 6.00F.+01 8.00E+01

Distance along core center line, cm

1.00E+02

Fig. 11 The effect of flooding chamber C4 on the thermal
neutron flux (Beryllium reflector case)

534



3.50E-03 r

* j 3.00E-03
3

X

i

Ch.= C4 void

Ch.= C4 H2O

O.OOE+00

O.OOE+00 2.00E+01 4.00E+01 6.00E+01 8.00E+01

Distance perpendicular lo core ceiiler fins, cm

1.00E+02

Fig.12 Fast neutron flux beside chamber C3 In case of void
and flooding with water (Beryllium reflector case)

4.50E-03

« 4.00E-03
'EE

3.50E-03

5 3.00E-03
re

2.50E-03
5=

75

2.00E-03

1.50E-03

1.00E-03

5.00E-04

O.OOE+00

Ch.= C4 void

Ch.= C4 H20

O.OOE+00 2.00E+01 4.00E+01 6.00E-»01 8.00E+01

Distance perpendicular to core center Sine, cm

1.00E+02

Fig. 13 Thermal neutron flux beside chamber C3 in case of
void and flooding with water (BeryHium reflector case)

535



Seventh Conference of Nuclear Sciences & Applications
6-10 February 2000, Cairo, Egypt

NRP-2 Distribution of Release Fission Products Through the Nuclear Reactor Site

N. Ashoub, A. El Ghazaly and H. G. Saleh*
Reactor & Neutron Physics Department, Nuclear Research Center, AEA, Cairo, Egypt

* Physics Department, Faculty of Girls for Art, Science and Education, Ain Shams Univ. Cairo,
Egypt.

ABSTRACT EG0100052

Through the operation of nuclear reactors, radioactive fission products could
be release to the environment as a result of severe accidents e.g. Chernobyl accident.
Estimation of the atmospheric dispersion, distribution and transport of the
radioactive fission products is essential to assessment of the risk to the public from
such accidents. In this work, the polluted plume is treated as a matrix of isolated
particles. These particles are the fission product isotopes, which compose the
radioactive plume. The fission products were classified depending on its haif live
into three category, long-lived, medium lived and small half-life. The normalized
concentrations of the fission product isotopes in the radioactive plume were
calculated. The travel time (the time elapsed from the released instant till the
deposited time) of each fission products was calculated. The area around the nuclear
reactor stack was divided into different zones, started from the reactor stack
position until 5 km .The deposited radioactive fission products in each zone was
estimated. The calculations were done using the spherical Gaussian plume model.

Key words: Fission products, Travel time, Reactor site, Gaussian Plume Model

INTRODUCTION

There are many types of activity generate radioactive material, which released to the
environment. One of these is the research reactor and its associated facilities, which produce
radioisotopes for research purpose and for medical and industrial use. The main path way by which
radioactivity enters the environment from reactor operations are atmospheric discharge, from stacks
and discharge of waste water via the sewer.

Taking into account the activity, half:life and radio toxicity radioisotopes, it can be classify as; ( I )

* Type A : half-life 10 years
* Type B : 10 years half-life 300 years
*TypeC : 300 years half-life, or alpha source, or neutron source
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In case of release of radioactive materials from reactor through its operation, there are three
stage of release relief, medium and high release of radioisotopes . These stages of released are
depend on the status of reactor operation.

In this work, severe accident of the reactor was selected. As a result of that, the substantial
amount of radioactive materials was released to the atmosphere through the reactor stack. The
distribution of fission products is depending on the meteorological conditions and wind regimes(3'.
Estimate the amount of radioactive material released and its distribution through and around the
reactor site is essential to evaluate the reactor accident and its possible environment impact. In case of
release radioactive materials from reactor stack, various fission products dispersed into the
atmosphere creating a radioactive plume. This plume contains radioisotopes, which have different
atomic weights. The heavier radioisotope in the plume was deposited close to the site and the lighter
one was dispersed by the wind in all directions around the reactor site. Many forces were affected on
the radioactive plume and its containment, e. g. the wind speed, the weight of the plume materials, etc.

These forces are playing a big role in deposition the radioactive material and its distribution in
different places around the reactor site. One can be able to classify the radionuclides in the plume
depending on its densities and its half-life. The travel time of each radioactive nuclei can be calculate
and also its deposited distance from the reactor stack. By this way, it is easy to estimate the
contaminated zone around the reactor stack and roughly determine the radioactive elements in these
zones and its concentrations. A risk assessment can be performed more accurately if the radioisotopes
content of the plume is known. Some fission products are selected as example for the above
calculations, i.e. 85Kr, 97Nb, 90Sr, !37Cs, 99Mo, !4!La, 1I7In, I23Sn, 149Sm, 1311,60Co, and 86Rb.

Also, in this work, parametric study was done for some factors, which affected on the
distribution and propagate the pollutant plume and also to calculate the ground level concentrations.
Some of these factors are the stack height and meteorological condition.

THEORETICAL BASIS

In case of isolated source at height H, the form of Gaussian distribution general equation of the
ground level concentration x(x, y) in the vertical and lateral section of the plume is ^

( i )

Where:
Q source strength
U average wind speed
H height of the source above the ground
y lateral (cross wind) distance from the plume axis.
cry and CTZ the dispersion parameters in Y and Z direction.

Equation (1) can be written in spherical coordinates as; (

537



aTEU
• * e x p - ( a

As the plume may normally be instantaneously narrow in the lateral (cross wind) direction,
the integral of concentration around an arc of radius x from the source is to sufficient approximation
equal to

•Loo

The term of average concentration on a circle of radius r is. '

U

N

1=1 2nr

Where,
N is the number of fission products contain in the polluted plume

Ig(H,r) = - ^ L e x p (1 + y))eXp(Iy)

Equation (2) can be written as

(2)

(3)

r — (4)

But the radius of the circle is

Where
r = vt cos 9

t is the travel time of the particles consisted the plume and,
v is the velocity of particles

As the particulate matter is removed from air naturally by fall out the terminal velocity, v for spherical
particles in free fall is given for Stokes low ^ by;

v — •

2\Ppar< - Ac )
R2g (5)

Where;
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R is the radius of the particle
jLt is the viscosity of the medium
g is the gravitational constant
p is the particle density.

If p « = l , then

The travel time of any particle, i, in the released plume to reached the ground is given by

Equation (7) can be written as;

9/itj,
' = y (8)

Where;

RESULTS AND DISCUSSION

The most effective factors play important role in the deposition of the fission products from
polluted plume are the reactor stack height, the meteorological conditions and the characteristics of
these fission products. For that, in this work the effect of variation the reactor stack height with
different cases of meteorological stability classes are taken into consideration to calculate the
distribution of the polluted plume around the reactor site. Some fission products from the radioactive
plume are selected to evaluate the effect of the above factor on the distribution of these radioisotopes.
Figure 1 shows the distribution of the normalized concentrations (%/Q) through the area around the
reactor stack started from the stack position until 5 Km for different stack height (30 , 40, 50, 70, and
80 m) and for stability class A. The stack position is taken in center of the area which the fission
products will be expected to deposit on it. This area was divided into some zones until maximum
radius 5 Km. One can see, when the stack height is increase the (% /Q) value was decreased and also
the maximum value of (x /Q) are shifted away from the stack position.
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The distribution shape of the (% /Q), (normalized concentration), was changed depending on
the stability class. Figure 2 represents the distribution of the (x/Q) fission products under stability
class B. The distribution shape was changed and the fission products concentration cover wide area,
away the reactor stack. This phenomenon was clear in Figs. (2—4), which represents the distribution
of the fission products concentration at different stability classes B, D and F respectively. The
fluctuation in the fission product concentration is increase rapidly with these stability classes, which is
means the radius of the polluted or contaminated area around the reactor stack is increased. The effect
of this, contamination depends on the activity of the fission products and it's half-lived. All the above
cases were calculated at deferent (specific) wind speed. When the wind speed angle is changed, from
45° to 20° the distribution shape of the fission products was changed and the polluted area around the
stack is smaller than the first one. This case is shown in Figs. (5 - 8).

The second part of this work is concerned about the differential distribution of the fission
product in the polluted plume. The deposition of the plume composition is treated, as a matrix of
different irradiated isotopes. The source of deposition is depending on the density of each fission
product isotopes. For that, some fission products isotopes were selected in respective of its densities
and half lived. These elements were classified into three category depending on its half lived. The
travel time of these selected isotopes were calculated and represented in some curves. One fission
product isotope 99Mo is selected as an example for the travel time calculation and uses to demonsrate
the effect of the metrological stability classes A, B, D and F, and wind angle 20°, 40°, 60° and 80° on
it. The obtain result were plotted on Figs (9 - 12) started from wind angle 20° for Fig. 9 till wind angle
80° for Fig. 12 and all the curves have the same meterological stability glagges mentioned above.

The main observations from these curves are:
The meteorological stability classes have a strong effect or* }he travel t\n\e of "Mo, so, the travel

time decreased from class A to F, especially at distance far from reactor stack.
The wind angle has a big rule on the distribution of the relased fission products around the reactor

stack, and also the travel time was increased with increasing the angle of the wind. One can treated all
the released fission products composed the polluted plume by this way. Table 1 show the maximum
normalized concentration (% /Q), of some fission products under study and the travel time of it.

Table 2 represents the contaminated zone around the reactor stack started from zero until! 5 Km,
and the expected fall out time intervals for the fission product isotopes under study. In each zone, the
possible fall out radioactive isotopes were calculated against its travel time peroids. Some other
parameter is affected such as the X disintegration constant of each isotopes and its half live. The
calculated activity in each zone is the sum of activity of the possible isotopes fall out in this area at the
same time. The travel time which is the time from the released instant until the fall out time is
represented as a decay time of these fission product isotopes.

CONCLUSIONS

This study concerns on the effect of some parameters, i.e. meteorological stability classes and
wind speed angle on distribution of radioactive plume contents a fission products released from
reactor stack through nuclear accident. The calculations prove that,-the possibility of treated the
radioactive plume as a matrix of radioactive isotopes and classified these isotopes depending on its
half live and densities. The normalized concentration (x/Q) was calculated for each fission products

540



isotopes in the radioactive plume and its travel time until fall out enable us to predicate the
contaminated zones around the reactor site as a results of this accident. Determine the significant fall
out fission product isotopes in each zone gave a chance to take necessary procedures steps for
decontamination processes and evacuation plan.
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Table 1 the maximum normalized concentration of some fission products and its travel time.

Fission product

SbRb

137Cs

85Kr

90Sr

.31j

141La

123Sn

117In

149Sm

97Nb

60Co

" M o

Normalized max. cone.

2.33E-07

2.60E-13

7.60E-13

2.70E-13

3.01E-08

1.76E-08

2.20E-11

9.60E-08

8.50E-09

5.60E-08

5.50E-05

1.76E-08

Time of max. cone.
Sec

196.1

103.35

429.2

116.4

160.2

64.9

96.45

69.5

56.7

78.2

86.3

71.03
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Table 2 Distribution of some fission product isotopes in regions around the reactor stack through time
intervals.

Region,m

Time, sec

0—90

90—150

150—300

300—600

600—1000

1000—2000

0—100

ulLa,"Mo,
97Nb,86Rb,ll7In
,13V49Sm,
mSn,137Cs

100--200

" ' L a ^ M o ,
97Nb,117In
H9Sm,123Sn
™Cs

!3!I,86Rb

85Kr

200--300

141La,"Mo,
97Nb,I17In,
149Sm,!23Sn

" S r ^ ' C s

131I,86Rb

S5Kr

300--400

!41La,"Mo,

117In,l49Sm

" S r ^ S n ,
97Nb

13!l,'6Rb

85Kr

400-500

149Sm

9 7Nb, n 7In,
123Sn

I3!I,86Rb

86Rb

85Kr

500—1km

14lLa,"Mo,
97Nb,U7In,
I49Sm

141La,"Mo,
"V49Sm,
123Sn

13II,86Rb

85Kr, l86Rb

1—5km

H ILa,1 3 II,
I23Sn,97Nb
17In

141La) '
31I,

I23Sn,97Nb
I7In

123Sn,86Rb
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ABSTRACT

The effect of beryllium interactions with fast neutrons is studied for Etrr_2
research reactors. Isotope build up inside beryllium blocks is calculated under
different irradiation times. A new model for the Etrr_2 research reactor is
designed using MCNP code to calculate the reactivity and flux change of the
reactor due to beryllium poison.

Key words: Research Reactors , Neutron Flux , Beryllium Blocks, Fast Neutrons and
Reactivity

INTRODUCTION

Beryllium irradiated by fast neutrons with energies in the range 0.7-20 Mev undergoes (n,a)
and (n,2n) reactions resulting in subsequent formation of the isotopes lithium (Li-6), tritium (H-3)
and helium (He-3 and He-4 ). Beryllium interacts with fast neutrons to produce 6He that decay
( T!/2 =0.8 s) to produce 6Li . 6Li interacts with neutron to produce tritium which suffer /? (T1/2

= 12.35 year) decay and converts to 3He which finally interact with neutron to produce tritium.
These processes some times defined as Beryllium poison.

Negative effect of this process are met whenever beryllium is used in a thermal reactor as a
reflector or moderator . Because of their large thermal neutron absorption cross sections , the
buildup of He-3 and Li-6 concentrations ,initiated by the Be(n,a) reaction , results in large
negative reactivities which alter the reactivity , flux and power distributions. The long term
accumulation of helium and tritium gases produces also a swelling effect which limits the life time
of beryllium blocks in the reactor0 -2)

A new model for the Etrr_2 research reactor was designed using MCNP code which is capable
of determining the reactivity of reactor with and without beryllium poison.

In the present paper the Beryllium poision is studied and investigated for Etrr_2 research
reactor , where beryllium is used as a reflector , the concentrations of Be , Li , H-3 and He-3 is
calculated and its negative implications on reactivity , flux and power distribution in the reactor
was determined.
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MATHEMATICAL MODELING

Much of interest are focused on beryllium which is used as a reflector in the research
reactor'3'4' . Bryllium irradiated by a fast neutron flux undergoes the subsequent isotope
transformations'" :

9Be(n,a) =6He (T1/2 =0.8 s )= 6Li

6Li (n,o) = 3H (1)

3H (T1/2 =12.35 y ) =3He

3He(n,p)=3H

The net effect is the production of 6Li , 3H , and 3He atoms and decreasing in
beryllium density. The number densities variation of Be , Li , He and H are described by
the following time dependent equations:

dNB. , x

-^=-NBe. (RR)Be

dN,
L - < V . (RR)Be-NL. (RR)Ldt '

•^=NL. (RR)L-XT.NT+NHe. (RR)He

He

The subscripts :Be , L, T abd He respectively refer to beryllium [Be] ,lithium [6Li]
, tritium [T], and helium [3He]. XT tritium decay constant = 1.78.10"9 sec1. (RR)X

stands for the isotope reaction rate for absorption at isotope x and is given by:

)(E, t)ax(E)dE (3)

The energy interval (Emin , EmM) covers the entire range of neutron energies in Be
matrix , beryllium reaction rate deponds only on the neutron flux magnitude above 0.7
Mev and the others { Li, T and He } on the thermal flux magnitude

After reactor shutdown the following equations applied to the system , tritium
decay and He-3 build-up
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dNHe •

dt T T

METHOD OF SOLUTION

The method of solution can be divided into two steps :

1- Calculations of the concentration of Be , Li , T and He3 with time by solving the system of
equation (2) during reactor operation and equation (4) during reactor shutdown. A computer
program was designed which use Runge Kutta method with constant time step of one day to solve
equation (2) and (4). To calculate the poisons concentrations. The beryllium blocks are exposed
to radiation up to 20 years , with reactor cycle { 19 days reactor operation and 3 days shutdown}
For this purpose beryllium blocks arround the reactor core are divided into six regions as shown
in figure 1. These regions divisions have similar flux values. The seven group flux are prepared
using MCNP code(5) and hence are used in solving equations 2 and 4.

2-Incorporate the new concentrations of beryllium poisons into MCNP model model for Etrr_2
reactor to determine the reactivity of the reactor with and without beryllium poisoning . For this
purpose A new and accurate model for Etrr_2 research reactor was designed with MCNP Monte
Carlo code, this model has the following feature :-

- Full hetrogeneous representation for fuel , control plate , second shutdown system , beryllium
Blocks and water channel
- The repeated structure capability of the MCNP code was used to represent 30 positions in the
core ( 29 fuel and 1 for cobalt irradiation unit) and every fuel element is represented by 19 fuel
plates with clad and coolant channel.

- The number of neutron histories used to run the MCNP input is l.lxlO6 neutron of them the first
100,000 neutron is used to develope the spatial fission spectrum and the next 106 neutron histories
were used to accumulate the results and calculate the required output.

- The data and composition of Etrr_2 reactor core can be found in reference [6]
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Figure 1 shows Etrr_2 reactor core and beryllium regions

Beryllium Regions: Be
Region 1: 1 row at the top of the core , 4 beryllium blocks
Region 2: 1 row at the bottom of the core , 4 berylliua blocks
Region 3: first column at core right , 8 beryllium blocks
Region 4: second column at core right , 8 beryllium blocks
Region 5: third colusn at core right , 8 beryllium blocks
Region 6: first column at core left , 8 beryllium blocks

Numbers 1 to 30 is fuel element positions
CR_l to CR_6 is the control rods positions
C.I. cobalt irradiation position

Be

Be

Be

Be

Be

Be

Be

553



RESULTS AND DISCUSSIONS

In this section three major areas are investigated:
(1) MCNP model validation and comparison with the design model .
(2)The isotope build up inside beryllium blocks i.e. Be , Li , T , and,He3 for every beryllium
regions
(3)The reactivity and thermal flux of the reactor with and without beryllium poison

(1) MCNP Code Validation:

Table 1 shows comparison between the excess reactivity [ cold no xenon] of the reactor core
for MCNP model and the design value(6)

Table 1 Comparison between MCNP and CITATION

Code

reactivity (pcm)

MCNP

8198.8

CITATION

8220

Figure 2a to 2e compare the flux mapping for CITATION [6] and the present MCNP model for
both thermal { E< 0.625 ev } and fast flux { E > 0.625 ev } for all 30 fuel elements and cobalt
position, the results show good agreement between the two codes.

XO.9
X

.2 0.6

Fuel element No.

Figure 2a n Thermal flux (CITATION) , A Thermal flux (MCNP)
O Fast flux (CITATION) , * FAST FLUX (MCNP)
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Figure 2b a Thermal flux (CITATION) , A Thermal flux (MCNP)
O Fast flux (CITATION) , * Fast flux (MCNP)
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Figure 2d n Thermal flux (CITATION) , A Thermal flux (MCNP)
O Fast flux (CITATION ) , * Fast flux (MCNP)
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Figure 2e a Thermal flux (CITATION) A Thermal flux MCNP
0 Fast flux (CITATION ) * Fast flux MCNP

(2) Isotope Build up Inside Beryllium Blocks:

Figure 3 shows the beryllium concentration at the six beryllium regions [ the regions is shown
in figure 1 ] . The results show that the interior beryllium blocks which are subjected to higher
neutron flux{ regions number 1 ,2,3 and 6, directly sourround the reactor core} shows the largest
beryllium reduction. While exterior beryllium which is not directly faced the reactor core (regions
4 and 5 ), is less affected, the maximum reduction in beryllium concentration is 3 % after 30 years
of irradiation.

Figure 4 shows Lithium concentrations through different regions of beryllium with time. Four
regions which directly faces the reactor core (regions No. 1,2,3 and 6) have greater 6Li depositions
than the outer regions ( regions 4 and 5). A typical results show that after 1 year for regions 3 ,
4 ,5 Li concentration is 0.118E-3 , 0.181E-4 , and 0.435E-5 (atom/barn.cm) which indicate that
Li decrease by a factor of 6.52 and 27.13 times between interior and exterior beryllium blocks.

Figure 5 shows tritium concentration through different beryllium regions. Interior regions
( No. 1, 2,3, and 6 ) have greater tritium concentration than exterior regions (regions no 4 and 5
). A typical results show that the concentration varies from regions 3, 4, and 5 (from interior to
outer ) by 0.126E-6 , 0.391E-8 and 0.221E-9 (atom/barn.cm)

Figure 6 shows He3 concentration through beryllium regions for both interior regions (No.
1,2,3 and 6) and exterior regions ( No 4 and 5) . The difference between 3He concentration for
regions 3, 4, and 5 is 0.237E-8 , 0.735E-10 and 0.415E-11 ( atom/barn.cm) which show that
decrease in He3 concentration from interior to exterior and interior blocks is more poisoned by 3He
than exterior blocks.
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Figure 7 illustrates the 7 group flux through different beryllium blocks. The upper energy
group boundaries is the the following in [ eV ]: 1.0E+07 , 8.21E+5 , 5.53E+03 , 4.0E+0 ,
6.25E-1 , 2.5E-1 , 5.8E-2. The group flux is calculated with MCNP code and are used to
calculated the isotope concentration through beryllium blocks [ equation 2 ] . The results indicate
that fast flux at 0.821 Mev for the interior regions is approximately 3xl013 n/cm2.s while for
regions 4 and 5 [ exterior ] is 8xlO12 and 2xlO12 . Flux variations through beryllium regions
explains the difference in isotope concentration through beryllium regions.
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Figure 7 neutron spectrum ( 7 group flux ) through beryllium
blocks
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(3) Reactivity of the Reactor With and Without Beryllium Poison

To study the effect of Li , and He3 buildup inside beryllium poison( tritium has negligable
neutron absorption cross section ) Table 2 shows the reactivity of the reactor with no beryllium
poison and with beryllium blocks poisoned with different 6Li concentration , the reactivity
decreases as 6Li concentration increases

Table 2 Reactor reactivity with beryllium poisoned with 6Li

Li (atom/barn.cm)

reactivity (pern)

no poison

8198.8

l.OE-6

8001.2

l.OE-5

7109.8

l.OE-4

4831

Table 3 shows the reactivity of the reactor with beryllium blocks poisoned with different
concentration of 3He. The results indicate that as the concentration of 3He increase inside beryllium
blocks the reactivity of the reactor decreases.

Table 3 Reactor reactivity with beryllium poisoned with 3He

3He atom/barn.cm

reactivity (pem)

no poison

8198.8

l.OE-7

8173.2

l.OE-6

7397.1

l.OE-5

5358

Figure 8 compare the thermal flux for fuel elements numbers 1 to 6 without beryllium poison
and with beryllium block poisoned with 6Li and 3He (the concentration of both lithium and helium
is l.OE-5 atoms/barn.cm ). The results indicates that the thermal flux decreases [ and hence the
power also decreases ] with beryllium poisoned.

CONCLUSIONS

- beryllium blocks is poisoned by 6Li , T and 3He which have large absorption neutron cross
section. The concentration increase with time and the interior blocks is more poisons than the
outer.

- The production of Li , T and He3 inside beryllium blocks results in decrease the reactivity and
thermal flux of the reactor
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ABSTRACT EG0100054

Mossbauer effect technique has been used for the study of magnetic properties of
spinel series Nii.xCu,MnyFej.yO4 with 0.0<x<1.0, and y=0.6. The substitution of Mn3+

and Cu2+ ions results in a slight decrease of hyperflne field at B- as well as A- sites.
Area ratio of Fe3+ ions at A- and B- site at 77K indicates that Cu2+, Ni2+ and Mn3+ ions
occupy the octahedral sites in an evidence for complete inverse spinel in this system.
The temperature dependence of the hyperfine parameters has been studied for
composition with x=0.5 where Neel point TN and Debye temperature 6D are found to
be 650K and 679K respectively. The sublattice magnetization a(T) obeys a one-third-
power law in the range 0.5<T/TN<0.99.

Key Words: Mossbauer effect/Debye temperature /one-third-power law

INTRODUCTION

The oxidic copper-manganese spinels and especially the compound CuMn2O4 has been the subject of a
large number of papers. Interesting physical and crystallographic properties were expected in view of
the presence of two kinds of Jahn-Teller ions in these materials, i.e. Mn3+ and Cu2+. However, the
crystal structure, the cation distribution among octahedral and tetrahedral sites and especially the
valences of copper and manganese still seem to be controversial. Miyahara (1) proposed the formula
Cu2+ [Mn2

3+]O4 supposing that the local distortion caused by the octahedral Mn3+ and tetrahedral Cu2+

compensate each other, which results in a macroscopic cubic structure. On the other hand, the'
NiFe2O4 ferrite is an inverse spinel, with a stronger preference of Ni2+ for octahedral site. Several
studies have been made using the Mossbauer effect (ME) technique on the manganese ferrites and
related compounds (2'3\
The aim of the present work is to understand the role of the transition metal cations Ni2+, Cu2+, Mn3+

and Fe3+ and to distinguish their distribution in the spinel structure by study the ME spectra at different
temperatures for the mixed Nij.xCUxFe1.4Mno.gO4 ferrite.

EXPERIMENTAL DETAILS

Six polycrystalline samples of the studied compounds are prepared by solid state reactions using
Fe2O3) NiO, CuO, and Mn2O3 (with purity £ 99.99%) as starting materials. The mixture of the oxide
powders is prefired at (950-1100°C) depending on the CuO content, for 72 hours. The product is
reground and fired again at the same condition to improve homogeneity. The final powders are
pressed into pellets and sintered at (1000-1200°C) for 8 hours, then slowly cooled to room temperature.
X-ray powder diffraction measurements are obtained using Co K^ radiation and their analysis showed
that the products are single phases. The ME spectra of the samples are recorded with a time mode
spectrometer, using a constant acceleration drive and a personal computer analyzer (PCA II-card with
1024 channel). The source is i7Co in Rh matrix with an initial activity 50 mCi. Metallic iron spectrum
is used for the calibration of both observed velocities and hyperfme magnetic fields. The absorber
thickness is approximately 10 mg/cm2 of natural iron. Measurements as a function of temperature are
made using Oxford liquid-nitrogen cryostat Model (DN1726) with temperature controller Model
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ITC502 and variable temperature oven with temperature controller VF100. In the low and high
temperature measurements, the temperature were maintained constant to ±0.1K and the vacuum was
better than 2x10'5 mm of Hg using a turbo molecular pump Model (BH2-60). Spectra were analyzed
with a computer program (Mos-90)(4). The areas of both tetrahedral and octahedral subspectra of the
Fe3+ were used for determination of cation distribution for each composition.

RESULTS AND DISCUSSION

Results of indexing and refinement of these patterns indicated the presence of a single-phase cubic
structure. The variation of the lattice parameter a with the compositional parameter x is given in
Table 1, where a is found to icrease with increasing Cu concentration. This is due to the fact that
Pauling ionic radius of Cu2+ (0.72A) is greater than that of Ni2+ (0.69A).

Table 1 Lattice parameters a Nii_xCuxFe].4Mn0.6O4 samples.

X

0.00
0.25
0.50
0.75
1.00

Lattice constant a (A)
8.3397±0.0039
8.3563±0.0021
8.3734±0.0053
8.4087±0.0013
8.4449±0.0012

The ME spectra at 293K and 77K of Nii.xCuxFe[^Mno^CX, are shown in Figs. 2 and 3. These
figures show a resolved ME spectra, which are analyzed into two Zeeman sextets due to ferric ions at
A- and B- sites. This is done using a computer program based on N-sextets theory, which builds its
theory curve from N magnetic sextets of Lorentzians (4). For NiFe2O4 sample the ME spectrum [Fig. 1]
analyzed with equal area of both A- and B-subspectra giving rise to a cation distribution as
Fe3+[Ni2+Fe3+]O4 in agreement with most reported literature (5). The area ratio [A/B] deduced from the
ME spectra for Nii.xCuxFe, 4Mno.e04 compounds at 77K [Fig. 2] is found to be almost 2.5 as given in
Table 2. This means that at x=0.0 the Mn3+ ions is occupying the B-sites as; Fe[NiFe0.4Mn0.6]O4. By
introducing Cu2+ in the unit cell replaces Ni2+ ions at B-sites as; Fe[Nii_x CuxFe0.4Mn0.6]O4.

Table 2 The area ratio [A/B] for Nii_xCuxFei.4Mn0.6O4 spinel ferrites

X

0.00
0.25
0.50
0.75
1.00

Area ratio [A/B]
293K
4.550
4.035
5.159
6.274
3.419

77K
2.249
2.306
2.973
2.621
3.101

The area ratio deduced from ME spectra at 293K has a deviation from that obtained at 77K
especially at (x=0.5 and 0.75) as seen in Table 2. One of the possible explanations of this deviation is
that Mn3+ ion can be found at 293K as; 2Mn3+oMn2++Mn4+ at B-site <6). This means that iron ions at
this site have a little change of environments at 293K than the well ordered state of iron ions at 77K
which affects the interactions between iron ions at B-site. This results in a small decrease in the area
of the B-sublattice and an increase of the area ratio with copper content as seen in Table 2.
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The quadrupole splitting (QS) is zero within the experimental error for all the spectra at 293K and
77K as seen in Table 3. This might be explained by the presence of chemical disorder in spinel
structure will produce an electric field gradient (EFG) of varying magnitude, direction, sign and
symmetry and a resulting distribution in the QS. In other words the EFG at S7Fe nucleus arises from the
asymmetrical charge distribution surrounding the ion. However, since a Fe3+ ion has a half-filled 3d-
shell (3d5), the EFG in this case can arise only from an asymmetric charge distribution surrounding the
iron ion. In a cubic system having Fe3+ at both A- and B-sites, the A-site shows a quadrupole splitting
due to the asymmetric charge distribution from the twelve B-neighbors. Where, Fe3+ ion at B-site has
trigonal symmetry and therefore B-sublattice exhibits an electric field gradient with its principal
component V a along the [111] direction. This EFG may arise from, departure of the six nearest anion
neighbors from their ideal octahedral symmetry and, the non-spherical distribution of charges on the
next nearest cation and anion neighbors of the B-site. Because of the overall cubic symmetry of the
spinel ferrite and randomness of chemical disorder, there will be equal probability for small QS of
opposite signs. Hence the centers of the Zeeman lines will not change, and consequently there will be
no net observable of QS. For ME spectra recorded at different temperatures for Nio.5Cuo.5FeL4Mno.6O4
sample [Fig. 3] there is no QS observed at low temperatures (within the experimental error).

Table 3 The QS values for Ni1.xCuxFe1.4Mno.6O4 ferrites

X

0.00
0.25
0.50
0.75
1.00
error

QS (B) [mm/s]
293K
0.074
0.063
0.054
-0.021
-0.004
±0.002

77K
0.054
0.087
0.010
0.085
0.065

±0.002

QS (A) [mm/s]
293K
0.007
0.002
-0.010
-0.020
0.003

77K
-0.001
-0.009
-0.020
-0.009
-0.008

±0.002 ]_±0;002

The isomer shift of Fe3+ ion at the tetrahedral site, IS(A), and at the octahedral site IS(B), in the Cu2+

substituted nickel-manganese ferrite showed no significant changes with changes in Cu
concentration. The average value of the isomer shift at A- and B- sites at 293K as given in Table 4 are
around 0.40+0.002 and 0.53±0.002 mms"1 respectively.

Table 4 The IS values for Ni1.xCuxFei.4Mn0.6O4 compounds.

X

0.00
0.25
0.50
0.75
1.00
error

IS (B) [mm/s]
293K
0.298
0.303
0.280
0.296
0.336
±0.02

77K
0.525
0.497
0.565
0.511
0.445
±0.02

IS (A) [mm/s] „
293K
0.199
0.207
0.219
0.201
0.216
±0.02

77K
0.422
0.392
0.402
0.408
0.429
±0.02

At 77K the average value of the isomer shift at A- and B-sites are 0.47±0.002 and 0.60±0.002 mms'1

respectively. The insignificant variation of the isomer shift with respect to Cu2+ concentration
indicates that the ^-electrons density at the Fe3+ nucleus is not affected by Cu2+ substitution. The
variation of IS with temperature for the compound with x=0.5 is linear as shown in Fig. 4a. The values
of the isomer shift at A- and B-sites show that the iron is in the ferric state (7). The recoilless fraction, /
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(measured as the area (A) under the resonance curve for a fixed counting time), can be related to the
Debye lattice temperature, 8D,(9) by the relationship

CO

E

O

-0.2

250 450

T(K)

650 250 450

T(K)

650 250 450

T(K)

650

Fig. 4 a- QS for Nifl.5Cuo.5Fe1.4Mno.6O4 compound as a function of temperature
b- Least-squares fit of the variation of isomer shift for Nij.xCuxFej.4Mno.6O4
c- Least-squares fit of the temperature variation of the recoilles fraction of

Ni1.xCuxFej.4Mno.6O4 spinels

Xa,A)= exp[-6ErT/(k92
D)]=exp[-3ErT/( M ^ 2 k02

D)]
This leads to the following expression for the Debye temperature:
GD =[3EV( Menc2 k)]1/2(-ainA/5T)1/2

A plot of lnA versus T is shown in Fig. 4b. A least-squares fit results in one straight line in the same
temperature region as found for the isomer shift data with linear regression -0.7xlO~\ from which
Debye temperature is found to be 679K for this sample.

The values of hyperfine magnetic field Hhf at 293K and 77K are given in Table 5 for various copper
concentrations. As in other ferrites the sextet with the larger Hhf is due to the octahedral (B-site) iron
ions and the pattern with the smaller Hhf arises from iron at the tetrahedral (A-site).

Table 5 The hyperfme field values for Ni1.xCuxFe1.4Mno.6O4 samples.

X

0.00
0.25
0.50
0.75
1.00
error

HhfB (kOe)
293K
507
501
494
489
480
±2

77K
539
535
533
531
527
±2

HhfA(kOe)
293K ;
478
473
470
465
459
±2

- 77K
506
505
506
504
505
±2

The smaller A-site field is primarily due to a larger covalency and therefore due to a greater degree of
spin delocalization at the A-site. At 293K the hyperfine magnetic field decreases with increasing of
Cu concentration x in Ni1.xCuxFeL4Mno.6O4 spinels. This is true for both of A- and B-sites at 293K.
But at 77K the decrease is only for B-site, while A-site has no significant changes_with x. The
decrease in the value of Hi,r with x can be explained in basis of Neel's molecular field theory and
supertransferred hyperfine field mechanism. The super- transferred hyperfme field at Fe3+ ion at the B-
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site is due to spin transfer from the cf-orbitals of the nearest-neighbor cations (i.e. those belonging to
the B-sublattice) through the ligand anions to the 5-orbitals of the FeA

3+ ion under consideration. Thus
the supertransferred field at the A-site will depend on the magnetic moment of the B-site. In NiFe2O4
the Ni2+ ions prefer the B-sites so, introduction of Cu2+ at B-site in place of Ni2+ in Ni|.
xCuxFei.4Mn0.6O4 will reduce the magnetization MB, this in turn, reduces the supertransferred hyperfine
field at the A-site. The values obtained for the hyperfine field for both A- and B-sites from the ME
spectra of Nio.5Cuo.5Fe14Mno.6O4 sample at different temperatures [Fig. 3] are plotted against the
temperature T/TN as shown in Fig. 5a. The hyperfine field H(o) is estimated by extrapolations of this
H(T) versus T/TN to absolute zero. The values of the determined hyperfine magnetic fields [H(T)/H(o)]
for A- and B-sites versus T/TN is plotted in Fig. 5b for this compound. Good agreement is obtained for
the reduced hyperfine magnetic field versus T/TN plot of this sample with Brilloun function Bs=5/2,
reflecting the same spin state for the iron situated in the two sites. The relative sublattice magnetization
as a function of temperature T has been found both in various theories (I0 'n) and experimentally (12>13> to
follow the equation
crs(T)/as(T)=D[l-CI7rN)]p

Where as(T) is the sublattice magnetization at a given temperature. In Fig. 5c the internal field
H(T)/H(0) versus [1-(T/TN)] for Nii_xCuxFeA104 spinel ferrites is plotted on a double logarithmic
scale. These plots are straight lines in the range 0.5<T/TN<0.99. Here, the upper bound is determined
by the resolution of spectra in the experiment. The values of the exponent p obtained from the
logarithmic plots are 0.323 for A-site and 0.311 for B-site, which quite close to 1/3. The error in (3 is
±0.005, which comes from the experimental uncertainties in the measurements of the temperature and
the internal field. The analysis of ME data showed that the one - third power law(13), which describes
sublattice magnetization at T/ TN>0.5 is valid for the studied compositions.
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ABSTRACT

Thermal-hydraulic and neutronic studies were performed to assess the
safety of irradiation of CANDU type fue! bundle in the High Pressure Test
Loop, HPTL of the Second Egyptian Research Reactor, ET-RR-2. The main
safety criteria considered are; the Departure from Nucleate Boiling Ratio,
DNBR, the fuel melting point, and the surface boiling on the cladding.

Thermal hydraulic analysis was performed using sub-channel analysis
technique in COBRA-IIIC code. One sixth of the CANDU fuel bundle was
taken to simulate the thermal hydraulic behavior of the fuel bundle. Neutronic
calculations were performed to estimate the power generated in the
irradiation module of the HPTL as a function of fuel enrichment. The total
neutron flux in the reactor core and in the irradiation module of HPTL were
calculated by using the WIMSD4 code and DIXY2 code. The HPTL is
designed to dissipate maximum power of 500 kW. It was found that this power
is generated from CANDU type fuel of enrichment 4% irradiated at reactor
full power of 22 Mw.

Safety criteria of the irradiated CANDU type fuel element were assessed at
various operating conditions. It was concluded that, CANDU type fuel element
could not be irradiated safely in the HPTL with power generated in the
irradiated bundle of 500 kW under maximum HPTL operating conditions or
under CANDU Nuclear Power Plant operating conditions. Various operating
conditions were suggested to avoid surface boiling at cladding surface. The
first option is to increase the coolant flow rate to 16 liter/sec,t>r more, instead
of 6 liter/sec. The second option is to limit the maximum power generated in
the irradiated fuel element to 200 kW instead of 500 kW. The third option is to
decrease the inlet coolant temperature to 250 °C instead of 300 °C.

Key words; Egyptian Second Research Reactor (ET-RR-2), High-Pressure Test
Loop (HPTL), Departure Nucleate Boiling Ratio (DNBR), loop power
generation.
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INTRODUCTION

At 27 November 1997, the second Egyptian research reactor, ET-RR-2, at Inshass
site went critical, and it reached the full power of 22MW on 11 March 1998. The reactor is an
open pool, Material Testing Reactor, MTR, type. The core is cooled by upward flow forced
circulation of light water. The fuel elements are boxes (8 cmx8 cm) with 19-plane fuel plate
each one. The fuel plate consists of meat of about 20% enrichment U3Og powder dispersed in
Al- matrix. The core is reflected by water and beryllium boxes. The core configuration is a
5x6 array with six fixed positions for control and shutdown rods. The control rods are Ag-In-
Cd alloy with stainless steel cladding. The core has a second shutdown system consists of four
chambers around the core, Gadolinium solution is injected in them in oder to shut down the
reactor in case of unavailability of the first shutdown system and in seismic condition. The
core is located inside a rectangular shaped chimney, open at its upper end, which extends
3.455 meter above core. A full description of ET-RR-2 is provided in the ET-RR-2 Safety
Analysis Report (SAR) [1].

The reactor is equipped with High-Pressure Test Loop, HPTL, submerged in the
reactor pool. The HPTL is designed with irradiation module to be used for irradiation of
different arrays of fuel elements. The heat generated in the irradiation module is transferred to
the secondary cooling system of the reactor via intermediate cooling circuit.

The objective of the HPTL is to carry out experiments to study the mechanical,
thermal-hydraulic, and metallurgical behavior of tested fuel rods under irradiation conditions
at high pressure and temperature simulating the operating conditions of nuclear power plants.

To assess the safety of irradiation of fuel bundle in the HPTL, the following safety
criteria should be considered [2,3];
*The fuel centerline temperature shall not exceed the melting point of the irradiated fuel.
*The loop is designed to operate under single- phase flow. No boiling is permitted to occur on
the surface of the test fuel cladding.
T h e Critical Heat Flux Ratio, CHFR, or Departure from Nucleate Boiling Ratio, DNBR,
should be greater than 2.

These safety design criteria should be assessed for the loop operation for each
specific fuel before giving the operation licensing of the HPTL for such experiment. This
work is concerning with safety evaluation of CANDU type fuel element, as an example of
irradiated fuel in HPTL. One of the important parameters in the safety ̂ valuation of the HPTL
is the power generated in the irradiation module. This power should not exceed the maximum
design power that the loop can dissipate, which is 500 kW [2].

In the present work neutronic calculations were performed, also, for CANDU type
fuel element with different U-235 enrichment, starting from 0.7 till 10%, to estimate the
power generated from fuel bundle at normal operating conditions of ET-RR-2. Thermo-
hydraulic sub-channel analysis technique is used to assess the thenno-hydraulic safety criteria
of the CANDU fuel element. One of the goals of the analysis is to obtain the maximum
permissible power for safe operation of the HPTL and the corresponding U-235 enrichment
that generates this power.

Two operational conditions of the HPTL were considered. The first case represents
the maximum operational condition of the HPTL. The second case simulates the operating
conditions of CANDU nuclear power plant, 600 MW [4].
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DESCRIPTION OF THE HPTL

The high-pressure test loop, HPTL, is designed to dissipate 500 kW [5]. The loop
consists of; irradiation module, loop primary cooling system, passive residual heat removal
system, high pressure emergency injection systems land 2, low pressure emergency injection
systems 1 and 2, feed and bleed system, intermediate cooling system.

The irradiation module is U-shaped structure that include the high-pressure capsule
in one of its legs. The capsule has free space of 103.4 mm diameter by 400 mm long to
accommodate the test fuel. The irradiation module occupies the position of nine reflector
boxes in the irradiation grid located outside the core chimney. The irradiation grid of ET-RR-
2 with the location of the irradiation module of the HPTL is shown in figure 1. The center of
the experimental region is at the same height as the center of the core to maximize the neutron
flux. The expected neutron flux is 8.0E+13 n/cm2.sec. The irradiation module pipe as well as
the whole primary circuit piping is surrounded with outer pipe maintains an air jacket to
isolate thermally the primary circuit from the pool.

The HPTL primary cooling system is designed to circulate 6 liters per second of light
water at a maximum pressure of 134 bar and at a temperature range between 300 and 320 °C.
The primary circuit pressure control is achieved by a feed and bleed method. The feed and
bleed method is applied by permanent drain of certain amount of water from one point of the
circuit while injecting a controlled flow into another point so as to maintain the desired
pressure level. The feed and bleed system includes an expansion tank designed to damp
primary pressure changes.

The passive residual heat removal system is submerged in the reactor pool; it operates
by natural circulation to remove the decay heat from the test fuel to the reactor pool. Its
nominal capacity exceeds 50 kW, which represents 10% of the loop maximum heat capacity.

The high pressure and low-pressure emergency injections systems are provided to
inject water to the loop in case of loss of coolant accident of the loop.

The intermediate cooling circuit transfers the heat from the loop primary cooling
system to the secondary cooling system and then to the reactor cooling tower.

CALCULATIONAL METHOD

The main goal of the thermo-hydraulic calculation is to estimate the thermo-hydraulic
performance of the CANDU type fuel element irradiated in the HPTL. Meanwhile the
neutronic calculation estimates the power generated and neutron flux in the CANDU type fuel
element with different enrichment with the reactor operating at full power.

Thermo-hydraulic calculations were performed using sub-channel analysis technique,
as in COBRA code [5,6], Mixing of both mass and enthalpy between coolant sub-channels
was considered in the equations of conservation of mass, energy, axial and transfers
momentum for each sub-channel. These equations were solved simultaneously using finite
difference technique with iteration procedure to fulfill the boundary conditions of the fuel
bundle.

The fuel element considered is a CANDU type fuel element with 37 rod. Typical
specifications and operating conditions for 600 MW CANDU nuclear power plant is given in
reference [4]. For symmetry and simplicity of the analysis only one sixth of symmetry of the
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bundle is taken, as shown in figure 2. Ten sub-channels and seven rods were chosen to
perform the analysis. A test fuel CANDU bundle type of dimension, 0.495 m length and
0.102 m diameter is placed in the capsule of the HPTL of useful free space of 0.5 m length
and 0.1034 m diameter.

Neutronic calculations were started by transport calculations of the tested fuel using
multi-cell option in the WIMS-D4 code [7]. In this calculations the multi-group microscopic
cross- section was created to be used in the diffusion calculation. Five-group macroscopic
cross sections at different 235U enrichment were used as apart of the input data of the two-
dimension diffusion calculation of the ET-RR-2 reactor core and the submerged HPTL.
DIXY-2 code [8] solves the two-dimensional multi-group diffusion equation to calculate the
multiplication factor, the few-group neutron flux, and the reaction rate.

The Analysis was made for CANDU type fuel element with different UO2
enrichments (0.7,2,4,5,6,8, and 10%). The UO2 density is taken 10.5 gm/cm3. The cladding
material used is Zr-4. The coolant and moderator are light water. The water density was
considered constant that means than no voids in the HPTL was considered in the neutronic
analysis.

RESULTS AND DISCUSSION

The thermal-hydraulic analyses were made to assess the safety of the HPTL and the
reactor during the irradiation of CANDU type fuel element under two operating cases. The
first case represents irradiation under design operating conditions of HPTL which is; inlet
pressure of 134 bar (1970 psia), inlet temperature of 300 °C (572 °F) and power generation in
the irradiated fuel of 500 kW. The second case represents irradiation under typical CANDU
nuclear power plant operating condition, which is; inlet pressure of 113.4 bar (1640 psia),
inlet temperature of 266 °C (512 °F) and power generation in the irradiated fuel of 500 kW.

Thermal-hydraulic calculation was performed using COBRA-IIIC Code. To prepare
the input data for COBRA calculation, one-sixth section of symmetry of CANDU type fuel
element was chosen to carry out the calculations .The section of symmetry consists often
coolant sub-channels and seven fuel rods, as shown in figure 2. Axial sinusoidal power
distribution with power factor of 1.7 and uniform radial power distribution was considered in
the analysis. The critical heat flux correlation of Westinghouse [9] was used to estimate the
critical bundle conditions.

For the first case the value of Departure from Nucleate Boiling Ratio, DNBR, which
is the ratio between the critical heat flux to the local heat flux, was calculated axially for all
fuel rods in the section of symmetry. Summary of Minimum Departure Nucleate Boiling
Ratio, MDNBR values along the axial direction from the bottom was given in table 1. From
this table it was found that a minimum value of DNBR occurs at rod 1 and channel 1, so we
consider them for analysis to represent the hottest channel.
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Table. 1 Place of MDNBR value along the channels and rods of the section for case 1

Relative Axial Distance (Z/L)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

MDNBR

7.15
5.40
4.46
3.82
3.37
3.12
2.97
2.93
3.04
3.36

Rod

6
6
7
2
4
4
2
1
1
1

Channel

9
9
9
3
3
3
1
1
1
1

Figure 3, represents the axial distribution of DNBR along the fuel rod 1. The
minimum value of DNBR was found to be 4.28, at relative axial distance of 0.8 from the
bottom, which is greater than the safety design criteria of 2.

The axial temperature distribution of; fuel centerline, cladding surface, bulk coolant
and saturation temperature for case 1 were presented in figure 4 for channel 1 and rod 1. The
maximum fuel centerline temperature was found to be 896 °C, which is far below the fuel
melting temperature, which exceeds 2500 °C.

It is clear from the same figure that the cladding surface temperature exceeds the
saturation temperature of the coolant at the hottest channel (rod 1 and channel 1) starting from
a relative axial distance Z/L of 0.2. Boiling is not permitted to occur at the cladding surface,
so this represents violation of the safety criteria.

For the second calculation case, which simulates the operating conditions of CANDU
nuclear power plant, summary of the results of MDNBR calculation for the section is given in
table 2. The results showed that MDNBR occurs in channel 1 and rod 1 (hottest channel),
similar to the first case. The axial distribution of DNBR for the hottest channel for case land
2 is shown in figure 3. The values of DNBR for the second case are more than that for the
first case along the channel, this means that case 2 is safer than case 1, with respect to DNBR
criteria. However, figure 5 shows that, the cladding surface temperature exceeds the
saturation temperature of the coolant, which represents a violation of the safety criteria also.
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Table. 2 Place of MDNBR value along the channels and rods of the section for case 2

Relative Axial Distance (Z/L)

0.1
0.2
0.3
0.4
0.5
0.6
0.7
0.8
0.9
1.0

MDNBR

9.28
7.01
5.83
5.11
4.61
4.57
4.38
4.37
5.08
6.21

Rod

7
7
7
3
4
3
4
I
1
1

Channel

9
9
9
3
3
3
3
1
1
1

From the results of cases 1 and 2, it is concluded that irradiation of CANDU type fuel
bundle at ET-RR-2 normal operating conditions violates the safety criteria of no boiling at the
cladding surface.

To obtain the safe operating condition that fulfills the safety criterion of no boiling at
cladding surface, various options were considered. The first option is to increase the coolant
mass flow rate through the irradiated bundle with maintaining the inlet pressure, inlet
temperature, and the heat generated in the bundle to 134 bar, 300°C, and 500 kW respectively.
Figure 6 shows the maximum cladding surface temperature as a function of coolant flow rate
for this option. From this figure, it is clear that the coolant flow rate of 16 liter/sec or more
gives maximum cladding surface temperature less than the saturation temperature of the
coolant. So, the safety criterion of no boiling at cladding surface is achieved.

In the second option the power generated from the bundle is decreased with
maintaining the coolant flow rate of 6 liter/sec, inlet temperature of 300 "C, and inlet pressure
of 134 bar. Figure 7 shows the maximum cladding surface temperature of the hottest channel
as a function of power generated from the CANDU bundle. From this figure it is clear that the
heat generated from the irradiated bundle should be limited to 200 Kw to fulfill the safety
criterion of no boiling at the fuel-cladding surface

The axial fuel centerline, cladding surface and bulk coolant temperatures along the
hottest channel for the case of power generation of 200 kW is shown in figure 8. In this case
the maximum cladding surface temperature is below above the coolant saturation temperature
corresponding to the operating pressure. The DNBR is more than 10 along the channels,
which is far from the critical conditions. The maximum fuel centerline temperature is 535°C,
which is less than fuel melting temperature.

The third option is to decrease the inlet temperature to the bundle. A trial and error
analysis were performed to find the maximum inlet temperature to the bundle with which
surface boiling will not occur on the cladding surface. It was found that, with maximum
HPTL operating condition, the inlet temperature to the bundle should be less than 250°C. In
such case the maximum cladding surface temperature is 332.75°C, which is just below the
saturation temperature corresponding to 134 bar of 334°C.

The forth option is to increase the operating pressure of the loop. From steam tables,
the saturation temperature corresponding to the critical pressure, 220.88 bar, is 374.13°C,
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which is nearly equal to the maximum cladding surface temperature of case 1, figure 4. So
increasing the operating pressure of the loop is useless for avoiding the surface boiling.

Neutronic calculations were performed using DIXY2 code, to obtain the power
generated from CANDU type fuel element during its irradiation in the HPTL. The ET-RR-2
reactor core with HPTL was considered a heterogeneous system, and the ET-RR-2 reactor
power was taken as 22MW. Calculation was repeated several times, to obtain the power
generated in the HPTL corresponding to each 235Uenrichment, and also the total neutron flux
in the HPTL area.

Figure 9 presents the total flux in the reactor core and the HPTL at different test fuel
element enrichments. The ratio between the total flux in the core and the HPTL is given in
table 3 for different UO2 enrichment. One can see that, the average value of the above ratios is
nearly around 10, which is comparable with the vendor's value [2J.

Table. 3 the ratio of total neutron flux in core to HPTL

Fuel Enrichment %

0.7
2.0
4.0
5.0
6.0
8.0
10.0

Total neutron flux ratio

11.08
10.02
9.40
9.22
9.08
8.86
8.71

Figure 10 shows that the generated power from the CANDU type test fuel in the
HPTL as a function of 235U enrichment. One can see that 500 kW power is generated in case
of 4% fuel enrichment, and 250 kW corresponds to power generated from natural uranium
fuel irradiated in the HPTL.

CONCLUSION

It was concluded that, CANDU type fuel element could not be irradiated safely in the
HPTL (under maximum loop operating conditions or under CANDU nuclear power plant
operating conditions) with power generated in the irradiation module of 500 kW, since
boiling will occur on the cladding surface.

To avoid occurrence of boiling on the cladding surface various options were
considered. The first option is to increase the coolant flow rate to 16 liter/sec or more
instead of 6 liter/sec. The second option is to limit the generated power from the
irradiated CANDU bundle to 200 kW instead of 500 kW. The third option is to decrease
the inlet temperature to the bundle, to 250 °C instead of 300 °C.
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Abstract

Storing of spent fuel from Test Reactor in developing countries has become a big dilemma for the
following reasons:

• the transportation of spent fuel is very expensive.
• there is no reprocessing plants in most developing countries.
• the expanding of existing storage facilities in reactor building require experience that most of

developing countries lack.
• some political motivations from Nuclear Developed countries intervene which makes the

transportation procedures and logistics to those countries difficult.

This paper gives the conceptual design of a new spent fuel storage now under construction at
Inshass research reactor (ET-RR-1). The location of the new storage facility is chosen to be within
the premises of the reactor facility so that both reactor and the new storage are one Material
Balance Area.

The paper also proposes some ideas that can enhance the transportation and storage of spent fuel
of test reactors, such as:

• Intensifying the role of IAEA in helping countries to get rid of the spent fuel.
• The initiation of regional spent fuel storage facilities in some developing countries

INTRODUCTION:

Developing countries face the problem of getting rid of the spent fuel from
their research reactors. When this spent fuel is under international safeguards it
was thought that tills problem could be solved easily with the help of
international organizations, but the problem in fact remains difficult as such.
Ways of solving the problem of accumulation of spent fuel from research
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reactors in developing countries can be:

• Transportation of fuel outsides the country,
• Reprocessing of spent fuel, or,
• Expanding the capacity of existing storage facilities in reactor building.

Developing countries find it difficult, perhaps not feasible to-build or
procure reprocessing facilities. Besides the fact these facilities are expensive,
the reprocessing of fuel imply other problems such as getting rid of fission
products and generally radiation hazardous materials.

The transportation of spent fuel from developing countries to other countries
having repfocessing plants or big storage facilities is very expensive and the
cost of transportation may exceed the value of the transported fuel.

Political motivations sometimes intervene which makes the procedures and
logistics for the transportation or reprocessing of spent fuel in developing
countries really difficult.

Expanding the storage capacity of spent fuel at the reactor site is by far the
most feasible and quick solution of the problem. However, increasing the
storage capacity for spent fuel require experience that most of developing
countries lack.

This paper gives an insight of how the reactor department at Inshass Nuclear
Research Center solved the problem of accumulation of spent fuel from ET-
RJR- 1 research reactor.

In 1997 a contract was signed between KFKI in Budapest, Hungary to design
and construct, in collaboration with the Egyptian Reactors Department, a new
spent fuel storage facility to be built within the premises of the research
reactor. The fulfillment of such a project is a manifestation of cooperation
between Egypt and Hungary in constructing such a storage facility.
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The paper proposes also some ideas that can enhance the transportation and
storage of spent fuel of test reactors in developing countries.

2. The New Spent Fuel Storage Facility at ET-RR-1 Research Reactor
This section describes briefly the conceptual design of the new storage facility
at the ET-RR-1 reactor, and reviews the engineering safety features of the
storage facility.

2.1.Design Concept:
Since the start of operation of ETRR-1 test reactor in 1961 the spent fuel was
stored in the old storage affiliated with the reactor facility. Nearly after forty
years the problem of accumulated spent fuel became serious and a new storage
had to be built. It was decided to construct a new fuel storage facility (NSF) to
be within the premises of the reactor facility and as close as possible to the old
storage. Figures 1 &2 show the location and the layout arrangement of NFS.
The design concept justifies simple and safe handling of the transporting cask
during loading from old storage, during unloading in the NFS and also during
shipment of spent fuel outside the ETRR-1 reactor facility.

The design concept takes into consideration the accommodation of all
inventory of fuel of the type (EK- 10) owned by the operator. Provisions are
made in the design to accommodate also in future spent fuel of enrichment up
to 20%. The total capacity of the fuel storage is for 176 fuel bundles. The
storage grid lattice is a square array with pitch of 180 mm. This maintains
enough subcriticality in the storage system (KeJj- > 0.95).

The new fuel storage tank is illustrated in Fig.3. It consists of a double layer
stainless steel tank with a 15 mm. air gap between the layers. The stainless
steel is of type 316L, thickness 8 mm. for the outer layer and 4 mm. for the
inner layer. The inner layer acts as liner of a less permeable ordinary concrete
structure of thickness 950mm. The height of the tank is 4,3 meters. The
demineralised Water volume is 30 m3. The storage tank is covered with
concrete slabs.
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2.2. Engineering Safety Features
All materials in contact with the pool water are compatible with the pool water
or effectively protected against undue degradation or corrosion.

2.2.1 Service Water Supply System
The function of the system is to provide water for the initial filling and make-
up water of the storage tank. The service water makeup is carried out from the
feed water tanks located in the Reactor Hall. Emergency feed is done from the
demineralised water line, located in the demineraliser room. If the water level
reaches the low-level limit, the replenishing of the Tank is started
automatically. The filling of the tank continues until the level regulator
switches replenishing off. Minimum and maximum water levels in the storage
tank are 3700 mm and 3930 mm respectively. The storage tank, the storage
tank pit and the pump pit are drained into the special drainage that guides the
active water to the septic tank, located in the yard, as shown Fig. 1.

The design includes the capability to purify the pool water. A mobile ion
exchange unit located next to the pump pit can be linked to the water
circulating system. The Flow Chart of the technological water Supply System
is illustrated in Fig.4.

2.2.2 Water quality control.
The objective of water quality control is to maintain the conditions that
minimize the corrosion of spent fuel and the pool components, control
concentration of radioisotopes in the storage water and guarantee the clarity of
storage water.
The parameters considered for monitoring to minimize the risks of cladding
degradation are: pH, conductivity, chemical composition, and activity of water.
Maintaining these parameters within prescribed limits, there is no foreseeable
degradation process that will cause unacceptable cladding failure.

2.2.3. Ventilation system
The main goals of the ventilation system:
- To provide fresh air to the Storage Hall, with temperature and humidity

equal to the air in the Reactor Hall.
- To remove the air which can be contaminated from the Storage Hall and the

space of the Storage Tank.
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- To prevent spreading of possibly contaminated air from the technological
systems of the Storage Hall.

- Cooling of pool surface

The exhaust system of the Storage Hall primarily ensures the exhaust from the
Storage Hall. The storage Hall air supply system ensures air replacement of the
Storage Tank air volume.
The exhaust system of the Storage Tank ensures air exhaust from the -storage
pool. An air sampling stub fitted with ball valve is available on the line . All
the three systems are running in continuous operation.
The Flow Chart of the Storage Hall and Storage Tank ventilation system is
shown on Fig. 5.

Fig. 6 illustrates the storage hall cross section. The double ceiling of the hall
provides natural circulation of air in the roof in order to maintain comfortable
ambient temperature inside the hail. An overhead crane of 6.3 tons capacity is
mounted in the hall for transportation services.

Storage Hall exhaust system:
Air volume exhausted:
Air volume replaced:
Depression

Air replacement system:
Air volume injected:

Storage tank exhaust

1650
3.6

50

2407

m3/li

air change/h
pa

m3/h

Volume exhausted 1048 m3/h

Exchange of the air volume in the Tank: 68 air change/h

Depression of the closed Storage Tank: 70 mm Pa

2.2.4- Fuel handling systems

For safe transfer of fuel, the NSF facility is provided with Fuel Handling
Systems and Tools including:
- Cask Transfer Trolley
- Drying system (including the transfer / Drying Cask)
- Reception Cask
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- Mobile platform
- Overhead crane, 6.3 Mp
The iron mass of the cask has very great heat stability, therefore we can
consider that the cask has a constant temperature, within the ambient
temperature. The fuel and canning procedure is presented in Fig. 7.

2.2.5. Heat Removal
Passive cooling cools the fuel assemblies stored within the storage tank. The
heat removal is ensured by water that also provides biological protection for
the operators. The pool heat capacity is such that the temperatures of all fuel
cladding, cooling media and constructional materials in the NSF do not exceed
the maximum temperatures for the type and condition of the fuel to be stored.

The design of the storage structure and the preliminary cooling period of the
fuel assemblies, unloaded from the reactor into the old storage, facility (OSF),
make it possible to rely only on self cooling of the system, without using any
forced circulation system.
Also, it is possible to put some spent fuel assemblies in the NSF, having
shorter cooling time. In determining the heat removal capability of the system,
the post-irradiation cooling interval and the burnup of the fuel to be stored are
considered.

3. Conclusion:
The objective of the present paper was stated to be the increasing of the storage
capacity at ET-RR- 1 research reactor in Egypt. The paper illustrated how this
problem was solved in this reactor of BBP-s type which was build in many
countries other than Egypt. The idea of building such facility is considered
cost effective here from the point of view of extended lifetime of the reactor.
This is not in fact the end of the scenario. After some years another stage for
getting rid of spent fuel at ET-RR-1 reactor should begin, namely, the
encapsulation and transportation of spent fuel elements to somewhere else,
perhaps to a dry storage which should be built outside the reactor area. Some
problems may arise in other developing countries, which makes the cost of
storage of spent fuel exhaustive. For this reason international cooperation is
essential and in that respect the following can be proposed:

- The IAEA should play an active role in solving the problem of transportation
and storage of spent fuel in developing countries, through the
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implementation of the safety guides issued by the IAEA and the technical
and financial assistance. The experience and financial support of IAEA is
indispensable in some developing countries.

- The initiation of Regional Spent Fuel Storage Facility is a fair idea, which
can be adopted by IAEA. In fact this is essential in case of accumulation of
large amounts of spent fuel from developing countries.

The above mentioned proposals would in fact secure the required safety
aspects as well as the safeguards of spent fuel from developing countries.
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ABSTRACT EG0100057

A relativistic scattering equation, that is intrinsically self-adjoint, is analytically
solved, for a potential energy representation, that involves a unit step function and
its derivative (Dirac delta function). Analytic solutions that belong to the left- and to
the right- of the boundary, that separates interior from exterior, are connected
together through a continuity matrix which can be established by integrating the
relativistic scattering equation, after being decoupled. The scattering matrix is
extracted, and the corresponding resonance energies are identified, and computed.
Self consistency checks, with previous developments, are performed.

Key Words : Dirac Particle / Self-Adjointness /Relativistic Scattering /
S-Matrix /Resonances /Self-Consistency

INTRODUCTION

In the present paper, an attempt is made for integrating, a self adjointed , relativistic scattering
equations , where the potential energy function is represented by a unit step- and a Dirac delta-
function, in internal- and external- regions, after satisfying the correct asymptotic requirements.

A continuity matrix is developed, by virtue of which the scattering matrix can be extracted.
The zeros of the scattering matrix denominator are simply the resonance energy eigen-values

Comparisons are made between the present solutions, and those which belong to a fuzzy
representation for the potential energy function(2), that involves a rounded step function, after being
sharpened, for the purpose of self-consistency checks.

SHARP POTENTIAL ENERGY FUNCTION REPRESENTATIONS

Let us invoke a non-fuzzy potential energy function representation:

V(u) = -V09(u)[9(u-uo) + ̂ 5(u-u0)] 0)

into the self-adjointed relativistic scattering equation( .

'mc2-V0(l-f-5(u-u0))-E -cft(D.-8(u-u0)) tfk

) j l J

in which 8(u - uo) denotes the extended Dirac delta function:

8(u-uo) = S(u-u8)-5(u) (3)
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which is responsible for restoring the hermiticity of the matrix equation(2), and which can be replaced
simply by8(u - u o ) , in view of the regularity condition at the origin u = 0, namely:

6(u) in eq.(l), is the usual step function ; namely:

9 (u) = 1 u £ 0
(5)

= 0 u < 0

It is clear that there is a discontinuity of the differential matrix operator that is occurring in the
left hand side of eq.(2) at u = u0 , and as a consequence, one has to investigate its behavior in that
vicinity. Therefrom, one can extract the continuity matrix, as is shown in the appendix, namely:

in which X is given by eq.(A. 11); namely:

1=-^ (AM)

It is to be noted that the square matrix that is occurring on the left hand side of eq.(6), connects
the wave function on the left and on the right of the boundary u = u0.

ANALYTIC SOLUTIONS OF THE SCATTERING PROBLEM

In order to find an analytic solution of the scattering equation as given by eq.(2), let us spell
out that matrix equation as a pair of coupled first order differential equations in the internal region
(o<u<uo), as:

(me2 - Vo - E) G(U) - ch G(u) = 0 (6)

and

G(u)= G(u) (7)
(mc2+Vo + E)

which upon eliminating G(u) between the above two coupled differential equations, we get a second

order differential equation, of the form:

G(u) + P G ( U ) = 0 o < u < u o . (8)

in which

P . E , m V (9)
c n

The corresponding solution is analytically available in the form:

i F u ~ ; o<u<Uo (10)
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which, in view of the regularity condition, as given by eq.(4), can be re-casted as:

G(u) = Csin£u ; o<u<Uo (11)

Thereafter, and upon inserting eq.(ll)intoeq.(7), we get:

G(u) = CKcos/fcu . ; o < u < u o (12)
in which

K = , (13)
m c 2 + V + E V }

Therefrom, and by virtue of eqs.(ll) and (12), the analytic solution of the scattering eq.(2) in
the internal region , can be expressed in matrix language as:

; 0 < u < u 0 (14,

Similarly the solution of the scattering eq.(2) in the external region , can be expressed in terms
of the scattering matrix S, as:

G(uV ' - - - « - • " • ; V U > U o

in which k and K stand for:

•R2_rnV

(16)cV
and

me + E
(17)

It is to be noted that k, K, k ,and K are real, in view of the fact that the scattering energy E
is real and obey the condition ; E2 ^ m2c4 .

THE SCATTERING MATRIX AND THE RESONANCE EIGEN-ENERGIES

In order to extract the scattering matrix S, let us employ the solutions before and after the
boundary u = u0 , as given respectively by eq.(14) and (15) into the continuity matrix as given by
eq.(A.lO), namely:

2C A - M L s i n ^ U e " + ™ + I (18)
U lJUcosA:uoJ UKte-^-Se^lJ

which can be solved for S to yield:
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in which J(E) stands for:

J (20)

Now, we are in the position, to identify the resonance eigen-energies. This can be
accomplished in view of the fact that, the scattering matrix S as given by eq.(19), is singular when the
denominator, J(E) vanishes. This implies that both of k and K as given by eq.(9,13) tend respectively
to kn and K n . Consequently eq.(20) can be re-written as:

=0 (21)

which can be separated into real- and imaginary-parts, after representing respectively , kn and Kn as:

*, =oc n - iP n (22)
and

K n = 5 n + i P n (23)
which yield:

i[K-[an-PnXK])](cos2u;an+sin2u;an) = 0

By equating real- and imaginary-parts, of eq.(24) to zero as being implied, we have:

( B n ) ( B 1 1 )
sin2u:an = i '- i L-e"2"""" (25)

( £ £ ) 2 [ ( £ ) ]
and

cos2uoan = \f-M Le-
2^« (26)

( 5 ; : ) [ ( X k ) ]

in which an and Pn are given by eq.(23) and stand for

and

It is to be noted that both of the two eqs.(25,26) look similar to that have been aleardy
established in non-relativistic frame'3'. However, such equations are rather defferent.
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Presumably, it is possible to reproduce these results by considering fuzzy representation for
the potential energy function(2\ that involves a rounded step function and its derivative, after forcing
the associated diffuseness parameter to vanish.

SUMMARY AND CONCLUDING REMARKS

A non-fuzzy representation for the potential energy function, that involves a unit step function
and its derviative, is adopted, for rendering a self adjointed relativistic scattering equation to be
amenable to analytic solutions. After integrating twice, the relativistic scattering equation, a continuity
matrix equation is established, by virtue of which the scattering solution before and after the boundary,
separating interior from exterior, are joined together. The corresponding scattering matrix is extracted,
and the associated resonance eigen-energies are identified and computed. The present results are
checked for self consistency, by being compared with those belonging to a fuzzy potential energy
function representation of Woods and Saxon type ' after forcing the diffuseness parameter to vanish.

APPENDIX

Continuity Matrix

In respect of a discontinuity of the differential matrix operator that is occurring in the LHS of
eq.(2) at u = u0 , let us spell out the matrix equation given by eq.(2), as a pair of coupled first order
differential equations in the form:

D u - 8 ( u - u
G(u)= 2 1 .

mc2-E-V0[l + 8(u-u0)J
and

ch\Du - 5(u - uo)|
G(u)=—, I " r

V ,°;J ,,G(u) . (A.2)2 E V[l + 5(u-u0)]

which upon eliminating G and G respectively, yield an uncoupled differential equation of the second
order, of the form:

+ 2V2
X(u) = 6(u - uo)j 2D U - ~

T* ° I X(u) + 8(u - uo)X(u) -

(A.3)

where x(u) stands for either G(u) or G(u).

On integrating the above equation with respect to u from uo-e to y, we get:

y y-. | 2EV +2V 1
X(u) = Jdu5(u-uo)[2Du ^-^Jx(u) + |5(u-uo)x(u)-

m V - ( E + V J
J l ,
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Now let us integerat this equation further with respect to y from UQ-E to UQ +e and take the
limit e -> o, we get:

X00 =0 (A.5)

or
X W + = X ( « o ) " (A.6)

Furthermore, let us integrate both of the two equations (A. 1-2) with respect to u from uo-e to
u0 +E, and after using the expression for 8, the Dirac delta function(S ' , namely:

lim du5(u-u o ) f (u) = - f(u!) + f(u:) (A.7)

we get correspondingly the two relations:

G(uo
+)-G(uo-)=-J G(u0")+G(u0') (A.8)

and

G(u:) - G(u;) = - f G(u;) + G(u;) (A.9)

which can be re-expressed in matrix language as:

(A. 10)

in which X stands for:

ch

It is to be noted that the square matrix that is occurring on the LHS of eq.(A.lO) connects the
wave function on the left and on the right of the discontinuity at u = u0.
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ABSTRACT
One of the sources of the sudden change in the nuclear core charge is the P' decay,

which cause an increase in the atomic number by one unit. This sudden change may be felt
by the atomic electrons to rearrange themselves, resulting in the simultaneous ejection of
one or more electrons, electron shake-off (SKOF). This SKOF will cause the formation of
ions at different degrees of ionization (N+). The creation of an inner-shell hole (ISH) by
photoionization is similar to the beta decay case in so far as the outer-shell electrons are
concerned.

In the present work, the probabilities of electron SKOF due to both the P" decay and the
creation of ISH are calculated using a theoretical procedure derived (Omar and Hahn,
1992) in the sudden approximation. It is found that, the probabilities of formation (PF) of
positive ions at various charge states decrease smoothly as N+ increases in the P' decay
case. However, PF peaks at a certain N+ for each atom in the ISH case. Calculations of
the probabilities of electron SKOF processes are presented and discussed in details for
some atoms, especially those which are subjected to the P" emission.

Key words: Electron Shake off /Nuclear Sudden Change

INTRODUCTION

The phenomena of electron shake off (SKOF) may be taking place because of the sudden
change (SC) n the potential of the atomic system. This SC may be produced by the emission of charged
particles such as P", P+, and a-particles from the nuclei of certain atoms. In addition, the creation of an
inner-shell hole by photoionization, photo- excitation, and positron annihilation, as well as electron
capture of an Is- electron by the nucleus of some atoms, e.g. Ar", may also cause such sudden change.

The emission of charged particles from any nucleus will suddenly change its nuclear charge
(Zc ). For example, the emission of P' (orp') will increase (or decrease) the atomic number (Z = Zc

) by one. This change in the nuclear charge means in Q.M. that, the potential term in the hamiltonian
of Schrodinger equation for the atomic system is changed. Thus, new sets of eigen functions must be
exist to describe this new atomic system. During the rearrangement of electrons in the new set of
orbitals, some electrons will find themselves in excited states, electron shake up (SKP), or even in
continuum states, electron SKOF. The liberation of electrons, SKOF, due to p" decay was first
observed experimentally from 2Hc6 isotope (1). In addition, some experiments were performed in
recording the electron spectra emitted by electron shake off due the P" emission from the nuclei of
IONC " isotope (2) and from |R Ar41 isotope(3). On the other hand, in 1960's, probabilities of electron
shake-off resulting by K- shell photoionization (creation of Is-holc) were measured. In this case, x-
rays sources were utilized to create such hole from the atomic orbitals without touching the nuclei of
atoms. The probabilities of electron SKOF were measured through the observation of the abundance
of ions at various degrees of ionization ( '8). It was believed that, the abundance of ions at various
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charge states (N+) were caused by emission of electrons due to Auger transitions as well as electron
shake off during the decay stage of the ISH hole. Since that time, no explicit theoretical procedure
was able to explain these experimental data. Thus, at the end of 1980's decade, again synchrotron
radiation sources have been used in creation of inner-shell holes(912) to produce multiply charged
residual ions. The distribution of the final charge states on the residual ions reflects the dynamical
characteristic of one or more inner-shell holes which arc produced.

In 1992, an explicit theoretical model to calculate the probabilities of electron SKOF during
the production and annihilation stages of inner-shell hole was formulated and applied(I314) on many
atoms. The theoretical results were found in good agreement with the experimental work. In addition,
a new mechanism was proposed05' to explain the bump in resonant transfer excitation in terms of the
multielectron correlated transitions in violent inner- shell processes i.e. the electron shake-up (SKP).
Moreover, it was proposed also that the conventional theory in atomic collisions must be modified to
incorporate06' the simultaneous multielectron processes such as SKOF and SKP that leads to
additional ionization and excitations. It was found that the correction in resonance widths due to
SKOF is relatively large for light atoms (Z=2 to 6). Thus, SKOF effect must be taken into
consideration as an additional decay channel together with violent Auger and radiative transitions in
atomic resonance processes.

Recently, an experiment07' was performed to study the decay of K-shcll hole created in
isAr37 by capturing an electron from Is- orbital by the nucleus resulting in generation of excited pCl"
atom. Of course, electron captures leaves nCl" in a neutral charge state, but with the electrons
having the configuration of a Is hole in Ar. This means that, Cl atom is created in an excited state
with the lsZs^p^s^p6 configuration structure instead of its ground state (Is22s22p63s23p5). It was
found, in the decay of this excited Cl atom, two simultaneous electrons were emitted,' . one by
Auger decay and the other by shake off. The process was treated as a double Auger (DA) decay. The
two electrons arc found to share the excitation energy, instead of successive emission of individual.
Auger electrons. In the independent (single) particle model of the atom DA decay is forbidden; its
occurrence, therefore, is due to many-body correlation in the wavefunction. Thus, this experiment is
considered as a good recent evidence of the electron shake off due to electron correlation.

As previously discussed, there arc many strong experimental evidences for the existence of
electron SKOF. resulting iti a serious ionization of atoms, cither by the sudden change in their nuclear
charge or their inner shell structure. Thus, much theoretical work still needed to understand the size
of this effect and its contribution to the ionization of atoms. This will help in a complete
understanding of the recovery of atoms and molecules from all ionization that may be happened
during the use of recent techniques with lasers in melting and drilling of materials as well as in
medical treatments of some human diseases.

Currently, a theoretical research is established and continued (19) to study the recovery of
atoms, molecules and solids from laser damage caused by ionization. This recovery may be explained
through new recombination mechanisms which are introduced and defined as three body
recombination (TBR) and molecular recombination (MR). The correct results of such recovery will
depend mainly on the precise determination of all types of ionization, including that produced by
Auger emissions as well as electron SKOF.
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THEORETICAL PROCEDURE

In general, the SKOF process may be represented schematically according to its source as
follows:

(a) SKOF due to P" - emission:
zXA -> (z+1 Y A )+ + P" - emission

then ( Z M Y A ) * -> (z+,YA)2+ + one electron SKOF

or (z+1 Y
A Y -» (ZH YA )N+ + Mni electrons SKOF

where the initial atom ZXA is transformed to another singly ionized atom (z, i Y
A )"" due to beta decay

or doubly ionized atom due to beta decay followed by one electron shaked off, or ...etc. Note that, the
number of electrons Mn) ejected by SKOF from any atomic orbital, nl, must be less than or equal
the number, N,,i , of electrons which may occupy this orbital. In addition, the degree of ionization
(N+) = Mn,+ l.
(b) SKOF due to ISH hole:

ZXA' + hv ->• (z X A )" + photoelectron
then • (z X A Y -» {z X A )2+ + one SKOF
or ( z x A ) * - » (z X A )2" + Auger electron
It is also possible that an ion (zXA)3+ may be produced by emission of two electrons, simultaneously,
one by SKOF and the other by Auger decay process. Ions of multiple charges may be also obtained
by two or three electrons shake off and/or Auger electron emission during the rearrangement of
electrons to fill the Is- hole created by photoionizalion. We note that, the initial atom doesn't
changed to another atom as in P' emission case but it still the same atom (since the nucleus is not
touched in photoionizatioti case) with various degrees of ionizatiou. However, in both [3" decay and
photoionization the total number of electrons that subjected to shake off from the whole atomic
system is limited to verify the law of conservation of energy. This depends mainly on the size of the
excitation energy.

Previously (B), we constructed a theoretical model to calculate the probability of electron
SKOF from atoms due to the creation of a ls-hole by photoexcitation and photoionization. The
overlap integrals needed in shake off were taken between different configurations of the same atom,
where the nucleus is not touched. For example, the photoionization of Ne atom with ground state
(g=ls22s22pfi), may produce an excited state (d=ls2s22p6) with I s-holc and therefore, the overlap
integrals must be taken between the g and d -states in Ne atom itself. However, in p~ decay case the
Ne atom is converted to Na' ion. The overlap integrals now must be calculated between (Ne,
Is22s22p6) and (Na'. Is22s22p6). Thus, the same shake off theoretical model can be used successfully
in P", p ' or even a - emission from nuclei, keeping in mind the daughter ion produced when the
overlap integrals arc evaluated.

In the present work, the SKOF model(l3) is applied with paying attention to P" decay which
convert Ne atom to Na' ion or Ar to K . Now. assume that the mNe23 (Is22s22p6 ) atom is
transformed to nNa23 (Is 2s22p6 )' . singly ionized ion. due to P emission from its nucleus. The
probability for each electron in nl orbital of Nc to adjust its existence in n, 1) orbital of Na' is given
in terms of the overlap integrals as follows

W(nl, n, I, ) = |< i | /(nl. Ne) | \|/( n, 1, , Na' ) > I2 (1)
where the change in the wavefunction, according the time dependent perturbation theory, is of the.
order cxp ( i AE .t 2TZ ) I h with AE equals the difference in energies between nl (Ne) and ii| li ( Na"
) orbitals. In sudden approximation(l8), the time (t) is assumed to be very small (t ~ 0) and therefore,

c x p ( i AE.t .27t ) / h ~ I (2)
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This assumption may be true if the time spent by the P" particle in traversing an electron shell is short
compared to the period of revolution for the electron in that shell. Thus, the transition probability
from nl (Ne) to iii 1| (Na') can be obtained just from the overlap integrals between the states
wavefunctions as in eq. (1). In case of states with the same orbital quantum numbers (1 = 1|). the
overlap integral of the angular part of the wavefunctions of these states is normalized to one, that is:

<Y (Ne, l,m) | Y(Na' , Km) > = 1 (3)
Hence, the probability of finding each electron in nl orbital of Ne to be in nl li of Na' under condition
(2) and (3) will be

W(nl,n, 1 | ) = | < R ( n l , N c ) | R ( n , l , , N a ' ) > l 2 (4)
where R( nl.Nc) and R(ii| 1| . Na1) arc the radial wavefunctions that generated using the Hartrec-
Fock (IIP) program, while W(nl, nt 1| ) arc calculated from the matrix program (Hahn's code).
The probability Pn| of electron shake off from nl orbital such as Is, 2s, 2p-orbitals is then
calculated from the set of equations:

Pni (n= I -1= 0)= 1 - W( 1 s,Ne -»1 s,Na) - W( I s,Nc ->2s, Na) (5)
Pn,(n=2,l= 0)=l- W(2s.Nc ->2s,Na)-W(2s.Nc ->ls , Na) (6)
Pni (n=2.1=l)= I- W(2p.Nc -»2p,Na)

where W(ls,Nc—>2s,Na) is the probability of Is electron in Ne, during beta decay, to occupy the 2s
orbital in Na. We note that equations (5) must satisfy the normalization condition in cq.(3) i.c Is
electron in Nc can occupy Is or 2s orbitals in Na' . where l| ~-\2 =0. but 2p electron in Ne can occupy
only 2p in Na' . where li = 12 =1.

The number of electrons which arc shaked off from the whole atomic system can be otic or
two or more. Thus, the probability of N or more elections to be shaked off is given by:

P(N) = Z« P« ' (7)
where a is a set of positive numbers ; a = 1,2,3,... denotes the first, second,...etc., possibility of N
electrons to be shaked. off from various orbitals. The probability Pa at each a is related to Pni (in
eq.'s 5) by:

Pa = Iin. (NM) ( Pni f . (8)
where the binomial coefficient ( \ 0 is calculated as follows:

(N
M) = Nni ! /1 Mni ! . ( Nnl - Mn, ) ! 1 (9)

with the numbers M,,i and N,,i of electrons that shaked off and originally filled the orbital nl
respectively. There arc two restrictions on M,,i ,

I,,i M,,i = N at each a (10)
and Mni < Nnl for each nl orbital (1!)
In fact, the probability P(N) in cq.(7) denotes the removing of N electrons or more; N by shake off
and "more" refers any removal of one electron by Auger decay followed the shake off process. Thus,
cq. (7) .is Auger corrected as follows: (i) assume the probability of removing one electron or more .
obtained by eq. (7), is denoted by P' (1) and the probability of removing of two or more is P' (2), (ii)
the probability of removing exactly one electron ( by purely shake off) from the whole atomic
system is given by

P( 1, exact) = P' (1, more) - P' (2, more) (J 2)
In general, the probability of removing exactly N electrons from the atomic system , by shake off, can
be written as:

P(N, exact) = P' (N, more) - P' ( N + l , more) (13)
The abundance of ionized atoms or the probability of formation (PF) of ions znYN+ from yX atoms
by the electron SKOF following P' emission is then calculated using the following correction
formula

PF(7.MYNl )=P (N-l, cxact)=P(N-l, more) - P(N, more) (14)

608



Here, the degree ofionization (N+) on the output atoms is produced by removing (N-1) electrons by
Auger- corrected SKOF process and one charge unit (1+) by P" emission.

RESULTS AND DISCUSSION

In order to calculate the probability, P(N). of N electrons liberated from an atom by the
SKOF process, the following steps must be carried out thoroughly. First, all possibilities (a) for N
electrons that shaking off must be determined via Table (1). Second, wavefunctions for orbitals may
be generated using the Hartrce-Fock (HF) program for the parent atom (e.g. Ne) and daughter ion
(e.g. Na' ). this will give numerical values of these wavefunctions at various values of r. Third, the
overlap' integrals of the form e.g. <ls. Ne | Is. Na' >. <ls . Ne |2s. Na' >. <2s.Ne | 2s,Na' >. <2s,Ne
| Is. Na' > and <2p. Nc | 2p. N a ' > are calculated using the matrix program (Halm's code) or any
numerical method. For example. Simpson method may be used with two cautions (i) the mesh size
must be small (e.g. h = Z/100) to include all the nodes in the wavefunctions. (ii) the number of points
in the range of wavefunctions must be large enough to include each wavefuntion without early cut.
The values of the overlap integrals arc very sensitive to (i) and (ii). and disregarding of any of them
will lead to completely wrong values. These two cautions arc guaranteed in Hahirs matrix code.
Fourth, the probabilities of electron SKOF (P,,i) from each orbital nl are calculated using the set of
equations (5).

Table I: Various possibilities (a ) for one. two and three electrons that shaked- off from

each nl orbital in the Ne- atom due to the P emission from its nucleus.

Mn,

\ . a
n l \

Is

2s

2p

One
SKOF

I 2

1 0
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Fifth, the probabilities. P(N). of N electrons SKOF are then calculated using equations (7-9) and
table (I). Finally. P(N) must be Auger corrected using eq. (13). then the abundance (PF) of Na N' at
different degrees of ionization (N+) can bo evaluated using cq. (14).

It is clear from table (I) that, there arc three possibilities (a) to get one electron ejected by
SKOF process. The first possibility is one electron ejected from Is orbital and nothing front 2s and
2)) orbitals (col. 1) and so on for other possibilities. We note also that in lasv col. three simultaneous
electrons may be ejected only from 2p orbital because this orbital have 6 electrons. This means that
the restriction Mni < Nn| (cq. 11). must be taken into consideration. In addition, at each possibility (a)
the sum of M,,i must equal N . eq. (10>»- Although table (1) is apparently simple, it has to be
constructed carefully for heavy atoms: Z > 20. where large number of electrons are subjected to
SKOF.

In the following sections, the present calculations for Ne and Ar atoms due to P" emissions and k-shell
photoionizations arc discussed.
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1-SKOF by p decay in Ne:
The probabilities, P(N), of N electron that shaked off as a result of the emission of P"

particles from Ne23 are explicitly calculated using the method described above. The values of P(N); N
= 0 to 4 are presented in Table (2). In addition, the abundance or the probabilities of formation (PF)
of NaN' at various degrees of ionization (N+, N = 1 to 5) arc evaluated and compared with the
experimental^2' and the theoretical data, in table (2). Note that, the present PF values are calculated
using HF wavefunctions. On the other hand, the theoretical results by others were calculated using
Hartree-Hartree (HH) wavefunctions. Of course, the HF wavefunctions are generated including the
exchange part, via Slater determinants, in the solution of Schrodinger equation for the atomic system.
Thus, a minimization of energy of the atomic system is guaranteed. Consequently HF wavefunctions
are more realablc relative to that of HH method. For heavy atoms, it is expected that a sizable
difference between HH and HF wavefunctions may be obtained and causing a large difference in the
PF values.

Table (2): Probabilities, P(N) % , of N electrons that SKOF due to the P' emission from
• the loNe21 isotope. The abundance (PF %) of NaNl ions: PF* (present work,HF),

PF (exp.) and PF (th, HH) are the experimental and theoretical values (Ref. 2 ).

N

0

I

2

3

4

5 •

P(N)

100

21.9

2.13

0.12

0.02

—

P(N,m)

100

21.9

3.09

0.27

0.051

P(N,c)

78.1
•W-

18.81

2.82

0.22

0.051

—

Ions

Na'

Na2'

Na3'

Na4'

Na54

Na6'

PF* (HF)

78.1

18.81

2.82

0.22

0.051

—

PF(cxp,2)

79.1

17.5 ±0.1

2.85+0.06

0.48±0.()2

0.081+0.007

0.006±0.002

PF(th, HH)

78.1

18.9

2.7

0.29

0.021

0.0016

The abundance (PF%) of positive Na ions due to p ' - emission followed by electrons SKOF
are found to decrease smoothly as the degree of ionization (N+) increases. The singly charged Na'
ions with PF=78.1 % are produced by purely beta decay and 21.9% of ions with N > 2+ are obtained
by SKOF. This can be calculated by assuming that the probability of zero electron SKOF is P(0) =
100% and consequently no creation of Is- hole and no Auger transition is taking place. Therefore .
P(0. morc)= P(0,m)= 100% but calculations showed that P(l, m) =21.9%. This means that the
probability of exactly zero electrons that shaked off P(O.exact) = P(0,c)= P(0,m)- P(l,m)= 100%-
21.9%-78.1%. Since the probability of exactly zero electrons shaked off is 78.1%, the probability
(PF) of formation (abundance) of Na' due to p" emission only without any electron SKOF
=P(0,e)=78.1%. It is obvious from table (2) that the present PF values are in good agreement with
both the experimental and other theoretical works for Nc at low charge states. However, at high
degrees of ionization (N+= 4+ and 5+). the experimental PF values are found lager than the
theoretical values in both the present and previous works. Typically, the deviation of PF(cxp) from
the corresponding PF(th) is 1 to 1.5% at N+ = 1, 3 and 7% at N+ = 2. In addition, PF(exp) arc higher
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than PF(th) by a factor of 2 and 50% atrN+= 4+and 5+respectively. In fact, we have no precise
explanation for this dramatic deviation at high charge state (N+). It may presumably attributed to a
confusing experimental background at N+ > 4, where PF values are very small.

2- SKOF by K-shell photoionization of Ne:
In order to demonstrate the drastic difference in the behavior of the abundance (PF) of

positive ions at various degrees of ionization (N+) due to the P" emission and the photoionization of
Ne atom (ls-hole), we present in Table (3) a similar data to that in table 2 but for Is-photoionized
Nc atom. We have to keep in mind that, the residual ions arc NaN' and NeN< in P' decay and K-shcIl
photoionization cases respectively. The PF values in the first column, table 3, arc calculated using
the cascade decay (CD) method in which only Auger and radiative transitions are assumed as two
modes of decays of the hole with no SKOF. The Auger width (Fa) of the decay of Is-hole in
photoionized Nc atom is found Fa = 3.216 (14) sec'1 and the radiative width (Fr) = 6.696(12) sec'1

Thus, the total decay width of the hole is f = fn + fr = 3.283 (14) sec"1. Consequently, the Auger
yield (4) of the emitted electrons and the fluorescence yield (co) of the emitted radiation •;;.•; are found
, £, = n, / r = 0.979 and co = T r / T = 0.0203. Therefore, as it is clear in the table, the CD method
predicts Ne* ions with PF=2% only. This fraction is obtained by the radiative decay of the Is-holc,
where co = 0.02. In addition, Ne2+ are produced with PF = 98% by Auger decay of the hole, where
(£,) = 0.98. Unfortunately, CD method is failed to predict the abundance of NeN '(N=3,4,5) ions.
Hence, CD predictions violate completely the experimental observations^1' of Ne ions. This
contradiction enhances the idea of the presence of an additional process beside Auger and radiative
decays of the Is- hole, that is the electron shake off.

Table (3):Abundance ( PF % ) of NcN' ions due to K-shcll hole in Ne atom. PF(1, th):
theoretical values by cascade decay (CD), PF(2,th) by electron SKOF during
the annihilation stage only of the hole, PF (3,th, Rcf. 13) by SKOF during the
creation and the annihilation stages of the ls-hole.

Nc ions

Ne

Ne2'

Ne3+

Nc4'

Ne5+

PF(l,th)

2.0

98.0

—

PF(2,th)

1.61

78.89

17.54

1.53

0.43

PF (3,th)

1.58

75.90

19.60

2.84

0.08

PF(cxp,

6.8

74.2

17.6

1.3

0.08

Rcf 6)

±0.7

± 1.2

±0.6

±0.2

±0.04

Therefore, the SKOF model is used as exactly constructed above for the P" emission, with the
assumption that SKOF takes place only during the annihilation stage of the hole. Hence, the abundance
(PF% ) of Ne ions, col.2 in table 3. arc obtained as follows: PF (Nc1) = co P(0) = 0.02x80.5 = 1.61.
PF (Nc2') =5.P(0) = 0.98x80.5 =78.89, PF (NcJ>) = $.P(1) = 0.98 xl7.9 = 17.54, PF (Nc " ) = £,. p (2)
= 0.98 x 1.56 = 1.53. PF (Nc5-) = 0.43. Where PF (3) = £,.P(1) means that one charge unit is reached
by Auger electron emission process with Auger yield (£,) and the other unit by one electron SKOF with
probability P(l) while the third charge unit originated by photoionization. Another modified
mathematical model was constructed*l3) in a consistent way without double counting to include the
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SKOF not only at the annihilation stage of the Is- hole but also during the creation stage of the hole.
The theoretical PF(3,th) value, by this method (col.3), is more close than that by PF(2,th) to the
experimental PF (Exp) valuc(6) for the dominant Ne21 ions. Note that, the theoretical PF(2,th) model is
somewhat successful in Ne case but it is unable to predict the experimental PF values for K-shell
pholoionized Ar atoms ( in ref. 9). However, the modified method in PF(3, th) was found to predict PF
values in good agreement with those experimental data(8> 9) for photoionized Ar atoms. Thus, the
modified method in PF(3,th) is more general than that in PF(2,th) and can be applied successfully for
all light and heavy atoms with K- or even L- shell holes. From tables (2,3), it is obvious that the
abundance (PF% ) of the residual NaN" ions due to the P'emission from the Ne decrease monotonically
with the increase in the degrees of ionizatiou (N+). However, PF of NcN< ions incase of the ls-hole
by photoionization was found to peak at N+ =2. The value of N+ at which PF values is peaked varies
from one atom to another, i.e. it depends on the atomic number (Z) of the atoms.

3- SKOF by p~ emission and K-shell hole in Ar :
The abundance (PF%) of potassium (KN") ions due to the P" emission from the nucleus of Ar4'

isotope are calculated using the method described above, in Nc case . The wavefunctions needed in the
overlap integrals of electron SKOF probabilities P(N) arc generated from the HF program. The PF for
KN' ions at many charge state (N+) arc presented in Table (4). In addition, we present in table (4) the
previous PF values'14' for ArN' due to ls-ho!c for ready comparison between beta decay and
photoionization cases of argon. We likelo emphasize that, the overlap integrals for SKOF in the P~
emission case arc taken between Ar (Is:2s22p63s23pr>) and K' (Is"2s22p('3s33p'i) configurations where
the argon atom is transformed into potassium ion. However, the main overlap integrals are taken
between Ar (IS22s22p63s23p6) and Ar (Is2s22p63s:3p6) configurations in Is-holc case, where the argon
atom is lifted in an excited state after the photoionization process.

Table(4): Comparison of the abundance (PF%) of KN* and ArN+ ions which are reached
by electron SKOF following the P' decay and K-shcll photoionization of argon

atoms respectively. PF (cxp,3): the experimental values in Rcf. 3.

P" emission

Ion

K'
K3'
K"
K4f

K5<

Kf i'
K7'
K8*

PF (th)

82.60
1 I 03
3.94
1.54
0.68
0.19
0.04

PF (exp, 3 )

82.0
12.5
3.0
1.4
0.44
0.16 '
0.06
0.016

Ion

Ar'
Ar21

Ar"
Ar4f

Ar51

Ar61

Ar71

Ar81

K-shell

PF (th)

0.66
6.94
10.5
41.4
27.6
10.7
2.21

photoionization

PF(exp, 8) PF(cxp,9)

0.7
10.0 -2.0
7.8 8.0

42.7 41.0
25.0 33.0
10.0 12.0
2.0 4.0

It is found from table (4) that the abundance (percent) of the residual K ions due to beta decay of the
argon atoms decrease with the increase of the degree of ionization (N+). However, that of Ar ions
formed due to the photoionization of K-shell of argon atoms peaks at the positive charge N+=4. From
tables (3,4). we note that PF values of positive ions by pholoionization arc found to peak at N+ =2 and
N+ = 4 with the values 75.9% and 41.4% for Nc and Ar atoms respectively. From tables (2,4) we
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found that, in case of P' emission, the abundance of residual Na' and K' ions are 78.1% and 82.6%
respectively. This means that, the probability of whole electron SKOF processes due to the P" emission
from the nuclei of Ne and Ar atoms are 21.9% and 17.4% respectively.

4- Trends of SKOF and abundance of ions:
In this section, the behavior of the probabilities (Pni) of one electron SKOF from the Is,2s and

2p orbitals due. to the P' emission with the atomic number (Z) of light atoms arc presented and
discussed. In addition, the variation of the abundance (PF) of positive ions with the degree of ionization
(N+) for Ne and Ar atoms due to the beta decay as well as the photoionization processes are
summarized and explained.

4.1 behavior of orbital (Pn,) SKOF:
The probabilities of one electron shake off, Pn] (1), from Is, 2s. and 2p orbitals are calculated

using the set of equations (5) for the light atoms from He (Z=2) up to Ne (Z= 10), assuming the
emission of P" particles from their nuclei. The work in this section is done, analytically using the
hydrogeiiic wave-functions, to determine theoretically the size of electron Shake off at each Z from
each nl orbital. We present the values of Pn! (1) where n =1, 2 and 1 = 0,1 at various Z of parent atom
in Table (5). It is found that, the largest Pni (1) of one electron SKOF conies from 2s-orbital. In
addition, all probabilities from the Is, 2s, and 2p orbitals arc found to decrease, in a similar manner,
as the atomic number (Z) increases. The data in table 5, may be considered as the basis from which
one can estimate, roughly, the probabilities P(N) of N electrons SKOF from the atoms with Z=2 to
10 using equations 7 to 9. Remember that, different tables of possibilities (a) for picking N electrons
from the existing Mni electrons at each orbital must be constructed for each atom. In other words, the
probability of one SKOF from each atom depends on the number of electrons in each orbital. For
example in He atom, there arc only two electrons in Is orbital and one of them is possibly shaked
off. However, in Nc atom one electron to be shaked off may be taken from the two electrons in Is. or
in 2s or the six electrons in 2p-orbital. Thus, the probability of one SKOF from any atom depends on
many factors such as the number of electrons, the possible ways (a) of picking one electron from N
electrons in the atom. Consequently, the probability P(l) of one SKOF from the whole atom is not
necessary to behave exactly as Pn |(l) from individual orbitals. For more convenience, the variation
of Pn| (1) with the effective charge (Zcn) is drawn in Figure (1). The effective charge has many
forms but it is taken,

Table (5): Probabilities Pr,i (%) of one electron SKOF from Is, 2s, and 2p- orbitals for
light atoms from Z= 2 to 10 due to P" emission. Z is the atomic number of
the parent atoms.

z
2

3
4
5
6
7
8
9
10

P.,
11.53-

6.01
3.67
2.46.
1.76
1.34
1.04
0.84
0.68

P2s
31.53

16.69
10.63
7.17
5.20
3.92
3.07
2.41
2.02

P2p

18.46

9.8
6.02
4.06
2.92
2.20
1.72
1.38
1.13
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here, as Zerr - (Z+charge) / 2. It is clear from the figure that, P|5, P2s and P2p decrease smoothly as Zcfr
increases. The largest Pni values comes from 2s orbital at all ZCJT values i.e. for all ions. Both the
probabilities P2s and P2p of SKOF are larger than P ) s . This means that the SKOF process is more
efficient mechanism from the outer shells.

4.2 behavior of the abundance (PF) of positive ions:
The abundance (PF%) of positive ions due to both the P' emission and the K-shell

photoionization cases of Ne and Ar atoms are summarized in Figure (2). This will clarify so simply the
trends of PF with the charge state (N+) of positive residual ions as well as the atomic number (Z) of the
parent atoms. From the figure, it is obvious that the abundance of NaN+and KN+ions due to the beta
decay of Ne and Ar atoms decrease smoothly as N+ increases. However, the abundance of NeN+ and Ar
N> ions due to K-shell photoionization of Ne and Ar atoms are peaked at N+ =2 and 4 respectively. In
addition, the abundance of ions is antisymmetric around the dominant Ne2+ or Ar4+ (fig. 2). This
indicates that, large amount of ions with high charge (right-side of peaks) may be produced by many
electron shake off.

It is noted, by beta decay, the smgly ionized Na'1 and K+ ions have the dominant abundance
(PF) with the values 78.1% and 82.6% respectively. The difference between the largest PF values is
only 4.5%. This means that the PF values of dominant residual ions, in the beta decay case, is almost
independent of the atomic number (Z) of the parent atoms. However, in the photoionization case, the
PF values of the dominant Nc2h and AT4* arc found to be 75.9% and 41.4% respectively. These results
indicate that, for K-shell photoionization, the dominant PF values behave as Z"' .

SUMMARY AND CONCLUSION

The P' emission from nuclei of rare- gases isotopes, e.g. iONe23 and ^Ar41, is found to be
certainly followed by the electron SKOF process and producing alkali ions, e.g. NaN+ and KN\ with
highly charge states (N+). Typically, the total probability of electron SKOF process due to the P"
emission from Ne and Ar are found 21.9% and 17.4% respectively. In general, the main difference
between Ne and Ar atoms (under beta decay ) is noted in additional charges on KN+ ions (N+= 6,7)
more than NaN4 with highest charge at N+ =5.

In addition, the creation of ls-hole by photoionization is leading to the formation of Ne and Ar
ions during the decay of the hole not only by Auger and radiative transitions but also by electron SKOF
process. It is found that, the electron SKOF (under ls-hole) causes the production of Ne3+, Ne4+ (table
3) with abundance 19.6%, 2.84% and Ar5', Ar6*, Ar74 (table 4) with abundance 27.6%, 10.7%, 2.21%
for Ne and Ar atoms respectively. However, the cascade decays model by assuming only Auger and
radiative transitions did not predict the formation of such highly ionized ions in both Ne and Ar cases
which have been observed experimentally. Thus, electron SKOF has a serious effect and must be
included as a third mode of transitions during the rearrangement of electrons in atomic orbitals as a
result of sudden change in nuclear or inner-shell potentials. The electron SKOF, table 5, manifests itself
as a more efficient mechanism from outer shells. Finally, from all the above results, it is concluded that,
the effect of electron SKOF may change dramatically the ionization and recombination balance in the
study of atomic collisions as well as the interaction of laser and ionizing radiation with matter.
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ABSTRACT EG0100059

CR-39 plastic nuclear track detector has been used in range determination of alpha

particles. A set of experiments was carried out for studying alpha energy and track diameter

relationships.

This work was done under the optimum conditions of CR-39 etching in 6.25 N NaOH

at 70°C for various etching times. Determination of alpha range in CR-39 recorders was

studied at different energy values using the overetched track profile technique. Data are

discussed within the framework of track formation theory in plastic foils, comparison between

experimental and theoretical values of alpha range is included.

Key words: CR-39;Plastic detectors; Range.

INTRODUCTION

The increasing advantages of plastic detectors and their applications in radiation

dosimetry have grown rapidly. They became more and more useable in light and heavy

particles detection and identification. Because of their advantages, many authors ( " ^

recommend plastic detectors.

Plastic recorders have many properties such as, the high registration sensitivity of data

analysis, successfully using in long term exposure experiments without any additional cost

and relatively low background events, CR-39 detector is the most available sensitive one than

other plastic detectors which have been used in radiation detection <9'n)

In this work we used NaOH as an etching solution by which we can see tracks under

an optical microscope. Track formation in plastic recorders can be studied through the

determination of etching velocities <l2"l3), namely bulk etches rate (Vn) and track etches rate

(Vr).

The aim of the present work is to study alpha particle spectroscopy using CR-39

detector. Response function (V) of CR-39 detector and alpha range were deduced.

EXPERIMENT

. -An this work, sheets of CR-39 plastic detector (TAS IRAK) of uniform thickness (300

//m), density 1.31 gm/cm3 and chemical composition C121Ii8 O7 were used. All recorders
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were etched chemically in 6.25 N NaOH solution at 70°C.

CR-39 plastic foils were then exposed to normally incident alpha particles emitted from Am-

241 thin source of active diameter 5 mm and activity 3.7 x 10 8Bq. The source was covered

by a 100 ju g/cm2 thin layer gold. For energy degradation a collimator arrangement of 0.5-mm

hole diameter was used for adjustment of CR-39 samples.

Track diameter measurements were carried out by using eyepiece screw micrometer (MOB-I-

I6x) each division corresponds to 0.24 pirn attached to EUROMEX transmission optical

microscope with magnification of 640 x.

The etch rate (VB) has been determined by the weight loss method given by following

formula:

_ Am

"~~2Ap7e

where Am is the dissolved mass of the detector during an etching time

te, A and p are the density of the detector material, Respectively.
The alpha range determination:

Alpha range determination has been measured at various energies using the overetched track

it +

,.:w-
Cll - 39 i»Hecl»r

Figure 1: Track profile geometry for etching time te»tR
(overetching stage)

profile method(l4)-

Figure (1) shows an overetched track where the etching time (tR) is assumed to etch out

thickness R (range) from the plastic recorder where (d) is the formed track diameter.
From the geometry of figure (1) we can write the following relationships:

~AC* =AB2+d2/4

where
(1)

AC=VB(te-tH) (2)
AB = (VBte-R) (3)

Substituting from equations (2) and (3), into equation (1) we get the following relationship:

d2 =*(VBR-tKV;)tt + 4(Vft-R2) (4)
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It is clear from equation (4) that d2 exhibits linearity with ^ where te » t R .
the range (R) of alpha particle can be calculated from the slope (S) and the intercept (I) of

equation (4) where:

i = 4(v£t2
R-R2)

and finally R is obtained from:

S 1
R=

\6VB
B

and

(5)

(6)

RESULTS AND DISCUSSION

The bulk etch rate (VB) of the CR-39 detector was determined using 6.25 NaOH solution at

70°C and it was found to be equal 1.24 jum/hr(15)'

In normal incidence case, the resulted track opening in plastic foils takes the shape of circles

whose diameter is strongly dependent on the energy of the incident particles as long as the

etching conditions are fixed. Figure (2) shows the variation of track diameter (d) with energy

of alpha (E) at different removal thickness layers (h) which indicates that (d) shows an

increase with increasing E and it falls down at a certain E values which depend on etching

time(te).

I .s-.oi:

Ji i» >.io -

I II I HI

Figure 2: Variation of track diameter as a function of
incident Alpha particle energies at different removal
thickness layers.
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Figure 3: Response function (V) as a function of Alpha
energies at different values of removal thickness.

To study the response function (V) of CR-39, it is given by;

v = h2-r2

where h is the removal thickness, r is the track radius.
Figure (3) shows the variation of response function• V versus alpha energy at different values
of removal thickness (h). It shows that the response function decreases with increasing energy
beyond a certain value of energy.

Alpha range determination was obtained from studying track profile in the region beyond the
particle range (R). samples of CR-39 detectors were perpendicularly exposed to alpha
energies of 1.25, 1 .75, 2.25, 2.75, 3.25, 3.75, 4.25, 4.75 and 5.25 MeV and etched in 6.25
NaOH at 70°C.
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It shows some examples of the relation between' the track diameter square and etching time

(te) using detectors exposed to the residual energies. Figure (4) shows that the variation of (d2)

with (te) is linear beyond a certain time which is bigger than that needed to etch out the whole

range of the incident projectile.

By using the least square fit method, the range R can be determined from the slope and the

intercept resulting from the straight line part of
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fig (4). Therefore, one can then use equation (6) for range determination. Figure (5) shows the

measured and calculated alpha ranges as a function of alpha energies, it indicates that there is

a good agreement between measured calculated values of energy for energies less than 3

MeV. In range from 3-4.25 MoW there is less agreement.

Beyond this value of energy the measured values of alpha ranges are less than the theoretical

ones. This behavior may be explained on the basis that in the theoretical evaluation of R the

contribution from 8 rays is limited i.e. there is a restriction in the energy loss evaluation that

is deposited along the track trajectory in the plastic detectors (l 6)

Figure 5: Measured and calculated Alpha ranges as a function a
function of Alpha energies.

Generally we can say that the overetched track profile technique is proved to be

successfully applicable in range determination.

Figure (6) shows the variation of track diameter (d) with the removal thickness layer (h) for

alpha energies 2.25, 3.25 and 5.25 MeV respectively.
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CONCLUSION

Range of alpha particles in CR-39 detectors is determined from studying track profile in the

region beyond the particle range. When range is; plotted versus alpha energy we find that

there is a good agreement between theoretical and experimental values of alpha range for

energies less than 3 MeV and little agreement for energies less than 4.25 MeV.

Beyond this value of energy the theoretical values are lower than the calculated ones.
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Abstract

Data on the inelastic interaction of 24Mg ions with emulsion nuclei at
3.7AGeV are presented. The fragmentation of 24Mg ions is studied in
terms of the impact parameter of collision with different target nuclei.
The low transverse momentum distribution part of the different
projectile (Zpf = 1 , 2 and £3) are fitted by a Rayleigh distribution. The
momentum distribution for alpha projectile fragments is extensively
studied' and compared with the corresponding data for other projectiles.
Within statistical errors the values of the <P,> for alpha projectile
fragments are nearly projectile independent at the same incident energy
per nucleon. The pseudorapidity distributions of shower particles are
analyzed and their dependences on the projectile and target sizes are
studied. The experimental pseudorapidity distribution for different
colliding systems could be reasonably represented by a Gaussian
distribution, the values of the parameters of which are discussed.

1. INTRODUCTION

During the last few years, heavy ion collisions at high energies have been attracting
more and more interest due to the development in the accelerator facilities at CERN super
proton synchrotron (SPS), the BNL alternating gradient synchrotron (AGS) and the JINR
Dubna Synchrophasotron. The important topic in studying heavy ion collisions is the
production mechanism. An interesting domain of physics in these reactions is the study of
peripheral collisions. In the present work significant conclusions are acquired concerning
the fragmentation of nuclei into multifragments, specially into helium fragments, at
different incident energies (l"7). The characteristics of trie different projectile fragments and
the angular distributions of the relativistic particles produced by collisions of 3.7A GeV
24Mg ions with emulsion nuclei are analyzed. The momentum characteristic for different
charged projectile fragments are obtained with special attention to helium fragments in
addition to angular distributions of the produced shower particles. In the present analysis,
the events are divided into different interaction groups according to the target emulsion
nuclei (H, CNO and AgBr nuclei).

2 . EXPERIMENTAL DETAILS

A stack of BR-2 emulsion pellicles with dimensions 10 x 20cm2 x 600 (im were
exposed horizontally to the 3.7A GeV 24Mg beam of the Dubna synchrophastron. By along
the track double scanning, fast in the forward direction and slowly in the backward one,
1050 inelastic interactions of 24Mg ions with emulsion nuclei were picked up through 98.6
meters total scanned length. The observed mean free path of 24Mg ions in emulsion was

* Mail address : Physics Department, Faculty of Science, Cairo University
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found to be ^eXp = 9.39 + 0.29 cm which corresponds to a total inelastic cross section of
1308 + 50 mb. The value of the mean free path is in good agreement with the value
calculated according to the empirical geometerical formula obtained by EMU01
collaboration (8>9), X^ = 9.40 cm. The general characteristics and other details of our
experiment have been published before/ \

For each detected event, the tracks of the emitted charged particles are classified as
follows:

a) The shower particles correspond to singly charged relativistic particles having

relative velocity /?=—>0.7. Most of these particles are pions and small
c

proportions are fast protons and k-mesons. Their muliplicity is denoted by Ns
(not including the stripped projectile fragments). The tracks of this type having an
emission angle <, 44 u,rad were subjected further to accurate multiple scattering
measurements for momentum determination to distinguish them from the singly
charged Z=l projectile fragments.

b) The grey tracks with range in emulsion L> 3 mm and 0.3 < p < 0.7 are mostly
recoil target protons of kinetic energy in the range 30 •*• 400 MeV. The
corresponding multiplicity of these grey tracks is denoted by Ng.

c) Black tracks, with range in emulsion L > 3 mm and P < 0.3, correspond to
protons with K.E<30MeV which corresponds to slow fragments emitted from
the target and its multiplicity is denoted by N^ The grey and black tracks together
are known as heavy tracks or tracks of heavily ionizing particles and their
multiplicity is denoted by Nh = Ng + Nb.

d) Charged projectile fragments (PF's) which are emitted within the fragmentation
cone of 44(irad classified according to their charges Zf = !, 2 and > 3. The PF's
with charges Zf > 3 were determined by the visual method in addition to the
integral gap length. The charged projectile fragment with Zf > 3 were accurately
identified by counting the 8n-electrons on a track length of more than 1 cm. The
calibration measurements of the average number of 8-electrons per mm are shown
in Fig. (1), for different primary projectiles on the same type of emulsion plates
(Br-2) at the same incident Dubna energy*12'. The data are best fitted by relation
N5 = (0.17Z2-0.17)mm-'.

In this work an unbaised sample of 830 inelastic interactions was analyzed. Since the
emulsion is a composite target, the incident projectile will interact with either one of the
following three main groups of target nuclei: the free hydrogen (H), the light group (CNO)
and the heavy group (AgBr). The methods of Refs. (13,14) were applied for choosing the
number of events belong each group, The number of interactions of 4Mg with H, CNO and
AgBr were found to be 92, 286 and 452, respectively.

3. RESULTS AND DISCUSSION

3.1 Transverse Momentum Distribution:

The angular distribution of the projectile fragments is usually represented in terms of
the transverse momentum distribution. This is because the transverse momentum for any
emitted charged fragment is given by :
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P = 2ZfPosine (1)

Where Po is the incident momentum per nucleon and equals 4.5 GeV/c, Zf is the
charge of the emitted fragment and 9 is the emission angle relative to the incident direction.

Fig. (2) shows the transverse momentum distributions for Zf = 1, 2 and > 3 PF's
emitted in the interactions of 3.7A GeV, 24Mg ions with emulsion nuclei. The P, part (P, <
0.12 GeV/c) of the distribution was fitted by a Rayleigh distribution of the form

= P , / a 2 e x p ( - P , 2 / o - 2 ) (2)

<Pt> . (3)

Such a distribution corresponds to a purely statistical mechanism of fragment
emission.

In table (I) we present the experimentally obtained values of the average transverse
momentum per nucleon, <Pt>, for different projectile fragments (Zf = 1,2 and 2:3). In this
table we also present the corresponding values of <P,> for other projectiles at the same
incident energy (2|3). In order to investigate the effect of the impact parameter (target size)
on the P( - distributions of different PF's we exhibit in Fig. (3) the P,-distributions for
various projectile fragments for different Nh-values (Nh=o, <, 7 and > 7). The experimental
P,-distributions are fitted by the Rayleigh distribution of the form (2). In Table (I) we list
the values of the <P,> of different projectile fragments and the dispersion for each
distribution (for P, <0.12 GeV/c). As can be seen the experimental value <P,> increases
with increasing charge of the projectile fragment. The authors of Refs. (2,3) have fitted the
experimental Pt-distribution, for Zf = 2 projectile fragments by a double Rayleigh
distribution, one for low P, - values and the other for high Pt-va!ues. This means that there
exists two independent sources for emission of alpha (Zf = 2) PF's with different
dispersions (different temperatures, i. e., T = 2 a2 in case of alpha particles). They
attributed the high P,-component as resulting from the existence of some additional
mechanisms of production (i. e. not contained in the statistical scheme of direct decay of
the residual nucleus <15> l6) such as the existence of multiple rescattering of the spectator
fragments in the target, cascade, and/or decays of heavy unstable fragments (for example
for alpha particles the decays 8Be--> 2 a may be significant).

Table (2) shows the experimental data for alpha PF's emitted from different
projectiles. It can be seen that:

i) Within statistical errors, the value of <Pt> is nearly projectile independent but
increases with increasing the target mass.

ii) The events with H, = 0 (interactions with hydrogen and peripheral interactions
with different nuclei in the emulsion) have a low <Pt> value.

3.II. Angular Distributions of Shower Particles :

The angular characteristics of the emitted shower particles are studied in terms of the
pseudorapidity n, = - In tan (9/2), which is an approximation of the exact rapidity Y(where 8
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Table (I): Average transverse momenta of different projectile fragments in
interactions of !2C, UN, MMg and MFe projectiles with emulsion nuclei.

Interactions

Charge of the
fragments, Z

1

2,

3,4

5,6

7,8

>9

"C-Em

4.5 AGeV/c

[15]

<Pt>
GeV/c

0.13±0.01

0.24±0.01

0.26±0.02

0.27+0.05

-

-

a

0.10

0.19

0.21

0.22

-

-

I4N-Em

2.9 AGeV/c

(16)

<Pr>
GeV/c

0.12+0.01

0.24+0.01

0.27+0.02

0.29+0.03

0.33±0.09

-

0

0

0

0

a

10

19

22

23

-

-

I4Mg-Em

4.5AGeV/t

This Work

<P,>
GeV/c

0.07+0.01

0.26±0.01

0.27+0.02

0.35+0.03

0.38+0.09

0.47±0.06

0

0

0

a

.06

.21

.22

-

-

-

0

0

56Fe-Em

1.9 AGeV/c

[21

<Pi>
GeV/c

14+0.01

37±0.01

0.47+0.04

0

0

0

52+0.06

57+0.06

52+0.05

0

0

0

a

.11

.29

.38

-

-

-
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Table (II): Average transverse momenta for the alpha projectile fragments emitted
from different projectiles.

Ensemble

(I2C + HN) - Em

"Ne-Em
24Mg-Em
24Mg-Em
56Fe-Em

I2C-H

"Ne-H

"Mg-H
24Mg-H
MFe-H

("C + I4N) - CNO

"Ne-CNO
24Mg-CNO
MMg-CNO
S6Fe-CNO

(I2C + I4N) - AgBr
22Ne-AgBr

24Mg- AgBr
24Mg- AgBr
S6Fe- AgBr

<Pt> (MeV/c)

252 + 6

273 + 6

260 + 5

257 + 4

377 + 6

205 + 5

209 + 6

210 + 3

202 + 7

315 + 8

232 + 6

258 + 6

240 + 6

236 + 6

258 + 9

306 + 2

313 + 9

330 + 8

301 + 8

401 + 8

Ref

[151

This work

risi

U51

This work

[16]

[15]

U51

This work

U51

[151

This work

[151
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is the space angle of the emitted shower particle measured relative to the incident direction
of the 24Mg nuclei). Figs. (4) show the pseudorapidity distributions for shower particles
emitted in the interactions of 24Mg ions with the different groups of nuclei in the emulsion
(Nh = 0, CNO and AgBr groups).

The histograms in Figs. (4) are our data for 24Mg interactions which are also
compared with the corresponding data for I2C and 28Si interactions at the same incident
energy per nucleon. The smooth curves in Figs. (4) represent the Gaussian fits to the
experimental data of the form :

dN 1
exp

-(tj-rj)7

2a7
(4)

For each projectile (the pionization region is 0 <r|< Yp where Yp is the projectile
rapidity, which is equal 2.18 at 3.7A GeV). This form (4) has previously been used by Van
Gersdorff et al., and others (I7*2O)

) where a is the dispersion of the Gaussian distribution and

7 is the mean pseudorapidity for each group of events. The fitting parameters for each
group of events for different projectiles are presented in Table (III). We also notice in
Table (HI) the values of the fitting parameters of Eq. (4) corresponding to the data of the
EMU01 - collaboration at the much higher incident energies 60 and 200 AGeV. From the
inspection of these figures and Table (III) we notice that:

a) The pseudorapidity distribution of the emitted shower particles in the different
interaction groups can be represented by a Gaussian distribution. The values of the
variance cr, for all distribution at 3.7A GeV are the same within experimental
errors, and independent of the sizes of both projectile and target.

b) The mean pseudorapidity t] for each distribution decreases with increasing target
size (Nh-value). This may be due to increasing the cascading effect in the case of
heavier targets. In other words, as the target size increases, excess of particles
appear in the target fragmentation region, and shifts the peak of the distribution
towards small pseudorapidity values.

c) The value of t] increases with increasing incident energy. Whereas cr and rf
remain constant with increasing projectile mass number at the same incident
energy. Van Gersdorff et al., analyzed the pseudorapidity of the shower
particles in case of nucleus-nucleus interactions in terms of Landau's model(2I>.
The model predicts the rapidity distribution to have approximately a Gaussian
form .with dispersion given by,

2 _ 8 Co2 , ...

where ycm is the Lorentz contraction factor in the projectile and target center-of-
mass frame. For central collisions the authors of Ref. (17) have taken for simplicity, Co =
1/3 and ycm for nucleon-nucleon center of mass frame. The values of crL listed in Table (III)
agree with the values of the fitted data at higher energies.
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Table (HI): The parameters of the Gaussian fit of the pseudorapidity distribution for
various interactions and the corresponding temperature, T (MeV) and
the calculated dispersion aL (17).

Projectile

7Li

Target
CNO
Em

AgBr

E (AGeV)

3.7
3.7
3.7

a
1.0
1.0
1.0

T
140
140
140

ax
0.7
0.7
0.7

1.70
1.52
1.5

Ref.

[18]

I2C
CNO
Em

AgBr

3.7
3.7
3.7

1.0
1.03
1.0

140
144
140

0.7
0.7
0.7

1.93
1.65
1.71

[20]

24Mg
CNO
Em

AgBr

3.7
3.7
3.7

1.0
1.0
0.9

140
144
113

0.7
0.7
0.7

1.85
1.65
1.60

This
Work

28Si

I6O

Em
AgBr

AgBr
AgBr
AgBr

3.7
14.6

14.6
60

200

1.0
1.0.
95

0.97
1.16
1.42

144
126

132
188
282

0.7
1.03

1.03
1.31
1.53

1.8
1.95

1.9
2.5
3.0

[20]

[20]
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The predictions of the model give constant values for OL for different projectiles at the
same incident energy, this is due to fixed ycm . The deviation of the calculated oL from the
experimental values at lower energies may be due to the effect of the spectator nucleons in
addition to the existence of cascade mechanism which is ignored in the model. The
dispersion of the Gaussian can be expressed in terms of the temperature of the emitting
system as a •= T/m, were m is the pion mass. We notice that the estimated temperatures,
listed in Table (III), are around the Hagedorn temperature T = 140 MeV for the Dubna
incident energy (3.7A GeV). Where as the temperature exceeds 250 MeV for 200A GeV
incident energy. The quark bag model <23), which exhibits a first order phase transition
between a gas of pions and quark - gluon gas, predicts a critical temperature for phase
transition of about 200 MeV at high incident energies. For intermediate incident energies
(from 14.6A GeV) the hadronic matter is thought of as composed of a mixed mode of
phases (pions and quarks). A similar results has been reached by the authers of Refs (24,
25).

CONCLUSION

From the above data analysis, it may be concluded that:

1 - The P,-distribution of different projectile fragments from various colliding systems can
be fitted by a Rayleigh distribution. The value of <Pt> for different PF's increases
with increasing charge of the fragment.

2 - The pseudorapidity distribution of the emitted shower particles from different colliding
systems at different incident energy can be represented by a Gaussian form.

3 - The variance a of the pseudorapidity distributions are the same, within experimental
errors, independent of the size of both projectile and target at 3.7A GeV, but at the
same time the value of a increases slowly with incident energy.

4 - The mean pseudorapidity value // slightly increases with increasing the projectile mass
number at the same incident energy. For the interactions of 24Mg ions with different

emulsion nuclei at 3.7A GeV the values of rj decreases with increasing target size.

ACKNOWLEDGEMENT

The author thanks Prof. M.El-Nadi for his fruitful discussions. Thanks are also due to
Prof. M.K. Hegab and Prof. A. Abdelsalam for his great assistance during this manuscript. I
am also thanks Dr. W. Karar. The author expresses her gratitued to the authorities of the
J1NR (Dubna) for supplying the irradiated photographic plates. Special thanks are due to
Prof. A. M. Baldin.

638



REFERENCES

1 - D. E. Greiner et al., Phys. Rev. Lett. 35, 152 (1975).

2 - G. M. Chernov et al., Nucl. Phys. A 412, 534 (1985)

3 - V. A. Abdurazakova et al., Sov. J. Nucl. Phys. 47, 827 (1988).

4 - H. H. Hecknnan et al., Phys. Rev. C17, 1735 (1978).

5 - K. B. Bhalla, M. Chaudhry and S. L. Okanathan., Nucl. Phys. A 367, 446 (1981).

6 - G. Singh, P. L., Jain, M. S. El-Nagdy, Europhys. Lett. A7, 113 (1992) and references

therein.

7 - M. EL-Nadi et al., Int. J. Mod. Phys. E.6, 191 (1997).

8 - H. L. Bradet and B. Peters Phys Rev. 77, 54 (1950).

9 - M. I. Adamovich et al., (EMU01 - Collaboration) Lund Report LUIP 8904 (1989).

10 - M. El-Nadi et al., Phys. Lett. B295, 148 (1992).

11 - M. El Nadi et al., IL Nuovo Cimento 108 A, 935 (1995).

12 - N . Mettwali and I. Kellany J. Phys. Soc. of Japan 63, 3273 (1994).

13 - J. P. Florian etal., Report Submitted to the Meeting of the Division of Particles and

Field, Berkely, CA( 1973).

14 - A. Abdelsalam JINR Report E 1 - 81 - 623 (1981).

15 - V. A. Abdurazakov et al., Yad. Fiz. 47, 1249 (1988).

16 - A. I. Bondarenko et al., Izv. Uzb. Akad. Sci. (Phys. And Math.) 2, 73, (1979).

17 - H. Van Gersdorff et al., Phys. Rev. C 39, 1385 (1989).

18 - M. EL-Nadi et al., IL Nuovo Cimento 107, 1 (1994).

19-A. Abdelsalam, Phys. Scr. 47, 505 (1993).

20 - M. I. Adamovich et al., (EMU01-Collaboration) Lund Repor, LUIP 9202-9203

(1992).

21 - L. D. Landau, Izv. Akad. Naub SSR Ser. Fiz. 17, 51 (1953).

22 - E. V. Shuryak, Yad. Fiz. USSR 16, 395 (1972).

23 - J. Rafirski et al., Phys. Rev. 48,16(1982).

24 - H. Stacker et al., GS1 - Preprint 79 - 10 Nov. (1979).

25 - H. Stacker et al., Prog. Particle and Nucl. Phys. 4, 133 (1980).

639



EGoT g o " ' S e v e n t h Conference of Nuclear Sciences & Applications
6-10 February 2000. Cairo, Egypt

Mossbauer and magnetic susceptibility of a two dimensional Ferrous complex

NRP-11
*M.F.Mostafa and **J.Mulhem

*Deparlment of Physics, Faculty of Science, University of Cairo and
^Department of Physics, Faculty of Science, University of Teshreen, Lathequia, Syria

Abstract

The initial susceptibility and the Mossbauer effect (ME) of the
compound (C3H7NH3) 2FeCl4 have been measured .The results
indicate a canted spin anti-ferromagnet, with the transition
temperature of 91.8 + 0.2K, the magnetic hyperfield H(O) =274 + 2
kOe. The sublattice magnetization were fitted to the power law
(1-T/TN)P , with j3 =0.146+ 0.004 revealing a highly anisotropic-two
dimensional Ising system. Possible structural phase transition at low
temperature cannot be ruled out.
Key words: Mossbauer effect / Magnetic properties / sublattice
magnetization

Introduction
The class of compounds (CnH2n+iNH3)2MCl4 ,with M= Mn+2,Fe+2,Cu+2,Zn+2 and

Cd+2 have been under extensive studies for the past several years, due to their
interesting structural and magnetic properties at high and low temperatures
respectively^ "7). These compounds have the K^NiF^type perovskite structure consisting
of layers of corner sharing MC16 octahedra that extends in two dimensional network.
The layers of the MC16 octahedra are separated by alkyl ammonium chains. The two
ammonium ends of the chains are linked to the metal halogen layer via hydrogen bonds
whereas the alkyl ends are directed towards the interlayer spacing and are bonded
together by the weak Van der Waals forces. The dynamic behavior of the
alkylammonium groups is responsible for the structural phase transitions found in these
compounds(8). The distance between the chlorometallate layers is directly related to the
number of carbon atoms in the alkylammonium ion. As was pointed out by Depemeier
et Al^8), for the manganese series, the compound with n=3 is unique. It has among other
things, the longest M-Cl bond, the largest difference between the b and c lattice
parameters, as well as a large number of structural phase transitions. Upon substituting
Fe for Mn one has the advantage of using the Mossbauer effect technique as well as the
magnetic susceptibility to investigate the magnetic and/or the structural properties of
these compounds Will the increase of the number of carbon atoms, hence increasing the
distance between the magnetically active layers be reflected in the magnetic properties?
In the present study ME results and AC susceptibility of the n=3 compound will be
presented and comparison with the n= 1 compound, (CH3NH3) 2FeCU , will be
discussed.

Experimental

The samples were prepared as discussed elsewhere(1"9). Polyscrystalline samples
were ground and used as ME absorber and for magnetic susceptibility measurements.
Handling of the compounds were carried out under nitrogen atmosphere as they were
easily oxidize as Fe (II) changes to Fe (III). The ME powdered samples were mixed
with Apiezone grease so they would not settle when placed in the Mylar foil. The holder
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was sealed to restrict oxidation. A 20 mCi Co57 in Rh source (at room temperature) was
used. With this source the full width at half maximum intensity of the resonance lines of
Fe foil was mm/s measured at room temperature, thus indication good resolution.

A Ranger Scientific MS-1200 constant acceleration laser interferometer
controlled drive and data acquisition system as used in a standard drive and data
transmission setup as described elsewhere (6). The velocity calibration was performed
using Fe foil and Na2 (FeCN).6HO powdered crystals. A Janis cryostat with special
Mossbauer windows in the tail was used for the low temperature studies. A Lakeshore
temperature control unit with precision of ± 0.2 was used. Also a Lakeshore 7000 series
susceptometer was used for susceptibility measurement.

Results and discussion

Selected ME spectra in the low temperature region between 8K and 100K are
shown in Fig.(I).At T= 100 K and above up til! room temperature typical quadrupole
doublet is obtained. At room temperature the quadupole splitting
AEQ=2.214+0.004mm/s and center shift ( 5 ) = 1.200 + O.OOlmm/s, typical for ferrous
complexes are obtained. Using Danon's calibration (I0), the value of the center shift
obtained is found to correspond to a 3d64s008 electronic configuration. The spectra
collected between 83K and the transition temperature shows magnetically split spectra
together associated with the rise of a quadrupole doublet, whose intensity increases at
the expense of the magnetically split spectrum as reflected in the two spectra collected
at 83 and 85.4K. (see Fig 1) .At temperature T<72K, the spectra showed well resolved
eight lines that were analyzed using the computer program Moss90. Values of the
hyperfine field (H u (T)), the quadrupole splitting AEQ the center shift (8) the line width
(F) and the angle (0) are listed in table (I). Values for n=l are also included for
comparison purposes. Extrapolation to T=0 yields a value of 274 + 2 kOe.

Table(l) ME parameters for (CjHvNEbhFeCLiand (CH3NH3)2FeCI4

T(K)

90.94
90.68
89.29
82.57
30.3
8.0
*6.0

**5
mm/s

1.120
1.112
1.125
1.113
1.142
1.12

0.1266+0.005

AEQ

mm/s

2.57
2.52
2.32
2.38
2.21
2.3

2.57+0.04

Hhf
kOe.

133
137
159
200
274
274

280.4+0.4

r
mm/s

0.521
0.503
0.452
0.284
0.403
0.362

0.134+. 02

0(0)

88.6
88.6
88.6
88.6
88.6
88.6
86.1

• data for n=l compound, (CH3NH3) 2FeCl4,after ref(l 1)
• **Center shift value with respect to Stainless steel

errors in 5 ,AEQ ,Hhfi;and F are 0.005,0.05,2 and 0.003 respectively

Fig.(2a) shows the dependence of the reduced hyperfine field on the reduced
temperature .The graph shows the sublattice magnetization for the material under
investigation where the best fit is obtained for two dimensional Ising model with J/k-
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43. IK, thegraph shows also the Brillouin curve and the three dimensional Ising model.
Assuming the hyperfine field to be proportional to the sublattice magnetization, the
obtained results were fitted to the equation(12).

13

This results in TN =91.8 ± 0.2K, a value of B =1.052 ± and (3 =0.166 ±0.004. .
The same value of P was obtained from the log-log - plot shown in Fig.(2b).Values
determined for similar type compounds are listed in table (II)

Table (II)
NO.

1
2
3
4
5
6

compounds

(CH3NH3)2FeCl4
(C3H7NH3)2FeCl4
(C6H5MI3)2FeCl4
(CH3)3(NH3)2FeCl4
(CH3)5(NH3)2FeCl4

(CH3)6(NH3)2FeCl4

B

1.1

1.052

1.04

1.05

1.10

1.12

P
0.23

0.166

0.28

0.151

0.136

0.124

T N
( K )

95.5

91.8

75.6

102.2

99.8

105.2

H(0) kOe

28.0

27.4

75.6

18.5

18.7

19.7

REFERENCS
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this work
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7

14

7

The value of P thus obtained, differ form those obtained for compounds # 1 and
3, although the three materials are isomorphous. Yet the value obtained for the material
under investigation is in closer agreement with that of a two-dimensional Ising
antiferromagnet It is to be mentioned at this point, that P for two dimensionl Ising =
0.125, and is 0.3125 for 3d Ising (2). The discrepancy in the values of P may be due to
the temperature range chosen for the calculation of the critical exponent. It is of great
importance to do the calculation as close to the transition temperature as possible .Our
calculations lies in the temperature range - T- TN-/T <10"2-10*'. Since the critical
exponent is related to the spin and lattice dimensionality (2), then we can suggest that the
compound under investigation is truly a two dimensional Ising antiferromagnet. It is to
be mentioned at this point, that P for two dimensionl Ising = 0.125, and is 0.3125 for 3d
Ising (2). The variation of the line width T with temperature near TN gives some
indication of relaxation broadening as seen in Fig.(3a).Detailed investigation of the line
broadening in terms of relaxation calculations is currently being investigated. The
temperature dependence of the asymmetry parameter shows that it increases with the
increase of the sublattice magnetization, suggesting distortion due to magnetostriction.

Fig. (4a) shows the ac magnetic susceptibility as function of temperature at
frequency of 500 Hz. It is characterized by the presence of a sharp spike superimposed
on a background that increases with decreasing temperature. This behavior is
characteristic of a canted spin antiferromagnetic system (16). It is important to point out
the asymmetric nature of the spike (insert 4b), where a shoulder is present at T~ 93.8K.
This may be attributed to possible structural transformation. Structural phase transition
from tetragonal to monoclinic phase has been reported for the n=l compound at T=(17).

As is well known (l8) the magnetic hyperfme interaction Hi,r is given by
H l l f=HFc+Ho r b+Hd i p (2)

Where HFC is the Fermi contact term usually large and opposite in direction to H orb and
H dip- H 0,b is the orbital contribution and depends on the crystalline field interaction.H
dip is the dipolar term resulting from the interaction of the spin moment of the atom with
the nucleus. These term may be in Tesla as given <19'20):

HFc=-24.0<Sq> T (3)
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Horb=54.8<Lq> T (4)
and

H dip =8.0 (Wm)vai <S q > p,q=x,y,z T (5)

where <L p> = (g-2.002)<S p >
Previous electron spin resonance measurements have indicated the values of gz

for the n=l and 3 compounds to be 2.0134 and 2.0500 respectively (21). Since the orbital
angular momentum is quenched in the two compounds, thus

H dip = 0.0111<S z > T for n= 1 compound
And
Hdip = 0.0477<S z > T for n= 3 compound
Using the values of AEQ, the covalency factors a2 =0.604 and 0.593 and H =

23.3T and 20.0T for the two compounds respectively and substituting into Eqs. (1), (2)
(3) and (4) one gets an effective spin <S z > value of ~1 for the two compounds.

In conclusion one may say that the magnetic behavior of the two compounds
(n=l and n=3) is identical, i.e. both are highly anisotropic Ising system with effective
spin <S z > =1. The Hhr for n=l is slightly larger than that for the n=3 compound, and
the angle between it makes with the direction of the electric field gradients is larger for

the former. The presence of a shoulder at the high temperature side of the susceptibility
spike may be due to structural phase transition.
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ABSTRACT

A miniature coaxial gun has been used to study the effect of the energy
spectrum of the ejected plasma on the interaction with negative glow region in a
normal glow discharge. The peak discharge current flow between the coaxial
electrodes was 5.25 KA as a single pulse with pulse duration of 60 us. Investigations
are carried out with Argon gas at pressure 0.4 Torr. The sheath thickness of the
ejected plasma from the coaxial discharge was 6 cm with different densities and
energies. The spectrum of electron energy varies between 6 eV and 1 eV, while the
electron density varies between 5x 1012 cm'3 and 4xlO13 cm"3. The peak velocity of
the ejected plasma was 0. 8 x 10s cm sec1 in the neutral Argon atoms. Argon
negative glow region used as base plasma has an electron temperature of 2.2 eV and
electron density of 6.2 xlO7 cm'3. It had been found that the velocity of the ejected
plasma decreased when it moves in the negative glow region and its mean electron
temperature decreased. The results are compared with the theory of beam
interaction with cold plasma.

Key Words: Glow Discharge / Negative Glow / Plasma Beam Interaction.

INTRODUCTION

Since glow discharge became important for industrial applications, such as laser, circuit breakers,
material surface treatments, production of pure materials such as ceramics and silicon. The
understanding of the physical phenomena of it grow during the last years. Although the glow
discharge is simple in construction, it is rich in physical processes, which need more detail and
accurate studies.

The DC-low pressure glow discharge consists of three main regions, cathode full, negative glow
and positive column. Negative glow discharge region is the brightest region of the normal glow
discharge and the electric field is quite low at the boundary between the cathode dark space and the
negative glow .The electrons reaching its boundary have been accelerated through the cathode dark

ic electrons are travelling through
the negative glow region, they lose their energy through ionization and excitation, and hence the

reduction in electron density. A steady state will be reached such that a balance is maintained between
the rate of production by ionization and the rate of electron loss through recombination (l>2). The
negative glow region is highly collisions region. Glow discharge produces low-density plasma where
the ion temperature is of the order of rest gas, while the electron temperature can reach several
electron volts. The main interest of this study, is the interaction of ejected plasma from coaxial plasma
accelerator with the negative glow plasma.

The coaxial plasma accelerator can produce a plasma sheath propagating in the expansion
chamber with velocity 107 cm sec"1, with plasma density ~ 10 IS cm"3 and temperature of <10 eV. The
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pioneer work carried out by Marshall showed that coaxial plasma gun can be used to eject 0.1 mg of
plasma with high momentum and energy <3). The device consists of an inner and outer electrodes
separated at the breach by an insulator, a capacitor bank, and gas vacuum system. At the start of the
discharge of capacitor bank, the current flows across the surface of the insulator, minimum resistance,
forming a plane plasma sheath. Then the plasma sheath is lifted the insulator surface by the effect of
Lorentz force (J x B). The Lorentz force then accelerates the plasma sheath toward the muzzle of the
coaxial gun. The electrical discharge has to be matched with the axial motion of the plasma sheath
such that the sheath peak velocity at the muzzle coincide with the peak discharge current(4).

EXPERIMENTAL ARRANGEMENTS

The device consists of miniature coaxial plasma gun system and glow discharge system, Fig. (1).
The glow discharge system consists of power supply and two copper electrodes, each of 75 mm
diameter and with 100 mm separation distance enclosed by a pyrex glass cylinder . The two copper
electrodes can be move freely through the glass cylinder. The cylinder is fitted with two Aluminum
flanges, the lower flange is connected to the gas inlet through a needle valve and the upper one is
connected to the vacuum system. The electric probe and the miniature coaxial plasma gun are fixed
through ports at the middle of the discharge vessel surface. The miniature coaxial plasma gun system
consists of small capacitor bank and two stainless steel electrodes isolated at the breach by a Teflon
disc. The inner electrode is a solid rod with 3 mm diarneter and 45 mm length and the outer electrode
has 6 mm inside diameter and 45 mm length.

To vacuum svstcm

Electric probe

To aigon cylinder

Fig (1 ) : Schematic diagram of the experimental system
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EXPERIMENTAL RESULTS AND DISCUSSION

Argon gas is used with dynamic filling pressure of 0.4 Torr for all the experimental investigation
in this work. Electric probes are used to study the negative glow region(5). The glow discharge is fed
by 340 V and 2 mA from a stabilized power supply. From single electric probe characteristics In Ip

versus Vp showed several straight lines represents three different temperature of 1.1, 1.9, and 2.4 eV
with densities of 2.5, 4.5, and 6.2 x 107 cm"3 respectively . More accurate results can be obtained by
taking the second derivative of probe current Ip versus the retarding voltage Vr The retarding voltage
is obtained by subtracting the plasma potential from the plasma potential Vp. Since the negative glow
is considered highly collision region, the three groups of electron temperature have Maxwellian
distribution. When the three distributions are added together, the resultant distribution Fig. (2) is found
to be in close agreement with the experimental obtained one. Double electric probe characteristics
showed that the mean electron density and temperature in the negative glow region, at r = 0, z = 2 cm (z
is measured from the cathode, r = 0 at the Centre of it), are 6.2 x 107 cm"3 and 2.2 eV respectively.

The coaxial gun is operated in the absence of the glow discharge The discharge showed a single
discharge pulse with peak current of 5.25 KA-with pulse width of 60 jj. s (the discharge current is
measured by the Rogovisky coil), Fig. (3). The ejected plasma was in form of a single pulse, Fig. (3),
with pulse width of 70 jus, detected by double electric probe .The calculated inductance of the
discharge was 230 nH, while the total resistance varies between 90 m a n d 240 m . Th e double
electric probe showed that the electron temperature of the ejected plasma varies with time between 1
eV and 6 eV, while the density varies between 5 x 1012 and 4 x 1013 cm "3 Fig. (4) .The velocity of the
ejected plasma from the plasma gun has been measured for different discharge current Fig. (5-a). It has
been found that the plasma stream velocity increased with the increase of the discharge current (Id) in a
linear form for Id > 2 kA. From the plasma stream velocity and the plasma pulse width, the plasma
length is obtained. The plasma thickness found to be increased slightly with the increase of the
discharge current Fig. (6).

When the ejected plasma flows through the negative glow region it has been found that the plasma
thickness shows no significant variation in the presence of the negative glow, Fig. (6) while the plasma
stream velocity slightly decreased Fig. (5-b).

Measurements of the electron density and temperature of the plasma stream after interaction with
the negative glow region showed a decrease of temperature by ~ 30 %.

The important kinds of beam interactions are classified into, Cherenkov effect, normal Doppler
and anomalous Doppler effect. These interactions do not applied on the cold low-density beam plasma
interaction with cold low-density plasma. The interaction, which must be taken into account, is the
individual interaction between particles. In our case the plasma is unmagnetized and the plasma beam
interacts with cold low-density plasma, hence Bremsstrahlung effect is the only possible interaction.
The energy losses of the plasma beam by Bramsstrahlung radiation will be

£: = 5.35xlO31 |«er;1/2J]« /Z / dt Joule cm'*

It has noticed that an excited wave occurs during the interaction, which appears as additional fast
moving plasma detected by double electric probe, Fig. (7). The excited wave velocity was ~ 106 cm
sec"1.
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Fig (3 ) Oscilloscope signal of coaxial gun
(a) Discharge current (1.5 kV/div).
(b) Electric probe signal (50 mV/div).

(Without glow discharge).
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CONCLUSION

It has been found that the negative glow region in a normal glow discharge, which is powered
with 340V, 2 mA in an Argon gas, consists of three groups of electrons each has Maxwellian
distribution.

A miniature coaxial gun is fed by 200 joule capacitor bank produced a single pulse discharge
current with peak value of 5.25 KA. The ejected plasma velocity from the coaxial gun increased with
the increase of the discharge current. The electron energy spectrum of the ejected plasma varies with
time between 6eV and leV.

The interaction of the ejected plasma and the negative glow is only individual particle interaction.
A generated pulse due to the interaction has been detected and more studies have to be carried out to
understand it. Also the effect of the impurities from the eroded material of the coaxial gun and other
must be considered in future investigation.

REFERENCES

(1) A. VON ENGEL, " Ionized Gases ", Oxford Univ. Press, (1960).
(2) G. FRANCIS, " Encyclopedia of Physics, Gas Discharge ", II, vol. XXII, (1956).
(3) J. MARSHALL, " Hydromagnetic Plasma Gun in Plasma Acceleration ", S. W. Stanford,

Capif.,60-72,(1960).
(4) T. A., ALLAM, M.Sc. Thesis, Faculty of Engineering, Zagazig Univ., (1998).
(5) L. SCHOTT, " Plasma Diagnostics ", Ed. Lochte Holtgreven, H., North Holland, (1968).
(6) K. JUNGURITH, J. Phys., B 35, 844, Zech, (1985).

655



Seventh Conference of Nuclear Sciences & Applications
6-10 February 2000, Cairo, Egypt

EG0100063
PP-2 Plasma Deposition by Discharge in Powder

H. A. EI-Gamal, H. A. El-Tayeb , M. Abd El-Moniem
and M. M. Masoud

Plasma and Nuclear Fusion Department, Nuclear Material and Processing Division
Nuclear Research Center, Atomic Energy Authority,

Cairo, Egypt

ABSTRACT

Different types of material powders have been fed to the breach of a
coaxial discharge. The coaxial discharge is powered from a 46.26 fiF, 24 kV
capacitor bank. When the discharge takes place at the breach, the powder is
heated and ionized to form a sheath of its material. The plasma sheath is
ejected from the discharge zone with high velocity. The plasma sheath
material is deposited on a glass substrate. It has been found from scanning
electron microscope (SEM) analysis that the deposited material is almost
homogenous for ceramic and graphite powders. The grain size is estimated
to be in the order of few microns. To measure the deposited material
thickness the microdensitometer and a suitable arrangement of a laser
interferometer and an optical microscope are used. It has also been found
that deposited material thickness depends on the discharge number of shots
and the capacitor bank energy.

Key Words: Plasma Deposition / Coaxial Discharge

INTRODUCTION

In impulse plasma deposition (IPD), the coaxial impulse plasma accelerators are used. It
is found that the morphology of the coating deposited on the various kinds of substrates does
not depend in an essential manner upon the kind of the substrate material, but depends more
strongly upon the plasma generation process parameters. Hence by modifying the process
parameters, the morphology can be controlled (1>2). In IPD, the deposition occurred from the
sputtering of the inner electrode of the impulse plasma accelerator, and hence the erosion of
the material is studied. It is found that the use of ferromagnetic material reduces erosion and
prolongs electrode life (3l

In pulse high energy density plasma (PHEDP) gun, the metallization and surface
morphology are studied. It is found that the surface morphology of deposited materials
depends mainly on the gun voltage. The size of the grains increase with increasing the gun
voltage. The emergence of the clusters might be due to the high gun voltage resulting in a
large current [Imax = Vmax(Cb/Lb)

05, where Cb is the capacitance of the circuit and Lb is the
inductance of the circuit] (4) and resulting in evaporation of Ti electrode as the clusters.
Then, the clusters are accelerated and injected to the substrate. The results obtained reveal that
the lower voltage is better for the formation of a smooth surface(5).

The objective of this paper is to investigate the deposition of different materials using
plasma coaxial discharge. The used source materials are ceramic and graphite powders
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l-'ig. 1. Schematic diagram of the experimental setup

Fig. 2. SEM micrograph of surface morphology of
ceramic film on glass substrate at 6 kV and
100 pulses.
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which situated on the isolator between the two electrodes. The thin films are deposited onto
fixed glass substrate placed at the muzzle. The effects of the discharge conditions on film
thickness are studied.

EXPERIMENTAL SETUP

Figure (1) shows the schematic diagram of the system the coaxial discharge accelerator
consists of two electrodes made of steel material. The inner electrode diameter is 5.6cm, with
length of 8.5 cm. The diameter of the outer one is 8.8 cm and 16.2 cm length. The condenser
bank consists of 6 capacitors connected in parallel each with 7.71 up and can be charged up
to 24 kV. A spark gap switch is connected to the bank. The working pressure of the system
varies between 0.2 Torr and 0.6 Torr. The glass substrate is placed at the end of the outer
electrode, and at 6.25 cm from the end of the inner one. The powders, to be deposited onto
the glass substrate, are placed on the isolating disc between the two electrodes at the breach
of the coaxial accelerator which is fixed in a vertical position to keep the powder always at
the breach.

The scanning electron microscope, microdensitometer, and laser interferometer are used
for performing measurements.

EXPERIMENTAL RESULTS

The coaxial discharge head is fixed vertically such that the breach is down and the
muzzle is up. Hence, the powder of the required material is placed at the breach and will be
lifted up by the discharge. The powder grains have been filtered mechanically by a mesh to
have a minimum grain size in the order of approximately 20 (im. The capacitor bank has
been charged from 200 Joule up to 3000 Joule. When the discharge current flows through the
powder, it heats and ionizes a part of the powder. The ionized particles of the powder are
accelerated by Lorentz force J x B and ejected towards the glass substrate which is fixed near
the muzzle of the system.

Figure (2) shows the SEM picture obtained in the case of using ceramic powder and 100
discharge shots each of 833 Joule. The picture indicates that the deposited ceramic layer has
almost homogeneous structure.

For graphite powder, detailed experimental investigation has been carried out for
different discharge number of shots and charging stored bank energy. Figures (3)-(6) show the
SEM pictures of deposited graphite layers obtained under different conditions as stated in
figure captions. All pictures indicate that the deposited graphite layers have almost
homogeneous structures.

The setup used to measure deposited material thickness is presented in Fig. (7). It
consists basically of a laser interferometer and an optical microscope. Using glass substrates
makes it simple to evaluate the material thickness, since an interference fringes of the two
faces of the glass substrate and its thickness can be relatively compared with the fringes of the
deposited materials.

The dependence of the deposited material (graphite) thickness on the number of the
discharge pulses of equal energy are found to follow a linear relation. The results presented
in Fig. (8), indicate that each pulse of 805 Joule increases the deposited material thickness by
16 nm .
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Fig. 3. SEM micrograph of surface morphology of
graphite film on glass substrate at 5.9 kV
and 25 pulses.

V\g. 4. SEM micrograph of surface morphology of
graphite film on glass substrate at 8 kV
and 50 pulses.
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Fig. 5. SEM micrograph of surface morphology of
graphite 111m on glass substrate at 10.5 kV
and 100 pulses.

Fig. 6. SEM micrograph of surface morphology of
graphite film on glass substrate at 11.5 kV
and 25 pulses.
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Microscope
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Fig. 7. Laser interferometer with microscope arrangement.
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The dependence of the deposited material (graphite) thickness on the stored energy of
the capacitor bank is presented in Fig. (9). The results presented indicate that the material
thickness increases exponentially with increasing stored bank energy.

CONCLUSION

Material deposition using coaxial discharge system having the powder at its breach has
been carried out for the first time. The coaxial electrodes are powered by a capacitor bank
with stored energy varies between 200 Joule and 3000 Joule. Two different material powders,
namely: ceramic and graphite, have been used. Scanning electron microscope pictures of the
deposited layers of the two materials show almost homogeneous structures. It has been found
that the deposited graphite thickness is linearly proportional to the number of the discharge
pulses for the same bank energy. Increasing the stored energy of the capacitor bank, the
deposited graphite thickness increases exponentially.

ACKNOWLEDGMENT

The authors would like to thank Prof. Dr. Mostafa mahmoud and Prof. Dr. Samia
El-Hqut for their kind support, useful discussions, and performing the SEM micrographs.

REFERENCES

(1) K. Zdunek, Vacuum, 47, 1437(1996).
(2) K. Zdunek, Vacuum, 44, 93 (1993).
(3) K. Zdunek, T. Karwat, Vacuum, 47, 1391 (1996).
(4) Yang Si-Ze, Ren Yu-Feng, Liu Chi-Zi and Li Bing, 2nd National Symposium, Plasma'95,

2,295(1995).
(5) Xiang-Jun He, Bing Li, Chi-Zi Liu, Yu-Feng Ren and Si-Ze Yang, International

Symposium Plasma'97, 2,165(1997).

663



Seventh Conference of Nuclear Sciences & Applications
6-10 February 2000, Cairo, Egypt

PP-3 Modeling of "Egyptor" device

B. F. Mohamed and A. Nicolai*

Plasma Phys. Dept., N.R.C., Atomic Energy Authority,
Cairo-Egypt. E-mail/ bahaafouad@frcu.eun.eg

'Institute for Plasmaphysik der Kernforschungsanlage Julich GmbH,
Association EURATOM-KFA,P.O.B.1913, D-517 Julich,Germany

B;

Abstract

, y using Egyptor data, the time evaluation of typical discharges is
• modeled on the basis of Shafranov's theory using of a Id -transport

and 2d -equilibrium code. The transport model resorts to the
ALCATOR-scaling law for the electron heat diffusivity and to a neoclassical
model for the ion heat diffusivity. Also the impurity transport model resorts to a
neoclassical model with a dominating anomalous diffusion coefficient. The
radiation losses are computed under the assumption that a prescribed fraction of
the ohmic input power is radiated away. Concerning the atomic neutrals 100%
recycling is assumed. The treatment of the semi-free boundary value problem is
needed to calculate the pressure and q - profile by computing transport code
depending on the limiter and the coil data. This problem is mainly envisaged
here since the plasma parameters during the flat top phase are of primary
interest. The results show that a flat top value of Temax= 220 eV is reached if
one assumes that 60% of the input power is radiated away. If the radiated
fraction approaches zero, a flat top temperature Temax = 400 eV might be
reached.

Key words: Tokamak plasma / Transport theory / Equilibrium.

Introduction

The Egyptor experiment0' provides the possibility to study the transport
properties, the equilibrium and the (resistive) MHD behavior of low- (3 tokarhak
plasmas. It produces small, medium aspect ratio plasmas (A = 3, a = 10 cm) by means
of an air core transformer (induction coil) C0H at RQH =13 cm and poloidal field coils Cp

at Rp = 48.5 cm. The induced plasma current after the current rise phase is
approximately Ip = 50 KA. The plasma is stabilized by a toroidal field of B, = 1.7 T
generated by 180 toroidal field coils which are glued on the vacuum vessel with epoxy
resin. The vessel consists of two toroidal stainless steel segments insulated from each
other to allow the electric field of the primary to penetrate. The vessel can be (without
coating) a source of heavy impurities. In particular the neoclassical impurity transport
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and the interaction of the impurities with the MHD-modes could be an aim of
investigation. Since the device is small, destructive forces during disruptions are not
expected and the processes triggering disruptions could be studied in detail.

To predict the behavior of tokamak plasmas, various numerical tools are
available such as the free boundary equilibrium and evolution codes TSC, ASTRA,
BALDUR and TORUS II<2> 3). The last code is based on Shafranov's evolution theory
and H.Grads approach of the equilibrium problem. It has used to describe the
equilibrium and some plasma parameters of Egyptor(l>.

In the following, by means of TORUS II code, we will try to predict the time
evaluation of typical discharges on the basis of Shafranov's theory using of a -\d -
transport and 2d -equilibrium code . A brief outline of TORUS II will be given. Also the
results concerning the transport parameters will be presented on the basis of the Egyptor
data.

The Boundary Value Equilibrium Problem

The TORUS-II code consists of a 2d - equilibrium package and a Id - transport
code both interacting by the metric quantities, the pressure- and q- profile. The latter
profiles are a main input for the equilibrium part. The metric quantities follow from the
shape of the flux surfaces and enter the transport equations as pre-factors for the
transport coefficients. Since, in the case of Egyptor, almost circular flux surfaces can be
expected, these quantities are close to unity.The treatment of the semi-free and the free
boundary value problem is based on an iteration between the Grad-Shafranov equation
and the averaged Grad-Shafranov equation'4'. They are given by:

2 dp df

with

R2 dR2 + dz2 ~ R dR
and

¥' = o (2)

where, R is the distance from the axis of symmetry, z is the distance from the eqatorial
plane and jv{R,z) is the toroidal current density, y/ is the poloidal flux function
depending on R and z, whereas the flux function y7 depends only on the volume V
enclosed by the flux surfaces (the prime denotes the derivative with respect to V). The
functions K(y/) and A{y/) are the following flux surface averages

1
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Q(v) dy . .
The function f{y/) is related to the q- profile q(y/), by f(y/) = — with

The computation of the flux function y and the /-function f(y/) allows to
compute the 2d-distribution of the toroidal current density j , , the poloidal current
density j , the poloidal field B and the toroidal field B, by means of the expressions

iH-^-J-f1- (4)

Bn = —— and B. = — (5)
P i? ' /?

Since in the majority of the cases the flat phase is of interest, a detailed resolution of the
current rise phase is not needed. So the results are mainly based on the constant current
model.

Plasma Evolution and Transport

The computation of the time evolution of the plasma parameters is based on
strongly simplified neoclassical theory presupposing a system of nested flux surfaces
providing the background for a Id-diffusion model(5). It is assumed that the transport
processes parallel to flux surfaces are much faster than the perpendicular one. The
continuity equation:

rl 1 P

i t = " ~P Jp [P<^P]2> ^ +SA, + S{io)j+Sltx)j + Sbl + Sat (6)

The particle source terms S[io)j and SAj account for recycling and the adiabatic changes
of the plasma parameters due to the evolution of the flux surface geometry
(j=l,2,...stands for the different particles). The source terms S{e.x)j, Sbj. and SOj

 s t a nd
respectively for the charge exchange, other possible source or loss mechanisms (such as
beam deposition) and ionization of neutral particles. The flux F\ is given by a diffusive
part Yj and convective part Yin :

oh.
r , = r , + r,, with r D =~D-^ and r,, = - w , v ,

D is the diffusion coefficient which is given in terms of the electron heat diffusivity %e

( D = 1/4 xe).
 v

p is the inward flow velocity and p is the effective flux surface raduis.

The evolution of the plasma and magnetic field parameters is based on' the
equilibrium constraint determined by the transport processes which provide the
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relaxation of the current density profile and establish in steady state a balance between
the power and particle deposition and the corresponding sinks due to various loss
mechanisms. The electron and ion temperature equations are:

5 d_

~2 ~dt dp ~2

Peq + P(*nj + PAt + Pfl + P0H + Pbe + Ko

(7)
where, j is for electron e and ion I, and the energy source and sink terms
Peq>

P(RF)j>PAt>
pji>poH>Pbe

 and Prad
 s t a n d . respectively, for equilibration, RF-

heating, adiabatic changes, the flow-work, RF-heating, beam-heating and radiation
losses.

The aforementioned evolution equations are completed by equations for the
poloidal (toroidal) flux function which is written here in terms of the effective poloidal
(toroidal) induction. The equation for the effective poloidal (toroidal) field is derived
from Shafranov's theory which resorts to general flux coordinates in which the field
lines are straight. So, by introducing the effective poloidal field

1

we can obtain

3 2,
dt

Ro dp

the following

d
dp

-

1

equation:

1 d i ~ • )
p dp ^ p Bt

(8)

+ (9)

The source term accounts for the time dependence of the toroidal flux function is:

RodpKq dt.
(10)

An analogous equation for the effective toroidal field can be obtained by identical
transformation only. The metric quantities /, and l2 are flux surface averages oPthe
order unity:

/, =
R2 f

1 — •" ( 1 1 )

where Ro is the radius of the magnetic axis and the vacuum magnetic field at R = Ro.
The toroidal current density jB in equation (9) is supplemented by the current density
due to the bootstrap current which is related to the diamagnetic current. The boundary
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value for the effective poloidal field is to be increased by the value corresponding to the
total bootstrap current.

Results

The calculations had been based on the aforementioned equations and the
following data for the initial hydrogen plasma state in Egyptor^. The maximum ion

density is «1(max) = 1.7 x 1OI3CA«"3 and the maximum temperatures of electrons and

ions are 25 eV. Initially n], Te and Tt are distributed parabollically. Concerning the
neutrals 100 % recycling is assumed and the plasma current for the constant current
model is Ip = 50 kA . The current in the primary solenoid is I0H = -10 kA.

time - 4.600E + 01
xrnin «» -1.200E-0I
xmox - 1.200E-01
ymin - -1.200E-01
ymox - I.200E-01
zmin - 0.000E + 00
zmox - 4.224E-O1

Fig.(l.a) toroidal current density (ka/cm**2)

time <* 4 . 6 C J L ^ U 1
xmin - -1.2CCC-01
xmcx » 1.2OC£-CI1
yrr. n « — I .20ZZ-C'
ymox e 1 . 2 0 0 L ~ : "
i n in = OOOOt-OC
zrr.ox » 1.267E-C2

I

Fig.(l.b) poloidal current density (ka/cm**2)
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The subsequent figures concentrate on the flat top ohmic current phase for 40
ms. The two dimensional distribution of the toroidal current density which is peaked
due to the peaked temperature profile is shown in fig. (l.a). While fig. (l.b) show the
poloidal current density which is essential for the force balance and effects that in the
case of a low /?- plasma where the total current density is almost parallel to field lines.
It has been found that jp is zero at the magnetic axis and increases toward the boundary
to yp(nm) = 0.02 kA/cm2. This value is around one order of magnitude lower than that of

the toroidal current density in fig (l.a) since the toroidal field is around one order of
magnitude larger than the poloidal field.

Fig. (2) displays the distribution of the poloidal field. It vanishes at the magnetic
axis and increases toward the plasma boundary according to its vorticity, the toroidal
current density. As already mentioned it reveals a similar behaviour as the effective
poloidal field except for the fact that due to the toroidicity the inside value is
considerably larger than the outside value. It is worth to mention that poloidal current
density (Fig. (l.b)) has this inward - outward difference.

Fig.(2) poloidal field (tesla)

Fig.(3) polxurrent* tor .field
+ pressure part (n/crn*

lime = 4.600E + 01
x m i n = - 1.200001
wnox = 1.200E-01
ymin = -1.200E-01
ymox = 1.200E-01
zmin = O.OOOE-tOO

= 2.6UE + 05

•2)

t.rne = 4.600E+01
«min - - 1.200E-01
<mo< - 1.200E--01
ym.n = - l.200f-01
ymox = I.200E--01
im<n •+ 0.O00C + 00
;mox - 1 40IE-01
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Fig. (3) shows the force density due to the poloidal current density and the
toroidal field and the pressure gradient. Since the toroidal field is almost identical with
its vacuum value, this force density is dominated by the poloidal current density and
thus vanishes at the magnetic axis and increases toward the plasma rim. The
contribution of the pressure gradient to the force balance is small ( »10%).

The 2d-distribution of the electron temperature under the assumption that the
flux surfaces are surfaces of constant temperature is investigated in Fig. (4.a). We see
that this profile is less peaked than that of the toroidal current density since in steady
state j , oc Te

3'2 . The analogous ion temperature profile (Fig. (4.b)) is characterized by
the fact that it is much steeper than the electron temperature at the plasma boundary.
This is a direct consequence of the neoclassical transport.

The time evolution of the electron temperature profile is displayed in Fig. (5.a).
It becomes bell-shaped in the flat top phase because it is assumed that due to the large
density the radiated fraction increases to 95 %. this implies that radiation is the
dominant loss channel, coduction and convection are unimportant and therfore the
electron temperature profile is flat at the plasma edge. The detached plasma state is
almost reached. Fig. (5.b) shows the analogous evolution of the ion temperature which
is considerably larger as compared to the low density case envisaged before because of
the increased equilibration.

Fig.(4.a) electron temperature distribution (ev) ,. F i g . ( 4 . b ) i o n t e m p e r a t u r e d i s t r i b u t i o n (
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The particle balance (Fig. (6.a)) shows that the inward pinch flux is around XA of
the recycled flux (25 kA). The flux balance is fulfilled with an accuracy of 1%.
Fig.(6.b) shows an investigation for the electron power balance (which is much more
than the ion power inside Egypter). It shows that dominant loss channel is radiation (41
kW). Relative less important is heat conduction (20 kW) and heat convection (4 kW).

(ji.'tlOl O

Radiation

P • 9

Fig.(5.a) electron power balance

qlobol p

recycled flux

pinch

time

.9 1.0

Fig.(5.b) ion power balance
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Conclusions

The results show that the radiation dominated Egyptor plasma reaches an
electron temperature of around 220 eV. The ion temperature is around 1/ 2 of this value
partly because the plasma is translucent with respect to neutrals. In the case of a clean
Egyptor plasma an electron temperature of 400 eV can presumably be reached.

Increasing the hydrogen density up toward the Murakami limit (n »1014cm'3) at
a low Ze(T high poloidal beta states (bp » 1) could be accessed with the interesting
transition to a diamagnetic, pressure dominated plasma with large Shafranov shifts.
Presupposing in this case a radiated fraction of 95 %, a detached plasma state is reached.
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* ABSTRACT

Stark width measurements have been done which provide an important tool for
electron density determination in dense plasmas. These experimental observations
should be calibrated via accurate diagnostics methods. Dense plasma obtained by gas-
liner pinch is well suited for this study, since it is well diagnosed by collective Thomson
scattering. Unfortunately, respective results for lines of non-hydrogenic ions with high
charge numbers Z are still quite scarce and measurements were lacking independent
diagnostics and they are plagued by problems due to plasma inhomogeneity,
macroscopic motion with respective Doppler shifts, and optical thickness effects.
Collective Thomson scattering employing a ruby laser is the well independent calibrated
method for determination of plasma parameters and we obtained electron densities and
temperatures in the range of ne = (0.5 - 5) x 10A18 cm-3 and k«Te = (5 - 40) eV,
respectively. In this study argon spectral lines emitted in higher ionization stages showed
a reliable diagnostics for dense and hot plasmas.

Key words: Plasma Spectroscopy/ Diagnostics/ Emission Spectroscopy

1. EXPERIMENTAL SETUP

The characteristic features of the present Z-pinch have been described in details by H.
Hegazy et al.(I). A schematic diagram of this Z-pinch is shown in fig.(l). In principle the
main feature of this pinch is given by special gas inlet system injecting independently two
different kinds of gases. The first is the main gas, which is injected through the annular nozzle
and builds a hollow cylinder near the wall of the discharge chamber. This gas is first
preionized and compressed with the main discharge and forms a plasma column of 5 cm
length and 1-2 cm diameter reaching (0.5 - 5) x 10A18 cm-3 and kBTe= (5 - 40) eV. The
second is the test gas is injected through a nozzle along the axis of the discharge chamber.
The particularity of the resulting plasma is that the ions of spectroscopic interest are confined
to the homogeneous center of the plasma column and therefore, no cold boundary layers are
present and no Abel inversion has to be done.

Normal incidence spectrometer, lm , (McPherson model 225) fitted with 1200 I/mm
grating blazed at 120 nm is used for spectroscopic investigations. The reciprocal dispersion of
the system is 0.02 nm/channel. In the mean time, the plasma column is diagnosed by
scattering of laser radiation from the center of the discharge. For this 1J Korad Kl Q-switched
ruby laser system is used. The scattered radiation is collected at an angle 90° and focused onto
the entrance slit of visible spectrograph fitted with 2400 lines/mm grating and the reciprocal
dispersion of the system is 0.0097 nm/channel with an apparatus profile is 3-4 channels.
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Figure 1 Schematic of Z-pinch.

2. THOMSON SCATTERING

In order to test theoretical predictions and scaling of Stark width, it is important to
measure spectral lines under reliable conditions diagnosing the plasma independently. The
installed system described above determines the plasma parameters with high accuracy. This
arrangement gives typical values for the scattering parameter a=l/(kA,D)>l. In this regime
light predominantly scattered into a narrow ion feature; scattering occurs on electrons, which
are bunched in the Debye spheres of the ions, and from the width of the scattering spectrum
the ion temperature is obtained. Furthermore, on the wings of the ion feature, heavily damped
ion acoustic waves determine the shape of the scattering spectrum. Since the phase velocity
and the damping of the ion acoustic waves depend on the ion and on the electron temperature,
an accurate measurement of the shape of the scattering spectrum also yields the electron
temperature.

By calibrating the detection system by Rayleigh scattering on propane, the electron
density is deduced from the intensity of the scattering spectrum. This measurement is
performed with helium as the main gas and Ar as a test gas. This spectrum is fitted with a
theoretical form factor<2). Fig.2 shows an example of a measured Thomson scattering
spectrum with the fitted form factor. A detailed description of the form factor and the fitting
procedure are giving in Ref.(3). An impurity peak from test gas ions, which is easily observed
in Refs.(4,5) when using a large amount of test gas can not be identified in fig. (2). This is due
to the small amounts of argon have been used for the investigation of the line profiles in order
to avoid self-absorption problem.
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Figure 2 Example of a Rayleigh and Thomson scattering spectrum with its least square fit.

3. STARK BROADENING

The experimental verification of theoretical predictions of spectral line profiles emitted
by dense and hot plasmas is needed for plasma diagnostic applications and radiative transport
calculations^6'7'. In particular, the investigation of inertial confinement fusion research*8'9'10'
depends on the accurate knowledge of spectral line profiles emitted by multiply ionized
atoms. New theoretical methods and modelling have been achieved and applied in recent
years(11>12) to calculate spectral line profiles in the limits where broadening by electron
collisions or by ion microfields dominates.

Electron collision broadening dominates the line broadening of isolated spectral lines of
nonhydrogenic emitters. In most cases the impact approximation is valid over the frequency
range of the spectral line profiles. The criterion for the validity of the impact approximation is
that the duration of the collision of the perturber with the emitter x is much smaller than the
inverse of the half-width at half maximum (TO) or the inverse of the angular frequency
separation Aco from the line center, i.e:

« — = mm
v

1 1.

Aco
(1)

Where p is the impact parameter and v is the velocity of the electron. The general solution is
given by Baranger13) . Baranger derived that the solution is a Lorantzian with full width at
half maximum given by the rate of effective collisions.
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Figure 3 Argon spectral lines in spectral interval 50 nm to 60 nm

4. EXPERIMENTAL RESULTS AND DISCUSSION
In order to determine the Stark width of the measured spectral lines we fitted Voigt

functions employing a least squares procedure to the experimental data. The Voigt function
consists of the measured apparatus profile convoluted with a Doppler profile which was
calculated according to the measured temperature of the emitters for each plasma condition.
The resulting profile is convoluted with Lorantzian profile with a variable width for Stark
broadening. The fitting procedure takes into account a variable continuum, which is checked
to be linear by recording spectra without the injection of test gas. This procedure is also useful
to verify that no radiation from unwanted impurity affects the measured line profiles as shown
in fig.3. Fig.4 shows the measured spectrum with its least square fit.

Moreover for transitions with highly populated lower levels self-absorption is a serious
problem which leads to line profile distortions. This is verified by measuring relative
intensities of 3p-3d transitions of ArVIII (52.645 nm and 51.943 nm) which is expected
theoretically to be about 2 assuming LTE. This verfication is shown in fig 5.

c
13

03

ArVII

M
.»J»-<r V*v-#-»

53 54 55 56 57 58

Wavelength (nm)
59 60 61

Figure 4 Shows the measured spectrum with the least-square fits of a Voigt profile.
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Figure 5 Shows the intensity ratio of 3p-3d ArVIII spectral line versus the discharge time.

Stark widths are usually linearly scaled, because it is a fundamental concept of the
impact theory that the contribution to the line width owing to electronic or ionic collisions is
proportional to their number density(13). Indeed the linear scaling of a line widths of
nonhydrogenic ions has been proven in a number of experiments^114). For that reason we can
scale the experimental Stark width linearly to the electron density. Fitting the data points with
the linear density dependence for the interested spectral lines are summerized in Table (1).

Table (1) Regularities of the density dependence of the FWHM of different
Argon lines (the density given in 1 x 1018 cm"3 and FWHM in 0.1 nm).

Transition

ArVII

ArVI

3s2-3s(2S)3p

Wavelength
(O.lnm)

Regularity

2/4 3/4c
3s3pTP)-3pTS)
3s23p(2P)-3p3(2S)

585.75 ne = 0.144 x FWHM

588.921 ne = 0.268 x FWHM
594.096 ne = 0.132 x FWHM
596.694 ne = 0.125xFWHM

One order of magnitude between the measured Stark width and the calculated width(6'I5)

is achieved. We can conclude that the measured lines can be used for electron density
monitoring in dense plasma medium. More refine measurements in higher order is necessary.
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ABSTRACT

The total power transfer from the condenser bank, to plasma coaxial
accelerator device is theoretically studied by using the voltage equation of the
entire circuit and applying impulse - linear momentum theorem .This total
power represents a combination of (a) the power flowing to the external
inductance , (b) the power flowing to the inductance of that part of the electrode
system between the breech and the momentary position of the plasma current
sheath,
(c) the power flow ing in the annular space between the two coaxial electrodes, to
form the magnetic field induction, (d) the power flowing to accelerate the initial
mass, (e) the power flowing to accelerate the mass, which has been swept up into
the plasma current sheath, (f) the power, which produces directed kinetic
energy for the plasma current sheath, (j») the power, which produces internal
energy in the plasma sheath, (h) the Joule heating. The peak value of the total
power =6xlO8 watt at t=4 _us, for maximum calculated discharge current
=110KA with a period of 34 us . Experimentally its equal to 3.5xlO8 watt at 7us
and Io =85KA.

The energy flow to the coaxial discharge system has been evaluated
theoretically and experimentally, Emnx (calculated) =5.92xlO2 J at t =5.5;is and
Emax (measured)=3.54xlO2 Joule at 7.5us.

INTRODUCTION

Previous studies of the power and the energy transfer to the plasma coaxial discharge have
shown tliat , at the moment, when the plasma current sheath reached the muzzle, the magnetic energy

U in the gun barrel was given by. U (Joule) = 12.53 zvr/30'5 , where z is the length of the gun, v is
the terminal voltage, p i s the filling gas density and r is the radius of inner electrode[l]. Plasma gun
device (4KJ) ejected two groups of plasma with two different energies, at each half cycles of the
discharge current. The peak electron energy of the successive plasma .was 20 ev and 30 ev for the first
half cycle . For the second half cycle it was equal to 40 ev and 30 ev [2] . Measurements of the floating
potential profiles along the equatorial radius , along the geometric axis of the flux conservcr and the
entry region . for 250 KJ gun injected spheroinak plasma , demonstrated that, there were two regions
of the plasma , the central column of 8 cm in radius in which there was a large dc electric field, it
carried about 50 % of the gun current and the surrounding toroidal plasma where the potential was
almost constant . The total power deposited in the central column was about 7.9 MW and some of this
power was transmitted to the annulus to drive the toroidal current and maintain the sphcromak
structure^] . In a plasma gun device, conducted with 10 KV bank voltage and the discharge took place
in argon gas with pressure of 0.9 Torr. The deposited electrical energy was 178.44 joules, the output
kinetic energy was 18.7 joule and the internal energy output was 0.3965 joulc[4].

The main purpose of this paper is to estimate the power transfer and energy flow to coaxial
discharge system .

EXPERIMENTAL ARRANGEMENT

A schematic diagram of the coaxial accelerator device structure is shown in Fig (1). The outer
diameter of the center electrode is 3.2 cm and the inner diameter of the outer electrode is 6.6 cm. The
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length of the inner and outer electrode is 18.6 cm and 31.5 cm respectively, the two coaxial electrodes
made of stainless steel. An insulation ring is located between the two coaxial electrodes at the breech
end. The coaxial electrodes muzzle end is connected to an expansion chamber made of stainless steel.
The expansion chamber has 23 cm length and 17 cm outer diameter. The energy storage system
consists of two modulus each of four condensers and each condenser of capacity 7.7 l;if is rated at
10KV. These modules are swiched by a pressurized spark gap switch. At charging voltage =10KV, The
condenser bank driving a discharge current of 110KA with period of 34^s. The device is filled with
argon gas at pressure of 0.8mbar.

RESULTS AND DISCUSSION

The power and energy flow through the gas inside the coaxial electrodes are measured, by
using, tlie Rogovski coil and the resistive voltage divider. The calculated value of the total power
flowing out of the capacitor bank to the coaxial discharge system, is estimated theoretically, under the
assumption of the snow- plough model[5] which is adapted for a sinusoidal waveform discharge
current, assuming I=IoSin O)i . It is assumed that, all the gas in the annular space between the coaxial
electrodes, is completely swept by the plasma current sheath i.e tlie mass of the particles inside the
current sheath is equal to the mass of particles in the volume of the discharge tube, behind tine sheath.
For simplicity, dragging forces are not considered.

The total power flowing from the capacitor bank system to the coaxial discliarge system [6] is

given by

P, =LoI I +L,Z 11 + 0.5L,Z I2 + mj. Z + in Z Z Z + 0.5 m Z3 + 0.5 in Z3 + R I2 (1)
Where,

Lo is the external parasitic inductance, its determined when the coaxial electrodes are
electrically shorted, Lo =0.474uH

L[ is the inductance per unit length of the space between the coaxial electrodes, Li =

0.145jiH/m

Z is the axial distance from the breech to the coaxial electrodes muzzle, Z and Z are the axial
plasma current sheath velocity and acceleration respectively,

m is Uie mass of the gas per unit length in the annular space between the coaxial electrodes,
nio is the constant mass of the thin plasma sheath,
I is the discharge current, I=IoSin 0) t, where ^calculated)= 110KA is the peak current and (0 is

the angular frequency and.

R is the electrical circuit resistance, R= 9m Q

For simplicity, equation (1) can be written in the form

P8 (2)Where,
, sin loot

Pi = W I = L0I2 CD (3)
2

It is the power consumed in the external inductance,

, sin loot
P2 = L,Z 11 = LJ 2 Z (O (4)

2
It is the power consumed to the inductance of that part of the electrode system between the breech and
Hie momentary position of the plasma current sheath,

P3 = 0.5L,ZI2=0.5L,ZI2sin2<y/ (5)
It is the power consumed in the annular space between the two coaxial electrodes, to form the magnetic
field induction,

P4 =11^ Z Z (6)
It is Uie power consumed to accelerate the initial mass,

P 5 = m Z Z Z (7)
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ABSTRACT

The beam-plasma heating due to a relativistic electron beam (REB)
under the effect of an external static magnetic field is investigated. It is
considered that a longitudinal 1-D oscillations exist in the plasma, which is
irihomogeneous and bounded in the direction of the beam propagation . It
is found that the variation in the plasma density has a profound effect on
the spatial beam-plasma instability. Besides, the external static magnetic
field and warmness of plasma electron leads to more power absorption
from the electron beam, and consequently an auxiliary plasma heating.

INTRODUCTION

REB has many applications in areas like material studies, compact torus formation,
generation of x - ray and microwave, ion acceleration, etc.... where it is desirable to have
energy source supplied over a long duration of time.

As a potential application, use of a REB to heat magnetically confined plasma to a high
temperature has attached a lot of attention, both theoretically (e.g., [1-3]) and experimentally
(e.g., [4-6]). When a REB propagates through a plasma, its kinetic energy is transferred into
plasma thermal energy, thereby heating the plasma [1].

Different from previous works on beam-plasma instability [7-12], we study the effect
of both plasma inhomogeneity and the thermal electron motion on the quenching of the beam -
plasma instability. Investigation of beam - plasma interaction present a great interest for
development of effective methods via plasma stability, amplification and generation of
electromagnetic waves, acceleration of charged particles in plasma, high frequency heating of
plasma and so on [13-14].

Many authors studied the problem of nonrelativistic electron beam interaction with
unmagnetized plasma, where this interaction takes the form of an amplification of waves by
beam (e.g., [7,9,11,12,15]). It is shown that due to the resonance rise of the wave field with
plasma dielectric permeability is reduced to zero, and the power absorbed by the plasma is
finite and independent of the value of the dissipation. In this case the beam not only amplifies
the waves in plasma, but also provides an effective absorption of these waves by the plasma
(plasma heating).
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In the present work we study the influence of the variable plasma density and plasma
thermal motion under the effect of the external static magnetic field directed along z-direction,
{H^, = H0e2) (under the condition of the smallness of phase velocity of waves compared to
the beam velocity) on the quenching of the beam - plasma instability. A semi - infinite beam -
plasma system (x > 0), in which the unperturbed plasma density no(x) is an arbitrary function
of x [n0 (x) - NQ (1 - x) ; No is constant] is considered. It is assumed that ions are sleeping,
plasma electrons have a finite temperature, and that the relativistic electron beam is cold and
homogeneous.

FUNDAMENTAL WAVES

The equation of motion and the continuity equation for a relativistic electron beam,
which travels along the magnetic field, are: -

-3 • \ o s^. o / > 'b ~ "ob + *\b ( * )

_ i . + V.( t f t *;) = O ; ^ = « 0 A + « 1 6 (2)

Where; in = m0 y~l ,y-(\-V2/ C2)"2 is the relativistic factor of the beam electrons, and Vlb is
the component of beam velocity in the z-direction.

The equation of motion, and the continuity equation for inhomogeneous plasma
electrons in the oscillating electric field and a static magnetic field Hext perpendicular to the
plasma density gradient are given by: -

dt F P m C P "'• P NM

d N
P ,TT r*r TS \ - n . Np=nop+nlp (4)

In equations (1-4), Vob, nob are the unperturbed velocity and density of the beam while
nop, nxp are the unperturbed and perturbed density of the plasma respectively. P is the plasma
pressure and v is the collision frequency of plasma electrons with other plasma particles. All
other terms have their usual meaning.

„ d
y

ox
<;

d

~dt
In the case of weak nonlinearly (|no6| « nyb , \Vlb\« Vob) then we have

From (l)-(4), we can derive the following expressions for the perturbed densities: -

x[E(x) + (ico/Vob)e
i(m/Vob)x{e-i(0)/Vob)xE(x')dx']dx (5)

m V 0b
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[nQPE(x)] 5_^.[B (,)] (6), , ( ) r A « o P E(x)]
m coco dx co co

I 7 T1 T T

W h e r e , VT = J — - i s t h e e l e c t r o n t h e r m a l v e l o c i t y a n d co = ((co + iv)2 - co2 ) x n , co = ̂ —2-
V m me

is the electron cyclotron frequency.

Using Poisson's equation

dE
— = -4 ne (nip+nib), (7)
dx
In commination with (5) and (6) in (7), the following second order differential equation, which
describes the electric field due to beam-plasma interaction, is obtained:

(8)

(9)

d x

Where,

co -
(a>3>-a>\) ' Rb " Y b ' P"b

The term C^{Te) in the right hand side of equation (8) represent the effect due to
electrons warmness. An equation similar to (8) has been obtained in the past by many authors
[7-12], however the thermal effect Cx{Te), which is of importance for analysis of plasma
instability and heating, is neglected. Different from previous works [7-12]; the wave number
K(X) contains the effect of the external static magnetic field and relativistic electron beam
through 5 and

The solution of equation (8) in the region x < 0 gives the following spatially growing
modes (upstream):

El(x,t) = Ei(a>)exp(ikx-i cot) , (Imkt < 0)
Where, &, = {col Vob) + K[,K1 is given by relation (10) in region x <0.

The most important mode is the one for which | Im AT, (CO) | is a maximum. Providing
that the discontinuity at x = 0 has no influence on the solution in the region x<0, the
following solutions of equation (8) in the regions x < 0 and x > 0 can be derived as:

F. = AeiK'x+R(x) ; x<0
1 1 (10)

F2 = A2e
iK*x + A,e-iKlX + R(x) ; x > 0

Where both Im/c, and ImA:2 are negative, and R(x) is a new addition due to the thermal
motion of electrons;
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It is the power consumed to accelerate the mass, which has been swept up into the plasma current
shea Ui,

P6= P7= 0.5m Z3 (8)
P6 is the power, which produces directed kinetic energy for the plasma current sheath, and
P? is the power, which produces internal energy in the plasma sheath,

P 8 = I 2 R = R I 2 s i n 2 cot (9)
It represents, the Joule heating

The axial position, Z, velocity, Z, and acceleration, Z are calculated theoretically, as function
of time and they are plotted as shown in Fig (2a), Fig (2b), and Fig (2c) respectively. These figures
indicate that, tlie plasma current sheath, reaches the coaxial electrodes muzzle at 14.5 us, with axial
velocity of 1.52 cm/us and acceleration of 0.0876xl012 cm/s2 respectively.

The time variation of the power flow, pi, P2, p3, p^, ps, p<s, P7 and p8 are plotted as shown in
Figs (3a, 3b, 3c, 3d, 3e, 3f, 3g) respectively.

Table (1) shows the relation between the peak value of the power consumed and the
corresponding values of time, for pi, P2, P3, p<i, ps, pe, Pi and pg

Table (1)

Power flow
P,
P2

P3

P4
P5

P6
P7

Ps

Peak value (watt)
5.277x10*
-261.4x10"
148x10'
4.9x10'
-182.26x10'
195x10'
195x10'
1.1x10*

Time (jus)
4
14
8.5
6
14.5
10
10
8.5

Fig (4) shows the calculated values of time variation of the total power Pt flowing from tlie
capacitor bank. This figure demonstrates tliat, the peak value of Pt=6xl08watt at t=4 us

Fig (5) shows the measured values of time variation of total power =IV, where I and V are tlie
discliarge current and voltage respectively. This figure shows that, the peak value of P=3.5xl08watt at
t=7us.

The total electrical energy flow to the coaxial accelerator is evaluated numerically as the

integral J pdt.

Fig.(6) and Fig.(7) show, the time variation of the calculated and the measured values of the
total energy flow, Et respectively. These figures clear that, the peak value of Et (measured) = 3.54xl02 J
at t=7.5us and the peak value of Et (calculated) =5.92xlO2 J at t =5.5us .

Conclusion

The power and the energy flow from a condenser bank to a coaxial plasma accelerator are
theoretically studied, under the assumption of a snow plough model action and they are experimentally
measured from the analysis of the simultaneous discharge current and voltage waveforms.The
calculated value of the total power, r̂  (max) is classified into pi=88.33% of pt,p2=0.586%ofpt,
p3=0.7%of p t , p4=0.081% of p t , p5=0.0582% of p,, p6=p7=0.68% of p, and pg=8.37% of p,.
In fact, pi depends on the discharge current, the pressure of filling gas, the dimensions of the coaxial
electrodes, the external inductance and the resistance. Then, the values of these parameters must be
modified, to produce a more useful uniform condition, for optimum operation .

A comparison of the experimental results of the total power and the energy flow, with those
predicated by the theoretical calculations, indicates that, the measured values are smaller than
predicated, (Ms may be due to, a dissipation of energy in the stray impedence of the circuit, a
dissipation of energy in heat conduction wall, dissipation of wave radiation energy losses, the gas is
may be not completely snow ploughed by the sheath and wall interaction.
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R(x) = -J- JJ[Z! (x)Z2 (t) - Z2 (
w

)d t

Where, Z, = e'x'x ; Z2 = <T%Jr ; W = Z,'Z2 -Z,Z2
l = const.

The constants of integration A{ {i = 1 - 3) are determined under the boundary
d F

conditions that both F and are continuous at x = 0, hence,

_ 1
22 " 2 K2 " '

Using the definition (9) the electric field E2 (x) is derived in terms of El (0) as:

F

H (11)

^ yields a power of the form:

E2(xf = +\K2 -

«•,! )cos(/c2 + /c i2)x- (A:2 + K*2)X}+ R(X)\

R(X){(E;(0)K'2/2K])[(K2 (12)

The 3rd and 4th terms on the right hand side of equation (12) are due to the mixing
(spatial beats) between the growing and decaying modes in the region x > 0 , while the last
three terms are due taking into consideration the thermal motion of electrons. It is clear that the
electric field power given by (12) is strongly affected by both mixing, static magnetic field,
relativistic electron beam and thermal effect, (i.e., the power of electric field at VT ̂  0,H0 * 0

and y < 1 is greater than the power in the case of VT =0,H0 =0 a n^ Y = 1 )• Mixing produce

a noticeable effect on E2(x)\ under the conditions K{ * K2 ; Re / c 2 | » Im/c2|, which are
necessary in order for the trigonometric terms in (12) to vary rapidly, compared with the
exponential growth terms. The (*) represent the conjugate values. These conditions are not
necessary for the thermal effect.

From (12), we get:

E2(0)f = K2
(13)

Hence the electric field is discontinuous at x = 0.

Let's now analyze the solution (11) for a realistic plasma model, i. e., an
inhomogeneous plasma with a finite gradient in n0 (x). For this we assume:

o>\{x) = co\{x)[\ + e{xlL)] ; (L>x>0;s>-\) (14)
Corresponding to a constant density gradient in the transition region. It can be shown that the
linear approximation is valid in this case provided that
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l»js|(cob/coPe)2(cope /v)(Vob/coPeL) (15)

Which indeed requires that L * 0.

In order to prove that expression (11) is essentially correct, a solution of wave equation
(8) requires the use of density profile (14), which yields the equation

^ (16)

Where;

Vob coo) Lo)O)coRb

Solution of (16) is:

2i 4

F() z) ; 0<x<L (17)
4

Where, z = 2<ff1/2 Ib and Jx(z);Nx{z) are the Bessel function of the first and second kind,

respectively, and C2(Te) = ( - ^ - ) 2 C,{Te).

Bohmer, et al. [7] result is in agreement with that obtains solution (17), except the
presence of a new term C2(Te) on right hand side and static magnetic field Ho and relativistic
effect y, which strongly proportional to the electron thermal velocity VTt.

±

Where

Such that

2<yfffc 1 26>pA 1 i ,_ , n T\ 1

z0 = —— ; z. = —— are correspond to (x = 0, x = L) and:
bVQb KX bVQb K2

v Rb „ _
K l = ) „ » K 2 ~

VOb^COffl+ 0)^(1

Equation (18) can be re-written as

Vob K,K\ 0)Rb
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The case of interest is when e is not too small and (LIX) is not very large [large rapid changes
in no(x)] which is the opposite extreme from the WKB situation. From the definition
following (15) where A- = VQbla)Pt it is noted that max( vla>p\e) >|<£| and
|b| « s(cope /©b)(X,/L). Therefore, if {LI X) is not too large, and s is not too small, then b is

large and | | | will be fairly small. Consequently, z is small in this case and Bessel function in
(18) may be expanded for small argument. When this is done, one finally obtains the
approximate result

KX

+b2C2{Te)e
v°> (19)

Where x>L.

This equation is in agreement with that obtained by Sahyouni et al. [12] but in
case of vanishing magnetic field (i.e., Ho = 0) and nonrelativistic electron beam (i.e.,
y = 1). Since the power of electric field in this case is greater than the power in the
case of vanishing magnetic field an auxiliary plasma heating may be obtained. The
result (19) may be compared with result (11) for the simple discontinuous model. It
can be see that provided b is large and (16) is satisfied (L not too large and not too
small), the result (11) is a good approximation to equation (19).

CONCLUSIONS

Existence of an external static magnetic field and plasma warmness leads to wave
amplification and accordingly to plasma heating in beam-plasma system (solutions (11) and
(19)). From (12), we could conclude that power absorbed from the beam into plasma is
strongly affected by both mixing and plasma warmness. The variation in the plasma density
does have a profound effect on the spatial beam-plasma instability. This effect indicates that
the resulting drop in intensity of electric field is a sensitive function of the plasma
discontinuity. It also growing modes, only if the plasma density decreases.
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^ ^ n algorithm is developed for analysis TM-Multimode planar

•*~ -**graded-index optical waveguides. A Modified Impedance

Boundary Method of Moments (MIBMOM) for the analysis of

planar graded-index optical waveguide structures is presented. The

algorithm is used to calculate the dispersion characteristics and the

field distribution of TM-multimode planar graded-index optical

waveguides. The technique is based on Galerkin s procedure and

the exact boundary condition at the interfaces between the graded

index region and the step index cladding. Legendre polynomials

are used as basis functions. The efficiency of this algorithm is

examined with waveguides having various index profiles such as

exponential, Gaussin and complementary error functions. The

advantage of the MIBMOM is the complete solution of TM-

multimode as presented which is very difficult by the other

methods. With this algorithm a minimum number of basis

functions to give accurate results is used. The obtained results

show good agreement with the experimental results.

Key words: optical waveguides, Graded-index, dispersion charectersitics, field distribution

Planar graded-index optical waveguides play an important role for the design of

optical devices and components such as semiconductor lasers, modulators, and directional

couplers. Moreover, they are used as interconnections in optoelectronic and photonoc

integrated circuit. The graded-index profile is typically determined by the fabrication process

695



(e.g., diffusion). Accurate and efficient modeling of such graded-index waveguide structures

is becoming increasingly important in the design and optimization of optical integrated

circuits and circuit components.

Several approximate analytical techniques are available for the analysis of planar

graded-index optical waveguides such as the WKB method (A.K. Ghatak, R. L. Gallawa, and

L. C. Goyal, 1991) , the perturbation method (A.K. Ghatak, R. L. Gallawa, and L. C. Goyal,

1991) and variational formulations with simple trial field solutions (P. K. Mishra and A.

Sharma, 1986)-(W. H. Tasi, S.C. Chao, and M. S. Wu,1992). Other techniques convert the

waveguides problem into a matrix eigenvalue eqution which can be solved for certain

frequencies to give the propagation constants of all modes. In these technique the fields are

computed within the guiding layer but the fields outside this region are represented by the

approximate boundary conditions (Y. Tu, I. C. Goyal, and R. L. Gallawa, 1990)-(A.

Weisshaar and V. K. Tripathi,1992). The approximate boundary conditions can be reduced by

using expansion functions which extend over the transverse dimensions (R. L. Gallawa, I. C.

Goyal, Y. Tu, and A.K Ghatak., 1991). Another type of techniques are used where the

propagation constants of the guided modes are not obtained simultaneously but are found by

searching for zeros of a characteristic eqution such as matrix method (A. K. Ghatak, K.

Thyagarajan, and M. R. Shenoy. 1987), transverse resonance technique (R. Sorrentino,

1989), differential eqution solvers (V. Ramaswamy and R. K. Lagu, 1983)-(A. N. Kaul, S. I.

Hosain, and K. Thyagarajan 1986) and the impedance boundary method of moments (A.

Weisshaar, 1994). In this paper, a modified impedance boundary method of moments

(MIBMOM) is described. Galerkin's procedure in the method of moments is used to convert

the wave eqution into matrix equtions. The transverse field and the field distribution in case

of TM-mode is expanded in the graded-index region in terms of Legendre polynomials and

the exact boundary conditions are taken into consideration. The matrix equtions are solved

forTM modes to determine the propagation constants.

In the following sections, the complete dervition of the method is given. The application of

the MIBMOM on graded-index waveguides for the TM-modes is also explained. Finally, the

numerical results, the field distribution and the conclusions are discussed.

Material and Methods

1-Description of the IBMOM

The waveguide structure independently supports TE and TM modes. In the following a time

depenence exp(jwt) and propagation in the z direction are assumed. For the case of the planar
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dielectric waveguide d/dy=O. TM mode solutions can be expresscu in terms of the transverse

magnetic field Hy(x)= y/(x) which satisfies the scalar Helmholtz eqution (A. Weisshaar,

1994):

-) + k I n 2 ( x ) - (3 2 U ( x ) = 0 (1)
d x n 2 ( x ) d x

For guides TM modes, the fields solutions in the homogeneous substrate and cover cladding

are of exponentially decaying form. The decay constants in substrate and cover are related to

the phase constant p of the TM modes

~~ (2a)

(2b)

a - s/J 2 - n . 2 k „ 2

n . 2 * . 2

As in the case of guided TE-modes, the field solutions for guided TM modes are of

exponentialy decaying form in the cladding with the same decay constants given by Eqn. (2).

Therefore, the TM-mode field solutions in the cover and substrate regions may be replaced

with equivalent boundary conditions, as shown in Fig.l.

Expansion
region

M fe

n

s

.-

n(x

xT

/ •

/
nc

Impedance
boundary
conditions

)

" W / 2 0.0 W/2

Fig.1 The graded-index waveguide with equivalent
impedance boundary.

These mixed boundary conditions are given by:

—--i ' - a ib = 0 atx = -w/2
dx

dx
+ a c ip = 0 at x = w/2

n s , ,

-1 o.o

Fig.2

Gaussian

Exponential

erfc function

X

(3a)

(3b)
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Terefore, the mixed boundary conditions given by Eqn. (3) also apply to TM modes. These

mixed boundary conditions in the cladding, however, are not directly applicable at the

boundary of the graded-index region as in the case of TE modes since \j/=Hy and

(l/n2(x))dHy/dx are continuous across the interfaces between the cladding and the graded-

index region. From these continuity conditions, the correct impedance boundary conditions

for TM modes are found as

oil - a n ^x^ \\) = 0 a* x = -W//2 (4a)
dx s n :

s

d + n 2 ( x ) atx = w/2 (4b)
dx n I

After introducing the coordinate transformation (x/(w/2)-»xh the TM mode solutions can be

found from

r A ,\ 1 ,i i

> ( X ) = 0
w d x n ( x ) d x

The transverse field, y (x) = H -(x) f°r TM-modes is expanded into a complete set. of

basis functions §\ (x) such that:

( 6 b )

(The phase constnt p is usually expressed in a normalized form as the effective index (Ne//

—p/K0). So, the decay constants can*be put in the form

a . = k

The resulting matrix eqution is

6 2 ~ Q a ~ a~
_— j j _j_ _— _̂ j ^ _̂ >j c - o

where expansion cofficients Cj have been combined into column vector c (which will be used

to calculate normalized field distribution ). the square matrices in Eqn.(7) are given by
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w n, '

Legendre polynomials are used as basis functions P,,(x) which form a complete

orthogonal set of expansion function. By using some properties of the Legendre polynomials,

the above matrices can be simply expressed in a closed form.

The matrix eqution is of the general form M (X). C = 0 • * ̂  asymmetric waveguide,

Ditchomie's method is used to search the roots of de t [M ((3 / K 0 ) ] = 0.0 which yield the

effective indexes of the waveguide and the eigenvector corresponding to certain effective

index can be used to compute the field distribution.

Planar Graded-index optical waveguides:

As mentioned before, in the expansion region between , - l <; ^ s [ the index profiles must

be modified as :

l s x * i
i s + A n . f ( x ) _ , 4 s x s i

>c X > l

where ns is the refractive index of the substrate, nc is the refractive index of the cover

region, and An is the maximum change. Also, five different, profile functions f(x) are

considered here. The step-index profile with f(x)=l ( - l s ^ s l ) i s also included for

reference. The evanescent field in the cladding will be lower than in (A. Weisshaar, 1994). The

exponential, Gaussian, Complementary error-function profiles are also shown in Fig.2.

The profile functions are described as:

e 2a Exponential profile

e 2a Gaussian profile (9)

erfcl —I Complementary error - function profile
\ 2a /

where a is the effective depth of diffusion.

Results and Discussion

1-The Dispersion Characteristics

Accurate and efficient computer program is us^J to search a root of

del[M(NeII) = 0]>(N eff = (3 / k o ) , which yields the effective index at certain frequency.

For all cases ns=1.5, nc = l, a=5.
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a-The truncated index profile

Fig. 3 shows the dispersion characterstics for the first four TM-modes propagate in

asymmetrical planar step-index optical waveguide where the normalized effective

indexe = (N2
e(, - n2

s) / (n2
f - n s

2)and the normalized frequency v = ak o Vn 2 f - n 2
s

(nf = ns + An)-By using MIBMOM, six basis functioin are needed for accurate solutions.

5 6 7 8 9

• N o r m a l i z e d f r e q u e n c y V .

F i g . 3 T h e n o r m a l i z e d p r o p a g a t i o n c o n s t a n t o f t h e f i r s t f o u r T M -

m o d e s o f p l a n a r s t e p i n d e x o p t i c a l w a v e g u i d e a s a f u n c t i o n o f

n o r m a l i z e d f r e q u e n c y .

b- The untruncated index profiles

Figs. 4,5, and 6 show the dispersion characterstics for the first Threee TM-modes propagate in

exponential, Complementary error-function, and Gaussian refractive indexes optical

waveguides as a function of the normalized frequency.

1 2 3 4 5 B 7 8 9 10 11 12 13 14 15 16 17 18

Njmrilgid frequency V.

Rg 4 The normalized propagation constant of the first three

TWmodes of planar exponential Index optical waveguide as a

function of normalized frequency.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Narrated frerjmyV.

Rc^ 5 TITS ncrrrEiizBd propscjaticfi constsht of the first

three TWmxfes of planar oorrplerrErtay aror function

index rfticalviaveguideasafiricUonofthenotnelized
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Fig. 6 ; The normalized propagation constant of the first three
TM-modes of planar Gaussian index optical waveguide as a

function of the normalized frequency.

2-Normalized field distribution

After obtaining Neff from the general eqution for each cas,e of differ; • t graded-index

profiles, the expansion coefficients for each guided mode are computed in a second step as the

eigenvectors corresponding to eigenvalue of matrix M(NCff) (A. W. Snyder.1969). The

computer program is used to calculate these expansion functions (Ci Cn) at a certain value

of Neff. The tansverse wave function y/(x)ls expanded into a set of basis function <p{x) a s

Eqn(5)

1- For TE modes, the normalized field distribution y/{x) = Ey (x) °f m e exponential,

Gaussian and complementary error-function profiles are given in Figs. 7,8, an̂ l 9 at Neir

=1.62667, V=14, Neff =1.578441,V= 14, and Neff-1.62987, V=14, respectively (A."Nasr et al.

1998).

fig.'g Transierse electric field of the first (free T6-trades of
planar Gbussiai indstcptjcsl waueg îde
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08 1

NarrdtEdx

Rg. 10 TtanaaseiiBe>Bflc field of the first foreeTM-

rrodescf pterer aiBBfen profile irtfetcpBcd vw«gida

2- For TM modes the normalized field distribution y/(x)~Hy(x)o£ the Gaussian,

exponential, and complementary error-function profiles are given in Figs. 10,11, and 12 at

Ne0=l• 1.56646, V=8, Nefr f=l .648396,V=2, and NcfT=1.62910, V=12, respectively.

Rg. 1/1 ifcrouetseiTBcpietk: field of the first ttreeTMmxtes
of planar ca interns try emor-firction profile index optical

vuavegJda
Bg 12 TtanguHtniimt; rile field cf the first ttroeTMnpcles of

pfertr e^xxvitsi prcflle irtfe< optical vei«gJcfe.

From figuers we can notice that the confinement of the field in the guiding region for

Gaussian index optical waveguide is much better than the other two types and the field at

interfaces is small with respect to the other two kinds of indexes.

3-COMPARISON BETWEEN DIFFERENT PROFILES AND TESTING THE

ACCURACY OF THE METHOD

Figs. 13 and 14 comparison between the three untruncated profiles for TEo-mode and

TMo-mode respectively which indicate the same result before where Gaussian-index profile
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gives us minimum evanescent fields in the cladding and maximum dispersion in the guided

region. Fig. 15 comparison between TE and TM modes. The different between two modes for

three untruncated profiles is large at lower frequencies but very small at higher frequencies

and this agreement with exact solution (P. K. Mishra and A. Sharma, 1986)- (A. Weisshaaf,

1994).

Gaussian

5 6 7
Normalized frequency V.

10 11 12 13

Fig. 13 • Comparison between three untruncaled profiles
forTEo-mode.

6 7 8 9 10 11 12 13

NcxmaJIzed frequency V.

Fig. • \4\ Comparison between three untruncated
profiles for TMo-mode.
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Fig. 15 . Comparison between TEo and TMo modes for
three untruncated profiles.

Fig. 16 testing the convergence of the effective index as a function of the number of basis

functions at V=10 for Gaussian-index profile. We notice that the value of effective-index

variant at minimum value of basis functions but still constant from n=4. In all, n=6 because

this value of basis functions achive maximum accuracy.
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T3c
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1.65

1.6
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V, 155
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1.-15

Number of basis functions.

Fig. 16 • Testing the convergence of the effective index as a
function of the number of basis functions at V = 10 for

Gaussian index profile.

Table 1 presents a comparison between our method (MIBMOM) and other three

method which are WKB, Hermite-Gauss (HG) and cosine-exponential (CE). The comparison

shows the accuracy and the effective of this method for calculating the normalized

propagation constant B for different values of normalized frequency V. The relative error

between our method and exact solution is in the range of (1.5015* 10"3 - 3.0599755* 10"3).

TABLE 1

V

1.5

3.0

15

Exact

0.0817

0.4133

= ( N 2 , , , -

Gauusian

MIIIMOM

0.08M5

0.409!

n J , ) / ( n \

profile (

CE

0.0785

0.4079

I'Eo)

no
0.005 1

0.3702

VVKU

0.0104

0.3629

V

2.0

3.0

Exponential profile

Exact

0.IM9

0.4209

MIBMOM

0.11 -13

0.41-16

CE

0.1002

0.4109

(TEIo)

I1G

0.0661

0.3955

WKB

0,0831

0.3828

CONCLUSION

The dispersion characteristics and the normalized field distribution for different kinds of

profiles (step, Gaussian, exponential and complementary error function) have been calculated.

For each case we calculate the general matrix to obtain the eigenvalues which are the effective

indexes (Neff) and the eigenvectors which are the coefficients of the basis functions of the

normalized field distribution y/{z)- The modification of the IBMOM concludes the modified

of the shape of the index profile to achive the boundary conditions. Then, the orthogonality of

the Legendre polynomials and the Ditchome's method can be used to obtain accurate values

of the determinant. The TM- multirnode for the untruncated profiles are analyzed by
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MIBMOM which is more difficult with other methods. The obtained results show good

agreement with the published experimental data.
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y n this paper, a Digital Signal Processing (DSP) Computer-based system
for the nuclear scintillation signals with exponential decay is presented.

The main objective of this work is to identify the characteristics of the
acquired signals smoothly, this can be done by transferring the signal
environment from random signal domain to deterministic domain using
digital manipulation techniques. The proposed system consists of two major
parts. The first part is the high performance data acquisition system (DAQ)
that depends on a multi-channel Logic Scope, which is interfaced with the
host computer through the General Purpose Interface Board (GPIB) Ver.
IEEE 488.2. Also, a Graphical User Interface (GUI) has been designed for
this purpose using the graphical programming facilities. The second of the
system is the DSP software Algorithm which analyses, demonstrates,
monitoring these data to obtain the main characteristics of the acquired
signals; the amplitude, the pulse count, the pulse width, decay factor, and the
arrival time.

Key Words.
Digital Signal Processing (DSP), Nuclear Measurements, Data Acquisition Systems, Computer based
Systems.

I. Introduction.

The nuclear systems are considered as complicated and large scaled systems. Thus, the
DSP and DAQ processes of these systems must fulfill the following requirements:

1) High storage capacity and speed measurements: Suppose that, the main target of the
DSP & data acquisition system is the measurement of certain nuclear events signals that are
acquired from detectors, these events influx with high rates & density toward the detectors so,
the flux of data will need high capacity storage to receive these huge amount of information in
a finite short time. This means high speed (ju s or ns) DAQ system to avoid data loss.

2) High precise and sensitive systems. This is required to get the right decision during the
operation, control, diagnosis, or the scientific analysis of these experimental results.

3) Flexibility & Reliability of the system. The research work and laboratory activities need
reliable and multi-task systems that are capable of supporting the wide range of application
requirements easily.

Recently different computer-based techniques have been used in nuclear events
measurements such as; programmable PCI interface(A. Abo Sliosha, Altera applications,
AMCC, Xilinx Logic Core, PCI Group), Fast CAMAC (S. Dhawan et. al.), CAMAC and
VXIBUS (R. Cleary), ,and other computer-based systems for nuclear applications (J.
Simoes, J. Malaquias). The first part of this work is DAQ. The DAQ depends mainly on the
multi channel scope with a sampling rate up to 2 Gega sample per second (2GS/S) and 16
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acquisition channels The data acquisition bus is used to control the interface process between
the host computer and the multi channel scope (Tektronix). The signal sources, which used in
this work, are generated using one of the following three methods; software simulator of the
scintillator detector signals, analogue signal simulator from special signal generator, or the
real signal output of the scintillator detector in experimental measurements of the radioactivity
for the different sources (C060, Ci^f,). The software integration between graphical
programming and the dynamic link libraries is used to drive the DAQ and the DSP algorithm.
In section II, the DAQ system is presented. Section III, explains the realisation of the DSP
algorithm. In section IV the conclusion and the discussion are presented.

II. The DAQ system.

The ANSI/IEEE Standard 488.1-1987, also is known as GPIB (National
Instruments), describes a standard interface for communication between instruments
and controllers from various vendors. It contains information about electrical,
mechanical, and functional specifications. The GPIB is a digital, 8-bit parallel
communications interface with data transfer rates 1/5 Mbytes/s and above, using a 3-
wire handshake. The bus supports one system controller, usually a computer, and up to
14 additional instruments. The ANSI/IEEE Standard 488.2-1992 extends IEEE 488.1
by defining a bus communication protocol, a common set of data codes and formats,
and generic set of common device commands. The GPIB devices can be Talkers,
Listeners, or controllers.

The scope has its special commands groups that enable the user to control all scope
jobs using the GPIB, these groups are; acquisition commands group, calibration and
diagnostic group, monitoring group , and filing system group. In general the device
frame commands can be divided into two major types. The first is the query type,
these commands are used to ask the device about a certain parameter and the device
returns the answer to the controller. The second type is the non-query commands that
are used to control a certain device or to transfer data to this device. Some commands
can play the two roles query and non query command types. To avoid the conflict that
can occur due to controlling the device from the control front panel and the remote
host GPIB at the same time, almost all GPIB devices supports the locked operation
mode. During the locked operation mode the device can be controlled using the host
GPIB only. Another important parameter must be taken in consideration, is the device
time out, the time required to receive the device reply. Each command for each device
has its own time out. The time out can be ms or seconds according to the command
and the device

In general the applied GPIB based DAQ algorithm for the scope, shown in fig.(l),
obeys the following sequence; 1) Scanning the bus for the on line devices and reading
the device name and its corresponding address. 2) Defining of the devices time out. 3)
Locking the remote devices to prevent the misuse of the control front panel. 4)
Clearing the GPIB board and the attached devices. 5) Initialization of the measurement
parameters such as; x.y-axis division units, groups, wave forms, threshold value, wave
form record length, etc. 6) Determine the measurement tasks (Values
measurements, wave acquiring, ....etc.) 7)Request the data from the device. 8) Read
the data from the device. 9) Storing the data files. 10) Clean up cycle . 11) Unlock the
device to enable the front panel control.
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START

Scanning the bus for the scope
Defining the device name and address

Lock the scope I

Clear the board and the scope
(factory status)

Initialize the scope parameters

Define the measurement task

Request the data from the scope

Read the data from the scope

Save data files

Yes

Clean up cycle and unlock the scope

END

TLS216
scope

GFC-ibfind

Define the bus time out k ^^M»«»»gi»»GFC-ibtmo

DFC-LOCK ALL c

GFC-ibclr, DFC-FACTORY

SSSSSBSaSSfSiiT ~ « Si "

DFC-OROUP,HORIZONTAL,....etc

The task is acquiring wave forms

DFC-CURVE?

Wave form data

GFC-ibclr, DFC-UNLOCK ALL

GPIB
bus

Figure (1) GPIB based data acquisition system.

Note:
DFC-» Device Frame Command, GFC-> GPIB Frame Command

The GPIB-based DAQ system is shown in figure (2,3). In figure (2), the first
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channel of the scope (2.1) is connected the output of the scintillator (2.3) to measure
the output signal due to using radioactive source. The scintillator detector is connected
to High voltage source (2.2) and Vcc power supply (2.4). In figure (3), The controller
(the host computer system) (3.2) is interfaced with the scope (3.1) using the GPIB.
The channels of the scope are connected to the output of the pulse generator (3.3).

Figure (2) The TLS 216 is attached with
the scintillator detector

Figure (3) the system is attached with
the pulse generator and the TLS 216

The presented DAQ system can acquire the data as instantaneous measurements,
or wave forms. Figure (4) shows a typical wave form, that is acquired by the DAQ
system. The measured signal is the output of the scintillator detector due to a
radioactive source.

Typical data acquired by the system

Time 0.5 micro sec. per division

. Figure (4) A typical wave form acquired by the data acquisition system of the scintillator output.

The pulses that are acquired by the scintillator detector have a different height
depend on the energy of the event that hits the detector. The exponential damping of
the pulse is caused by the internal architecture of the pre-amplifier circuits. Also, The
pulse generator figure (3) can be used to simulate the output signal of the scintillator
detectors with single or double pulses. Figure (5,6) shows the output of the pulse
generator for double and single pulses. The pulse generator can define the delay
between pulses, the pulses amplitude, adding or subtracting the signals, and the
frequency.

709



0 5

0.4

0.3

1
5 0.2
<S
o>
05

0.1

0

Input signal

II r-: IIII I

\

101 201 301

Time

401 5 1

0.5

0.4

0.3

S
ig

na
l v

a

o

0.1

-0.1

Input signal

I I
1 [ ; 7 :
| 1 Inpul signa
\

101 201 301

Time

I
401 1 ^ " T S11

Figure (5) The output of the pulse generator for
the double pulse mode.

Figure (6) The output of the pulse generator for
single pulse mode.

III. The DSP of the detector signal.

3. 1 The DSP Algorithm
The main objective of the DSP algorithm is to transfer the system from random

domain to deterministic domain to identify the main characteristics of the acquired
signals smoothly. The DSP analysis of the nuclear event signals can be carried out
using software programming or hardware implementation for very high speed
applications. In this work the software programming is used to apply the DSP
algorithm. The main diagram of this algorithm is shown in figure (7) (G. Heuts).

Y[n]

Figure (7) DSP algorithm of the of the nuclear event signals.

The algorithm input signal X[n] is the output of the scintillator detector
under the influence of a radioactive source. The subtractor output is U[n], this is the
subtraction of Delayed signal X[n-m] from the original signal X[n], and m is the pulse
width from rise time till the end of the signal. The output of the multiplier W[n] is the
product of multiplying the signal U[n] by the factor K, which is time dependent and
will be used later in optimizing and fitting of the DSP results. The accumulator output
is V[n] and the output of the algorithm Y[n] is the summation of the accumulator
output and subtractor output. The symbol Z"1 is the back shift operator whereas
Z"'.X[n]=X[n-l]. The multiplication factor K is a constant value that depends on the
timing constant of the damped pulse. This algorithm can be formulated simply by the
following representation.
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U[n]=X[n]-X[n-m] Subtractor output.

V[n]= kU[n-l]+V[n-l] Accumulator output.

Y[n]=U[n]+V[n] Algorithm output.

At the first let us simulate all the DSP modules using the software programming.
The detector pulse will be simulated by exponentially damping signal with a definite
height, width, and damping time constant. The input signal X[n], the subtractor output
U[n], the accumulator output V[n], and the algorithm output Y[n]_are shown in figure
(8). There is a great difference between the ideal simulation world and the actual real
one. Taking a lock over the simulation results we can notice that; 1) the pulses are
repeated with constant frequency. 2)A11 the pulses have the same amplitude. 3) the
system is free of noise (the algorithm input, the internal signals, and the algorithm
output). 4) No double, or treble pulses. The difference between the simulation and the
real signals can be noticed from the comparison between the simulation signal figure
(8) and the real signal figure (4).

The second step is the realisation of the algorithm using special pulse generator
output. In this case, the output of the pulse generator will be used instead of the
actual pulse of the scintillator detector under the effect of using radioactive source.
This is considered as transient stage to test the DSP algorithm performance and the
data acquisition system.

3. 2 The optimisation of the DSP parameters

The main targets of the optimisation process are; 1) Minimisation of Root Mean
Square RMS of errors. 2) Sharpening of shaping frames. The major parameters of the
processor are the delay factor (m) and the multiplication factor (K) figure (7). The
delay factor determines the length of special buffer FIFO that is used to delay the
signal. The optimising of the delay factor increases the precision of the results. The
delay factor has a physical meaning that is related to the pulse width. The delay factor
equals the number of samples per pulse. The delay factor is calculated by minimising
the RMS of errors. The multiplication factor (K) increases the sharpness of digital
frames that include the pulses. The suitable value of K can determine the difference
between signal, double, and triple pulses. The realisation of the DSP algorithm on the
actual measured pulses is shown in figure (9). The algorithm is applied to a real
scintillator detector pulses under the influence of the radioactive source. The
difference between the realisation and simulation of the DSP algorithm can be noticed
by comparing figure (8) and figure (9).
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IV. Conclusion and discussion.

The GPIB based data acquisition systems offer a considerable solution for the purpose of nuclear

measurements. The integration between the GPIB based instruments and the computer based controllers

supports the researcher by presenting a high performance DAQ. The DSP algorithm can be applied

simply to analyze the acquired data from the DAQ. The migration from the ideal simulation world to

the actual realisation word needs intelligent digital processing to manipulate these signals and this what

have been done in this paper. The realization of the DSP algorithm, in case of the double or the triple

pulses, can be achieved with more complexity to analyze these types of signals. The hardware

implementation is an other trend that can realise the DSP algorithm in the future work.
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Control of Egyptor Tokamak
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ABSTRACT EG0100070

This paper presents a system to replace the outdated dedicated and faulty
computer associated with Egyptor Tokamak by a conventional PC and I/O card to
restore its automatic data acquisition and control. VisSim S/W with real-time add-
on and Advantech PCL-812PG compatible ACL-812PG data acquisition card are
employed to achieve this purpose. Digital channels of the card are buffered to drive
the Tokamak associated circuits. A multi-mode program for data acquisition and
control is designed and implemented in VisSim environment. Data analysis is also
included in the program. The program can be distributed with VisSim viewer or
through generated C code from VisSim block diagram. The proposed system is
tested on Tokamak successfully for working relay and thyristor driving circuits.

Key Words: Instrumentation/ Computer Control/Plasma Physics

INTRODUCTION

Many fusion-related plasma experiments use magnetic field confinement to contain the charged
plasma. A toroidal device called a tokamak, which is first developed in Russia 0 ) , is the most
successful device yet found for magnetic confinement of plasma. A combination of two magnetic
fields is used to confine and stabilize the plasma: (1) a strong toroidal field (TF), produced by the
current in the windings, and (2) a weaker "poloidal" field, produced by the toroidal current (current
in the plasma). In addition to confining the plasma, the toroidal current is used to heat it. The
resultant helical field lines spiral around the plasma vertical magnetic field keep the plasma from
touching the walls of the vacuum chamber. If the plasma comes into contact with the walls, its
temperature is reduced and heavy impurities sputtered from the walls "poison" it and lead to large
power losses.

The Egyptor (2) is a small Tokamak device of noncircular cross section (R=30 cm, a=10 cm)
intended primarily to study of plasma-wall interaction. Also, wall conditioning and cleaning
techniques can be tested on this small machine. Essential parts of this tokamak as vacuum vessel,
coil systems, control units and discharge cleaning oscillator were designed and constructed by Bob
Taylor, UCLA O). Charge units, capacitor banks, vacuum systems, and microprocessor-based
control units for voltage, pressure and temperature were built at University of Dusseldorf (3). Results
of studies carried out in this small machines are key in making predictions for larger devices (4).

In this paper, a system is proposed to substitute the original control system, which is old and
unreliable, of Egyptor Tokamak. The proposed system consists of a PC, data acquisition card and a
designed control system running in a real-time mode of VisSim (5) environment. The proposed
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system is tested on Tokamak successfully for: (1) commanding working relay and thyristor driving
circuits, (2) measurement of feedback signals coming from Tokamak.

H/W AND S/W TOOLS

The H/W and S/W tools used in the proposed control system of Egyptor Tokamak are:

1- IBM compatible PC running MS Windows
2- Advantech PCL-812PG compatible ACL-812PG data acquisition card (6)

3- VisSim S/W with real-time add-on

The multifunction data acquisition card (ACL-812PG) has the following features:

16 single-end 12-bit analog input channels

Two 12-bit monolithic multiplying analog output channels
16 digital output channels
16 digital input channels
3 independent programmable 16-bit down counter
Programmable sampling rate of up to 90KHz
Three A/D trigger modes: Software trigger, Programmable pacer trigger, and External pulse
trigger
A DC-to-DC converter for stable reference voltage
Simulating in real-time mode has the effect of retarding a simulation, so that one simulation

second equals one second in real time. Therefore we used the real-time mode for hardware-in-the-
loop control part of the proposed system.

DESIGN OF THE PROPOSED SYSTEM

A multi-mode program for data acquisition and control is designed and implemented in VisSim
environment. In this environment, the system is modeled by the graphical interconnection of function
blocks, which we call programming. For flexibility, variables are used to denote system parameters
and then are assigned values in a separate compound block. Data analysis is also included in the
program. The program can be distributed with VisSim viewer or through generated C code from
VisSim block diagram.

Fig.(l) shows the GUI including the components of the designed system. Fig.(2) shows the
mode of control, while Fig.(3) shows the implementation of Cleaning-Mode. Fig.(4) and Fig.(5)
show single pulse generation and pulse train generation at settable times respectively.

RESULTS OF TESTING ON EGYPTOR TOKAMAK AND DISCUSSION

Setting of PC card H/W and S/W, real time S/W (VisSim/RT real-time driver), and calibration
of I/O channels of the acquisition card are achieved. Digital channels of the card are buffered to drive
the Tokamak associated circuits. Conventional buffer and three-state circuits are implemented to
interface the proposed system to the Tokamak. The proposed system is tested on Tokamak
successfully for working relay and thyristor driving circuits.
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Simulation of the Tokamak system will be considered in a future work using the same S/W.
Model Predictive Control (MPC), a method which continuously updates the controller and is able to
predict and act during power supply saturation will be examined. Acquisition H/W based on PCI bus
of PCs will be implemented using Xilinx Foundation and Logicore PCI S/W (7).

CONCLUSION

Setting of PC card H/W and S/W, real time S/W, and calibration of I/O channels of the
acquisition card are achieved. Conventional buffer and three-state circuits are implemented to
interface the proposed system to the Tokamak. Designing of acquisition S/W using VisSim and
testing the whole system (for cleaning mode only) in the field (i.e. Plasma Physics Dept.) is
implemented. The techniques of PC interfacing with industrial and scientific systems are introduced
to Younger generation of engineers from Engineering and Plasma Physics Departments. Using of
VisSim S/W allows the implementation of advanced control methods (e.g. MPC) To Tokamak
Control which will be considered in a future work.
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ABSTRACT

This paper presents a single chip realization of a counter/timer circuit, which is
used in random signal processing and nuclear gamma ray spectrometers. The circuit
contains a counter to count the repetition rate of a selected pulse train coming from
a single channel analyzer circuit. Also, it contains a timer to measure the
accumulation period. The timer possesses a predetermined time facility so that
processing lasts for a certain adjustable predetermined period. The counter and the
timer are synchronized to start and stop simultaneously at the beginning and end of
the counting interval. A multiplexed BCD to 7-segment decoder/driver is also
included in the circuit. The multiplexing allows the decrease of pin count of the chip.
Two stages are designed, simulated and implemented for a single channel, however
more stages and channels can be added by copying the designed circuits. Schematic
Flow of Xilinx v.1.21 is used as the design strategy with top-level schematic design
containing VHDL and schematic macros.

Key Words: Instrumentation/Logic Design/Spectroscopy

INTRODUCTION

Many random signal processing applications involve digital pulse height analysis. An important
example is a system used to analyze the amplitude distribution of the voltage spectrum of pulses
developed by a nuclear radiation detector (1). According to the number of input channels under
consideration, it uses single channel analyzer (SCA) or multi-channel analyzer (MCA). The function
of the single channel analyzer is to analyze the input signal pulse height distribution, i.e. to measure
the pulse repetition rate of pulses whose amplitudes lie within the predetermined voltage interval E
and E+A E. E is called the base line and A E is the channel (window) width. If E and A E are
adjustable, the equipment can be used to measure the pulse height spectrum, which indicates the pulse
repetition rate associated with the pulse height E within the interval A-E. Fig. (1) shows input-output
relation in SCA (2). The single channel analyzer consists of two voltage discriminator circuits whose
discrimination (threshold) levels are different by a small adjustable amount (A E) such that signals
whose amplitudes lie between E and E+A E exceed the discrimination level of one discriminator but
not the other. The system contains a counter to count the repetition rate of the selected pulse train
coming from the single channel analyzer circuit. Also, a timer is necessary to measure the
accumulation period. The timer should possess a predetermined time facility so that processing lasts
for a certain adjustable predetermined period. The counter and the timer should be synchronized to
start and stop simultaneously at the beginning and end of the counting interval. A MCA is in principle;
equivalent to many single channel analyzers with their windows arranged contiguously <3).

A circuit is implemented previously (I) using 7400 family of medium speed TTL integrated
circuits to realize the above mentioned controlled counter/timer circuit. In this paper, we propose a
design and implementation for the circuit, which utilizes the huge resources afforded by recent
programmable devices such as FPGA and CPLDs.
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n
Fig. (1) Input-Output Relation in SCA.

DESIGN FLOW AND CIRCUIT DESCRIPTION

Synthesis tools and HDLs provide designers with a great number of benefits compared with
schematic capture tools. But Schematic capture designs have two important advantages over HDL
designs: Size and Speed. This is deeply investigated in counter design particularly (4).

In this paper, Top design schematic is selected as Design Flow in Xilinx Foundation
environment (5). BCD to 7-Segment VHDL macro is synthesized and added as a macro symbol to a
Foundation project. Other schematic macro symbols are created and added to the project. Fig. (2)
shows the schematic diagram of complete 2 stages controlled counter/timer circuit. It comprises
counter/timer blocks, three-state buffer blocks, multi-input bus block, BCD to-7 Segment Block,
input/output pads and control gates. Fig. (3) shows the schematic of timer and counter building block
circuit.

SIMULATION, IMPLEMENTATION AND DISCUSSION

Fig. (4) shows the simulation of a building block counter stage with 7-segment decoder. The
complete circuit of Fig. (2) is implemented in Spartanxl chip (xcsO5xl-5-pc84) with the following
design summary:

Number of CLBs:
CLB Flip Flops:
CLB Latches:
4 input LUTs:
3 input LUTs:

Number of bonded IOBs:
IOB Flops:
IOB Latches:

Number of clock IOB pads:
Number of TBUFs:
Number of BUFGLSs:

28 out of 100 28°/
16
0
43
3
32 out of 61 52%
0
0
2 out of 8 25%
16 out of 240 6%
2 out of 8 25%

Total equivalent gate count for design: 415
Additional JTAG gate count for IOBs: 1536
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The circuit is primarily implemented for teaching and training purposes. Fig. (5) shows the
layout of the implemented chip. The targeted 84 pin single chip can host at least 4 stages of counter
and 4 stages of timer. This means it can replace current implementation used in EAEA, which uses 2
PCBs (Printed Circuit Boards). Using of JTAG-compatible devices allow JTAG testability and in-
system programmability <5). Extension of the single channel scaling to limited number of channels of
Cascaded Multi-Channel Scaling can be implemented. An example is dual Sealer/Digital Ratemeter of
ref. (6). However, for large number of channels, processing with store-execute method should be
considered. Also, PCI bus interfacing must be included. Using of Xilinx Foundation S/W and
LogiCORE PCI32 (7> facilitate these design tasks and will be the subject of a future work.

,408ns |793ns |1.178us ,l.S63us ,1.948us ,2.333ua

B QHEX3. . . (hex )#4

Q L E D 6 . . . ( h e x ) # 7

CLR

CRQ

QO

QC

OX 1 X 2 X 3 X « 5 X 6 O X 1 X 2 X 3 X « 5 X 6 X 7 X B X 9 X O X 1 X 2

7 9 X X 3 0 X X 1 2 X 0 2 X X O O X X 4 O X 7 9 X X 3 0 X X 1 2 X 0 2 X X 0 0 X X 4 0 X 7 9

1
JT JT

Fig. (4) Simulation of a Building Block Counter Stage with 7-Segment Decoder.

CONCLUSION

The circuit is used as a first relevant example to demonstrate the capabilities of Xilinx
Foundation 2.11 for Engineers of Eng. Dept. It shows an example of the designs requiring less
sophisticated logic circuitry implemented in the Engineering Dept. and is targeted to CPLD or low
power/low cost SpartanXL FPGA using Xilin x Foundation system. The implementation of the circuit
in single chip substitutes 2 PCBs. Using of JTAG-compatible devices allows JTAG testability and in-
system programmability. For implementing designs capable of doing more sophisticated radiation
measurements and analysis such as MCA functions, some sort of processing is needed. This can be
implemented using Xilin x Foundation 2.11 S/W, which will be considered in a future work.

REFERENCES

(1) Imbaby I. Mahmoud, "Digital Pulse Height Analyzer" B. Sc. Project, Faculty of Engineering at
Helwan, Helwan University, 1981.

(2) TSCA 301 Instruction Manual, IAEA UNOLAB, Oct. 1989.
(3) P. W. Nicholson, "Nuclear Electronics", John Wiley & Sons, 1973.
(4) M. Greenberg, "HDL Techniques for Faster Synthesized Counters", Application Note (AN 1623),

Motorola, Inc. 1997.
(5) Design Environment Foundation 2.11, Xilinx, Inc., 1999.
(6) Sealer Ratemeter SR7 User Manual, Nuclear Enterprises Ltd., 1981.
(7) Xiiinx LogiCORE PCI32 Spartan v.2, July 1998.

727



Pag* I [col X of 1/ row 1 o£ 1] ct.ncd

X
•o DO ao DO

I, . • • • '. •
• n' n" n" n'a. a a o

a D • D
a. a. a. n

a • • D D
D'_ D" D" D' a

a D a a

a n n a
a a a

a a a n

a a a
D" a\ a

a a a a
a n D a

D a D D
D n D

a a [J a

Fig. (5) Layout of the Implemented Chip.

728



Seventh Conference of Nuclear Sciences & Applications
6-10 February 2000. Cairo, Egypt

e Analysis and Simulation of A Series Resonant Uninterruptible Power
Supply Using Thyristors

M. S. Ismail, Inibaby I. Mahmoud, and S. A. Kamel
Engineering Dept., NRC, Atomic Energy Authority, Atomic Energy P.O., Cairo, Egypt

ABSTRACT
EG0100072

This Paper investigates a series-resonant uninterruptable power supply (UPS)
configuration that uses thyristors as controlled power switches. This configuration
utilizes an H-connected four thyristors/diodes combinations, where the thyristors
are triggered according to the direction of load current. The MICROCAP
simulation package is employed to study the performance of the circuit
configuration. Analytical treatment is performed and compared with the results of
the simulation. Both treatments showed the formation of sine wave output from the
proposed circuit. Simulation allowed the quick prediction of the proposed circuit
configuration behavior. Limitations on performance of the proposed
uninterruptable power supply are clarified. Enhancements of the presented circuit
configuration to stabilize the frequency and amplitude of the output are considered.

Key words : Series-resonant uninterruptable power supply /Simulation /'Power
electronics.

INTRODUCTION

For supplying very critical loads such as computers used for controlling important processes, some
medical equipment, and the like, it may be necessary to use UPSs. These provide protection against
power outages as well as voltage regulation during power line overvoltage and undervoltage
conditions. They are also excellent in terms of suppressing incoming line transient and harmonic
disturbances.

Uninterruptible power supplies in their block diagram form are constructed from a rectifier, battery
bank, inverter, and output filter (l). A rectifier is used for converting single-phase or three-phase ac
input into dc, which supplies power to the inverter as well as to the battery bank to keep it charged. In
the normal mode of operation, the rectifier provides the power to the inverter. In case of a line outage,
power comes from the battery bank. The inverter produces either a single-phase or a three-phase
sinusoidal waveform depending on the UPS. The output voltage of the inverter is filtered, prior to
being applied to the load.

In this paper, we will consider only the inverter block. A configuration, which utilizes an H-
connected four thyristors/diodes combination, is analyzed mathematically and by simulation.
Enhancements to the basic configuration are proposed.
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BASIC OPERATION DESCRIPTION

Figure (1) shows the basic inverter configuration. However, this schematic does not show the
thyristors triggering generators and drivers. The trigger generator for Thy_l and Thy_4 is based on
sensing the voltage across D2; whenever that voltage is in the forward bias direction, a trigger pulse is
generated to drive Thy_l and Thy_4 to conduction. Similarly the trigger generator for Thy_2 and
Thy_3 is based on sensing the voltage across D4; whenever that voltage is in the forward bias
direction a trigger pulse is generated to drive Thy_2 and Thy_3 to conduction.

To start the inverter action from off condition, a trigger pulse is generated to drive Thy_l and
Thy_4 to start conduction. When Thy_l and Thy_4 conducts the battery E is connected to the series
resonant C L R circuit, as C charges the current ( in the series resonant circuit ) will reverse its
direction to cut off Thy_l and Thy_4 and will forward bias Dl and D4; this will result in triggering
Thy_2 and Thy_3 to connect battery E to the series resonant circuit (in a reverse direction ). Also as C
charges ( in reverse direction ) the current will reverse its direction once more to cut off Thy_2 and
Thy_3 and forward bias D2 and D4 to cause another trigger for Thy_l and Thy_4 .

E —

Dl

D2

JVThy_l . P3 ' I ~MThyJ

JS"hy_4

Fig. (1) Basic System Configuration.

CIRCUIT ANALYSIS

In the following the configuration of Fig. 1 will be analyzed:

For i > 0 trigger Thy_l and Thy_4

For i < 0 trigger Thy_2 and Thy_3

For i > 0 Thy_l and Thy_4 forward conducting

V = E-2V o n
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Where
V is the voltage across the resonant circuit,
E is the battery voltage
& Von is the forward voltage drop across a thyristor when it conducts.

(l/C)Jidt + Ldi/dt + iR = V (1)

at t = 0, i = 0

(LC) d2i/dt2 + RC di/dt + i = 0 (2)

Solving equation (2), then

i(t) = A,emIt + A2e
m2t (3)

Where m 1 and m2 are given by

ml,m2 = -R/2L± [(R/2L)2-(1/LC)]1/2 (4)

For the current to reverse in direction and not to decay exponentially, we must have an imaginary
component for m 1 and m2 or

(1 /LC) > R2/4L2 or R < 2 (L/C)"2

The free running frequency of the circuit working as an oscillator is thus given by co = 2nf

co= [1/LC-(R/2L)2]I/2

/ = 1/2TI [1/LC-(R/2L)2]1/2

Let a = - R/2L,

i(t) = Ai e'at {coscot+j sincot}+A2e"at {coscot-j sincot} (5)

at t = 0 i = 0

A, + A2 = 0 A2 = -Ai = -A

Thus i(t) = A e"at 2j sin cot = K, e"at sin cot (6)

WhereK,=2jA for t = 0 to t = 7t/co

A similar solution can be found for i(t')

Thus i(t') = K['e-at 'sin cot' (7)

Where t' = 0 is the instant at which Thy_2 and Thy_3 are triggered

Vc(t) + L di/dt + iR = E - 2 Von (8)
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At steady state

Vc(t)=l/Cofidt + Ve(O) (9)

And from symmetry of the circuit as thyristors are triggered

Vc(7t/co) = - Vc(0) (10)

From equations (6) and (9)

Vc(t) = (K,/C)[l/(co2 + a2)] {co - co e"at cos cot - a eat sin cot} + Vc(0) (11)

And from equation (10)

-Vc(0) = {(K,/C)[l/(co2 + a2)]} {co + co e™'" } + Vc(0)

Thus Vc(0) = -{Ki co/[2C (co2 + a2)]} { 1 + co e"a7t/a) } (12)

But at t = 0 VL(t) = L di/dt = K, L e"at {co cos cot - a sin cot}

Then VL(0) = K, coL

Also -{K, co/[2C(co2 + a2)]} { 1 + co eaJt/co} + K,coL = E - 2 Von

Thus Ki = (E - 2Von)/coL- {(co/2C)(co2 + a2)} { 1 + co ean/<i> }

i(t) = K, e"at sin cot for t =0 to t = TC/CO

This shows the formation of sine waveform across the load as the output of this configuration;
however the waveform suffers from amplitude distortion, as well as amplitude and frequency
dependence on output load.

SIMULATION RESULTS

The basic configuration of Fig.(l) is simulated using a PC simulation program. The result is shown
in Fig.(2) which shows the formation of sine wave and agree with the mathematical analysis
performed in the previous section. The waveform shows the amplitude distortion due to the
exponentially decaying product term (e"a!). The generated waveform in this configuration is load
dependent for both frequency and amplitude. Hence, modifications of this basic configuration are
needed. This can be achieved by controlling the duration of thyristors conduction (2i However, this will
complicate the configuration (if conventional thyristors are used ). An approach, proposed here , to
make the output independent of the load, is to add a virtual adjustable load in parallel to the (real )
load.

Fig.(3) shows a hypothetical circuit for the proposed modification of the inverter configuration. The
transformer Tl serves three functions. The first function is that the transformer leakage inductance
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referred to the primary side acts as the inductance of the resonant circuit of Fig (1). The second
function of transformer Tl is to provide galvanic isolation between battery and the load; the third
function of the transformer Tl is that its primary inductance together with add-on capacitor C2 forms a
filter to reduce the output waveform distortion due to the exponential product term e'at. In this figure,
Rv represents the energy loss-less virtual adjustable resistance. This is the proposed element used to
compensate for load resistance Rl changes.

Fig(4) shows one possible practical implementation of the virtual resistance Rv. Here, we propose
to realize it by controlled voltage rectification of the inverter output, and rectified current to feed the
battery supplying the inverter (2"'

From circuit point of view, this battery recharging components can be considered as a resistor
load. From energy point of view, it is considered a loss-less element, where the energy is returned to
the circuit energy source element (the battery).

4^....UA| U\ U...U...X4 JL.U...L
^:!::i:fc::r:i:iz

I....M U...L.y.\ U L..UI U

Fig.(2) Waveform Generated Across the Load

C1
T1

Fig.(3) Hypothetical Circuit for the Modified Configuration.
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Another alternative enhancement to compensate for load resistance change is to use Gate Turn-Off
(GTO) thyristors for Thy I, Thy_2, Thy_3 and Thy_4. Turning off Thy_l-Thy_4 or Thy_2-Thy_3,
when in forward conduction effectively returns energy to battery E via D2-D3 or D1-D4 respectively,
thus acting as a virtual load to the inverter. Fig.(6) shows waveform generated across the load for this
alternative enhancement.

To battery

Fig.(4) Practical Implementation of the Proposed Modification
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CONCLUSION

A PC simulation program is used to demonstrate the performance of selected configuration and
its enhancements. The analytical treatment showed the formation of sine wave output from this
configuration. To stabilize the amplitude and frequency of the configuration, we proposed additional
circuit to compensate for the energy depending on the load variations. Future study will consider the
proposed different methods of enhancements and comparison among them in more details.
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ABSTRACT

The design, simulation, implementation and test of a prototype of electronic
unit intended as a replacement of the outdated Russian type used presently for
reactor control rod position sensing/display in old power reactors is presented. The
implementation involves both analog and digital design. The designed digital circuit
has 12 TTL outputs working in a l-out-of-12 mode, excluding both double (2-out-of-
12) and no-output state. The circuit mainly consists of combinatorial logic. MACH
11 ISP CPLD from VANTIS (AMD) is selected as implementation technology for
logic part of the circuit. Analog comparators are used in the analog part. To avoid a
flickering display during transition between two neighboring positions, some sort of
hysteresys is implemented. The circuit is prepared to handle slow excitation voltage
changes in the +/- 10 percent range, without the need for readjustment of
comparator levels. The circuit is implemented and tested as a prototype.

Key Words; Instrumentation/ Reactor Control/ CAD for Electronic Circuits

INTRODUCTION

Nowadays there is undergoing work around the world to upgrade old power reactors. In
particular, electronic part of reactor control system is receiving great attention. In this paper, we
propose a design to replace the outdated Russian type used presently for reactor control rod position
sensing/display in old power reactors. In this type, a 12 ring-shaped pair of inductively coupled coils
arranged in line of the path of the rod with an internal iron core moving inside the tube-like structure
with rod are used as position sensor (1). It has a length of approximately l/12th of the full rod
displacement. This arrangement is depicted in Fig. (1). The primary coils are connected in series with
alternating polarity and fed from 220V AC voltage source, while secondary coils give 12 separate
voltages relative to their common reference node. Fig. (2) shows the waveform generated from this
arrangement.

The implementation of the proposed circuit involves both analog and digital design. The designed
digital circuit has 12 TTL outputs working in a l-out-of-12 mode, excluding both double (2-out-of-12)
and no-output state. The circuit mainly consists of combinatorial logic. MACH 11 ISP CPLD (2) from
VANTIS (an AMD company) is selected as implementation technology for logic part of the circuit.
Analog comparators are used in the analog part.

DESIGN METHODOLOGY

To overcome the adjustment problem, we propose a design method based on analog and digital
design. The analog part consists of analog comparators as shown in Fig. (3).

The digital part is intended to be combinatorial in nature to avoid losing current status when the
electricity is cut. Schematic entry of Vantis-Synario Starter Software (2) is used for entering the design.
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Fig. (1) Arrangement of 12 Ring-Shaped Pair of Coils as Position Sensor.
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Fig. (3) Analog Circuit for Four Positions.
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ABEL test vector file is used to stimulate its functional simulator to simulate the design. Its fitter is
used to implement the proposed design.

LOGIC CIRCUIT DESCRIPTION

The proposed circuit is shown in Fig. (4). Fig. (5) shows the block symbols used in the design.
The basic idea is to implement one out of four input decoder at first, then latching the selected output
(e.g. ol) till the change of the consecutive output (e.g. o2). The use of one-shot circuit of Fig. (5.b)
worked fine in simulation but did not work properly in the practical circuit. This is due to the
optimization feature of the fitter. This feature can not be disabled in the Starter-Kit (2)' Keeping the
nodes technique uses a lot of macro-cells for delay inverters only resulting in very poor realization of
the chip resources. Therefore, we implemented the delay block as one-shot consisting of Flip-Flops.
Fig. (6) shows one shot circuit implemented from Flip-Flops.

SIMULATION AND IMPLEMENTATION

Fig. (7) shows the simulation of the designed circuit. Test vector applied to the circuit is shown in
Fig. (8).

The experimental circuit is implemented and tested using 4 inputs only. The pin diagram is shown
in Fig. (9). Sine wave generator is used as main power supply to feed the four transformers, A steak
with small ferrite head is used as the control rod. Four LEDs are used as position indicator. The results
of practical circuit agreed well with the simulation results and satisfied the required specifications.

Fig. (5.a) Schematic Diagram of Latch Circuit.
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Fig. (5.b) Schematic Diagram of Delay Based One Shot Circuit.
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Fig. (7) Functional Simulation of the Circuit.

MODULE REACO TV
"-INPUTS
14..U pin;
CLK pin;
"-OUTPUTS
o4..ol pin;
"-SETS
I »[i4..il];
O = [o4..oll;
TESTVECTORS
((I.CLK1 -> \O
[0..C1 -> [0]

END

-> 1-X.l;

2,.C.|
;o,.c.j
6,.C]
;6,.ci
[4,.C.J
!0,.c.|
[4,.C.|
12,.C.)
io,.c.j
18,-C.I

JJ.-C-1
8,.C.|
4,.C.)
[2,.C]

-> 1-X.l;
-> 1-X.l;
-> [.X.);
-> [.X.I;
-> HI;
-> 1-X.l;
-> IX.l;
-> I-X.1;
-> [.X.I;
-> [81;

-> I.X.1;
-> I-X.l;
-> I-X.1;
-> [.X.I;

-> I.X.

Fig. (8) The Applied Test Vector to the Circuit for Simulation.
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IIn/CLK
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IBiput
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IVcc
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o3

CLK
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- +

I
- +
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Fig. (9) Pin-out for JLCC Package of the Designed Circuit on Device MACHlllSP.

CONCLUSION

A circuit is implemented using single CPLD to replace outdated Russian built unit. Only
combinatorial circuit is used to avoid losing current status when the electricity is cut. The circuit is
designed to handle slow excitation voltage changes in the +/- 10 percent range without the need of
comparator levels readjustment.
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ABSTRACT

Synchrotron light is produced by electron accelerators combined with storage
rings. This light is generated over a wide spectral region; from infra-red (IR) through
the visible and vacuum ultraviolet (VUV), and into the X-ray region. For relativistic
electrons (moving nearly with the speed of light), most radiation is concentrated in a
small cone with an opening angle of Vy (some 0.1 to 1 milliradian), where y is the
electron energy in units of rest energy (typically 103-104). In synchrotron radiation
sources (storage rings) highly relativistic electrons are stored to travel along a circular
path for many hours. Radiation is caused by transverse acceleration due to magnetic
forces (bending magnets). The radiation is emitted in pulses of 10 - 20 picosecond,
separated by some 2 nanosecond or longer separation.

Some types of superconductor magnets called undulators, with weak periodic
magnetic field are used to produce short wavelength radiation in the VUV-regime.
Other magnets called wigglers, with stronger periodic magnetic field cause many
harmonics of light to be produced with continuous spectrum from infra-red (IR) to
hard X-ray, and highly collimated compared with the bending magnets using the
increased transmission of beam line and the monochromators is a constant goal in
development.

Mirror surfaces coated with different metal along with the multiplier
techniques are used to improve optical surfaces in the (VUV). It is not an easy task to
point out all the fields where the synchrotron is used, so only examples are given here.
The growing importance of this tool, synchrotron radiation in such diverse fields as:
molecular, environmental sciences, medical imaging, pharmaceutical R. & D, and
micro-fabrication.

The synchrotron radiation is used in atomic and molecular physics,
semiconductor surfaces, adsorbates, magnetic layer systems, polymers, X-ray
microscopy and lithography, micro-technology and macromolecular crystallography.

The present work is a review lecture summarizing the properties of the
synchrotron radiation (sources and applications).
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LINTRQDUCT1QN

A charge that is being accelerated radiates electromagnetic waves (photons).
In any kind of accelerators the radiation due to the longitudinal acceleration is
negligible. However, this is not always true for radiation due to transverse
acceleration, which is imposed by the guide field in circular machines. High-energy
electron storage rings, for example, suffer severely from this fundamental energy loss
by radiation and it is this fact that makes linear colliders the favoured electron
machines of the future. While energy loss by radiation is a problem when considering
the efficiency of an accelerator, it nevertheless does have certain redeeming feature.
Best of all, this unwanted energy loss, or synchrotron radiation as it is called, can be
turned into an intense source from the infra-red -:< (IR) to X-rays or even hard X-
rays with good directional properties and a well-defined polarization. Accelerators
dedicated to producing this radiation are called synchrotron light sources or simply
light sources. Light sources have proved to be extremely valuable research tools and
are rapidly growing branch of the accelerator family.

The use of synchrotron radiation for fundamental science and applied
technologies has experiences an explosive growth over the last thirty years. The
growing importance of this new tool in such diverse fields as molecular
environmental science, medical imaging, pharmaceutical R & D, micro-fabrication,
etc.,

2- SOURCES OF SYNCHROTRON RADIATION.

A typical example of a synchrotron light source along with its storage ring and
beamlines (typically 20-40) of different applications in parallel.

The source consisted of:

a) Injectors, microtrons and linear electron accelerators are used as injectors with
energy up to 50 iVleV.

b) Synchrotron accelerator, a fast cyclic booster synchrotron is used to accelerate
electrons in the GeV energy range.

c) A storage ring synchrotron radiation source2'is an arrangement of components,
which enable a current of electrons to circulate at essentially the speed of light in a
closed orbit for several hours while synchrotron radiation is emitted from all
curved parts of the orbit. Some of the radiation leaves the ring through tangential
parts called beamlines that allow the radiation to pass to experimental stations
located in a hall outside the ring,-ipig.(l) . Radiation is caused by transverse
acceleration to magnetic forces in bending magnets (forming the circular path) or
periodic acceleration in special insertion device magnets like superconductor
undulators , wiggler magnets and wave shifters, Figs(2).

3- PROPERTIES OF SYNCHROTRON RADIATION:

Synchrotron radiation is the electromagnetic radiation emitted when charged
particles travel in curved paths. For high energy electrons curving in the magnetic
fields of storage rings, this radiation is extremely intense over a broad range of
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wavelengths from the infra-red (IR) through the visible and ultraviolet (UV) range
into the vacuum ultraviolet (VUV) and soft and hard X-ray parts of the
electromagnetic spectrum Fig.(3). The high intensity over a broad spectral range and
other properties (collimation, polarization, pulsed-time structure, partial coherence
and high-vacuum environment) make synchrotron radiation a powerful tool for a wide
range of applications in basic and applied research and technology .

It is particularly important in those parts of spectrum where laser sources are
not available such as the vacuum ultraviolet (VUV), soft and hard X-ray ranges and
parts of the infra-red (IR).

The continuous spectrum of synchrotron radiation provides more than five
orders (105) of magnitude increase in the flux and more than ten orders (1010) of
magnitude increase in brilliance (also called brightness) compared with more
conventional sources such as VUV lamps and X-ray tubes:

Definitions:

Flux: is the number of photons emitted into an angular fan per unit time and .
band pass (bp). For bend and wiggler sources, flux is calculated by integrating over
the vertical emission cone and one milliradian of horizontal fan.
For undulators the spectrum is integrated over the central cone of emitted radiation.
The units of flux are [photons/sec* 1% band pass (bp)].
Flux is the appropriate figure of merit for applications where little beam collimation is
required and the sample transverse size is sufficiently large as to intercept the entire
photon beam. For a typical focused beam this translates into several mm of sample
area and several tens of mm2for an unfocused beam. For example, many X-ray
absorption spectroscopy (XAS) and most Lithographic Galvanik-Abforming (LIGA)
applications fall into this category (see later).

Brightness or brilliance: is the flux per unit source phase space. The units of
brightness are [photon/sec*mm *milliradian • 0.1% (bp)]. High brightness was the
major motivating factor behind the development of undulators. High brightness is
required for experiments that involve samples or opticts with very small phase space
acceptance or techniques that exploit beam - focus application (microscopy, micro-
probe, micro XAS etc..) , diffraction from highly perfection small crystals,
holography , and spekle measurements.
These remarkable characteristics, offered by no other source of electromagnetic
radiation, have led to an explosive growth of synchrotron radiation research and
facilities for such research.

4- APPLICATIONS OF SYNCHROTRON RADIATION.

The applications of synchrotron light have been growing steadily for three
decades. They now span a wide range of domains in fundamental science (chemistry,
physics, biology, molecular medicine), applied research (materials science,
passivation, molecular environmental science, medical imaging, pharmaceutical
R&D, advanced radiology, radiometry, etc.) and industrial technology (micro-
fabrication, micro-analysis, photo-chemistry, etc.) Investigators using synchrotron
light can "tune" through the intense continuum , ^using devices called
monochromators, as part of the beam transport lines, to select the particular
wavelengths relevant to their studies, Ficj-U-^ •
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A synchrotron light source, therefore, is not a specialized instrument dedicated
to one specific application, but a general source that provides electromagnetic
radiation for a large number (typically 20-40) of different applications in parallel,
each connected to a specific beamline. The notion of optimizing beamlines for
particular applications is carried out in current synchrotron light sources by
implementing so-called insertion devices such as undulators, multipole-wigglers and
wavelength-shifters. These produce the required optical source properties, e.g.
enhancement of brilliance, coherence, or flux,or the emission of hard X-rays.

Atomic and molecular structure

Different parts of the electromagnetic sepctrum are suited for different
applications. So-called hard X-rays with photon energies from about 5 to 25 KeV and
above, corresponding to wavelengths from about 0.05 nanometers and below, are
particularly useful for studies of atomic structure of large molecules as well as hard
and soft matter, e.g. proteins, polymers and other complex materials. Radiation in the
VUV and soft X-ray spectral range, corresponding to photon energies of about 10 eV
to a few thousand eV, is most suitable for investigations of chemical bonds of atoms
in molecules and condensed matter. Radiation in all of the above spectral range is
used for chemical and radiological analysis as well as satisfying the industrial needs
for profitable fabrication on a microscopic scale. Longer wavelength, lower frequency
radiation in the infra-red (IR) spectral range is appropriate for studies of processes
which occur at theses frequencies, including the vibrational modes of molecules, with
novel medical applications using infra-red microscopy.

X-ray crystallography.

X-rays have been used for many decades to identify the electronic structure of
atoms, molecules and solids. This has been and still is a fundamental piece of
information to understand the properties of these systems. What is additionally
required is the knowledge of the arrangement of the atoms of matter. X-ray
crystallography is in fact the experimental technique that provides this information.
Synchrotron sources are indispensable for efficient crystallographic analysis, in
particular for novel techniques to determine the phase as well as the intensity of
diffraction data, both of which are necessary to solve the structure.

One particular sub-branch of this domain is currently in an explosive growth stage-
macro-molecular crystallography. This growth is fuelled by several factors; the need
of the pharamaceutical industry, as systematic structural analysis is now a required
R&D tool for the development of new drugs; the use of crystallography in the genome
project; the likely need of crystallography for quality control of drugs.

A synchrotron facility, with a high field multipole wiggler included, would be
a very valuable source for this application.

Magnetic layer systems and life sciences.

Other synchrotron-based structural techniques are also very important for
materials research and the life sciences. Surface crystallography is now capable to
routinely investigate the peculiar atomic structure of solid surfaces and its impact on
surface chemistry and physics. Magnetic X-ray scattering sheds new light into the
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magnetism of bulk solids and surfaces. Small angle X-ray scattering is widely used to
investigate fiber structure in the life sciences-notably the mechanisms of muscle
stretching-and other mesoscopic scale structures. EXAFS (Extended X-ray
Absorption Fine Structure) is the technique of preference to selectively investigate the
atomic structure around specific atoms-a local, atomic-scale alternative to
crystallography. EXAFS applications ra"nge from material science to biology, catalytic
chemistry, environmental science and the life sciences.

Chemistry^ physics and environmental studies.

EXAFS has also become a premier tool for determination of details of the
chemical form or "speciation" of toxic materials found in soil and ground water due to
industrial processes providing information that is vital to the development of
strategies for separation, remediation and storage of these toxic materials. Such study
of environmental problems is the fastest growing area at several synchrotron radiation
facilities. Synchrotron-produced X-rays are also a basic ingredient in many
spectroscopic techniques, notably optical spectroscopy and photoelectron
spectroscopy. After thirty years of progress, photo-emission-based analysis in capable
to reveal the finest details in the chemical and electronic properties of solids and solid
surfaces. In applied research, it is widely used to identify the causes of success or
failure of industrial processes like catalysis and surface passivation. In fundamental
sciences, spectroscopy has reached unprecedented energy resolution levels revealing
new phenomena that do not fit the standard general framework of the theory of solids;
the Fermi liquid . Photoelectron spectroscopy is also a premier tool for the study of
high-temperature superconductors.

Study of semiconductor surfaces

Recent instrumentation advances open the way to new synchrotron
spectroscopy techniques. Experiments are performed as a function of time, following
for example the dynamic evolution of surface chemical reactions. The finest details of
the formation mechanisms for semiconductor interfaces can be revealed by
specialized studies. They not only clarify the mechanisms responsible for the interface
parameters and for the corresponding devices - but open also the way to controlled
modifications of such parameters in the framework of bandgap engineering. This has
immense potential ramifications for the semiconductor industry.

Material sciences and biological application.

Synchrotron spectroscopy experiments can now be performed with high lateral
resolution bringing the analytic power of this technique to the microscopic world.In
materials science ,they are capable of identifying local factors that dominate surface
chemical processes-and previously unknown fluctuations from place to place in the
properties of solid interfaces. In the life sciences they are used to study the effects of
contamination by pathological agents, and also the chemical aspects of therapeutic
processes, notably those for brain cancer.

The combination of spectroscopy and high lateral resolution has led to a novel
class of techniques collectively called spectromicroscopy. In addition X-ray
microscopy is per se a very powerful tool for investigating microscopic phenomena.
The exploitation of ihe coherence of synchrotron radiation shows promise of leading
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to X-ray versions of holography and interferometry with a huge impact on
technology. .

Lithography and micro-technology

Finally, synchrotron-based X-rays are an essential ingredient of industrial
fabrication processes in the domains of microelectronics and micro-mechanics. In
microelectronics, X-ray lithography is a strategic reserve for eventual use in
extremely large integrated circuit (IC) production. In parallel, lithographic techniques
are used for a novel type of fabrication, three-dimensional molding and galvanoplastic
pattering based on the so-called LIGA technique. This brings to micro-mechanics the
same power of miniaturization that led to the industrial revolution of microelectronics,
converging to micro-system technology, one of the key technologies of the coming
decades. Synchrotron-based micro-fabrication techniques are already capable to
producing marketable devices in the field of sensors, micro-motors, optics, fiber- technology,
fluidic devices, Figs.(4&5).

5- CONCLUSION.

Synchrotron light sources had proved to be very powerful and widely used
tools. When measuring areas with diameters less than 100 (im, a synchrotron source
provides substantial improvement in signal over a conventional globar source. To
summarize, typical experiments are in :

1-environmental science (adsorbates, bacteria, soil chemistry,remediation).
2- particulate contamination (defects on silicon wafers).
3- biological materials (bio-remediation, identification of bio-molecules, tissue
analysis)
4- microscopic films and crystals (novel electronic materials and molecules).
5- polymer laminates and composites (photographic film).
6- forensic studies (drug identification, fiber analysis).
7- systems at high pressure (materials in diamond anvil cells).
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ABSTRACT EG0100075

An electromagnetic-shower trigger counter composes of two identical thin
scintillation detectors was constructed for investigating the density and time
performance of the large area scintillation counter. An NE-102A plastic scintillator
with the thickness of 0.5 cm and area of 7.6x7.6 cm2 is used to construct the
detectors. The possibility of enhancing scintillation counter performance by the
addition of absorber is also examined. The maximum increase in the density due to
the addition of lead absorber was found to be at 0.9 and 1.5 r.l. for threshold energy
of 2 and 16 MeV, respectively. The signals from the large area scintillation counter
was found to be delayed as the hit position of the cosmic-ray particles moves away
from the center of the scintillator. The delay is increasing by 0.25 and 0.17 nsec/cm
for light enclosure height of 7.8 and 5.5 cm, respectively.

Key words: Cosmic Rays /Electromagnetic-Shower Trigger Counter /Large Area
Scintillation Counter / Transition Effect

INTRODUCTION

Large area scintillation counters (LASCs) are extensively in use in accelerator experiments and
cosmic-ray air shower arrays to detect the electromagnetic (soft) component of the shower(1"8). The
LASC consists of a large area scintillating material contained in an air filled, light tight guide box.
Normally the inside walls of the box have a diffuse or specular reflector. A photomultiplier tube (PM)
located at a distance from the scintillator collects the scintillation light.

Trigger Counter
There is increasing interest in improving the time and density performance of LASCs^9'10). To

obtain a useful information about its optimum design, the light density and time performance should
be examined experimentally using cosmic-ray particles. Ideally, a counter with the optimum design
should provide a position independent high output and fast signals. The path of the particles needs to
be followed up to study the position dependence of both the density and timing of such large area
detectors. To achieve the identification of the hit position in the scintillator, one or two small
detectors (trigger counter) can be arranged to detect the same particle. Such a set-up is normally
referred to as a telescope because it is a directional sensitive device. All detected particles are rejected
except those that occur in the detectors of the telescope and the examined LASC and separated by the
correct flight time. The trigger system detects only particles incident in a certain solid angle defined
by the geometry of the detectors arrangement. Particles with enough energy arriving within the cone
of apex (0) can trigger both detectors (see Fig. 1). The angle 0 is the beam width of the detector set-
up. The range of energies to which the trigger counter is sensitive is determined by the fact that it
must be energetic enough to pass through the trigger counter and LASC. The trigger counter can be
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moved to scan the whole area of the LASC and then the recorded counts corresponding only to a
certain position where a cosmic-ray particle passes through the scintillator of the LASC. It was also
suggested that an additional anti-coincidence counter should be used if the LASC under investigation
has relatively large area (~6 m2)(ll). This is because the large number of particles in the extensive air
shower can result in many hits outside the studied position within the coincidence time. Such an effect
only plays a roll if the detector has a considerably large area.

counter axis

PM

PM

Fig. 1. The layout of the electromagnetic-shower trigger counter consists of
two small detectors (1 and 2). The beam width of the counter (6) is also shown.

Transition Effect
Generally plastic scintillators have a relatively low response to photons(I2). To enhance the

response of such detectors to high-energy gamma rays, a metal absorber should be added^'3l This is
adapted by many air shower experiments'1"6'. In this case, the detector consists of a metal converter on
the top of the scintillation material. Often the absorber is a medium of high atomic number material.
Another possibility, which is not explored for air-shower arrays but is in use in other high energy
experiments, is to use alternate layers of a metal and scintillator (14'15).

A simple model for the development of an electromagnetic (electron-photon) shower initiated by
a photon (or electron/1^ is shown in Fig. 2. Bremsstrahlung of electrons and pair production of
photons govern the development of the cascade induced by electrons, positrons or photons. A photon
gives rise to an electron pair after having traveled one radiation length (r.l.). An electron (e*) with
energy above the critical energy (Ec=7.6 MeV for lead) loses half of its energy by emitting a
bremsstrahlung photon per radiation length. Above the critical energy, the ionization losses of
electrons are neglected. After a distance of nR, where R is the radiation length in the absorber, the
number of photons and electrons is 2" and their average energy is Eo/2n, where Eo is the initial
gamma-ray energy. On average the shower consists of 2/3 electrons and 1/3 photons. The cascade
eventually stops when the average energy per particle drops below the critical energy. Below this
energy, the dominant loss for electrons is ionization loss rather than bremsstrahlung. The shower
multiplicity decays exponentially.
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Mean energy/particle or photon
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Eo/4

Eo/8

Eo/16

Distance through medium

lr.l.
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3r.l.

4 r.I.

, 5 r.I.

Fig. 2. Schematic presentation of the development of electromagnetic shower.

The addition of the absorber above the scintillator is expected to have the following effects.
Low-energy electrons and photons are absorbed and no longer contribute to the signal. High-energy
electrons produce an enhanced signal size through multiplication. On the other hand high-energy
photons materialize, producing additional signal contributions similar in size to those produced by
high-energy electrons. The number of particles gained from the last two processes exceeds that lost
through the first one. This is referred to as the transition effect(17). In addition, the signal is expected
to start earlier because the gamma rays is, on average, in advance of the charged particles in the
shower disc and the delayed low-energy particles removed by the absorber1-5'l8).

The main motivation in this work is to construct an electromagnetic-shower trigger counter
composed of two small scintillation detectors for investigating the position dependence of the density
and time of a constructed LASC with dimension of96x96xT cm3 with different scintillator thickness
(T). The effect produced by the addition of a lead absorber with different thickness was also studied
using only the trigger counter and together with the constructed LASC.

MATERIALS AND METHODS

Two identical scintillation detectors were used to construct the trigger counter, each consists of a
sheet of NE-102A plastic scintillator with a thickness of 0.5 cm and an area of 7.6x7.6 cm2. Each
scintillator is mounted to a 7.6 cm SRC 75B01 photomultiplier tube. A block diagram of the circuit
used for studying the transition effect is shown in Fig. 3. The fast-slow timing technique is used in the
present coincidence circuit employing standard electronic modules. The constant fraction mode for
Constant Fraction Discriminators (CFDs) was selected to provide high coincidence efficiency. Also,
the threshold of the CFDs was adjusted experimentally to eliminate the dark-noise pulses of the PMs.
The time and single electron spectra are accumulated simultaneously in an ORTEC 919 MCA.
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Fig. 3. A block diagram of fast-slow coincidence circuit used for studying the
transition effect. The LASC is replaced with the small scintillation detector to
study this effect using the trigger counter.

A thin scintillator is chosen to minimize any possible change in the particle's path or energy
after it hits the detector. When a charged particle penetrates a thin material, it suffers a number of
single scatterings. The deflection in each individual single scattering is usually small. The energy loss
is negligible and the mean angle of deflection is very small. This is not true if the material thickness is
relatively large where the multiple scattering and energy loss are more significant. Both detectors
were chosen to have small area to ensure a complete uniformity of the response of the trigger counter.

A distance of 9.5 cm between the two small detectors was chosen to provide a reasonable solid
angle and to accommodate enough absorber if needed. Both detectors forming a telescope which
accepts vertical particles in a cone of apex (#~39°), threshold energy of electromagnetic shower
particles of ~2 MeV, and an active area of ~58 cm . The small area of the two detectors and the
distance between them have the effect of reducing the count rate. To compensate for the resulted high
relative statistical errors in the counting rate, the measuring time had to be extended up to five days.
The run was considered complete when the statistical errors were below 5% (>340 counts).
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Background (environmental radioactivity) and spurious (afterpulses or dark-noise pulses in the
photomultiplier tube) counts in individual detector were negligible. The contribution from the
background count mainly gamma-rays with energy below 2 MeV was very low because of the low
detection efficiency for gamma rays and the detector energy threshold. The contribution from
spurious counts was estimated by separating the PM from the scintillator and covering it with black
paper.

RESULTS AND DISCUSSION

The measured transition curve using the trigger counter in outdoor measurements is shown in
Fig. 4. The results indicate that as Pb thickness increases the density in the bottom detector decreases
due to the absorption of low energy electrons and photons. This is followed by an increase which
peaks at ~0.9 r.I. (~30%) due to the increasing number of particles in the electromagnetic shower.

D

o

c
o
U
V
>

1.2

1.0 a
0.8 -

0.6

Pb B
top detctor C

bottom detctor n

x (r.I.)

Fig. 4. Transition curves of electromagnetic showers in lead obtained from
the outdoor measurements using the trigger counter shown at the top. The
variation of the relative coincidence rate and the relative density in the
bottom detector (with to without absorber) as a function of Pb thickness (x)
are given in the bottom and top parts, respectively.
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The following decay is indication of the decreasing multiplicity. The results show a second flat peak
with a maximum density around 3.2 r.l. This is due to muons in the cosmic-ray showers that start to
produce electromagnetic showers at Pb thickness of approximately 1.4 r.l. It should be noted that the
plastic scintilla'tor has low efficiency for muons compared with electrons. The contribution from the
hard component in the air shower (muons) does not die out as fast as that from soft component
because muons are very penetrating particles. Cosmic-ray muons are produced via the decay of pions
and kaons at relatively high atmospheric altitude. They have a small cross section for interaction and a
week energy loss process via ionization. The critical energy for muons in a material such as lead is
several hundred GeV. For energetic muons in cosmic rays, radiative effects are dominant. These
processes are characterized by the associated generation of electromagnetic showers through electron-
pair generation and emission of bremsstrahlung.

The peak due to the multiplicity of electrons and photons in the coincidence rate is not as sharp
as that in the case of density. The main reason is that some electromagnetic showers do not produce
signal in the upper detector, but after travelling a further distance they produce signals in the bottom
one. On the other hand, some showers produce signals in the upper detector and then by the time they
reached the bottom one the number of particles and their energy are not enough to give measurable
signals. In both cases, these events have no contribution to the coincidence rate. The net effect is a
somewhat flat peak.

Photon generated showers produce a transition curve similar to that from electrons but the
maximum for photon showers is shifted to larger absorber thickness(19). As the initial energy increases
the curve peaks at higher absorber depth(20). There is no obvious separation between photons and
electrons in our results. Such separation is not expected when the detector is subject to different

2000
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S. FWHM = 6.2 nsec

0
100 110 120 130 140 150 160 170 180

Delay Time (nsec)

Fig. 5. A typical time spectrum of the coincidence circuit employing one
small scintillation detector and the LASC.
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particles with different energies in the cosmic-rays air shower. The results indicate that with the
addition of a Pb absorber with appropriate thickness the soft and hard components in the air shower
can be separated.

APPLICATIONS

The same experiment was conducted indoor using only one small detector of the trigger counter
and LASC (see Fig. 3). The examined LASC consists of NE-102A plastic scintillator with an area of
about 1 m2 and thickness (T) of 7.6 cm(9). The height of the air gap (H) is 7.8 cm. The distance
between the centers of the small detector scitillator and PM of LASC is 20.7 cm. The inside walls of
the LASC were painted black to measure only the direct light component. The threshold energy in this
case is about 16 MeV. An example of the measured time spectrum is shown in Fig. 5.

The results of these measurements are shown in Fig. 6. The major difference here is that
maximum multiplicity (~5%) occurs at greater absorber thickness (~1.5 r.l.). This is due to the fact
that the threshold energy of the whole set-up is higher than that of the trigger counter alone. A less
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Fig. 6. Transition curves of electromagnetic showers in lead obtained from the indoor
measurements using one small detector as a trigger counter and LASC. The variation of the
relative coincidence rate and the relative density in the LASC (with to without absorber) as a
function of Pb thickness (x) are given in the bottom and top parts, respectively.
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dominant effect is that shower particles in the indoor measurements have a higher mean energy.
Particles with low energies are already absorbed or attenuated in the absorbing medium overhead.
Comparable curves were obtained using only the trigger counter in measurements carried out indoor.

In the case of the time uniformity measurements of the LASC, the output signals of the two small
detectors are connected to a coincidence unit which is operated in coincidence mode. The output of
this unit is used as a gate for the TAC. The distance between the trigger counter (two small detectors)
and the surface of the scintillator in LASC is kept constant to provide a scanning of equal areas. The
threshold energy in this case is about 17 MeV. Figure 7 shows the dependence of the arrival time on
the distance r (distance between the center of the scintillator and the hit position) for scintillator
thickness T=7.5 cm and height of light enclosure H=5.5 and 7.8 cm. The results indicate that there is
no major difference in the arrival time between the two configurations for hitting position less than 25
cm. For larger distance, the arrival time for H=7.8 cm is delayed by 1-2 nsec. The arrival time delays
by 0.25 and 0.17 nsec/cm for H=7.8 and 5.5 cm, respectively.
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Fig. 7. The arrival time of LASC as a function of the distance between the
center of the LASC scintillator and the hit position (r) in the case of direct
light measurements.
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ABSTRACT
In present work, CR-39 plastic track detector was exposed to ultraviolet (UV) and then
irradiated by alpha particles of different energies from Am-241 source at normal incidence.
CR-39 recorder had been studied for track registration parameters, via bulk etch rate, track
diameter arid alpha range.

Key Words: CR-39; SSNTDS; UV radiation

INTRODUCTION
Solid State Nuclear Track Detectors (SSNTDS) are widely used in radiation detection and

measurement. SSNTDS have excellent properties in data analysis, high registration sensitivity and can
be successfully used in long -term exposure experiments without any additional cost.

In recent years ( SSNTDS )achieved a great success in numerous fields such as personal
neutron dosimetry, radon daughters level determination in different material, alpha particle
autoradiography, observation of high energy particles in cosmic rays, heavy nuclear charged
particles identification and biological science, d'2-5-6'7'9-10-11-12)-
The aim of this work is to determine the alpha particle range of different energies in CR-39 non, pre
and post exposed to UV, also find the values of (a) and (b) for the article relation R=aEb (where R is
range and E is particles energy)

EXPERIMENTS
In the present work, sheets of CR-39 ((Poly allyl diglycol carbonates )) of thickness 300 /mi and

density (1.31 gm/cm"1) was used.
CR-39 samples were etched chemically in 6.25 N Na OH solution at 70 + 1 C° for different durations.
CR-39 samples were exposed to normal incident alpha particle using Am-241 thin source of active
diameter 0.5 mm and activity 3.7 x 108 K Bq covered by a 10 /ig/cm2 thin layer of gold. Energy
degradation is taking place by using a collimator arrangement of 0.5-mm hole diameter and the air
column between source and CR-3 9 samples is adjusted.
Using eyepiece screw micrometer carried out track diameter measurement. [M0B-I-I6X] of each
division corresponding to 0.24 fj. m attached to EUROMEX transmission optical microscope.
In order to study the effect of UV waves on range of alpha particles in CR-39 plastic detector, CR-39
were exposed to UV from mercury law pressure lamp of 30 W for equal time intervals from 1 to 10
hours step in 1 hour at distance 10 cm in air.
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RESULTS AND DISCUSSION
The bulk etch rate [vB] is determine for CR-39 non, pre and post-exposed to UV wave using
powerful method known as weight los« method using relation.

Am

2Atep
(1)

Where m is the mass decrement during etching time
A is the surface area of the detector
P

is density of detector = 1.31 gm I cm3

CR-3 9 plastic detector were exposed to UV for different duration via from 1 to 10 hours, the CR-39
was etched in 6.25 N Na OH at 70 + 1 °C for different times.

Figure (I) display variation of Ve versus exposure time to UV (texp.) The bulk etch rate will increase
by increasing the exposure time and it is saturated after exposure time to UV equal to 6 hours.

0.8 1.0

Exposur Time(hr)

Figure (1): Variation of Bulk etch rate ( VB) of CR-39 with different
exposure times of UV irradiation

Figure (2) shows the variation of track diameter with etching time in cases of CR-39 non, pre and post
irradiated with UV. It is clear that the track diameter that is caused from post UV irradiation is the
greatest one than the non and pre UV irradiated.
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Figure (2) : Track diameter (d) with etching time (te) for cases: (a) non
exposed, (b) pre UV irradiated CR-39 detectors.

Alpha range determination
Alpha range determination has been measured at various energies using over-etched track profile
method [iAl

For tc » tR, where te is etching time, tR is etching time assumed to etch out a thickness R
(range). It is found that the diameter square [d2] exhibits linearity with etching time (te) as
showing in figures'3'4'5'' .
The range is calculated by using formula:

R=- (2)

Where S is the slope of straight line of d2 and te relation. I is the intercept of straight part with x-axis.
Experimental alpha range determination is obtained from studing of track profile in the region beyond
the particle range.
Samples of CR-39 plastic detector non, pre and post exposed to UV were perpendicularly exposed to
alpha energies 1.25 , 2.25, 3.25 4.25 and 5.25 MeV for non exposed and pre-irradiated , while they are

o- 15IW.0

I

5 KXIO.O

© Exp. Dala before ihc end of range

A Exp. Dala aflcr ihe end of range

tOO 150 200 25 0

Etching time(hr)

Fig(3) Variation of diameter square (d2) versus etching time tefor CR-39 is non
exposed with UV and alpha energy=4.35 MeV
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Figure (4): Variation of diameter square (d2) versus etching time te

CR-39 tp preirradiated by UV and alpha energy =4.35 MeV

exposed to alpha energies 2..25 and 4.25 MeV respectively and etched in 6.25 N NaOH at 70 ± 1CC
Figures (3,4,5) show the variation of (d2) and (tc) for alpha energ 4.25 MeV. It is clear that variation
of (d") with (te) is linear beyond a certain time which is bigger than that needed to etch out the whole
range of the incident alpha particle.

a

1 O O O —

Exp. dFit.fi (ift.or t.~he end o"f i
E^cp. d a t a befor^ t h e end of*

O . IJ . :2 .S Q.O -7.E> I O . O 12,5 15.0 17.5 2O.0

Etching time (hr)

Figure (5): Variation of d2 versus etching time tc for CR-39 is post-irradiated
by UV and Alpha energy=4.25 MeV.

Figure (6) shows the experimental and theoretical alpha range as a function of alpha energies.
It is evident from figure (6) that the experimental values of range are slightly lower than the
corresponding theoretical values.
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Figure (6): Variation of alpha particle energies (E) in cases of
theoretical ranges CR-39 pre-irradiatcd by UV alpha energy

= 4.25 MeV.
It is also clear that the range of alpha for pre UV exposure is slightly greater than both of the
theoretical and non-exposed values but for post UV exposure, there is no change in range values from
those in non-exposed case.
Finafy, for theoretical relation (4).

R=aEb

LnR= a + b In E

(3)

(4)

a and b were determined for non, pre and post exposed to Uv as showen in table (1).
Figures (7,8) show the relation between In R an In E where a is the slope and b is the
intercept with Y-axis.

Conclusion
It is clear that the pre UV exposure for CR-39 plastic detector causes an increase in alpha-range

in CR-39 while the post UV exposure does not affect in alpha range so we advise to protect CR-39
from sunlight or UV sources.
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5

Figure (7): (Ln R^p) with Ln (E) for Alpha particles with
energies: 1.25, 1.75, 2.25,2.75,3.75.4.25,4.75 and 5.25, 5.75
MeV.

i.s

Figure (8): Relation between Ln (Ruv+a <6h)) and (Ln E for
CR-39 irradiated by alpha energies: 1.25,2.25,3.25,4.25 and

5.25 MeV and 6hr of pre UV irradiation.
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Table (1): Values of a and b of Ln R and Ln E relation.

E
1.25
2.25
3.25
4.25
5.25
1.25
2.25
3.25
4.25
5.25
1.25
2.25
3.25
4.25
5.25
1.25
2.25
3.25
4.25
5.25
1.25
2.25
3.25
4.25
5.25
2.25
4.25

2.25
4.25
2.25
4.25

LnE
0.223
0.81
1.18
1.45
1.66

0.223
0.81
1.18
1.45
1.66

0.223
0.81
1.18
1.45
1.66

0.223
0.81
1.18
1.45
1.66

0.223
0.81
1.18
1.45
1.66
0.81
1.45

0.81
1.45
0.81
1.45

LN-R
1.75 Rth

2.24
2.72
3.09
3.49

1.51 R
2.24
2.64
3.02
3.12

1.93 Ruv+<*
2.48 (2hr)

3.12
3.52
3.61

2.05 Ruv+e<
2.55 (4hr)

3.13
3.56
3.63

2.054 Ruv+o<
2.66 (6hr)

3.49
3.564
3.66

2.27 R^uv
3.03 (2hr)

2.26 Rst+uv
3.02 (4hr)

2.265 R«+uv
3.01 (6hr)

a

3.71

4.48

3.486

6.05

6.32

6.5

6.52

5.16

b

1.22

1.28

1.6

1.73

1.31

1.31

1.3

1.32
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Abstract

The main purpose of this work is to describe the construction and

operation of low energy accelerator with energy in the range from (zero to

100 KeV.). This accelerator includes an ion source of the cold cathode

Penning type (with pierce geometry for ion beam extraction), an accelerating

tube (with 8 electrodes ) and Faraday cup for measuring ion current. A

vacuum system which gives vacuum of the order 3.0 x 10s Torr is used. A

palladium tube is used to supply the source with pure hydrogen atoms. It was

possible to operate this accelerator with an energy 50 KeV at minimum

hydrogen pressure. 6.3 x 10"* Torr. The total resistance applied between the

accelerating'electrodes Rt= 31.5 MQ. These data includes the influence of

the pressure in the accelerating tube, the magnetic field of the ion source, the

extraction potential and the acceleratfng potential on the collector ion

current. It was possible to accelerate protons with an energy 50 KeV with

current about 100 uA at pressure 6.3 x 10"6 Torr, the source magnetic field =

1100 gauss (IB= 2A), the arc current = 0.4 A and the extraction potential =

10 K.V.
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INTRODUCTION

The growth of nuclear physics has depended upon the development

of methods for producing beams of high energy particles. Radioactive

substances can emit a-particles, p-particles and y -rays which have been

and still used for nuclear projectiles. However particle accelerators*1* greatly

extended the range of intensities, energies and types of particles which are

available for researches and applications. The low energy d.c accelerators^

arc characterized by its simple design and use in many fields of applications.

The low energy dcutoron accelerator0' is widely used to produce 14 MeV

neutrons. These neutrons are used in activation analysis techniquesw for

petroleum well logging and medical applications also the low energy

accelerators arc used in ion implantation technique and ion beam sputtering.

This work includes the construction of low energy accelerator of

energy 100 KeV. An ion source of the cold cathode Penning type is used for

producing protons. The operational characteristics of this accelerator is

studied under the influence of the discharge parameters and pressure inside

the acceleratioh tube.

APPARATUS

This device is a low energy accelerator (fig. 1) whose components

are constructed in the nuclear research center-Inchas. It consists of cold

cathode Penning ion source(5), an acceleration tube and the beam measuring

system.

The Penning Ion source: This source consists of a cylindrical anode (st.

steel) and two aluminum cathodes. The anode is insulated from the cathodes

by ceramic ring. The anticathode is fitted with an expansion cup. The source
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is surrounded by an electromagnet which is made of an insulated copper

wire of diameter I mm and number of turns = 900. The maximum magnetic

field/amp at the anode center is 550 gauss/ amp. The extractor is made of

copper with an aperture of a diameter of 2mm and is fixed near the base of

the anticathode. The power supplies for ion source operation are: the arc

supply (3kV-5A), power supply (20 kV-50 m A) with negative polarity is

used for ion beam extraction and an electromagnet power supply (100 V-5A).

The Acceleration Tube : This tube (fig. 2) is used for the acceleration of

ions after their extraction from the source. This tube is constructed in Russia

and consists of multi-sections of stainless steel electrodes (of 120 mm inside

diameter) which are separated by porcelain rings of 25 mm hight. The total

hight of the acceleration tube is 1100 mm. At the upper end of the

acceleration tube, there are the ion source, its electrical connections.and the

gas injection system. At the lower flange of the acceleration tube, the

faraday cup is mounted below the lower accelerating electrode (fig. 1). A

corona dischargers are used between the accelerating electrodes to avoid

breakdown problems. The potential is distributed by using a resistance 4.5MO

between every two electrodes.

The High Tension Supply: This power supply gives negative output

voltage (0-100KV) with current 15mA. A high voltage cable is connected

between the copper spherical dome of the generator and one of the

electrodes of the acceleration tube. In this, work the high tension is applied

across a part of the accelerating tube of 45 cm length and the rest of the tube

is considered as a drift tube. The accelerating part includes 8 electrodes and

the faraday cup is fixed at distance 2cm below the eighth accelerating

electrode.
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Gap Lens: The extraction electrode (fig. 2) plays large importance for ion

beam focusing(fi). The ion beam is subjected to two focusing actions by this

electrode. The first action is between this electrode and the base of the ion

source, and the second action is between the base of this electrode and the

first accelerating electrode in the acceleration tube. Also the lines of force

between the successive accelerating electrodes tend to restrict the beam

towards the axis of the acceleration tube.

Vacuum system: This system consists of silicon oil diffusion pump fitted

with liquid nitrogen trap. The diffusion pump is backed by a rotary

mechanical pump of double stages. This system gives vacuum of tlie order

3.65x10"* Torr in the acceleration tube. The injection of pure hydrogen gas is

regulated by using palladium tube and current transformer.

RESULTS & DISCUSSION

In this study the system is evacuated to about 3.65X10"6 Torr before

operation to remove the residual gases before hydrogen gas injection in the

ion source. Figure (3) shows tlie potential distribution along the acceleration

electrodes where the first electrode is at zero potential. This figure shows the

value of the acceleration voltage of the high voltage on each electrode when

applying the acceleration voltage of the high voltage generator on the eighth

electrode. This potential distribution is adjusted by using resistance 4.5 MCi

between the electrodes. The total resistance equal 31.5 MQ. The maximum

voltage reaches 60KV at pressure 5.25x10"* Torr without breakdown.

Figure(4) shows the change in pressure in the acceleration tube after the

injection of pure hydrogen gas in the ion source.The ion current on the

collector is recorded at extraction potential 10KV and at low acceleration

voltage=10KV.From this figure it is clear that at pressure lower thanlO'3 Torr
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the collector current is lower than 50|j.A while at pressure larger than

10"5 Torr the current increases rapidly to about 235 u.A at pressure

1.8xlO'5 Torr. Figure (5) shows the influence of the change of pressure on

the arc current. It is clear that the arc current increases with the increase in

pressure where IMC changes from 0.2 A to 1.1 A for the change in pressure

from 6.3x 10'6 to 1.65xlO"5Torr..The increase in arc current may be due to

the increase in ion density inside the source<5). This increase in arc current is

reflected on the value of the collector ion current which agrees with the

recorded data at figure (4). Figure (6) shows the influence of the source

magnetic field on the collector ion current at acceleration voltage 10KV at

pressure 7.1 x 10"6 Torr. The change in magnetic field causes an increase in

collector ion current which begins to appear at Imsg=l .5 A and reaches peak

value at I^g = 1.9 A with maximum ion current 45 uA at extraction voltage

10KV. Figure (7) shows the same experiment at larger pressure

(1.8 x 10'5 Torr). The recorded ion current appears at Iimg=l .3 A and reaches

maximum value at Inug= 2.2 A which equals 265 u.A. It is clear that the

magnetic field has large mfluence on the ion current in this range of pressure

(1.8 x 10'3 Torr). Figure (8) shows the influence of the extraction voltage on

the collector ion current for different values of the acceleration voltage

applied on the acceleration tube at low pressure. It is clear that the change of

extraction voltage (VeIt) from 0 to 8KV causes a small change in collector

ion current while at Vex > 9 KV, this change begins to increase rapidly. The

application of the accelerating voltage greater than 30 KV is characterized

by large effect on collector ion current.

CONCLUSION

From the study of the operational characteristics of the low energy

accelerator it is clear that:
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1- The change of pressure has large influence on the collector ion current.

(fig.4) at pressure < 10'3 Torr the ion current is less than 50 uA while

at larger pressure (> 10"3 Torr), the current increases to several hundred

of microamperes. ( ~ 235 uA at p= 1.8 x 10"5 Torr). It is found that the

change in pressure causes an increase in arc current which causes the

increase in ion density inside the source.

2- The magnetic field of the source is characterized by large influence on

the collector ion current. At pressure 7.1 x 10'6 Torr (fig. 6). maximum

current reaches 45 uA at I^g = 1.9 A which is characterized by sharp

peak. At relatively larger pressure (fig. 7) under the same experimental

conditions the current reaches 265 uA. at Imag = 2.2 A. This reveals the

increase of ion current by the double effect of the pressure and the

magnetic field.

3- At low pressure (6.3 x 10"6) Torr (fig. 8) it is possible to increase the

collector ion current to about 100 |J.A by the application of acceleration

voltage-5 OKV.

REFERENCES

1- M.S.Livingston and G.P. Blewett, "Particle Accelerators", MC Gr-Hill,

New York (1962).

2- R. Mehnert, Review of industrial applications of electron accelerators,

"European conference on accelerators in applied research and

technology (ECART-4)". Zurich (Switzerland) 29Aug-2 Sep 1995.

3- J.B. Hourst, M. Roche and J. Morin, "Nucl. Inst. & Metli.", Vol. (145),

P. (19), No. (1) (1977).

4- A.H. Jiggins and I.C. demetsopoullos, "Proceeding of the symposium on

the use of low energy accelerators", London, 27-29 May (1970).

786



5- M.M. Abdel- Baki, M.M.Abdel-Rahman, N.I. Basal, "Radiat. Phys.

Chem." Vol. (47), No. (5), P. 669 (1996).

6- Peisach and Alfassi, "Elemetnal analysis by particle accelerators", P. (4)

(1992).

787



Seventh Conference of Nuclear Sciences & Applications
6-10 February 2000, Cairo, Egypt

r FISSION RATE SENSITIVITIES AND FISSION FRAGMENT RANGES
1 1 FOR URANIUM AND THORIUM -BEARING MATERAILS

IRRADIATED WITH 252Cf NEUTRON SOURCE

B. M. Moharram *
Physics and Engineering Mathematics Department,

Faculty of Engineering,
Tanta University, Egypt.

EG0100078

ABSTRACT

The induced fission reactions of 235U ( n, f), 238U (n, f) and 232Th (n, f) based on the
activation of natural uranium and thorium in samples with 252Cf, neutron source, have
been evaluated.
The obtained results are the average of three samples from each test material (SRM
2710 Montana soil and Zirconia).
The prepared samples have been configured in the so-called " compensated - beam
geometry " in which both gamma spectrometry jointly with solid state nuclear track
detector techniques, revealed the fission rate sensitivity of 4.64x 10"7 fission per gram
per second per neutron (F.g'1.s''.n"1), for zirconia as obtained by gamma activity
arising from l34I fission product (as a good monitor which is produced only from
fissions), and the related value for SRM2710 soil is 5.22xlO"8 (F.g'1.s"'.n"1). While the
obtained values of the mean fission fragment ranges in SRM 2710 and zirconia as
estimated from the fission track densities (by CR-39) and fission rates (by gamma
spectrometry) are 3.97xl0"3 and 4.73xlO"3 g. cm"2 respectively which reveal good
agreement with experiments and calculations done hitherto.
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thorium, uranium
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1. INTRODUCTION

The use of solid state nuclear track detectors has become of increasing interest in
recent years, this is due to their wide applications. Fission track measurements for the
determination of trace and ultra trace fissionable material concentrations such as
natural uranium and thorium (235Uand 238U, 232Th) is one of these applications, also,
this technique has been used effectively in the fields of geochronology and
environmental studies [1-6].
The required lower limit of a fissionable material to be detected in a sample by the
induced gamma activity measurement is still high (several parts per million) to get a
measurable gamma activities with a suitable confidence.
One of the advantages of SSNTD's technique is its capabilities for the registrations of
nuclear particles and all fission products from all fission events, which makes the
evaluation of fission rates are available.
This means that this technique is more sensitive to reveal the number of fission events
and fission rates [7-11].

In order to improve the accuracy of the present technique of nuclear track detectors
(NTD) we have to use a SRM which has a known content of the fissionable materials.
To use the pre etched track detectors CR-39 is very useful to enhance the accuracy of
such detectors, and stand along with the importance of the using of a SRM [12,13].
Fission track methods have been used to determine the uranium content in biological
and environmental samples [14-17].
An important source of inaccuracy is due to the calculated number of induced fission
by track densities due to the obtained average range of fission fragments in the related
fissionable material, therefore the using of a SRM of well known content of the
fissionable material enables one to compare between the concentration of the
fissionable material content to estimate the unknown content in the sample of interest
(1) by exposure of the samples to the same neutron fluence, under the same conditions
It is very necessary to notice that the formation of fission tracks can be controlled by
changing time of neutron irradiation to get a suitable and easy countable numbers of
tracks, those which are arising from the SRM and the test sample.
Fissionable material content in both SRM and the tested material can be diluted if
needed by specpure powder of a light element such as carbon to make the
concentrations in both samples, the SRM and the test sample, comparable to each
other to improve the accuracy, this is necessary for biological samples. Then the
exposure time is determined and the counting will be easy and comparable in a good
accuracy.
This technique is widely applied in geochemistry, environmental applications, and
biological samples. [18,19]
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2. EXPERIMENTAL PROCEDURE

2.1 Sample Preparations

Three samples from each test material (Zirconia and SRM2710 Montana soil).
All samples are weighing nominally 3g., were pel letized at 10 tons pressure

and sandwiched in between two CR-39 (small pieces) in close contact with the
prepared pellets then packed in clean polyethylene bags for irradiation with
252Cf neutron source.

2.2 Sample Irradiations :

We are conducted with the prepared samples were configured in the so-colled
"compensated-beam geometry", in which pairs of nearly identical samples are placed
on opposite sides of the neutron source at approximately equal distances and irradiated
concurrently.
As such, the samples were mounted in a specially designed irradiation rig that
properly locates the samples about a central source thimble that positions.
The neutron source is at the approximate center of the sample-to-sample axis
(Zirconia-to-SRM2710) fig.(l).
Since the irradiation rig is portable, the sample-to-sample separation distance is
precisely and accurately determined on NIST's (National Institute of Standards and
Technology) coordinate measuring machine. Hence the average source-to-sample
separation distance is simply one-half of the sample-to-sample separation distance.
The three pairs (Zirconia-to-SRM2710) samples were irradiated concurrently in this
fashion, at an over all average source-to-sample separation distance of- 4.65 cm, for
about twenty days.
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, 1 .
2 5 2The arrangement of the six activation samples around the Cf source

2.3 About Californium Neutron Irradiation Facility (CNIF):

The CNIF is a large enclosure that houses several intense Californium neutron
sources, and is specifically designed to minimize generation of non-return scattered
neutrons. The walls of the CNIF are constructed out of time walled aluminum tubes
filled with sodium tetraborate. The floor is constructed similarly, (at the center of
irradiation research, National Measurement Laboratory at NIST,_USA)
The CNIF proper measures approximately 5mx5mx6m in height, and is inclosed
inside a large, cavernous, concrete walled room. The CNIF is positioned within the
room so that its center is located approximately 5m from the nearest concrete wall.
The neutron source and test samples were configured ~ 3m above the CNIF floor. In
this fashion, Californium spontaneous, fission neutron fields are produced that remain
largely unperturbed, containing only a small scattered-neutron component. Typically,
neutron-scatter effects contribute less than 1% to the total fluence response
uncertainty, including scattering effects both within the source materials and from
albedo neutrons from the CNIF walls.

791



3. RESULTS AND DISCUSSION:

3.1 Evaluation of the fission rate sensitivities of the Used Samples By
Both Gamma Spectrometry and CR-39 Track detector Techniques:

3.1.1a An Empirical Formula Approach, for gamma spectrometry technique

The following relation gives the yield activity of a fission product (i) in (Bq g'1) due
to the induced fissions in a uranium and thorium-bearing material, from which one can
estimate the expected activity of a fission product i and then the related fission product
concentration when the concentrations of the fissionable isotopes are known.

Yield activity = N35 a35 [1+ (N38 a38/ N35 a35) + (N32 a32/ N35 a35) ]

xyjX<j)x(l-e"Xit) a

Where:
• N35, N38 and N32 are the number, per gram, of fissionable target nuclides of

235U, 238U and 232Th respectively.

• O"35) G38 and (T32 are the related fission reaction cross-sections (cm2)

• X[ is the decay constant of the fission product (i), for 134I (X\ = 2.19 x 10"4 s"1)

* t is the irradiation time (s)

• <}) is the neutron flux (cm"2, s"1).

• y\ is the average cumulative fission yield of fission product i ( atoms / atom
fissioned), for l34I ( yi = 0.06) [20, 22, 23] where the uncertainty is arising
from the differences of fission yields of I34I from the different fissioned nuclides.

238rWhen all uranium content in the test sample is naturally occurring, i.e. the U to
235U concentration ratio will be 137.9 then, Equation a can be written in the following
form:

Yield activity of fission product (i) =

= 4.54x 10-23N35[l+1.78x 1(T3 (N32/N35)]x y, x <}> x (1- e"Wlt)

Also from this relation one can estimate the uranium content when the concentration
of Th is known and vice versa.
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3.1.1b Evaluation of fission rate sensitivities by gamma activity measurements

It is very important and necessary to choose the suitable fission product on which the
calculations of fission rates has been depend.
The more intense and unambiguous measurable gamma lines arising from a fission
product are those lines of 134I and which has been produced, only, from fissions. In
this work, the fissionable nuclei are those of 235U, U, and 232Th which are the most
important (of considerable concentrations in the used samples) Immediately after the
end of irradiation, Zirconia and SRM 2710 samples were removed from their bags and
placed then sealed in unirradiated polyethylene bags.
All pellets of test samples (standards and zirconia) were then individually placed for
gamma ray spectrometry.
All samples were measured on the top, and under the same geometry conditions, of
the intrinsic germanium coaxial detector of efficiency 47.4% (full energy peak)
relative to that of 3"x 3" Nal 25cm source to detector distance, resolution 1.02 keV
FWHM, diameter 62 mm, length 60 mm, nominal active volume 169 cm3, model no.
GC40190 from Princelon Gamma Technology (PGT), atNIST, USA.
The detector full-energy peak efficiency was determined by SRM4275-49, which is a
mixed isotope calibration standard, from NIST.
In this work, we have been considered 134I fission product, arising from the induced
fission reactions 235U(n,f), 238U(n,f) and 232Th (n,f), to be the monitor of the number
of fissions in the irradiated samples with 252Cf neutrons source.
Table (1) gives the summarized data and results, all caculations depended on 13 I
fission product gamma activities.
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Table 1
Fission rate sensitivities of SRM2710 Montana soil and zirconia estimated by gamma activities of I34I fission product as a
monitor of the induced fission reactions of 235U, 238U and 232Th irradiated in 252Cf neutron source of flux ty = 2.55 x 107 n. cm"2

s"'.(for one gram sample), the results are the average of three samples from each.

Sample

SRM2710
(average of

three samples)

Zirconia
(average of

three samples)

u. (Th)
Ppm

25,(13)

340,(130)

Activity a

saturation
factor

1.0

1.0

Saturation b

activity Ao

Bq/g

0.08

±0.01

0.71

±0.1

Activity per c

second irradiation time
for lgram sample Ao!

1.76xlO"5

1.56xlO"4

Related numberd

of 134I atoms Nj
s'1 g 1

0.08

0.71

Fission rate6

F o-} sl

Ni/ys

1.33

11.83

Fission rate
sensitivity

F.g'.s-'.n"1

5.22xlO-8

±(8xlO"9)

4.64x10-7

±(7xlO-8)

-Xi t\ 134Ta Saturation factor = (1 -e ) can be satisfied at t » T(]/2) ( I half life )
b Ao= AJ(\-e'Xit),Saturated activity of the produced 134I fission product can be satisfied when saturation factor (l-e"Xlt) =1

where X = 2.22x 10"4 s'1 is the decay constant of1341 fission product and t is the time of irradiation,
c Ao!= AoX (l-e"w), where irradiation time (t)=l second, X = (1-e"*) = 2.2 x 10"4 for 134I of half life (Ti/2) » t ;
d N; = AQI IX\, (N; is the produced number of 134I atoms per second irradiation time per gram sample);
e yi = average cumulative fission yield (atoms per atom fissioned) = 0.06 for I.

The error amounts to about 15% arising, mainly, from the low level activity of 134I gamma lines with the relativity high
background. Also from differences of cumulative fission yields of 134I from the different fissioned nuclides.
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3.1.2 Nuclear track technique

3.1.2a An Empirical Formula Approach for CR-39 technique-

There are formulae which give the relation between the induced fission track densities

(Pi) and the concentration of uranium and /or thorium.

(a) If there is only uranium without thorium:

(1)

(b)If there is only thorium without uranium:

(Pi)th - [K32 Cth32 ] (2)

(c)If both uranium and thorium are present in the irradiated sample:

(Pi)total ~ K35 Cu35

K38
1 4-
1 ~

K•35

4-

CU35

K32 Qh32

K35 Cu 3 5

(3)

Where K35, K38 and K32 are the fission track registration sensitivities of an ideal
plastic detector (as CR-39, its registration critical angle 0C= 0 ), [1,13] exposed in
closed contact with various samples containing different combination of U, 238U
and 232Th, respectively, irradiated with 252Cf neutron source. The sensitivities are
expressed in fission track cm"2 for Ippm fissionable nuclide per unit neutron fluence,
F is unity, their values depend mainly on the average range of the individual fission
fragment in each sample material as shown in equation 4. [7]
CU35, Cu3g and Cth32 are the concentrations of 35U, 238U and 232Th in ppm of the
isotope of interest. Where Ippm natural uranium represents 0.992 ppm of 238U and
7.2x 10"3 ppm of 235U, while 1 ppm of natural thorium represents 1 ppm of 232Th and
(pi )u> (Pi )TII and (pi Xotai are the induced fission track densities per unit neutron
fluence, where each sample is placed in close contact with the external surface of each
uranium, thorium, and both uranium and thorium-bearing sample respectively.
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The value of the fission track registration sensitivity (Kx) (fission track cm"2 for lppm
parent fissionable nuclide for unit neutron fluence, F = 1 n. cm"2), of CR-39 can be
given by :

Kx = 0.5nifRx; (4)

n i f-(l/2)NxaxFR

Where n,f is the number of induced fissions per unit volume of the sample

Where:

Nx is the number of the fissionable nuclide x per cm3 per ppm content.

ry

ax is the fission reaction cross section (cm ) of the fissionable
nuclide x

F is the neutron fluence(neutron per cm ), in this case F— cp t = 1
where t is the time of irradiation, unit flux (p =1 for one second.

Rx is the mean fission fragment range in sample x.

When the concentration ratio of 235U to 238U in the test sample is the same ratio of
their abundance in the natural uranium equation 3 can be given as follow :

Qh32

(Pi)total = Ku35 ' 5063 +9.38
Cu35

(5)

Where kU35 has been determined (for the same test material zirconia) in a previous
work [7], from which we can get the related value of Ku35 in the case of the irradiation
in the fission neutron spectrum of 252Cf which will be (9.4 x 10"14 ± 5%) track cm"2 s"
V ppm"1 natural uranium where the change arising from the difference of reaction
cross-section of 235U in cold neutron beam which is « 650 barns [19], and the related
value in the fission neutron spectrum of 252Cf is 1.2 barns [20,21], where the related
value for SRM2710 has been determined to be 9.92 x 10"14.

796



(pi)totai > (tracks/cm2.unit neutron fluence irradiation), depending upon the published
values of the averaged fission reaction cross-sections of 235U (n,f), 238U (n,f) and232

Th (n,f) reactions with the fission neutron spectrum of 252Cf as in reference [14].
This relation is useful also for the estimation of thorium concentration in a sample of
known uranium content.
The following table gives the results of fission track densities and fission rates in the
case of 252Cf.

3.1.2b Chemical Etching of CR-39 and Fission Track Counting

All CR-39 detectors were then removed and chemically etched under the following
conditions NaOH solution, 6.25 N at 70°c for 40 minutes then washed by distilled
water to remove the etch chemical products.
The fission track densities have been evaluated using optical microscope x400, table 2
gives the results.

Table 2.
Fission track density rate and mean fission fragment range, by CR-39 technique (thick
samples), the results are the average of three samples from each test samples.

Sample

SRM2710

average of three samples

Zirconia

average of three samples

Fission track density

T. cm"2

9.12 xlO3

±L4xlO3

9.67 xlO4

±1.5xlO4

Fission track
density rate

T. cm"2, s"1

5.28xlO'3

0.056

Mean fission fragment
range a

Gm. cm"2

3.97 xlO-3

±8xl0"4

4.73 xlO-3

±9xlO-4

a Mean fission fragment range = T. cm"2. s"1 / fission . g"1. s"1

where the fission rate (g"1 . s"1) has been taken from the gamma activity of
134I fission product, table. 1. The error amounts to about 20% arising from
the uncertainty in yj value beside the statistical error in the first column.

From the irradiation of natural uranium ( Uand U ) and thorium ( Th) in
fission neutrons of 252Cf we can get the expected total gamma activity of a specific
fission product (Atfp); by making use the following equation:
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A t f p = X,p [ (Nfp)5 +(Nfp)8 + (Nfp)32 ] (6)

Where:
(A,fp . Nfp )5 , (Xfp . Nfp )g and (A,fp .Nfp)32 are the activities of the specified fission

product of decay constant A,fp yielded from fissions of 235U, 238U and 232Th
respectively. Nfp values depend on the fission reaction cross-sections of 235U, 238U and
232Th and their concentrations in the sample materials, and the fission yield percentage
of the fission product of interest and can be obtained by making use equation (a) for
each individual fissionable nuclide to get the expected fractional activity arising from
a specific fission product. ENDF-VI [19,22,23].
From equation 6 we can determine the content of uranium or thorium when the
content of the other is already known. If 235U to 238U concentration ratio is different
from the ratio of their abundance in the nature; we have to get the concentration of
two fissionable isotopes to determine the third one.

CONCLUSION

This work is an application of both gamma spectrometry jointly with SSNTD's
techniques for the analysis of trace and ultra trace fissionable nuclide.
The induced fissions in the used samples of the present work are, mainly, arising from
the fission of natural uranium specially 238U which is the main target for the induced
fissions. The induced fission rate ratio of (235U/238U) in a natural uranium-bearing
material, irradiated with 252Cf neutron source, depends mainly on their abundance and
fission reaction cross-section ratios. This ratio can be summarized as a factor of
0.02727, which represent the induced fission ratio. Also a considerable fission rate has
been produced from the fission reactions of 232Th.
The fission rate sensitivities of SRM2710 and zirconia materials, as estimated by
gamma spectrometry technique, have been found to be 5.22xlO"8and 4.64xlO"7 fission
g"1 . s"1 . n'1 respectively. Also one can use either equation a, generally when 235U to 238U
concentration ratio is different than that of natural uranium or b, for natural uranium
to estimate the concentrations of 232Th when both 235U, 238U concentrations are known
and vice versa. The mean fission fragment range in a sample can be obtained from the
fission track density on CR-39 surface, jointly with the related fission rate by gamma
activity of a fission product in the samples. The average fission fragment ranges as
estimated by the present technique for the same material give good agreement with the
related quantities obtained experimentally and by calculations done hitherto [7]. The
observed discrepancies are within errors. This technique is more efficient for the
determination of ultra trace fissionable materials. The use of a SRM develops the
accuracy of measurements.
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The atmospheric neutrons spectrum jointly with the obtained results, fission rates [7,
25], fission sensitivities and fission rate sensitivities of some environmental materials,
would help in this program.

This work is a part of an ambitious program [7, 9, 24] for the estimation of ultra-trace
fission products nuclides in the environment, air, water and essentially in the
vegetation soil due to the atmospheric neutrons and cosmic rays, with respect to the
energy distribution of atmospheric neutrons. [24, 25].
I believe the field of environmental and health physics would benefit from this effort.
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ABSTRACT

Mass spectrometric methods [such as inductively coupled plasma mass
spectrometry - ICP-MS and laser ablation (LA)-ICP-MS] with their
ability to provide a very sensitive multielemental and precise isotopic
analysis have become established for the determination of radionuclides
in quite different sample materials. The determination of long-lived
radionuclides is of increasing interest for the characterization of
radioactive waste materials and for the detection of radionuclide
contamination in environmental materials in which several radioactive
nuclides are present from fallout due to nuclear weapons testing, nuclear
power plants or nuclear accidents.
Due to its multielement capability, excellent sensitivity, low detection
limits (up to sub pg I"1 range), very good precision, easy sample
preparation and simple measurement procedures ICP-MS of aqueous
solutions has been increasingly applied for the ultrasensitive
determination of long-lived radionuclides such as 99Tc, 129I,230Th,232Th,
234U, 235U, 236U, 237Np, 238U, 239Pu, 240Pu and M1Am and precise isotope
ratio measurements of U, Th and Pu. The application especially of micro-
analytical methods [analysis of some u.1 by flow injection and on-line
coupling techniques such as capillary electrophoresis (CE-ICP-MS) or
HPLC-1CP-MS] for the precise determination of nuclide abundances and
concentration of long-lived radionuclides at ultratrace concentration
levels in radioactive waste and also for controlling contamination from
radioactive waste in the environment is a challenging task.

Key words: Isotope ratio measurements / Inductively coupled plasma mass
spectrometry/ Long-lived Radionuclides/ Trace analysis.

INTRODUCTION

The determination of long-lived radionuclides in environmental materials (waters, soils,
geological, biological and medical materials) is of increasing importance. So is the determination
of long-lived radionuclides of special interest for the detection of radionuclide contamination in
environmental materials in which several radioactive nuclides (e.g. 99Tc, 1291,236U, 237Np, 239Pu,
240Pu, 241Am) are present. In particular, isotope ratios of uranium and plutonium can indicate the
origin of contaminations in the environment due to nuclear weapons testing, nuclear accidents or
fallout from nuclear power plants.(1"6) Furthermore, very sensitive, correct and precise
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determination of long-lived radionuclides is required for characterizing low-radioactive materials
from nuclear reactors for recycling and final storage of radioactive waste. The determination of
possible isotopic variations in nature due to radioactive decays of unstable nuclides has been
applied in geochronology for age determination. For such investigations precise determinations of
isotopic ratios are necessary with a relative standard deviation of better than 0.05%. Thermal
ionization mass spectrometry (TIMS) with a multiple collector ion detection system is in general
the method of choice for high precision (down to 0.002%) isotope abundance ratio measurements
of long-lived radionuclides,(7) whereas the precision achievable with the presently commercially
available quadrupole-based ICP-MS (ICP-QMS) is typically limited to 0.1-0.5%. In long-term
measurements by ICP-QMS an external precision of about 0.05% for 233U/238U~ 1 was obtained
(8<9). TIMS, which used to be the dominant analytical technique for precise isotope ratio
measurements is being increasingly replaced for precise isotope ratio measurements by ICP-MS
due to its excellent sensitivity and good accuracy.
The application of conventional radiochemical methods for the determination of long-lived
radionuclides at low concentration levels requires a careful (mostly time-consuming) chemical
separation of the analyte and enrichment by extraction or different chromatographic procedures.
Compared to radioanalytical methods ICP-MS possesses excellent sensitivity, multielement
capability, good precision even at low concentration level, a high isotopic selectivity and the
sample preparation is often easier.
In contrast to powerful solid state mass spectrometry such as LA-ICP-MS, TIMS, GDMS (glow
discharge mass spectrometry), SSMS (spark source mass spectrometry), SIMS (secondary ion
mass spectrometry) and others,(U0) inductively coupled plasma mass spectrometry (ICP-MS) is
being used for the characterization of long-lived radionuclides in aqueous and solid samples after
sample dissolution owing to the simple quantification procedure of the aqueous solution.
The principle of 1CP-MS can be described as follows. The chemical compounds contained in the
sample solution are decomposed into their atomic constituents in an inductively coupled argon
plasma and ionized at a high degree of ionization (>90% for most chemical elements) with a low
fraction of multiply charged ions («1%). The positively charged ions are extracted from the
inductively coupled plasma (at atmospheric pressure) into the high vacuum of the mass
spectrometer via an interface.

For determination of long-lived radionuclides different commercial double-focusing sector field
ICP-MS, e.g., "ELEMENT" (Finnigan MAT, Bremen, Germany), "PlasmaTrace 2" (Micromass
Ltd, UK), "AXIOM" (VG Elemental, UK) and "JMS-Plasma XT' (Joel, Japan), and quadrupole-
based ICP-mass spectrometers (e.g. Perkin Elmer Sciex, Hewlett Packard, VG Elemental, Varian
GmbH analytical instruments, Spectro Analytical Instruments, Micromass) are available on the
international market. In the low-resolution mode, the element sensitivity of commercial double-
focusing sector field ICP-MS is significantly higher than conventional quadrupole ICP-MS. The
extreme element sensitivity of double-focusing sector field ICP-MS permits ultratrace analysis
down to the sub- pg I"1 concentration range.(6)

DETECTION LIMITS OF LONG-LIVED RADIONUCLIDES IN ICP-MS

In Table 1 the detection limits for quadrupole-based ICP-MS (ICP-QMS) "Elan 6000", Perkin
Elmer, Sciex and double-focusing ICP-MS "ELEMENT", Finnigan MAT, Germany (DF-ICP-
MS) with ultrasonic nebulizer for selected long-lived radionuclides are summarized.
Extremely low detection limits for long-lived radionuclides in the sub-ppq (pg 1" ) range were
observed due to the low background (< 0.1 cps) and the high sensitivity of double-focusing sector
field ICP-MS at low mass resolution. The detection limits are several orders of magnitude higher
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for the determination of the long-lived radionuclides by DF-ICP-MS at higher mass resolution
where isobaric interferences with molecular or atomic ions would be expected, as demonstrated
for the determination of 79Se or 129I, where mass spectrometric interferences of analyte ions with
38Ar40ArH+molecular ions11 or 129Xe+atomic ions of plasma gas contaminant12, were observed.

Table 1: Comparison of detection limits for several actinides in high-purity water by double-
focusing sector field ICP-MS (DF-ICP-MS) and quadrupole-based ICP-MS (ICP-QMS) using
the ultrasonic nebulization

Nuclide

230Th

2 3 2 T h

233U

238U

237Np

239Pu

241Am

Half-life

[years]

7.5

1.4

1.6

4.5

2.1

2.4

7.3

• 104

• 1010

105

109

1016

104

103

[pg I"']

0.08

0.1

0.07

0.2

0.05

0.04

0.05

DF-ICP-MS

[kBq I"1]

6.2 xlO- 8

2.2 xlO"13

2.3 x 10"8

2.4 x 10"12

1.3 x l O ' 9

9.4 xlO"8

3.6 x 10"7

ICP-QMS

[pgr1]

n
15

12

26

186

63

89

One of the serious problems in ICP mass spectrometry for the determination of long-lived
radionuclides is that different isobaric interfences with analyte ions appear. A large number of
molecular ions [e.g., 79Se+ and 38Ar40ArH+: R(m/Am) « 5000,239Pu+ and 238UH+: R(m/Am) * 3100
] can often be separated using double-focusing sector field 1CP-MS with a maximum mass
resolution of 12 000. However, the application of mass spectrometers at high mass resolution
yielded a significant loss of intensity of analyte ions and an increase of detection limits. Therefore
another possible way of solving the interference problem with disturbing molecular ions for some
analytical applications is the application of collision cells in ICP-MS.

INSTRUMENTAL DEVELOPMENTS

The application of the collision cell - which is an old, well-known principle in organic mass
spectrometry for controlled collision-induced fragmentation of organic molecules in structure
analysis - in inorganic mass spectrometers represents important progress in ICP-MS
instrumentation which is relevant for improving the precise determination of isotope ratios. Initial
experiments to reduce the molecular ion interferences in ICP-MS were described by Douglas (13).
The collision cell was introduced in ICP-MS by the mass spectrometric company Micromass Ltd
(Manchester, UK) using a hexapole collision cell (Platform-ICP-MS) to thermalize the ions and to
dissociate disturbing molecular ions (14) . The hexapole collision cell - which works as an ion
optical lens system - is inserted between the interface and the quadrupole mass analyser. There is
no photon stop in the Platform instrument. In order to reduce the background in mass spectra
arousing by photons from the ICP, the hexapole is mounted off-axis in the collision cell chamber.
In the collision cell, collision-induced reactions, such as charge transfer and proton transfer
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reactions take place, causing the dissociation of some argon molecular ions (especially the argon
based molecular ions such as ArO+, ArC+, ArN+, ArH+ and Ai2+ and others), and the
neutralization of Ar+. Furthermore, a decrease of initial energy of ions of up to 0.1 eV results in
an improved sensitivity of elements and precision in the determination of isotope ratios.
With Platform ICP-MS using a mixture of hydrogen and helium as the reaction gas a significant
increase in ion intensity was observed, for example, a maximum sensitivity of «12 500 MHz
/ppm for 238U was measured in our laboratory using the Platform ICP-MS with an ultrasonic
nebulizer (USN) for solution introduction. This sensitivity achieved with the platform ICP-MS
and USN is comparable to the sensitivity of DF-ICP-MS with shielded torch. In contrast, the
sensitivity of Platform ICP-MS with a commercial Meinhard nebulizer for U was 400 MHz
/ppm. By measurements of isotope ratio measurements of 10 jag L"1 uranium by collision cell ICP-
MS using the Platform ICP-MS (see Table 2) and a commercial Meinhard nebulizer for solution
introduction we yielded a short-term precision of 0.07% RSD. Of interest is the good accuracy
of 0.42%, which does not require a correction of mass discrimination in this experiment.(15)

Table 2: Uranium Isotope Ratios by Collision Cell ICP-QMS
("Platform" quadrupole ICP-MS with hexapole collision cell, Micromass)

234U/238U

0.00638

0.00629

0.00620

0.00611
0.00597

0.00619

RSD (%)

1.5
0.8

1.0

1.0
1.9

2.6

0.9967

0.9954

0.9951

0.9953
0.9959

0.9957

RSD (%)

0.16

0.20

0.17

0.09
0.23

0.07

236U/238U

0.00219

0.00219

0.00213

0.00208
0.00202

0.00212

RSD (%)

0.8
1.2

1.2

1.1
2.3

3.5

Perkin Elmer developed the ICP-MS Elan 6100 DRC with a quadrupole collision cell (on the
basis of the Elan 6000) which is inserted between the ion optic lens system and the quadrupole-
based analyser. NH3, CH4, H2 and He were successfully used as the collision gas for different
applications, e.g., in microelectronics. (I6"18) The application of the dynamic reaction cell results
in an improvement of the precision of isotope ratio measurements as demonstrated for lead by
Bandura and Tanner.(19)

Important progress in the instrumental improvement of ICP-MS in order to obtain a better
precision of isotope ratio measurements was achieved by the introduction of the multi-ion
collector device. Using double-focusing sector field ICP-MS with multiple ion collector, for
example the Plasma 54 (20"22) with nine Faraday cups and the Axiom from VG Elemental, a
precision of up to 0.005% was achieved in isotope ratio analysis but the concentration of analyte
in the mg L"' concentration range was significantly higher compared to ICP-MS with ion counting
detector.
The first multiple collector sector field ICP-MS with a hexapole collision cell available on the
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analytical market is the IsoProbe from Micromass.(23) The collision cell is used mainly for the
thermalization of ions from the eV up to the 0.1 eV energy of ions, therefore in this instrument
just a single magnetic sector field is sufficient for the mass/ charge separation of ions. Ten Faraday
channels are arranged for simultaneous multi-ion collection. High-precision isotope ratio
measurements using the Faraday cups were performed, mostly at the 1 mg L"1 level. In a special
arrangement, but in a more expensive sector field ICP-MS, eight ion counting channels can be
used for precise isotope ratio measurement at the ultratrace level. The application of the hexapole
collision cell, which works effectively with a hydrogen / helium gas mixture, is used for the
thermalization of ions and for the dissociation of argon-based molecular ions.(23) So far a
precision for the determination of the 82Se/80Se isotope ratio of 0.0015 % has been achieved.
By collision-induced reactions in the hexapole cell, the Ar+ ion intensity was reduced by some
orders of magnitude using the neutralization reaction. This allows the determination of 40Ca by
ICP-MS. Using the multi-ion collector IsoProbe ICP-MS with a collision cell, the 42Ca/40Ca
isotope ratio of 0.0067 was determined with a precision of 0.009% RSD (at lmgL"1Ca)in
aqueous solution. 6Li/7Li and nB/10B isotope ratios were measured at the 0.5 mg L'1 and 1 mg L"1

concentration level as 0.027% RSD and 0.008% RSD, respectively. This precision of isotope
ratios in MC-ICP-MS are comparable to those of TIMS. (23'24)

Recently, Finnigan MAT constructed a multiple ion collector, ICP-MS NEPTUNE, on the basis
of a double-focusing sector field with Nier-Johnson geometry.(25) Eight Faraday cups are
interchangeable with ion counting detectors in order to measure isotope ratios at very low
concentration levels. In contrast to the DF-ICP-MS with single ion collector (ELEMENT from
Finnigan MAT), flat-top peaks were observed at a mass resolution of R(m/Am) = 4000, which are
important for the precise determination of isotope ratios.
These ICP mass spectrometers with multiple ion collector systems will have increasing
importance for precise isotope ratio measurements especially age dating in the future.

DETERMINATION OF LONG-LIVED RADIONUCLIDES
IN SMALL SAMPLE VOLUMES

The development of micro-analytical methods for the precise determination of nuclide abundances
and concentration of long-lived radionuclides at ultratrace concentration levels in radioactive
wastes and also for controlling contamination from radioactive waste in the environment is a
challenging task. In order to analyze small sample volumes, micronebulizers (MCN-100, Cetac
Technologies, USA and MicroMist, Glass Expansion, Australia) and the direct injection high-
efficiency nebulizer (DIHEN, J E Meinhard Associates, USA) <26>27) have been increasingly used
instead of high solution volume consuming ultrasonic nebulizers for determining long-lived
radionuclides by the solution introduction into the inductively coupled plasma of an ICP-MS. Due
to direct nebulization of the sample solution in the inductively coupled plasma with the DIHEN
(with an analyte transport efficiency into the plasma of 100%), and the reduction of the solution
uptake rate and the sample size to the 1 ul min"1 and fg range, respectively, very sensitive
measurements of long-lived radionuclides in aqueous solutions are possible (26).
Microanalytical techniques such as u-FI-ICP-MS (u-FI microflow injection) is of special interest
in radioactive waste- and environmental research where very small sample volumes have to be
characterized. In order to inject small sample volumes (>1 uL) of aqueous solution in a
continuous flow of 2% nitric acid a HPLC injection valve was coupled to the microconcentric
nebulizer for small droplet formation. The application of ja-FI-ICP-MS using a quadrupole based
instrument for the Th determination in aqueous solution by isotope dilution techniques was
described in (28).. The 232Th (in 2% nitric acid continuous flow) solution was spiked with 20 uL of
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a 4u.g/L 230Th solution and the 232Th concentration can be calculated using the known formula for
isotope dilution analysis.
Furthermore, small sample volume (sample loop: > 1 jil) of standard or radioactive waste
solution was introduced by this HPLC injection valve into a continuous flow of 2 % nitric acid.
For example, a 237Np standard solution (sample loop: 20ul; Np concentration: 10 ng I"1 and 100
ng I'1) was measured with a precision of 2.0 and 1.6% (RSD, N=5), respectively.(6)

HPLC-ICP-MS AND CE-ICP-MS FOR DETERMINATION
OF SPALLATION NUCLIDES

The most important problem in determining long-lived radionuclides in radioactive waste or
environmental samples is the appearance of isobars of radioactive and stable nuclides at the same
mass with a different atomic number, causing interferences in mass spectra. In order to separate
isobars, such as long-lived 173Lu from stable 173Yb, on-line high performance liquid
chromatography (HPLC - for a chromatographic separation of a lanthanide mixture into the
individual elements) coupled to an inductively coupled plasma mass spectrometer (ICP-MS - for
the mass spectrometric determination of the nuclides from each of the previously separated
elements as a function of their mass) is a possible analytical method. In past years on-line ion
chromatography ICP-MS has been increasingly used for the characterization of radioactive
materials and environmental samples using quadrupole-based ICP-MS.(29) The use of ion
chromatography for the determination of fission products and actinides in nuclear applications is
reviewed by Betti.(30)

An important task in our institute is the nuelide analysis of an irradiated tantalum target. Tantalum
was used as the target material in a spallation neutron source where the neutrons are produced via
spallation reactions between a highly energetic proton beam, with 800 MeV protons.
HPLC-ICP-MS was developed at the Central Department of Analytical Chemistry, Research
Centre Juelich (see schematic in Figure 1) for the separation of long-lived from the stable rare
earth elements spallation nuclides in an irradiated tantalum target of a spallation neutron
source. (31'32)

For the determination of spallation nuclides in irradiated tantalum, double-focusing sector field
ICP-MS will be used after liquid-liquid extraction of the tantalum matrix in order to reduce the
high I82Ta activity. Small pieces of tantalum was dissolved in a HNO3/HF mixture and the
tantalum matrix was separated by liquid-liquid extraction so that only the spallation nuclides were
left in the sample solutions.
If the sample solutions of spallation nuclides were determined using only ICP-MS without any
preceding chromatographic separation technique, we found an increasing amount of spallation
nuclides for lanthanides in the mass spectra of the tantalum sample. According to the theoretical
prediction the concentration of the spallation nuclides in the higher mass range increases with
increasing mass (see Figure 2).
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Figure 2: Mass spectrum of spallation nuclides in an irradiated tantalum target after matrix
separation

The separation of rare earth elements with natural isotope composition using a strong acid cation
exchanger is shown in Figure 3.
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Figure 3: Chromatogram of separated (natural) rare earth elements by HPLC-ICP-MS

The lanthanide metals were predicted in the irradiated tantalum target as a major fraction of
spallation nuclides with quite significantly different nuclide abundances in comparison to the
natural isotopic composition (see e.g, for gadolinium Table 3).

In order to reduce the high radioactive solution volume of the digested irradiated tantalum target
the capillary electrophoresis system (Waters Quanta 4000) was coupled to the DF-ICP-MS
ELEMENT. The optimization of coupling technique and the analysis of spallation nuclides in the
irradiated tantalum target is described by Day et al.(33) In Figure 3 amass spectrum of all rare
earth elements in the irradiated tantalum target separated and measured by CE-ICP-MS is shown.
In agreement with the theoretical prediction for the rare earth elements, an increase of ion
intensity was found with increasing mass, the highest ion intensity being for 175Lu+. All REE
were well separated with respect to the analytes by capillary electrophoresis using a sample
volume of 30 nl only at the 800 jj.g L"1 concentration level of each lanthanide element. In Table 3
the nuclide abundances of gadolinium produced via a spallation reaction in an irradiated tantalum
target separated and measured by HPLC-ICP-MS of 10 ul of highly radioactive digested and
diluted solution and CE-ICP-MS of 30 nl sample volume are compared. It is shown, that the
abundance distribution of spallation nuclides of gadolinium is quite different from the gadolinium
isotopes which were measured in the natural samples (left column). With respect to the small
sample volume used, the agreement of analytical results is excellent and the theory is confirmed.
The precision of isotope abundances measured using both techniques is in the low % range.-
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Table 3: Nuclide abundances of gadolinium (%) produced via spallation reactions in an
irradiated tantalum target

Nuclide

148Gd
150Gd
152Gd
154Gd
155Gd

Gd
157Gd
158Gd
160Gd

Nature

-

0.2

2.15

14.7

20.5

15.7

24.9

21.9

Theory

15.8

18.3

27.2

26

34.4

0.57

0.40

-

-

CE-ICP-MS

19.4 .

18.8

22.1

<3.4

33.4

-

-

-

-

HPLC-ICP-MS

20.7

18.4

22.7

<1.1

33.9

<1.1

<1.9

-

-

Our experiments with HPLC-ICP-MS and CE-ICP-MS demonstrated for all investigated
lanthanides a good agreement of measured nuclide abundances with those calculated. (31"33)

CONCLUSIONS

Inductively coupled plasma mass spectrometry with detection limits in the sub fg ml"1 range is an
excellent tool for the analysis of long-lived radionuclides in aqueous solutions. Due to the
excellent sensitivity and very low detection limits, isotope ratio measurements are possible with
very small sample amounts of analyte and for solid samples mostly only simple preparation steps
are required (compared to the time-consuming TIMS).
The insertion of the collision cell in ICP-MS results in new interesting applications for precise
isotope ratio measurements of long-lived radionuclides.
CE- and HPLC-ICP-MS are important for isotope ratio measurements on small sample
solutions and if the separation of analytes is required.
Numerous, quite different applications demonstrate the excellent capability of ICP-MS in
determining of radioactive nuclides for the evidence of contamination from radioactive waste in
the environment (in biological and medical samples, waters or geological materials).
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Abstract

The double focusing PLASMAX2 is used at different resolving powers, for the
separation between the iron isotopes and the interfering ions. NIST standard samples of
iron in the single and multi-elements are used in the analysis. Moreover, iron isotopes
are also analyzed from the NIST solid standard samples of glass-611 and glass-615.
Variation of different Fe isotopic abundances and their interfering ions are studied as a
function of concentrations at low and high resolutions. The precision and the accuracy
of the data are calculated. The lower detection limits at high resolution are determined
for different isotopes.

Key words: ICPMS/Fe isotopes /interfering ions.

INTRODUCTION

Fe among a number of inorganic nutrients is essential for human life. Enriched isotopes
of Fe are used as tracer to study the bioavailability in humans (1). Therefore, precise and
accurate measurements of the isotopic values are very important in this kind of work. Mass
spectrometry is the main tool for the identification and quantification of Fe isotopes; specially
the high-resolution mass spectrometry (HRMS).

, The main advantage of the high-resolution mass spectrometer is the ability to
unequivocally identify the measured components if some of the peaks in the mass spectra are
overlapped. If there are traces of an interfering species present under any of the isotopes; an
incorrect ratio will be reported in the low-resolution mode of the mass spectrometer. The
high-resolution inductively coupled plasma mass spectrometer (HRICPMS) will be able to
clarify this situation. If the HRICPMS is used in the high-resolution mode to separate
interferences, isotope ratio precision will be limited by ion intensity stability and the plasma
stability(2).

Moens et al(3) showed that at resolution of about 2500 the interference by ^Ar^O* on 56Fe+

can be eliminated. This factor allows the HRMS to be used in the identification of the major
isotope of an analyte, which is not easy in quadrupole ICPMS. The application of the isotopic
ratio measurements for precise trace element determination by the isotope dilution method
using enriched stable isotopes is an established technique*-4-1. Heumann<5:> gave a general
overview of the precision and accuracy in isotope measurements by ICPMS.

EXPERIMENTAL

All measurements are performed using Jeol high-resolution inductively coupled plasma
mass spectrometer PLASMAX2. (Fig 1) is a schematic overview of the machine and the
operating conditions for the Nd:YAG laser and the ICPMS are summarized in (table i).
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Fig. (1): Schematic diagram of a p]asmax2 ICPMS

Table (1): The experimental conditions used in the measurements

Parameters
ICP-MS
Forward RF power
Reflected RF power
Coolant gas flow rate
Auxiliary gas flow rate
Nebulizer gas flow rate
Mass resolution(m/Am)
Detector mode
Switching
Optimization

Laser Ablation Condition
Laser type
Wavelength
Pulse duration
Spot diameter
Repetition frequency
Power density
Energy per pulse

Condition

1300 W
< 2 W
14 L/min
0.3 L/min
0.77 L/min
500 and 5000
analogue
1000 ms
Maximum ion intensity of lppb of 89Y+

Nd:YAG laser (Q-switched)
266 run
6 ns
60 jjjtn

20 Hz
1010 w/cm2

4mJ

RESULTS AND DISCUSSION

Iron has four isotopes namely, 54, 56,57and 58 atomic mass units. Their exact masses and
natural abundances are shown in (table 2).

Table (2): Masses and natural abundances of Fe isotopes

Exact mass
53.9396
55.9349
56.9354
57.9333

Abundance
5.80

91.72
2.20
0.28
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(Fig 2) represents the mass spectra of the four isotopes from an iron single solution of a
concentration of 1000 ppb, at resolutions 500 and 5000. At 5000 there is a split in every
isotope to two main peaks. One is the peak of the host iron isotope and the other is the guest
ion from other sources .

The isotope 55.9349 represents the highest abundance between the four iron isotopes.
Therefore, it is of interest to study the environment that affect the interferences in this major
isotope. ^Ar^O at the exact mass, 55.9573-(table 3) represents the main peak that can overlap
on the 56Fe ion. The separation of the two components is 22 millimass units and requires a
resolution of 2550(2). (Fig 3) shows the present trails to have a real separation of these two
peaks. It is clear that resolving power over 2400 is enough for this separation. At any case a
higher resolution than the required is used at 5000 owing to try to avoid the effect of the high
argon oxide ion intensity.

Table (3) Possible main interferences with iron isotopes and the exact masses

Isotopes and their exact
masses

MFe (53.9396)
56Fe (55.9349)
3/Fe (56.9354)
'8Fe (57.9333)

Possible main interferences and their exact
masses

""Ar^N (53.9655)
"°Arl60 (55.9573)

"°Ar16OH (56.9651)
^Ar^O (57.9615)

It is expected that the ArO+ interfering ion does not remain constant during sample
measurements. Any change in the operating conditions of the plasma like a change in the
matrix or a change in the nebulization conditions can alter the oxide abundance^. Therefore,
the argon oxide formation is studied at different concentrations for single iron element and at
the multielement environment in liquid and solid states.

At the low resolution 500 the concentrations of the iron isotopes are studied as a function of
its abundance (the peak area). (Fig 4) shows that for the four isotopes, by changing to higher
concentrations an increase in the abundance is recorded. The lines, which represent these
data, do not go by extension to zero concentration. This means that Fe suffers from the
influence of an overlapping. At higher resolution 5000 there is a separation between two
components. The host Fe isotopes showed (Fig 5) linear increments by increasing the
concentration and the lines, which represent these data, go nearly to zero concentration.
However, the guest peak does not show any remarkable change by changing the
concentration. This means that the origin of these peaks are independent on the solution
concentration, and probably the origin of the guest peaks are from Ar,N,0 and H which exist
in the gas phase of the plasma media.

The ratio between 56Fe and 40Ar16O ions at resolution 5000 varies according to the source
of the sample under investigation. (Table 4) shows the variation of this ratio when single and
multi-element solutions are used and with glass samples irradiated by an ultraviolet laser
beam from a laser ablation system at 266 run (all samples are N1ST standards).

Table (4) Variation of 56Fe/40ArI6O ratio at different cases

Case
Solution of Fe single element
Solution contains multi-elements (19 elements)
NIST Glass 615
NIST Glass 611

Ratio of s6Fe/40Ar16O
0.88
0.79
0.28

28.78
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In solutions the ratio has close values because the treatment is done for the same
concentration and there is no different sources for the components of Ar or 0 from both
solutions. However, in the case of solid samples there is a high difference in the Fe
concentration inside the solid samples namely, 13.3 u.g/g for NIST 615 and 458 ug/gfor
NIST 611. Since there is no change in 0 or Ar content at the plasma conditions, therefore it is
expected that the contributing factor is the Fe concentration.

Thermal ionization mass spectrometry (TIMS) is the method of choice for precise isotope
ratio measurements. Therefore, (table 5) represents the highest precisions of the isotopic
ratios of Fe isotopes, which are used as nutrient.

Table (5) Precision of isotope ratios of iron determined by TIMS

Isotope ratio
58Fe/ a6Fe

54Fe/58Fe
57Fe/ =6Fe

Precision
0.5%-l%

1.1%-1.6%
< 0.2%
0.1%
0.1%

0.5%-0.7%

References
6

7,8 and 9
10

7,8
7

8,9

The precisions of isotope ratios of iron determined by TIMS vary from 0.1% to 1.6%.
A solutions of concentrations ranging from 500ppb up to 1 ppm is used in two cases of

resolutions at 500 and 5000 to determine the isotopic ratios of Fe isotopes. The true ratio
values of the isotopes are:

5SFe /54Fe = 15.8138,5SFe /57Fe = 41.6909 and 56Fe /58Fe = 327.5714
(Table 6) shows the isotope ratios at low-resolution (500) for different concentration.

Inspection of the data shows that the values are far from the true values and it has the
tendency of decreasing by increasing the concentration for the ratios (56Fe/54Fe and 56Fe
/57Fe). It is clear that there is no need to inspect 56Fe/58Fe because it will be in a large error
than others due to interferences and the low intensity of the isotope 58Fe.

Table (6): Variation of the isotope ratios (56Fe /54Fe and 56Fe /57Fe)
with different concentrations

Concentration
56Fe/s4Fe
56Fe/57Fe

500ppb
13.5621
39.6615

600ppb
12.9032
36.3163

700ppb
^12.3843

34.8511

800ppb
11.8186
32.3701

900ppb
11.2212
30.4435

lppm
10.5604
29.6218

The isotope ratios, precisions and the accuracy at different concentrations are studied
at high-resolution (table 7). The data shows that the precisions have values from 0.1%
to 1.2%. The precisions compet with. TIMS, and it is precise to the degree of most
applications in Fe isotopes which are used as nutrient, except for 56Fe /58Fe which has
higher values. This may be due to the low intensity of the isotope 58.
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Table (7): Isotope ratios, their precisions and accuracy of iron
as determined at different concentrations.

Isotope

56Fe/54Fe

36Fe/57Fe

56Fe/58Fe

Item

Ratio
Precision
Accuracy

Ratio
Precision
Accuracy

Ratio
Precision
Accuracy

Concentration (ppb)
500

15.579
0.348
1.460

40.657
0.962
2.478

364.791
8.730

-11.362

600
15.884
0.640
-0.468
41.141
1.048

.1.317
350.326

2.016
-6.947

700
15.870
0.649
-0.382
41.539
1.218
0.362

355.168
6.603
-8.425

800 j
15.797
0.988
0.083

41.261
0.474
1.028

378.090
1.470

-15.422

900
15.629
0.0803
1.148

41.385
0.416
0.732

366.108
3.110

-11.764

1000
15.526
0.480
1.797

42.526
1.108
-2.006

337.733
3.002
-3.102

The detection limits (LOD) for the four isotopes are studied by applying the equation: LOD
3CT /S, where S is the background deviation and a is the signal intensity.

(Table 8) shows the detection limits at high-resolution 5000 for different iron isotopes.

Table (8): Detection limits (at high-resolution 5000)
for different iron isotopes.

Cone.(ppb)
500
600
700
800
900
1000

54Fe (ppt)
339
336
336
337
337
332

54Fe (ppt)
74.03
75.11
75.06
74.55
72.55
69.73

54Fe (ppt)
53
53
53
52
51
53

54Fe (ppt)
16
17
17
16
16
16

It is clear that the detection limits are within the ppt range. However, for 56Fe it is in the
ppb range because it is affected much by the argon oxide ion, which could interfere with this
isotope.
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ABSTRACT

In the present work, a partial acid digestion procedure has been investigated, optimized and applied
for the determination of rare earth elements (REEs) in samples collected from the Abu-Tartur
phosphate deposit, Western Desert, Egypt. The procedure presents a very quick and easy method for
the complete recovery of REEs in solution. Moreover, it allows the increase of the concentration of
REEs in the solution to as high as four times over that obtainable by complete acid digestion, thus
presenting a great analytical advantage specially for the determination of high rare earth elements
(HREEs). To ensure accurate determination, the matrix effect of the major elements has been
investigated and corrected for.

The validity of the procedure has been verified by precision and accuracy tests on standard
reference material. Finally the procedure has been successfully applied for the determination of REEs,
Sc and Y in some core samples as well as in a sample from the Abu-Tartur phosphate mine. The
results obtained in this investigation would facilitate the extraction of this important group of
elements from this huge phosphate deposit.

Key Words : ICP-AES/Rare Earth Elements /Phosphate Deposit

INTRODUCTION

Inductively coupled plasma atomic emission spectrometry (ICP-AES) is now a well-established
method for the determination of elements in geological samples [I]. The linear dynamic range
inherited with this method as well as the low limits of detection allow the determination of major,
minor and trace elements. The combination of cation-exchange columns permits also the
determination of ultra-trace elements in the samples [2,3]. Although different solid sample
introduction techniques, including spark ablation [4], laser ablation [5] and slurry nebulization [6,7]
have been developed, solution nebulization remains the most widely used technique. This is because
of the homogeneous sample solution used and the ease of preparation of calibration standards.

Various dissolution procedures have been developed for the digestion of geological samples
including open and closed acid digestion and alkali fusion [1,8,9]. The open acid digestion ma}' be the
most commonly used method. Hydrofluoric acid in combination with a range of other mineral acids
are routinely used for the digestion of geological materials for trace element determination. However,
for the determination of silicon, digestion must be carried out in closed vessels and is normally
followed by complexing the excess fluoride with boric acid. Closed vessel acid digestion is carried
out either by conductive heating or by using microwave to provide energy for digestion. It has a
number of advantages over open vessel digestion, including smaller reagent volume, decreased
digestion time specially with microwave and retention of volatile elements such as As, B, Hg, Se and
Sn in solution. Alkali fusion is also widely used for the decomposition of geological materials. A wide
range of alkali fluxes including lithium metaborate, lithium tetraborate, sodium carbonate and sodium
peroxide are used for this purpose. The major disadvantages of this method are the high level of total
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dissolved solids (TDS) which necessitous large dilutions with the consequent deterioration of the
limits of quantification and the excess amounts of easily ionizable elements which cause severe
matrix effects.

In a previous investigation, the above mentioned three dissolution procedures have been applied for
the decomposition of phosphate samples collected from the Abu-Tarur area, Western Desert, Egypt,
for the ICP-AES determination of rare earth elements (REE) [10]. The determination of REE in a
large number of samples revealed their relatively high content (about 1.3 kg/ton) in this deposit
compared to phosphates in other parts of the world [11]. The Abu-Tartur phosphate deposit is
considered one of the largest phosphate deposits in the world. The hugeness of this deposit would
encourage more research work to be carried out to increase its economical value for example by
extracting the REEs from this huge phosphate deposit.

The present work investigates the possibility of applying a partial acid digestion procedure for the
determination of rare earth elements in samples of the Abu-Tartur phosphate deposit. The
determination will be carried out using ICP-AES. This investigation would not only yield an easy
sample preparation method for REE determination but also should pave the way for their future
extraction from this deposit.

EXPERIMENTAL
ICP Spectrometer

The ICP spectrometer used is composed of a free-running r.f. generator (Linn High Therm FS4)
with frequency 27.12 MHz and maximum power 4 kW. The ICP is generated in a Greenfield type
torch with a plasma gas flow rate of 16 1 min"', and auxiliary gas flow rate of 3 I min"1. The aerosol of
the sample was generated with a GMK Babington nebulizer at a carrier gas pressure of 4 bars. A
peristaltic pump (Gilson Minipulse 2) served for feeding the nebulizer. A 1 m focal length computer
controlled monochromator (Jobin Yvon 1000R) equipped with a holographic grating of 2400 grooves
mm"1 was used for measuring the spectra. The entrance slit of the monochromator was illuminated
using a two-lens system adjusted at an observation height of 13 mm above the load coil. Since the
load coil is fixed, the adjustment of the observation height at the normal working power of 1000 W
was carried out using the Mnll 257.61 nm spectral line [12] at the installation of the spectrometer.
Entrance and exit slits were adjusted at 20u.ni allover the work.

Samples

Eleven core phosphate samples collected from four bore holes in the Abu-Tartur phosphate area
were provided by the Geological Survey and Mineral Resources Authority of Egypt (GSMRA). The
depth of the samples and the thickness of the layer they represent are listed in Table 1. With the
exception of sample No. 8, which is a phosphatic clay sample, the averages of the major
constituents of the phosphate sample are: CaO: 42.5 %, P2O5: 28.1 %, Fe (total): 2.5 %, A12O3: 1.2 %
and MgO:: 1.5 %. In addition, a phosphate sample from the Abu-Tartur phosphate mine was provided
by the Abu-Tartur Phosphate Project. For testing the accuracy of the technique, a standard phosphate
sample of the Nuclear Material Corporation, Egypt (Standard Phosphate 3), representing phosphate of
the same area, was also considered.
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Table 1. Sample designation.

Bore-
hole No.

K/32 "

L/42

L/48
M/32

Sample
No.

1 D/92
2 D/94
3 D/95
4 D/634
5 D/635
6 D/636
7 D/638
8 D/712
9 D/146
10D/147
11D/148

Depth of
sampling (m)
From
143.65
145.20
145.70
160.70
161.40
163.10
164.20
185.40
146.15
146.50
147.40

to
145.10
145.20
146.30
161.40
163.10
163.60
164.85
187.15
146.50
147.40
147.65

Thickness
(m)

1.45
0.50
0.66
0.70
1.70
0.50
0.65
0.80
0.35
0.90
0.25

N.P. Sample No. 9 (M/32-D/146) is a phosphatic clay sample.

Sample Dissolution

Dissolution procedures for phosphate samples have been described in previous articles [10,11]. For
the present work, complete dissolution of the samples was carried out using an open acid digestion
procedure using HF, HC1O4 and HNO3. For this purpose, 0.5 g of sample, 10 ml HF and 5 ml HCIO4
were heated in a PTFE beaker on a hot plate until evaporated to near dryness. Further 5 ml HNO3

were added to the residue and evaporated to near dryness to ensure the complete evaporation of HF.
Finally, another 5 ml HNO3 were added and heating was continued until the volume was reduced to
about 2 ml. Bidestilled water was then added to the residue which could be dissolved to a clear
solution. The solution was then transferred into a 50 ml volumetric flask and completed to volume.

RESULTS AND DISCUSSION

Analytical REEs Spectral Lines

For the selection of interference-free REE spectral lines, line coincidence tables [13] as well as
results of previous work on REEs [14,15] and on phosphate samples [10,11] were consulted. In order
to ensure the freedom of a selected line from line overlap interference caused by spectral lines of the
other REEs or by lines of the major constituents of the samples the following procedure was followed.
First, profiling of the selected line was performed using 1 (ig ml"'solution of the corresponding
element. This was followed by profiling the same wavelength while nebulizing a solution containing
all REEs in concentrations matching their average values expected in the samples except for the
element under investigation. Finally, profiles were performed using 1000 u.g ml" of Ca, Fe, Mg, Al
and P, which are the major elements in the present samples. All selected spectral lines showed no
measurable interference from other REEs at this concentration level, however, few of them suffered
slight interference from the major elements, mainly iron. For these spectral lines, the correction
coefficient was determined. .Table 2 lists the selected analytical lines and the possible interfering
elements as well as the interference coefficients determined as ng ml"' analyte / u.g ml"1 interferent.
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Table 2. Analytical spectral lines, interfering elements and correction coefficients.

Element

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er

Tm
Yb
Lu
Y
Sc

Wavelength
nm

408.672
418.660
417.021
406.109
359.260
412.970
342.247
350.917
353.170
348.600
349.910
346.542
328.937
261.210
360.073
361.384

Interfering ele.&
Coefficient

—
—
—
--
—
—

Fe, 0.23 ngml'V 1 jigml"1'
Fe, 0.023 ng ml"1/ 1 |ig ml"1

—
—
—
—

Fe, 0.010 ng ml'1/ 1 u.g ml"'
Fe, 0.012 ng ml"1/ 1 iigm!"1

—
—

Matrix Interference

The main source of matrix interference in the phosphate samples is calcium. The average CaO content
of the present samples is about 42.5% corresponding to about 3000 p.g ml"1 Ca in a 1% sample
solution. The presence of such a high concentration of Ca was found to strongly affect the R£ spectral
lines. For this reason, calibrations solutions used for the analysis of the phosphate samples should
contain Ca in a concentration corresponding to its average value in the sample solutions. In order to
study the extent to which Ca affects the intensity of the RE spectral lines, four REE were chosen.
These are La and Ce representing LREE and Dy and Yb representing HREE. Fig. 1. shows the matrix
effect of Ca on the intensities of the selected spectral lines, determined as (Io- I)/Io, where Io and I are
the intensities in absence and presence of matrix respectively.

Effect of leaching with HC1

For this investigation, sample No. 8 and the same test elements La, Ce, Dy andd Yb were chosen.
First complete dissolution of the sample was carried out using the foregoing mentioned acid digestion
procedure. Dilute solutions of HC1 were then prepared by adding different volumes of the
concentrated acid (36%) to water in ratios varying between 0.4% to 4.0% (v/v). 0.25 g of the
phosphate sample was weighed in a glass beaker and 25 ml of the diluted acid was added to the
beaker and stirred using a magnetic stirrer for 15 minutes at room temperature. The sample was then
filtered and the test REE were determined in the filtrate using analytical calibration solutions
containing 3000 ppm Ca. The dissolved part was found to be about 80% of the sample weight. The
obtained results for the test REE are shown in Fig.2. The plateau of these curves correspond almost to
the concentration
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Fig.2. Effect of HCl concentration on the leaching efficiency of REE.
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values of the elements determined in the sample when completely dissolved by acid digestion. These
are: 204 \xg g'1 for La, 402 fig g"1 for Ce, 46.5 u.g g"! for Dy and 24.7 u.g ml'1 for Yb. Consequently,
it can be seen that REE in the phosphate sample can be almost completely brought into solution by
HCl solution with a dilution of 2% (v/v), corresponding to about 0.25 M HCl. This is valid for both
LREE and HREE. It is to be mentioned here that similar results are obtained with dilute nitric acid.

Effect of Sample loading

In order to study the effect of sample loading on the leaching efficiency of the REE, different
weights of the test sample namely 0.25, 0.50, 0.75 and 1.0 g were leached each with 25 ml dilute
HCL of dilution factors 2%, 4%, 6% and 8% , thus yielding sample loading of 1%, 2%, 3% and 4%,
respectively. After filtration, the test REE were determined in the filtrates. The determination was
first carried out using calibration solutions containing 3 mg ml"1 Ca which represents the average
concentration of Ca in a 1% sample solution. The obtained results are shown in Table 3. The apparent
incomplete recovery of the REE was found to be due to the effect of matrix and not due of inefficient
leaching. Complete recovery of the REE was measured by calibrating with standard solutions
containing Ca in a concentration matching its value expected in each solution.

Table 3. Effect of sample loading on the REE determination.

Sample
loading

g/lOOml
1
2
3
4

Recovery %
La

100
94.3
91.7
89.3

Ce

100
95.0
89.2
86.2

Dy

100
95.3
92.9
90.0

Yb

100
94.2
89.0
86.6

Accuracy and Precision

The accuracy of REE determination obtained using the proposed sample preparation procedure was
tested by analyzing a standard phosphate sample of the Nuclear Material Corporation of Egypt
(standard phosphate 3) with the ICP-AES procedure. For this purpose, 1.0 g of the standard sample
was leached with 50 ml HCl of a dilution factor 4%. After filtration, REE, Y and Sc were determined
in this solution using calibration curves containing 6 mg ml"' Ca to compensate its matrix effect. The
results obtained are given in Table 4. The table gives also the results of REE determination in a
solution of the acid digested sample containing 1% of sample.

The precision of the whole leaching procedure was determined by performing five replicated
analyses of the standard reference sample. The results are also listed in Table 5.
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Table 4. Test of the accuracy of the developed procedure using standard reference sample.

Element

La
Ce
Pr
Nd
Sm
Eu
Gd
Tb
Dy
Ho
Er
Tm
Yb
Lu
Y
Sc

Present work
Leached Acid digested
Hg g"' Hg g"1

172
315
51.5
183

37.5
10.1
44.6
5.2

40.1
7.5

24.2
3.0
19.4
2.2
278
26.0

176
317
50.5
185

38.9
10.2
46.4
5.5 -

39.6
7.6

24.7
3.2

20.1 .
2.4
281
25.9

Certified

l^gg"1

174.2
315.3

—
183.6
39.0
9.9

43.1
4.8

39.2
—
—
—

17.2
1.9

280.2
24.7

Precision
%

3.7
2.8
1.2

0.65
1.8
5.2
4.0
4.3
1.3
3.8
3.6
•5.4
5.2
1.2
0.7
5.4

Results of Analyses

For the accurate determination of the REEs, Fe was determined in the sample solutions prepared
by both partial and complete acid digestion in order to correct for its line overlap interference. It was
found that about 25% of the iron content of the samples is leached with the dilute HCl. The results of
the analyses of 11 core phosphate samples and a sample collected from the phosphate mine for the 14
REE, Y and Sc are given in Table 5. For comparison the results obtained using complete acid
digestion of the samples are also given in the table. With exception of the phosphatic clay sample
(sample No.9), the obtained results are in good agreement with those of previous determinations in
samples of the same area.

CONCLUSION

From the results obtained in this work, it can be seen that the described partial acid digestion
procedure is suitable for the determination of REEs, Y and Sc in the present phosphate samples. It
represents a simple and quick method for the complete recovery of all REEs in the solution as
indicated by the good agreement between the results for the leached samples and the complete
digested samples. Moreover, this procedure allows loading of the solution with as high as at least 4%
sample which, is not possible with the known complete acid digestion or alkali fusion procedures. This
is a great advantage of the procedure, especially for the determination of the high rare earth elements
present at relatively low concentrations in the samples. However, in this case calibration with
standard solutions containing the same Ca concentration present in the sample solutions is necessary
to compensate its remarkable matrix effect. It is also necessary to use a high salt content nebulizer as
for instance the Babington type nebulizer. The good agreement between the results for the standard
sample and the certified values as well as the good precision determined from replicated analyses
indicate, that the
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Table5. Results of analysis of the phosphate samples Qxg/g)

Ele

La

Ce

Pr

Nd~"

Sm

Eu

Gd

Tb

Dy

Ho

Er

Tm

Yb

Lu

Y

Sc

Total

Dissolutio
n
Leached
Digested
Leached
Digested
Leached
Digested
Leached
Digested
Leached
Digested
cached
Digested
cached
Digested
cached
Digested
cached
Digested
^eached
Digested
cached.
Digested
cached
Digested
_,eached
Digested
cached
Digested
cached
Digested
cached
Digested
cached
Digested

1

160

162

298

301
39.4
39.8
169

170

37.4
38.2
7.8

9.2

42.0
42.5
4.7

4.9

36.5
36.0
6.4

6.5

22.9
22.0
2.6

2.7

9.0

9.1

2.1

2.9

230

235

23.5
23.4
1101

115

2

171

173

313

320

44.5
46.1
180

184

37.7
39.4
8.7

11.3
45.5
50.2
5.4

5.7

38.5
42.6
7.5

8.3

25.1
27.0
2.6

2.7

20.7
21.2
2.0

2.4

255

260

24.8
24.9
1182
1218

3

182

180

334

333

45.6
46.1
182

188

38.1
39.4
11.2
11.3
51.7
51.2
5.7
5.7

44.9
45.6
8.8

8.3

27.2
27.0
3.2

3.1

24.0
23.6
2.2

2.4

273

279

31.6
32.0
1265
1303

4

166

168

305

307

43.5
43.0
172

178

30.9
30.2
9.2

9.4

46.0
46.8
4.8

5.0

37.7
36.4
6.3

6.7

22.3
22.4
2.5

2.4

20.2
20.4
2.3

2.6

253

249

27.2
28.3
1149
1154

5

168

168

312

317

43.2
45.0
166

176

33.3
33.6
9.7

9.3

42.9
42.0
5.2
5.1
39.4
37.3
6.8

6.5

22.6
22.0
2.7

2.9

19.0
19.9
2 2
2.5

251

250

25.8
25.5
1150
1 163

6

166

165

307

310

47.1
49

186

186

35.0
36.5
9.6

9.7

43.2
43.2
4.4

4.6

41.7
41.2
6.6

6.8

23.4
23.2
3.4

3.3

20.5
20.5
2.2

2.4

258

260

25.0
25.4
1181
1169

7

141

144

268

270

36.6
36.5
151

150

25.5
25.6
7.4

7.6

35.5
35.8
3.2

3.5

32.3
31.9
5.8

5.5

18.0
18.1
2.2

2.3

16.4
16.1
1.7

2.5

203

205

23.7
23.9
974

978

8

205

204

398'
404

49.5
50.8
222

228

36.8
36.9
9.6

10.7
49.2
50.7
6.0

6.5

46.4
46.5
7.4

7.6

26.5
26.6
3.2

3.2

24.3
24.7
2.6

2.8

275

279

28.1
28.5
1390
1401

9

99

103

195

197
30.6
32.2
92

100

8.9

9.9

4.6

4.5

20.1
20.7
2.2
2.5

18.7
18.2
2.8

2.4

11.0
11.3
0.3

0.5

10.0
10.3
0.6

0.8

120

125

16.4
17.2
630

656

10

200

202

342

345

49.6
52.2
196

202

36.9
39.1
11.3
10.0
46.5
47.6
5.4

5.7

42.8
44.4
7.2

7.0

23.8
24.5
2.3

2.7

21.5
21.6
2.3

2.5

279

288

30.3
29.9
1296
1324

11

193

192

343

349

49.3
50.3
198

201

35.3
37.4
10.6
10.3
48.7
49.5
5.3
5.7
40.6
42.6
7.5

7.2

24.5
25.0
2.4

2.7

21.2
22.4
2.7

2.7

270

274

31.4
32.6
1284
1304

Mine

178
180

336
338

50.5
53.7
195

199

38.9
40.1
9.9

10.7
46.0
48.4
5.7

5.6

35.5
36.9
6.9
7.4

24.6
24.9
2.5

2.6

21.4
21.7
2.6

2.8

263

265

30.9
31.5
1247
1268
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procedure applied may lead to a good accuracy. It is to be mentioned here that, the complete
recovery of REEs present in the phosphate samples of the Abu-Tartur area using diluted acid indicate
that they are not present as a rare earth mineral but they may have replaced Ca in the calcium
phosphate. Finally, the investigated partial acid digestion procedure should facilitate the extraction of
this important group of elements from this huge phosphate deposit and consequently increases its
economical value.
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ABSTRACT

In the present work, an ICP-AES technique has been developed for the
determination of elements in some locally manufactured AI-Cu, Al-Si-Cu and Al-
Mn-Mg alloys. Samples were brought into solution using an alkali dissolution
procedure in which a Weighted amount of sample is heated with sodium hydroxide
solution until complete dissolution. The solution is then heated to dryness. Nitric
acid is then added and the precipitated aluminum hydroxide is dissolved in
demonized water. The prepared solution contains as high as 11.5 % sodium. This
high concentration of easily ionizable element, sodium has a remarkable matrix
effect on the intensities of the analytical spectral lines. To correct for this matrix,
standard additions technique had to be applied for the calibration. The elements
determined with this technique are Cu - Fe - Mg - Mn - Si - Ti and Zn. Figures of
merit of the technique namely limits of detection and precision were determined.
Also, accuracy test was performed by the analysis of standard reference samples.
Moreover, the results were compared with those obtained by spark atomic emission
spectrometry as well as X- ray fluorescence spectrometry.

Key Words: ICP - AES /Aluminum A Hoys / Elemental Analysis.

INTRODUCTION

In the field of metal industry the analysis of the products whether metals or alloys is often
carried out by spark atomic emission spectrometry (I) (SAES) or X-ray fluorescence spectrometry
(XRFS). These two methods require certified or secondary standards for calibration. However, sample
dissolution and subsequent determination by flame atomic absorption spectroscopy (FAAS) is also
appropriate; however it may suffer from dynamic range limitations and insufficient power of detection
for some elements. Inductively coupled plasma atomic emission spectroscopy (ICP-AES) in contrast,
offers rapid and sensitive multi element method having, low detection limits for a large number of
elements, relatively low interference and linear calibration over several orders of magnitude of
concentration. For these reasons, ICP-AES has found applications in various fields including
geological (2), environmental(3), agricultureC4), and biological fields(5). Relatively little work, however
was carried out for the determination of elements in metals and alloys using ICP-AES (6).

For the dissolution of aluminum and its alloys, alkali dissolution procedures using NaOH are
usually recommended (7). These procedures provide a considerable gain in time compared with acid
dissolution, especially if the aluminum alloy contains silicon. However, in this case the sample
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solution will contain a high concentration of the easily ionizable element, sodium, which induces a
high matrix effect, (8> that should be considered.

Several methods were suggested for correcting the matrix interference in the ICP excitation
source. These include liquid - liquid extraction, in which the analytes are transferred from one liquid
phase to another, that is immisible with the first. A second method is the used of matrix simulation for
the preparation of the calibration standards. Also, the standard addition method is regarded as a
universally applicable method for the elimination of matrix interference.

The present work is directed to investigate the validity of the application of synthetically
prepared standard calibration solutions for the determination of elements in aluminum alloys by
comparing this calibration method with that performed by using solutions of certified standard
samples. The two methods are to be applied to some samples of aluminum alloys produced locally by
Misr Aluminum company. The elements to be determined are Cu - Fe - Mg - Mn - Si - Ti and Zn .

EXPERIMENTAL
Instrumentation

The ICP-AES experimental facilities and the operating conditions used in this study are given
in table (1).

Table (1) Instrumental facilities and operating parameters.

ICP equipment

RF generator FS-4 generator (Linn), 27.12 MHz free running 4 KW
maximum out put power.

Plasma torch Green field

Nebulizer GMK Babington (Labtest)

Gas flows Plasma gas : 16 L min'1 argon

Auxiliary gas : 3 Lmin"1 argon

Carrier gas : 4 bar argon

Height 13 mm observation above the load coil

Spectrometric arrangement

Monochromator Computer-controlled monochromator, JY 1000 R

Grating Holographic grating 2400 grooves / mm

Slits 20 um for entrance and exit slits

Photomuliplier Hammatsu R 955

Samples and their dissolution:

Three aluminum alloy samples provided by the Misr Aluminum Company. These are Al- Cu.
Al-Si-Cu and Al-Mn-Mg. In order to test the accuracy of the present technique five certified
reference aluminum alloy samples namely 124-316-314 (Alusuisse) and 800-1570 (Pechiney) were
considered.
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For accurate ICP-AES analysis of aluminum and its alloys, a reliable dissolution procedure was
required. Many others (9) tested various reagents for this purpose. In the present work an alkali
dissolution procedure was applied for two reasons. Firstly, it enables high purity aluminum as well as
a wide variety of aluminum alloys to be brought into solutions; and secondly, for alloys with high
silicon concentration, it provides a considerable gain in time compared with acid dissolution, including
the use of hydrofluoric acidtK1). The procedure is as follows: To 0.5 g, sample in a platinum crucible.
15 ml of 4.2 M sodium hydroxide, prepared from pellets are added. The crucible is placed on a hot
plate and the mixture is evaporated to dryness. 5 ml of concentrated nitric acid are then added and
when the vigorous reaction ceases, a further 10 ml HNO3 are added. The content of the crucible is
transferred to a beaker where the precipitated aluminum hydroxide is re dissolved after adding 50 ml
of de-ionized water and worming for a few minutes. The clear solution is completed to 100 ml and
stored in polyethylene bottle.

RESULTS AND DISCUSSION

Analytical spectral lines and detection limits:

The analysis wavelength were selected after consideration of line sensitivity and freedom from
spectral interference based on the available list of prominent lines in ICP-AES00. Also the effect of
the major element Al on the intensities of the selected spectral lines was experimentally investigated
by performing profile scans in the wavelength region of the selected analyte line while nebulizing a
1000ng/ml Al solution. Detection limits of the corresponding elements in aqueous solution of the
corresponding elements as given in refr.(l 1) are listed in Table(2).

Table (2) lists also the attainable limits of detection based on 2V2 times the standard
deviation of the background. The latter was determined from 10 successive measurements performed
while nebulizing a blank solution of the sample containing 1 |ag/ml ofthecorrespondingelement.lt
can be seen that the detection limits are higher than the values in pure aqueous solutions. This may
relate to ionization, interference's and electron density changes at high alkali concentrations'1^.

The precision of the intensity determination calculated as the relative standard deviation (RSD)
of 10 determinations of the net intensity of the spectral line is also given in Table (1). Fluctuations
originate namely from the nebulization process.

Table (2): Wavelength of analysis lines, limits of detection (CL) and precision of intensity
measurement (RSD)

Element

Zn
Mn
Fe
Mg
Cu
Ti
Si

Wavelength in
nm.

213.856
257.610
259.940
279.553
327.396
334.941
251.611

Detection limit ug/ml
Measured
0,0039
0.0013
0.0047
0.0004
0.0149
0.0027
0.0140

Literature Ref. (11)
0.0018
0.0014
0.0062
0.00015
0.0097
0.0038
0.012

RSD %

0.88
1.0
1.5
0.96
1.8
1.1
1.5
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Matrix effect of sodium:

The effect of easily ionizable elements (EIE) on the intensity of spectral lines emitted by an ICP
has been studied by various investigators (8). In the upper regions of the ICP analyte channel, the
addition of excess EIE, in general, causes depression of emission intensity for both atom and ion lines.
In the present work due to the use of alkali dissolution, the sample solutions contained excess amounts
of sodium. For this reason, it was found important to study the effect of sodium on the intensity of
spectral lines. Examples of the obtained results are shown in Fig. (1) for Zn - Fe - Mg and Cu. It can
be seen that at the level of sodium concentration in the sample solution, a depression in line intensity-
ranging between 39 % and 46 % is to be expected. These results suggest that the standard calibration
addition method have to be applied to compensate for this matrix effect.

1
a.

2 4 6 8 10

Sodium Concentration in solution^

Fig.(l): Effect of increasing sodium concentration on line intensity

14

Analytical calibration curves

In the present work, two methods for the construction of the calibration curves were carried out
and compared. In the first method the sample solution was spiked by a series of concentrations of the
elements to be determined and standard addition calibration curves were determined. An example of
the attained calibration plots is shown in Fig.(2) (plot A) for Fe 259.940 nm spectral line from which
the unknown concentration is determined from the axis interception of the straight line. For the
analysis of more samples with the same matrix, the determined concentration of the element is added
to the concentration values of the spiked solutions and a new calibration plot (plot B) is obtained. This
means that the calibration curve has been displaced parallel to itself to have a zero interception.

In the second calibration method solutions of the standard certified aluminum alloy samples

were used. Examples of this type of calibration plot are shown in Figs. (3), (4) and (5). It can be seen

that both calibration methods give straight-line plots over the concentration range used.
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Results of analysis of aluminum alloys:

The results of analysis of the aluminum alloys under investigate obtained by using the two

analytical calibration methods are given in Table (3). From the table the good agreement between the

concentration values obtained by both methods for all elements under investigation can be seen. For

further comparison the samples under investigation were analyzed using spark atomic emission

spectrometry as well as by X-ray fluorescence spectroscopy. The obtained results are also given in

Table (3).
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Table (3): Results of analysis of aluminum alloys

Element

Zn

Mn

Fe

Mg

Cu

Ti

Si

Concentration %

Sample

s,
Ri

R2

s,
R.

R2

Si

Rt

R2

Si

Ri

R2

s,
Ri

Ri

SI

RI

R2

s,
Ri

R2

Standard

Calibration

0.0023

0.0101

0.0196

1.191

0.0090

0.0189

0.443

0.296

0.352

0.371

0.982

0.1443

0.0628

1.209

7.322

0.0329

0.0084

0.0058

0.177

16.45

0.52

Standard

Addition

0.0021

0.0087

0.017

1.201

0.0094

0.0207

0.436

0.275

0.356

0.385

0.988

0.145

0.0610

1.16

7.342

0.0330

0.008

0.0059

0.181

17.09

0.55

X.R.F

—

1.178

0.0110

0.019

0.444

0.250

0.350

0.406

0,874

0.147

0.0690

1.18

7.28

0.0319

0.0075

0.006

0.156

17.25

0.57

S.A.E

0.002

0.009

0.0154

1.190

0.0110

0.021

0.447

0.2675

0.379

0.382

0.988

0.144

0.0665

1.2

7.235

0.0310

0.008

0.0057

0.20

16.30

0.58

Mean

0.0021

0.0093

0.0173

1.19

0.0101

0.0199

0.4425

0.2721

0.3593

0.386

0.958

0.1451

0.0648

1.187

7.2948

0.0322

0.008

0.0057

0.1785

16.7725

0.555 .

R.S.D %

5.846

6.49

9.985

0.685

9.02

4.8

0.91

6.06

3.23

3.28

5.07

0.81

4.81

1.59

0.56

2.5

4.002

1.91

8.76

2.41

4.13

S,: A l - M n - M g R. :A1-Si -Cu

CONCLUSION

R,:A1-Cu

From the results obtained in the present work it can be concluded that: the inductively coupled

plasma atomic emission spectrometric method represents an accurate method for the determination of

elements in aluminum alloys. The use of synthetically prepared standard solutions for calibration

yields concentration values in good agreement with those determined by using curves obtained by

standard reference samples provided that standard addition calibration is used to compensate the

matrix effect. This represents good advantage of ICP-AES over other methods requiring standard

reference samples. Moreover the good agreement of the determined concentration values with those

obtained with both SAES and XRFS indicates the accuracy of the ICP-AES method for this purpose.
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Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-
MS) has become established as a very efficient and sensitive technique for
the analysis of solids. For the determination of long-lived radionuclides in
solid nuclear waste or contaminated environmental samples LA-ICP-MS is
the method of choice.
The capability of LA-ICP-MS for measurements on long-lived
radionuclides in non-conducting concrete matrix, which is a very common
matrix in waste packages will be investigated. Of special interest are the
limits of detection of long-lived radionuclides, which are compared for two
different types of mass spectrometer coupled to a commercial laser ablation
system. The limits of detection of long-lived radionuclides investigated in
concrete matrix are determined in the low pg g"1 range in quadrupole LA-
ICP-MS and in double-focusing sector field LA-ICP-MS. The main problem
in the quantification of analytical results is that no suitable standard
reference materials are available. Therefore synthetic laboratory standards
(concrete matrix doped with long-lived radionuclides, such as 99Tc, 232Th,
233U, 235U, 237Np, l38U) were investigated by LA-ICP-MS. Different
calibration procedures - the correction of analytical results with
experimentally determined relative sensitivity coefficients (RSCs), the use of
calibration curves and solution calibration by coupling LA-ICP-MS with an
ultrasonic nebulizer - were applied for the determination of long-lived
radionuclides, especially for Th and U in different solid samples.
LA-ICP-MS allows precise and accurate isotope ratio measurements of Th
and U in solid samples. Results of isotope ratio measurements of Th and U
in synthetic laboratory standards and different solid radioactive waste
materials of direct analysis on solid samples using LA-ICP-MS are
discussed.

Key words: Isotope ratio measurements / Laser ablation inductively coupled
plasma mass spectrometry/ Long-lived Radionuclides/ Trace analysis.

INTRODUCTION

Laser ablation inductively coupled plasma mass spectrometry (LA-ICP-MS) has been
established as the most frequently used and popular multielement analytical solid mass
spectrometric technique due to its excellent capabilities and the widely different application
fields.(1"6) LA-ICP-MS permits simultaneous multielemental determination from the %
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concentration range down to the pg g*1 range in conducting, semiconducting and
nonconducting solid samples with a small sample amount and good precision of trace element
determination. Furthermore, LA-ICP-MS is used as a sensitive surface analytical technique,
e.g., for the u-local analysis of matrix elements, impurities or inclusions and depth profiling
of major, minor and trace elements on thick non-conducting layers or multilayered systems
with a lateral and depth resolution in the low jam range(7>8).
The principle of LA-ICP-MS is shown in Figure 1.

LA-ICP-MS

laser beam

Argo MS

sample
inductively coupled
plasma

Fig.l: Principle of LA-ICP-MS

By the interaction of a focused laser beam with a solid surface sample material is ablated and
evaporized in a laser ablation cell and the ablated material is transported using argon as the
carrier gas stream in the inductively coupled plasma (ICP) of the mass spectrometer where the
neutrals are ionized. In LA-ICP-MS the laser-induced evaporation of solid sample is separated
from the ionization of evaporated neutrals in the ICP at atmospheric argon pressure.
The application fields of the determination of long-lived radionuclides by LA-ICP-MS are in
environmental monitoring in order to detect the results of nuclear weapons tests or
contamination from the long-lived radionuclide emission of nuclear power plants. Especially,
the characterization of radioactive waste materials from nuclear reactors for recycling and
final storage of these hazardous materials requires fast, sensitive and precise analytical
methods, which are able to determine long-lived radionuclidic ultratraces and isotope ratios in
a short time. For the determination of long-lived radionuclides in solid nuclear waste or
contaminated environmental samples a direct method for the analysis of solids without any
sample preparation is required. A major application of LA-ICP-MS is the determination of Th
and U and minerals and rocks and the dating of geological samples using the Sm-T^d, Rb-Sr,
Re-Os and U-Pb age-dating methods (geochronology).
The determination of long-lived radionuclides in radioactive waste, high-purity materials and
environmental samples is a special field of analytical chemistry. Conventional radioanalytical
methods are well suited for measurements of y-emitting radionuclides, but for the
determination of long-lived a- and B-ray-emitting radionuclides at low concentration levels
they are often time-consuming due to the radiochemical separation steps required. Therefore,
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LA-ICP-MS has been increasingly applied as a modern trace, ultratrace and isotope analytical
technique for the direct analysis of solid samples (9"! 1}.
Of the non-conducting solid matrices of analytical interest for the determination of long-lived
radionuclides, concrete is very commonly used as packaging for hazardous radioactive waste.
In analogy to concrete matrix, graphite, which is used as reactor coating material, is of special
interest because radioanalytical techniques have difficulties in determining long-lived
radionuclides in reactor graphite. The determination of long-lived radionuclides with trace
analytical methods in such difficult-to-dissolve solid materials is in general problematic,
especially because no standard reference materials are available. The main advantage of LA-
1CP-MS is that this analytical technique allows the sensitive and direct determination of long-
lived radionuclides even in solid materials such concrete or graphite without, or at least with
fewer, time-consuming sample preparation steps. In contrast the determination of long-lived
radionuclides by ICP-MS in solid samples in digested solution is more difficult due to large
matrix effects in this complex matrix and often matrix separation and analyte enrichment is
required.
Recently, a new calibration strategy in LA-ICP-MS for simultaneous multielement trace
analysis on homogeneous lithium-borate-fused geological samples using solution calibration
by direct coupling of an ultrasonic nebulizer (USN) with the laser ablation chamber was
developed in our laboratory . An advantage of the proposed calibration is that the optimum
experimental parameters are the same for the nebulization of matrix-matched calibration
solution and the ablation of solid sample in the laser ablation chamber. Furthermore, a better
mixing of the dry aerosol of standard solutions from the USN with the ablated sample
material in the laser ablation chamber yielded more precise and accurate results.
The aim of this paper is to discuss the capability of LA-ICP-MS as a solid-state mass
spectrometric technique in the trace and ultratrace analysis of long-lived radionuclides in solid
samples and the different quantification possibilities using synthetic laboratory standards with
graphite and concrete matrix or by solution calibration. Furthermore, LA-ICP-MS will be
applied for precise and accurate isotope ratio measurements of long-lived radionuclides in
synthetic isotope standards and real radioactive waste materials and some investigations of
molecular ion formation in LA-ICP-MS will be discussed.

QUANTIFICATION OF ANALYTICAL RESULTS IN LA-ICP-MS

By the semiquantitative determination of long-lived radionuclides in any matrix concentration
values with an error factor of 2-3 were obtained, which is sometimes sufficient in the trace
and ultratrace range where other analytical methods are unable to measure element
concentrations^. Developing and applying suitable quantification procedures for analytical
measurements in LA-ICP-MS is an important task in order to get more precise and accurate
results. The quantification of analytical results in LA-ICP-MS - similar to other solid-state
mass spectrometric techniques - is mostly carried out using relative sensitivity coefficients as
the correction factor. For the determination of relative sensitivity coefficients (RSCs)

RSC= measured value/ certified (true) value

as correction factors of measured values one standard reference material (SRM) with the same
or similar matrix composition and certified concentrations of the elements of interest is
required. The RSC of an element is a function of the matrix composition of sample, chemical
and physical properties of the element and the experimental parameters used.
If there are at least three standard reference materials (such as NIST glass SRMs or different
geological SRMs) with the same or similar matrix compared to the sample investigated but
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with different element concentrations then external calibration via calibration curves can be
performed in LA-ICP-MS in analogy to solution calibration in ICP-MS. Due to lack of
suitable SRMs a proven technique is the preparation of synthetic laboratory standards with
analogous matrix doped with analyte elements of interest at given concentrations^10'12'1^.
Because calibration in LA-ICP-MS is often difficult if no suitable matrix-matched standard
reference materials are available and the preparation and measurements of solid synthetic
laboratory standards is time-consuming, implementation of easy solution calibration in LA-
ICP-MS well known from ICP-MS could be the method of choice for quantification purposes.

EXPERIMENTAL
INSTRUMENTATION

The experimental arrangement of a commercial laser ablation system LSX 200 from CETAC
coupled to a quadrupole ICP-MS (Elan 6000, Perkin Elmer Sciex) used for most mass
spectrometric measurements in this work is shown in Figure 2.

Analog

Pentaprtsm

Binocular

Ring illuminator

Quadrupol
assembly

] Translation stage

ICP Torch
Polarized lens with
light source

Fig. 2: Experimental arrangement of LA-ICP-QMS

The laser beam is focused on the sample surface in a laser ablation chamber. The ablated
material is transported by argon as a carrier gas in the inductively coupled plasma (ICP),
where the molecules of evaporated and ablated sample material are dissociated and ionized.
The ions formed in the ICP were extracted in the quadrupole mass spectrometer and were
separated according to their mass-to-charge ratios. The separated ions beams are detected
electrically by a secondary electron multiplier. In order to demonstrate the increasing
sensitivity and decreasing detection limits for determination of long-lived radionuciides using
double-focusing sector field LA-ICP-MS (DF-LA-ICP-MS, ELEMENT, Finnigan MAT)
compared to quadrupole-based LA-ICP-MS (LA-ICP-QMS) some additional measurements
were performed on synthetic concrete laboratory standards. The double-focusing ICP mass
spectrometer is coupled to the commercial laser ablation system LSX 200 from CETAC also.
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Table 1 summarizes the experimental parameters used for LA-ICP-QMS and DF-LA-ICP-MS
for the determination of long-lived radionuclides in different types of solid materials.

Table 1: Experimental parameters of LA-ICP-MS

ICP-QMS Elan 6000, Perkin

Rf power

Coolant gas flow rate

Auxiliary gas flow rate

Carrier gas flow rate

Mass resolution m/Am

Acquisition mode

Detector mode

Dwell time

No. of Sweeps

No. of Replicates

Sampling cone

Skimmer cone

Laser ablation

Laser ablation system

Wavelength

Pulse duration

Repition frequency

Pulse energy

Laser power density

Spot diameter

Pre-ablation time

Ablation method

Elmer and DF-ICP-MS ELEMENT, Finnigan MAT

1000 W

14 L/min

0.8 L/min

0.6 L/min

300

peak hopping

Dual (Elan 6000); counting (ELEMENT)

10 ms

10

5

nickel with a 1.1 mm orifice

nickel with a 0.9 mm orifice

CETAC LSX-200

266 (4th harmonic of Nd:YAG laser)

5 ns

20 Hz

5mJ

9*108W/cm2

340 |nm

10 s

single line scan

OPTIMIZATION PROCEDURE

The optimization of experimental parameters in LA-ICP-MS is performed with respect to
laser parameters (such as wavelength, pulse length and laser power density), carrier gas flow
rate and the rf power of ICP in order to obtain maximum ion intensities of long-lived
radionuclides for the trace element analysis and the best precision for LV U isotope ratios.
The optimization curves for 238U+ and 232Th+ for the determination of uranium and thorium
concentration in concrete matrix as a function of a carrier gas flow rate at an rf power of 950
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W measured by LA-ICP-QMS are shown in Figure 3. The maximum ion intensity for 238U+

and 232Th+ was observed at a carrier gas flow rate of about 0.9 L min"1.

Whereas the optimization of uranium for the determination of concentration was performed
with respect to maximum ion intensity of analytes, for isotope ratio measurements in concrete
matrix the optimization of experimental parameters was performed with respect to a good
precision and the accuracy of isotope ratios.

CO

O

<n
c

o

45000

40000

35000-

30000

25000-

20000-

15000

10000

5000'

0

zTh+

238

0.4 0.5 0.6 0.7 0.8 0.9 1

Carrier gas flow rate [L min"1]
1.1 1.2 1.3

Fig. 3: Ion intensity of thorium and uranium as a function of carrier gas flow rate in
LA-ICP-QMS (concrete matrix), rf powder: 950 W; concentration of U = 0.725 \xg gl

a n d T h = 1.8 jagg"1.

SAMPLES AND SYNTHETIC LABORATORY STANDARDS

Synthetic concrete and graphite laboratory standards were prepared for the quantification
procedure of long-lived radionuclides in these matrices. The synthetic concrete standard was
prepared from a commercial cement powder (with thorium concentration):
1.8 ug g"1 and uranium concentration: of 0.730 ug g"1) which was mixed with 99Tc, 233U and
237Np as aqueous solutions. The mixture was carefully homogenized and dried in the
atmosphere. A solid compact concrete piece (diameter 10 mm, thickness 5mm) of the
laboratory standard was investigated directly by LA-ICP-MS. The laboratory standard for the
graphite matrix was prepared from high-purity graphite powder (Ringsdorff) doped with U of
natural isotope composition, 99Tc, 23 U, 230Th, 23 Th and 237Np (1 u.g g"1 each) by careful
mixing and homogenizing, then the mixture was dried and pressed to form compact targets
(2mm x 2mm x 5mm) for LA-ICP-MS experiments.
In order to check the performance of LA-ICP-MS for precise and accurate isotope ratio
measurements high-purity graphite was doped with different synthetic isotope mixtures for
235U/238U /232. -3

and Th/ Th with isotope ratios from 1 to «10" (uranium and thorium
concentration was 1 jag g"1 of each). For mass bias correction, CCLU 500 isotope standard
reference material in graphite with a 235U/238U isotope ratio of about 1 was prepared. The
isotopic composition of the CCLU 500 isotope standard and mass bias correction for the
precise determination of uranium isotope ratio is described in (I5).

Furthermore, real radioactive solid waste samples were studied by LA-ICP-MS.
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SAMPLE PREPARATION BY LITHIUM BORATE FUSION OF POWDERED
MATERIALS

Sample preparation for the determination of long-lived radionuclides in LA-ICP-MS is
important for inhomogeneous compact and powdered geological and radioactive waste
samples. In order to prepare a homogeneous target the powdered and homogenized sample
was mixed with a lithium borate mixture (90% Li2B4O7, 10% LiBO2). Iron oxide was added
for a better absorption of laser photons during the ablation process. The homogeneous mixture
was fused in a muffle furnace at 1050°C. The target was inverted and fused again. The blank
targets were prepared by the same procedure. Details of the preparation of homogeneous
lithium-borate fused targets for LA-ICP-MS measurements are described in a recent publica

tion
(16)

SOLUTION CALIBRATION IN LA-ICP-MS

A possible arrangement for solution calibration in LA-ICP-MS is the direct coupling of the
ultrasonic nebulizer (to produce a dry aerosol of standard solutions) with a laser ablation
chamber as demonstrated in Figure 4.
The proposed experimental arrangement allows an ideal mixing of the nebulized calibration
solutions (2% HNO3) with laser-ablated material in the laser ablation chamber using argon as
the nebulizer and carrier gas. Furthermore, the matrix-matched standard addition as a
calibration procedure considers matrix effects inherent in LA-ICP-MS. Moreover, the isotope
dilution technique, which is described in a forthcoming paper, could be easily applied with the
experimental arrangement for the described solution calibration in Figure 4. The solution
calibration will be applied for uranium determination in fused lithium borate geological
samples. During solution calibration with standard solution using the ultrasonic nebulizer a
blank lithium borate target is ablated by Nd-YAG laser simultaneously. The nebulizer gas
flow rate for USN (0.88 L/min), which is used for the transport of dry aerosol from the USN
into the laser ablation chamber, is the same (carrier gas flow rate) for the transport of laser
ablated material mixed with dry aerosol from the USN into the ICP. The dry mixed aerosol is
atomized and ionized in the inductively coupled plasma at an rf power of 1150 W.

Laser

nnr\

Aqueous standard

Ultrasonic
nebulizer Ar

ICP Torch

Fig. 4: Experimental arrangement for solution calibration in LA-ICP-MS
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RESULTS AND DISCUSSION

RESULTS OF TH AND U DETERMINATION IN SOLID SAMPLES BY DIFFERENT
QUANTIFICATION PROCEDURES

The most important application of LA-ICP-MS for the determination of long-lived
radionuclides is the measurement of the naturally occuring elements Th and U in geological
or technical samples. An example of the application of different quantification procedures in
LA-ICP-QMS is demonstrated in Table 2 where the results of Th and U determination in a

Table 2: Comparison of U and Th determination on a zeolite sample by LA-ICP-QMS and
NAA*, concentration in ug g"1

Element LA-ICP-MS
(RSC/NIM-L) 1 (calibration curve)

NAA

Th
U

15 ±0.4
8.0 ±0.1

14 ±0.4
8.2 ±0.1

15± 1.5
9 ±0.9

*NAA -neutron activation analysis

zeolite using RSCs and calibration curves are compared to the results of neutron activation
analysis. In a recent paper, the multielement determination of trace elements in zeolite
samples, which were used for cleaning-up processes in the nuclear industry, by LA-ICP-QMS
is discussed \ A comparison of the results of LA-ICP-QMS and NAA on a zeolite sample
yielded a good agreement of results considering that LA-ICP-MS is an easy and fast
analytical method whereas NAA requires powerful irradiation facilities, a specially equipped
laboratory, more time and a higher amount of sample producing radioactive waste and is also
very expensive.
The results of the trace analysis of uranium on geological samples using different
quantification procedures for the analytical results, including solution calibration on lithium-
borate-fustd targets and geological glasses, are summarized with the results of measurements
using RSC and the reference values in Table 3. The application of solution calibration on
lithium-borate-fused targets yielded values which agree with the reference values for uranium.
Also thorium was determined by solution calibration in the lithium-borate-fused andesite with
an excellent agreement with the reference value (Th: 2.27 ± 0.14 ug g"1 measured versus
2.25 ±0.11 ug g"1). Further application of solution calibration for multielement determination
in geological samples is described in ( .

Table 3: Results of determination of uranium in geological samples by solution calibration
by LA-ICP-QMS, concentration in ug g"1

Solution calibration
lithium borate
fused target

geological glass
using RSC
(BCR-2G)

Reference

Basalt
(AH83ML3B)

Andesite
(StHs6/80)

0.42 ± 0.04

0.87 ±0.06

0.36 ±0.04

(1.58 ± 0.11)

0.39 ±0.04

1.01 ±0.03)

0.44 ±0.044

1.05± 0.10
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The different calibration strategies applied in LA-ICP-MS can be summarized as follows
(Table 4). For the correction of measured values with relative sensitivity factors one standard
reference material with similar matrix is required. But only those elements can be quantified
where element concentrations in the solid standard reference material are certified. For
quantification of analytical results via calibration curves at least 3 standard reference
materials with similar matrix compared to the sample are required. The element
concentrations should be in the calibration range.

Table 4: Comparison of different calibration strategies in LA-ICP-MS

Calibration strategy

Correction with RSCs

Via calibration curves

Solution calibration

Required SRMs

1

at least 3

Mixed standard
solution

Analytes

all elements certified
in 1 SRM

all elements cerified
in 3 SRMs

all elements

Remarks

certified cone, must
be sure

element cone, in
calibration range

fractionation and
matrix effects must be

considered

SRM - standard reference material; RSC - relative sensitivity coefficient

All elements could be easily quantified by solution calibration. The matrix effects were
considered by matrix matching and the possible fraction effect must be minimized.
LA-ICP-MS is the only solid-state mass spectrometric technique which allows simple
solution calibration in elemental analysis.
The most accurate quantification method in solid-state mass spectrometry is the isotope
dilution technique for the characterization of solid samples of radioactive waste by LA-ICP-
MS in combination with solution calibration.

SENSITIVITY AND DETECTION LIMITS OF LONG-LIVED RADIONUCLIDES ON
CONCRETE MATRIX

The sensitivities of selected long-lived radionuclides and detection limits in concrete matrix
measured by LA-ICP-MS using the quadrupole-based ICP-MS Elan 6000 and the double-
focusing sector field ICP-MS ELEMENT are summarized in Table 5. The sensitivities for
long-lived radionuclides in concrete matrix varied between 33 000 cps/ppm (for 99Tc) and
170 000 cps/ppm (for liiU) in LA-ICP-QMS and between 180 000 cps/ppm (for yyTc) and

233720 000 cps/ppm (for / JJU) DF-LA-ICP-MS. The detection limits in LA-ICP-QMS and DF-
LA-ICP-MS in concrete were determined as between 0.05 ng g"1 for 2 7Np and 0.18 ng g" for
99Tc and 0.0013 ng g'1 for 233U and 0.025 ng g'1 for 99Tc, respectively. The detection limits in

LA-ICP-MS using a double-focusing sector field mass spectrometer are about one order of
magnitude lower compared to a quadrupole instrument due to higher sensitivity and lower
background.
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Table 5: Sensitivity [cps/ppm] and detection limits [ng g"1] for long-lived radionuclides in
concrete matrix using LA-ICP-QMS (Elan 6000) and DF-LA-ICP-MS
(ELEMENT)

Nuclide

"Tc
2 3 2 T h
2 3 3 u2 3 8 u
237Np

Sensitivity
[cps/ppm]

LA-ICP-QMS

33 000
93 000

170 000
95 000

162 000

DF-LA-ICP-MS

180 000
490 000
720 000
470 000
670 000

Detecion limit*
[ngg 1 ]

LA-ICP-QMS

0.18
0.10
0.06
0.10
0.05

DF-LA-ICP-MS

0.025
0.002
0.0013
0.020
0.0015

* Gas blank

ISOTOPE RATIO MEASUREMENTS OF LONG-LIVED RADIONUCLIDES BY
LA-ICP-MS

An important application of LA-ICP-MS on radioactive waste materials is isotope ratio
measurements. In order to check the performance of LA-ICP-MS for precise and accurate
isotope ratio measurements high- purity graphite targets doped with different isotope mixtures
for 2J5U/238U and 23OTh/232Th with isotope ratios from 1 to 10'3 were analysed by LA-ICP-
QMS. The results of 8 isotope ratio measurements of 235U/238U on NIST U020 isotope
standard reference material mixed with high-purity graphite are summarized in Figure 5. The
mass bias was corrected by using CCLU 500 isotope standard reference material in graphite
with a 235U/238U = 1 as described in(I5). The 235U/238U isotope ratio on the NIST U020 isotope
standard reference material in graphite matrix was determined with a precision of 1.2 % RSD
and an accuracy of 0.43 %.

Figure 5: Isotope ratio measurements of uranium isotope standard (NIST U020) in graphite

(rf power 1100 W, carrier gas flow rate: 0.84 L min'1)
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LA-ICP-QMS was used for the characterization of real radioactive waste with graphite
matrix. With respect to measured isotope ratios of uranium the investigated waste sample
shows a significant variation in 235U/238U and 234U/238U isotope ratios compared to the table
values which are typical of natural samples(18). A significant enrichment of 35U in the reactor
graphite was found by LA-ICP-QMS. The 235TJ/238LF isotope ratio in radioactive graphite was
determined as 0.009264 (RSD - 0.4% ) versus the isotope ratio of 0.00725 in natural
samples(18). Furthermore, nonnatural 236U was detected and the 236u/238U isotope ratio was
determined to be 0.000113 (RSD - 0.7%). In this radioactive graphite target 234U/238U was
measured as 0.000067 (RSD - 1.1% ), which is lower than the table value of 0.00010(18). Due
to the very homogeneous distribution of uranium good precision as demonstrated for
235U/238U isotope ratio was observed even for small isotope ratios.

MOLECULAR ION FORMATION OF LONG-LIVED RADIONUCLIDES IN LA-ICP-MS

A limiting factor for the precision and accuracy of analytical results by LA-ICP-MS is the
molecular ions formed, which lead to isobaric interferences with atomic ion of analytes.
The relative oxide and hydride ion intensity of long-lived radionuclides in concrete matrix
measured by LA-ICP-QMS as summarized in Table 6 varied in the sub-% range. The

Table 6: Relative oxide ion intensity of long-lived radionuclides (concrete matrix) in
LA-ICP-MS

232 T h l H +

2 3 V H +

2 3 8U'H+

232T h160 +

233U16O+

2 3 7NP
1 6O+

238U16O+

MX+/M+

<1.6xlO"4

9xlO" 4

9 x 10'4

7 x 10"3

4x lO" 3

3x lO" 3

4x lO" 3

Possible interference
233 U +

235 U +

239pu +

2 3 8 Cm +

239Pu+, mCf

molecular ions formed by LA-ICP-MS disturb the analysis of different actinides, e.g., the
determination of 239Pu at trace level is not possible with LA-ICP-QMS in the presence of a
high uranium concentration in radioactive waste due to isobaric interference with the 238U*H+

ion. Therefore a Pu isotope analysis in a radioactive waste sample is possible only after
digestion and a uranium/plutonium separation.

CONCLUSIONS

LA-ICP-MS is a powerful method for sensitive trace and precise isotope ratio measurements
of long-lived radionuclides in solid samples including radioactive waste materials. Analyses
of long-lived radionuclides in non-conducting samples (such as concrete) are very fast with
low detection limits in the pg/g range and often no sample preparation is required. The sample
preparation used for the preparation of homogeneous targets for LA-ICP-MS from
inhomogeneous radioactive powder waste samples by lithium-borate fusion is very simple
and can be employed in every routine laboratory.
An important problem for the analysis of real radioactive waste samples is the possible
isobaric interferences of long-lived radionuclides with stable isotopes and molecular ions
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which cannot be solved by LA-ICP-QMS. Therefore, a careful study of interference problems
is necessary for each sample measured.
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ABSTRACT

In the last few years, a new quality in the application of stable isotopes became
manifest. It is the establishment of stable isotopes as a tool in medical routine
diagnosis — a novel field of nuclear medicine — and in environmental-medical
epidemiological surveys. Owing to missing suitable radioactive isotopes of the bio-
elements carbon and nitrogen and because of ethical problems in the human use of
some radionuclides, the stable isotopes I3C and 15N play a key role in this new field.

A review is given about four new stable isotope-aided methods for in vivo organ
function test. Three of them were developed in Leipzig, Germany, and one in
Houston/Texas. We have validated the tests and then introduced into medical and
environmental routine diagnostic use:

[!5N]Mcthacetin and [nC]methacetin liver function tests to characterize the
detoxification capacity of the human liver;
[15N]Urea and [I3C]urea tests to detect the colonization of the human stomach by
the bacterium Helicobacterpylori. This bacterium is, as known, responsible for
gastritis and ulcer of the gastrointestinal tract. The transmission ways of//.
pylori are under investigation world-wide.

Our nine-year experience in the research and the application of the methods has
shown that they are very well suited not only for clinical routine use but also outside
the doctor's practice: Environmental-epidemiological studies were carried out with
thousands of clinically healthy people, especially with risk groups of children in
kindergartens and schools. Due to the voluntary character of participation, the
methods have to be non-distressing, non-invasive and non-radioactive. These
premises are fulfilled and, therefore, the methods were accepted by the people.

Key Words: Breath tests / Carbon 13 //Medicine /Nitrogen 15// Urine tests

INTRODUCTION

Since the pioneer work of Rudolf Schoenheimer (1898-1941) (1), stable isotopes have been
accepted as an important tool of research in the life sciences. However, owing to the successful
development of the use and measurement of radionuclides in medical diagnosis, the use of stable
isotopes was limited for decades mainly to agriculture and that to the use of I5N in fertilization
research (2).

In the eighty's, the potential of stable isotopes, especially of I5N and 13C, as a fruitful tool in
medical research was recovered again . Routine use of stable isotopes started in Leipzig ( ' '6) and in
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Houston/Texas (7). Finally, in the last decade we started to use 15N and 13C also in environmental
medicine and epidemiology (8). All studies we have performed were approved by the Ethics
Committee of the University of Leipzig.

METHODS, RESULTS AND DISCUSSION

In medical diagnosis, one of the current trends favours highly specialized in vivo tests
investigating a specific enzyme-catalyzed elementary biochemical reaction as a characteristic
indicator of an organ function. The tests are expected to be very sensitive, very specific and also non-
distressing, non-invasive, non-radioactive and simple. Apparently, stable isotopes can help to fulfill
the premises. Therefore, some stable isotope-aided in vivo tests aroused great interest for medical
diagnosis.

Liver function tests

Twenty years ago, 14C became usual for an in vivo liver function test to characterize the capacity
of the cytochrome P450-aided mono-oxygenation as a first step to eliminate xenobiotics. The
substrate used was [I4C]aminopyrine. For research purpose, the substrate aminopyrine was
additionally labelled with I3C to compare the influence of either oral or intravenous application of
the test substrate on the test results (9). The investigators found large interindividual variation in the
results.

In Germany, the use of 14C in routine diagnosis was restricted more and more. Also for the drug
aminopyrine some admonitions were published. Therefore, phenacetin was proposed to be used as an
alternative diagnostic drug. However, we decided to use methacetin as a diagnostic agent and to
substitute the stable isotope 13C for the radioactive isotope I4C (4). Methacetin was seen to be more
suitable because of its structure with one CH2-group less in the molecule than phenacetin yielding in
a shorter elimination half life. That means a shorter investigation time. This was the beginning of
routine organ function tests with stable isotopes in Germany in the year 1985.

wJ f T T \ . "f" Y /^^ y**̂  y ^*" \ \ "V TT" T" "̂"1 T TT ^ " \ T^ I *^ A

H3C-C(=O)-NH-C6H4-O- CH3 -> H3C-C(=O)-NH-C6H4-O-R + CO:2

Catalyzed by cytochrome-P540-activated mono-oxygenases, methacetin is demethylated and then
conjugated to get hydrophile and to be eliminated via urine. The splitted methyl group is excreted as
I3CO2 via breath (f'3Clmethacetin breath test). Because mono-oxygenation is the rate-limiting
elimination step, the 13CO2 excretion rate is a measure of the capacity of the mono-oxygenases.

Also in 1985, we proposed an alternative liver function test with the same diagnostic agent but
labelled with I5N (f'5Nlmethacetin urine test)(5):

H3C-C(=O)- 15NH-C6H4-O-CH3 -> H3C-C(=O)-15NH-C6H4-O-R + CO2.

In this case, not the breath is analyzed for 13C but is urine for 15N. We proved that all 15N excess
found in urine originated from methacetin metabolites. The portion of unchanged methacetin in urine
was less than 1%. The test protocol prescribes the oral administration of 3 mg [15N]methacetin / kg
b.m. and the estimation of the urinary I5N elimination kinetics over 9 hours: disturbed detoxification
is reflected in retarded 15N elimination.

In a comparison study with triply 13C-,I4C- and 15N-labelled methacetin, we found that the urine
test is more reliable then the breath test<M0). The portion of endogenous 12CO2 cannot be determined
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exactly and is fluctuating in dependence on physical activity. Therefore, the 13CO2 in breath is
diluted with fluctuating extent. Especially in the case of testing children, we used to prefer the I5N
urine test. The urine test is also recommendable with small children who not yet can fill a breath bag.
The use of breath masks would again provoke higher energy requirement and higher endogenous
CO2 production.

The [15N]methacetin urine test has been used in several environmental-epidemiological studies in
Germany'"'. As an example, we determined the liver detoxification capacities of groups of
kindergarten children to estimate the effect of air pollution on the hepatic detoxification capacities of
the children. We found that the groups living near to industrial plants have slightly diminished
capacities in comparison to groups in a greater distance. Moreover, the estimated mean 15N
elimination rate was correlated to the mean SO2 emission measured there and both fluctuated
seasonally(l2). SO2 served as an indicator of the general air pollution situation in the area under
investigation. In another study we found that the [i5N]methacetin liver function test is also suited to
estimate environmental effects on the maturity of neonates(13).

Helicobacter pylori tests of the stomach •

Only about ten years ago scientists and physicians agreed definitively that the bacterium
Helicobacter pylori is the main source of gastritis, ulcera and, probably, even of cancer of the
stomach. If the bacteriun can be detected, it can be eradicated. Early detection means chances of
early prevention and of therapy.

There are excellent diagnostic methods basing on endoscopic investigations. However, the
methods are invasive and not well suited for screening purpose, for example for epidemiologoc
surveys. One of the invasive methods uses the special ability of this bacterium to produce the
enzyme urease in order to split urea for the neutralization of the acidic environment in the stomach:
A tissue sample is taken from the stomach and is mixed in vitro with urea and a pH value indicator.
If H. pylori are present in the tissue sample, some of the added urea is splitted to yield ammonia, and
the indicator changes its color. Disadvantages of the method are that it is based on invasive
endoscopy and that the tissue sample could, by chance, be negative in spite of H. pylori colonization
at other places of the stomach surface. Why not let run the chemical reaction in vivo to reach the
whole surface of the stomach? This would only be possible if added urea and its splitting products
can be recovered besides endogenous urea, ammonia and carbon dioxide. The solution of the
problem is the use of stable isotope tracer technique.

Within only three years, two stable isotope-aided H.-pylori tests were proposed. The first method
was developed in Houston/Texas in 1987 ( l4). It is based on oral intake of 13C labelled urea and the
detection of recovered 13CO2 in breath (|'3Clurea breath test):

(NH2)2-13C=O + H2O -> 2NH3 + 13CO2

The other method was developed in Leipzig/Germany and first published internationally in
1990(15). It is based on oral intake of 15N-labelled urea and the detection of recovered ammonia in
urine (['sN]urea urine test):

(15NH2)2-C=O + H2O -> 2 15NH3 + CO 2 r : | . ; ,

The 13C breath test is now the most commonly used clinical diagnostic test to detect H. pylori in
the stomach. We see in the 15N urine test an alternative method which is suited, for example, for
small children who are not yet able to fill breath bags. As known, children learn to fill ballons only in
the age of about four years.
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Our 13C H. pylori test protocol prescribes filling a breath bag, the oral administration of 75 mg
[13C]urea with orange juice and filling a second breath bag after 30 minutes. Our I5N H. pylori test
protocol prescribes the administration of 150 mg [l5N]urea with orange juice and delivery of a urine
sample of the second hour after test start.

Using both tests side by side with groups of identical probands, we could demonstrate advantages
of the I5N urine test: Whereas physical activities during the test time provoke fluctuations of the 13C
test result, they do not alter the 15N test results. As was demonstrated already for the methactin liver
function tests, additional endogenous CO2 production may dilute the 13C content of the CO2 and
falsify the 13C test result (16). Another advantage of the 1SN test was seen concerning the pre-test
overnight fasting which is recommended for the tests. Pre-test fasting is a dilemma for surveys
because not all people can be investigated in the morning. We demonstrated that the results of the
15N H. pylori test do not fluctuate considerably, independently on the time of the last meal(17).

The UFZ in Leipzig initiated comprehensive environmental-epidemiological studies to ascertain
prevalences and incidences of a certain birth cohort and to get information about transmission and
infection pathways. 3350 children, that is more than 90% of the birth cohort 1990/91 of the city and
the rural county of Leipzig (657.000 inhabitants) were tested with the 13C breath test two times with
an interval of two years. Questionnaires about living conditions, health status of the family, certain
habits et cetera were completed by the parents of the children. The first investigation was 1998
during the school entry medical examination. The second investigation is just going on. It is the
largest H. pylori study of a defined age group of a defined region so far.

We found that 6% of the Leipzig school starters are already infected. Using cluster analyses and
calculating odds ratios we found that there are some environmental vectors provoking the infection
of pre-school children in this region: drinking water from sources outside the communal walls and
frequent contacts to certain pets (hamsters). Besides these pathways familiar crowding was approved
to be also a risk factor of//, pylori infection(1M9).

CONCLUSION

Our nine-year experience in the research and the application of stable isotope methods in
environmental medicine has shown that they are very well suited not only for clinical routine use but
also outside the doctor's practice. The methods have beet; accepted by the people who participate
voluntarily in environmental studies. Premises such as the non-distressing, non-invasive and non-
radioactive character of the methods are fulfilled. The methods are best suited for environmental-
epidemiological surveys with large groups of children.
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ABSTRACT

Distribution of heavy metals and trace elements from anthropogenic as well as
Iithopogenic origin in sediment, soil and water samples from Lake Naser has been
investigated. The study reviles information on the characteristic lake-typical mean,
value and areal pattern of the investigated variables. Soil and sediment samples
were analyzed using Instrumental Neutron Activation Analysis (INAA), whereas
water samples analysis were carried out using Inductively Coupled Plasma - Mass
Spectrometry (ICP-MS). The distribution Cd, Pb and Cu within Avater column
profile - at surface, 5 m, 20 m and 40 m depth- along the lake shows proportional
relation between the concentration of most of the investigated elements and the
depth. The average concentrations of Cd, Pb and Cu in water from the previously
selected depths along the lake were (0.13, 0.16, 0.51 ng/ml), (26, 22, 41 ng/ml) and
(7.8, 19, 99 ng/ml) respectively. The most elevated elemental concentration was
found in Argin bottom sediment, while the lowest concentration was found in Toshki
shore sediment. The study provides a preliminary base-line data essential for the
investigated area that is pie-industrialized area and represents the location of one of
the greatest agricultural projects to be performed in Egypt.

INTRODUCTION

There is considerable interest in trace element concentrations in the environment for a variety of
reasons including their role in health, nutrition, and environmental pollution. One of the drawbacks of
the industrial revolution is the transformation of lakes, rivers and coastal waters into sewage depots
where the natural biological balance is severely upset and in some cases totally disrupted (1). For the
evaluation of the present status of our environment with respect to hazardous chemical and toxic
elements, base-line data from pre-industrial area would be desirable. The area of Lake Naser and the
adjacent regions were chosen for this study, where it is the main water reservoir in Egypt. The area still
considered as pie-industrial area, which should be one of the greatest urban regions in the future.
These activities are expected to change the present status of the area. Therefore, a systematic
monitoring of this area seems to be mandatory to provide representative environmental samples and
their characterization.

General feature of Lake Naser
Lake Naser is one of the greatest man-made lakes in the world. It extends, at 180 m above sea level,
along 500 km, of which 350 km are within the Egyptian territory. The reservoir has a total surface area
of 6216 km2, a mean width of 12.5 km and the length of its shoreline is 9250 km. The volume that held
by this reservoir is 157 km3 (2). The lake is underlain and surrounded by a wide variety of rocks that
include granitoids, gneisses, schists in its southern parts and Nubian sandstone and Tertiary and
Quaternary basalt in the north. Most of the sediments that settle in the lake are silts and sands derived
from the basic and the intermediate volcanic rocks that are representative of the provenance of
Ethiopia and Sudan with minor contribution from the underlying and surrounding rocks. According to
the hydrological regime of the lake, about 95% of the sediment carried by the annual flood rest in the
southern sector of the lake.
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EXPERIMENTAL

Sampling and Sample preparation Samples were collected from 8 sites along the lake as shown in
Fig.l. Sediment samples from the basin of the lake were collected randomly using a steel clamp-shell
snapper.

20 iO M 10 100 IUB

Fig. 1: Investigated area and sampling sites at Lake Naser

Samples were air dried, pulverized, homogenized and sieved to pass through 100 mesh. For Neutron
Activation Analysis (NAA), two aliquots each of about 100 mg, were packed in quartz tubes, sealed
and irradiated at the FRG2 reactor at Geestacht for 10 h at a thermal beam flux of 5 x 1013 n cm" s' .
Following a reasonable period of decay, samples were washed in concentrated HC1, HN03 and distilled
water. Samples were then counted for 5000 to 50000 s using a well shielded HPGe detector of
efficiency 20 % and an energy resolution of 1.9 keV FWHM for the 1332 keV 60Co transition. For
calculation, synthetic standards were prepared from a mixture of liquid standards (Perkin Elmer),
evaporated in quartz tubes and irradiated along with reference materials (e.g. CEC, BRC, Ref. No. 176,
city incineration ash) to control the quality of the obtained results. More details are given somewhere
else (3). Water samples Due to variation in depth of the lake at investigated locations, it was difficult
to obtain water samples at fixed depths. However, water samples were obtained at the surface, middle
depth and the deepest point. For each sample 10 I were collected-with original pH neutral to alkaline -
acidified to pH less than 2 with supra pure HNO3 (Merck) and filtered with 0.45 urn Millipore filter
directly after arrival to the lab (4). The volume of filtrate was reduced to 11 by gentle evaporation.
Acidification of water before filtration may lead to leaching of some trace elements from the
suspended particulate in the water. Therefore, the concentration of trace elements in water will be
regarded here as the concentration in water/suspended matter. Water measurements were performed
with 1CP-MS, ELAN 5000 PERKIN ELMER SCIEX. The setting parameters were: plasma flow 15
1/min, neublizer cross flow 0.87 1/min, auxiliary flow 0.8 1/min, Rf power 1200 W, sample uptake 2.1
ml/min and 50 ppb lwRh was used as internal standard.
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Results and Discussion
Sediment: Since the concentration of trace elements in Lake Sediments offers an excellent key to the
pollution history of the lake, it is essential to estimate the background level in pre-industrialized area.
The minimum, maximum and average concentrations of trace elements in sediment samples taken
along Lake Naser are shown in Fig. 2.
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Fig. 2: Minimum, maximum and average concentration of selected trace elements in sediment samples
along Lake Naser.

Trace metals have been found to be present mainly in clay / silt particles and due to the fact that their
concentration can vary by a factor of 2 or 3 depending on the sediment grain size and the concentration
of Al, Fe, Mn and organic carbon (5). So mechanical analysis of shore, bottom sediment and soil
samples are given in Table 1. However, the natural background value of heavy metals in sediments can
also be highly variable, depending on the bed rock structure of the catchment. Regarding the studied
area, after entering Egypt from Sudan at Wadi Haifa, the Nile flows for more than 350 km bordered by
abrupt cliffs of sandstone and granite before reaching the first cataract which commences about 7 km
upstream of Aswan.

Table 1: Mechanical analysis and limestone content (CaCo.}) content of sediment and soil samples
from Lake Naser.

Site
Ibrim BS
Tushka BS
Tushka BS
Tushka SS
Abu Simble BS
Adindan SS
Adindan S
Argin BS
Argin SS
Siri BS
Siri SS
Siri S

Sample type
Loamy
Loamy
Sandy Clay
Sandy Clay
Clay
Sandy
Sandy
Loamy
Sandy
Clay Loam
Sandy
Sandy

CaCo3 (%)
5

3.2
10.2
7.8
2.2
7

2.6
1.4
8.4
1.8
7
7

SS Shore sediment, SB Bottom sediment, S Soil
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Table 2 shows the concentration of various elements in igneous, sedimentary rocks and dried soils (6,
7). Trace metals in recent sedimentary deposits can generally be divided into two categories in
accordance with their predominant source of origin, either as lithogenic {geochemical} or
anthropogenic {man-made} (8).

Table 2: Concentration (jag/g) of various elements in igneous rocks, sedimentary rocks and dried soils
(6,7).

Element

Ag
As.
Ca
Co
Cr
Fe
Hg
Mn
Mo
Ni
Sn
Zn
U
Se
Ba
Sr .
Zr
Sb

Igneous rock

0.07
1.8

40,000
25
100

60,000
0.08
1000
1.5
75
2
70
3

0.05
420
440
15

0.2

Sedimentary rock

0.05
1 - 13

22,000- 300,000
0.1 -20
10- 100

4000 - 50,000
0.03 - 0.4
50- 1000
0.2-2.5
2-70
0.5-6

15- 100
0.45
0.05
190
20
2

0.04

Soils
Mean Range

0.1
6

14,000
8

100
38,000

0.03
850
2
40
10
50

0.01 -5
0.1-40

7000 - 500,000
1-40

5-3000
7000-550,000

0.01 -0.3
100-4000

0.2-5
10- 1000
2-200
10-300

Lithogenic metals such as Zr, Rb and Sr, in bottom sediments, which are derived from rock material by
natural weathering processes, show an average concentration of 477, 44 and 163 ug/g (dry weight)
respectively. Whereas, anthropogenic elements as Zn, Cr, Ni, Co, and Hg show average concentration
of 104, 73, 68, 19, 6 and 1.2 ug/g (dry weight) respectively. Reviewing the results obtained from the
analysis of sediment samples, the highest concentrations of elements like Eu, Th, Ni, Sc, Co, Zn, Sr,
Ba, Cr, Sb, Au and Fe in bottom sediments were found in Argin ( 331 km down stream from Aswan,
3 1° 05 E and 22° 00 N), while the lowest concentrations were found in shore sediment from Tushka
(31° 09 E and 22° 45 N). Table 3 shows the average geochemical background or "average shale"
concentrations of selected heavy metals in pre-industrial or natural environments (9-11).
Comparing the average concentrations of elements like elements like Zn, Cr, Ni, P and Hg with the
average natural background levels in pre-industrial sediments from Swedish lakes (11, 12) show that
the values found in sediments from Lake Naser are considerably lower except for Hg. However, the
enrichment of mobile elements such as Fe may cause elements to accumulate (8). Correlations between
some selected elements in sediment samples are given in Fig. 3.
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Table 3: Concentrations (ug/g) of selected heavy metals in pre-industrial or natural environments.

Fe
Mn
Sr
Zn
Cr
Ni
Cu
Pb
Co
Hg
Cd

Fossil lake
sediments a

18200
406
252
105
59
51
25
16
15

0.5
0.2

Recent lake
sediment, remote

area3

43,400
760
151
118
62
66
45
34
16

0.35
0.4

European and
American lakes b

26,700
860

111
49
50
29
35
19

0.12
0.58

Shale standard
c

46,700
850
300
95
90
68
45
20
19
0.4

0.58

Lake
Naser

45,000

163
104
73
69
-
-
19
1.2
-

a (9), b (10) and c (7).

Ibrim.BS Tu.BS Tu.SS Abu. US Ad.SS Siri.US Siri.SS Argin.BSArgin.SS

Location

Fig. 3: Distribution of selected trace elements in sediments, BS bottom sediment, SS shore sediment

It should be mentioned that the investigated area contains several mines: iron in Aswan, Cu in Abu
Swiel, Cr in Wadi El-Alagi and Au near to Argin. This may explain the elevated levels of Hg and other
elements in bottom sediments from Argin. The mechanical analysis showed that Argin bottom
sediment is loamy type where it is expected to be rich in minerals and trace elements. An elevated
concentration of Sn in Abu-Simbl bottom sediment may be referred to the increasing touristic
activities, through the Nile cruses, where the organic compounds of tin are used as antifouling agents.
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Water and suspended matter: To be able to quantify the degree of anthropogeneous contamination and
compare different metals which appears in different ranges of concentration in lake water, it is
essential to establish a natural reference or background level. It is somehow problematic to establish
global mean values for the individual trace elements in inland waters. This could be, in the first place,
due to the variety of rock formations and the fluctuation in water transport. The minimum, maximum
and average concentrations of trace elements in water/suspended matter samples taken along Lake
Naser are shown in Fig. 4.
Boyle et al. (13) found Cu variations greater than a factor of three (0.56 - 0.185 ug/L), while Bowen
1966 (6) gave a value of 10 (ug/L) as an abundance value for Cu in fresh water. Table 4 compare the
abundance values given by Bowen 1966 (6) with those found in this study.

1000-

100-

U TbEuYbThCeNlSniLa N Zr Sc R> Cb 7i\ &• & SnTa G

Fig. 4: Minimum, maximum and average concentration of selected trace elements in water/suspended
matter along Lake Naser.

Fig. 5 shows the average concentration of Cd, Pb and Cu within the water column profile along the
Lake Naser. The average concentrations and ranges for Cd, Pb and Cu were found to be (less than DL -
1.2) 0.4 ng/ml, (0.47 - 96) 44 ng/ml and (1.9 - 161)35 ng/ml respectively. The highest concentrations
were found in the deepest samples, which could be due to the increase in the suspended matter content
and the sediment - water interaction. I also should be mentioned that the sampling was carried out
during August - flood time- where the water load with participate matter from the origin and track of
the river increases.

\
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Table 4: The abundance value of selected trace elements (ppm) in fresh water, Lake Naser water and
dried soil.

Element
Ag
As
Cd
Co
Cr
Cu
Fe
Hg
Mn
Mo
Ni
Pb
Sn
Zn

Fresh water
0.13

4
<0.08

0.9
0.18

10
670
0.08
12

0.35
10
5

0.04
10

Lake Naser
0.16
32

0.43
43
55
126

1677
6.8
18
1.3
179
44
0.7
221

Soil
0.1
6 '

0.06
8

100
20

38,000
0.03-0.8

850
2

40
10
10
50

100-.

10-,

I •

o.i -.

Pb

Fig. 5: Average concentration of Cd, Pb and Cu within the water column profile along the Lake Naser

Fig. 6 shows the distribution of the three elements within the water column profile along the Lake
Naser. The highest concentrations of Cd, Pb and Cu were found in Adindan deepest water, Afia
surface water and Siri deepest water respectively. Fig. 7 represents the horizontal distribution of
the three elements along the lake as counter diagram.
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Fig. 6: Distribution of Cd, Pb and Cu within the water column profile along the Lake Naser,
HD high dam, GH garf Hussien, Af afia, Ib I brim, Tu tushka, Abu S Abu simble, Ad adindan and Si
Siri, S surface, M middle and D deep.

Fig. 7: Counter diagrams illustrating the horizontal distribution of Cd, Pb and Cu along Lake
Naser
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The study provides background information about the Lake Naser -as pre-industrial area-, which might
help in the future evaluating the changes, induced through expected increase human activities.
Seasonal monitoring of the lake is recommended to be able to exclude the possible effects of the flood.
Detailed investigation should be done for the sites showing high levels of anthropogeneous
contamination especially Hg and Sn where the risk of the methylated Hg and butylated Sn on the
aquatic environment is much more pronounced when compared to elemental form.
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ABSTRACT
As a result of the Chernobyl nuclear power plant accident in 1986, thyroid

pathologies occurred among children in some regions of Belarus. Besides the
irradiation of children's thyroids by radioactive iodine and caesium nuclides, toxic
elements from fallout are a direct risk to health. Inductively coupled plasma
quadrupole-based mass spectrometry (ICP-MS) and instrumental neutron activation
analysis (INAA) were used for multielement determination in small amounts (1-10 mg)
of human thyroid tissue samples. The accuracy of the applied analytical technique for
small biological sample amounts was checked using NIST Standard Reference
Material oyster tissue (SRM 1566b). Almost all essential elements as well as a number
of toxic elements such as Cd, Pb, Hg, U etc. were determined in a multitude of human
thyroid tissues by quadrupole-based ICP-MS using micronebulization. In general, the
thyroid tissue affected by pathology is characterized by higher calcium content. Some
other elements, among them Sr, Zn, Fe, Mn, V, As, Cr, Ni, Pb, U, Ba, Sb, were also
accumulated in such tissue. The results obtained will be used as initial material for
further specific studies of the role of particular elements in thyroid pathology
development.

Key words: inductively coupled plasma mass spectrometry/instrumental neutron activation
analysis /multielement analysis /thyroid tissue / trace elements

INTRODUCTION

The greatest health problem after the accident at Chernobyl nuclear power plant (NPP) is thyroid
pathologies among children. Studies of thyroid pathologies have been carried out for a number of
years*1" 2\ However, the results obtained are insufficient to explain such a high morbidity in some
regions of Belarus and to estimate its dynamics in the following years.

Taking into account the fact that the estimations of the risk of the thyroid pathology have been
made on the basis of experimentally measured irradiation doses of children's thyroids by radioactive
iodine, considering all the iodine nuclides (I3II, 129I etc.) set free in the accident, as well as the external
irradiation by radioactive caesium nuclides (I37Cs and B4Cs), it becomes obvious that the explanation of
this phenomenon should be sought in other mechanisms.

A possible reason can be found in ecological factors, connected with iodine deficiency and the
presence of endemic goitre that has affected the trace element exchange within the thyroids.

Considerable differences in the content of trace elements in environmental components, such as
foodstuffs, organs and tissues, have been demonstrated by previous studies for people living in the
regions of Belarus where goitre is endemic(3). Fallout due to the Chernobyl NPP accident, containing
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complex mixtures of radioactive nuclides, as well as stable elements harmful to health (e.g., Pb, Cd, Hg,
U), have caused the ecological situation to deteriorate significantly.

Deficiency, excess and imbalance of trace elements can also be the reason for pathologies. Thus,
accumulation of some elements (in particular heavy metals), which possess mutagenic and carcinogenic
properties, in the organism of a human being is a direct risk to health. They can promote thyroid disease
initiated by radioactive iodine.

To study the contents of vital and toxic elements and radionuclides in thyroid tissue highly sensitive and
microscale analytical procedures are required that combine high sensitivity with the possibility of
simultaneous multielement determination in thyroid tissues, but only small amounts of sample materials (up to
1 mg dried tissue) are available. The measurements of such small samples can also be important if only a
small volume of thyroid sample from a human being is obtained by a puncture.

Among the available trace analytical techniques the powerful inductively coupled plasma mass
spectrometry (ICP-MS) seems most suitable as a very sensitive multiclcmental anahtical method with a wide
coverage permitting the multielement determination of major, minor and trace element concentrations and their
isotope abundances in different types of samples'4"65. The lowest detection limits were measured in the sub - pg
I"1 concentration ranges as demonstrated for different long-lived radionuclides (e.g., 239Pu, ^ N p , 230Th or
241 Am) in aqueous solutions by double-focusing sector field ICP-MS and ultrasonic nebulization for solution
introduction in the inductively coupled plasma(7l hi the more frequently used quadrupole-based ICP-MS
(ICP-QMS) me detection limits are some orders of magnitude higher due to lower sensitivity and higher
background. The detection limits were determined by ICP-QMS on aqueous solutions using ultrasonic
nebulization up to 10 pg 1"' &\ The excellent element sensitivity of ICP-MS permits ultratrace analysis in
biological samples (after chemical digestion) down to the ng g"1 concentration range and lowe/9-*.

The aim of the present work is to develop and apply a microanalytical technique using a quadrupole-
based ICP-MS for studies of element distribution of the minor and trace elemental concentrations in human
thyroid samples obtained during operations on people living in the Chernobyl area.

EXPERIMENTAL

Instrumentation of ICP-MS
A Perkin Elmer ELAN 6000 quadrupole-based mass spectrometer (Perkin Elmer Sciex, Ontario,

Canada) was used to measure concentrations of minor and trace elements in aqueous solution of the digested
thyroid tissues. The mass resolution (m/ An) of the ICP-QMS was 300.

For solution introduction in the inductively coupled plasma a microconcentric MicroMist nebulizer
(Model MicroMist AR30-1F02) with a minicyclonic spray chamber (both from Glass Expansion, Pry. Ltd.,
Camberwell, Victoria, Australia) with solution uptake rates of 160 and 320 \.i\ min"1 were used. The nebulizer
gas flow rate was controlled using an original ELAN 6000 mass flow controller (MKS Instalments). Solution
aspiration was performed with a peristaltic pump (Perimax 12, Spetec GmbH, Erding, Germany). The
experimental parameters of the mass spectrometric measurements are summarized in Table 1.

Samples
The thyroid tissues were obtained from operations on persons in hospitals in Minsk, Belarus. After

molecular, cellular and biological studies the thyroid samples were subjected to trace element analysis. For
accuracy control during sample digestion and measurement 20 mg samples of NIST Standard Reference
Material 1566b Oyster Tissue were used.

Reagents
The subboiled nitric acids and 30% hydrogen peroxide were used, both of supragrade purity from

Merck (Darmstadt, Germany). Single element and multielement standard stock solutions for the
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calibration procedures were obtained from Merck (Darmstadt, Germany) and from the National
Institute of Standards and Technology (NIST). For all dilutions deionized Milli-Q water (18 Mf) was
obtained from a Millipore Milli-Q-Plus water purifier.

Table 1. Experimental parameters used for Elan 6000ICP-QMS

Rf power (W)
Cylindrical lens potential (V) (automatic setting)
Dwell time (ms)
Mass range
Scanning mode
Optimization
Detection system dead time (ns)
Coolant gas flow rate (1 min"1)
Auxiliary gas flow rate (1 min"1)
Nebulizer type
Spray chamber
Solution uptake rate (ml min"1)
Nebulizer gas flow rate (1 min"1)
No. of replicates
Measurement time (min)

1350
10.2
500
23-238 u

. peak hopping
maximum 137Ba+ intensity
53
13.5
0.7
MicroMist
Mini-cyclonic
0.32
0.76
10
4.0

0.16
0.81
8
3.2

Sample preparation
To analyse such a small amount of biological tissue a microwave-induced digestion procedure using

NIST Standard Reference Material oyster tissue (SRM 1566b) was developed. 20 mg of SRM samples were
digested by microwave induction in a mixture consisting of 0.5 ml concentrated subboiled nitric acid and 0.2
ml 30% hydrogen peroxide. In the same way human thyroid samples were digested. The biological samples
were digested in small vessels (6 ml and 3 ml) in a microwave oven. (Microwave Activated Reaction System
Mars 5, CEM Corporation, USA).

Measurement procedure
The optimization of the experimental parameters (see Table 1) was performed using the maximum ion

intensity of 137Ba+. 103Rh was used as an internal standard element for quantitative ICP-MS measurements.
The ICP-MS was flushed with a 2% HNO3 solution for 10 min between aliquot measurements especially to
reduce the memory effect of iodine. NIST SRM 1566b was used for quality control during routine
measurements of th}Toid samples. This oyster tissue reference sample was digested and measured together
with all the nine thyroid samples in one digestion cycle, hi this way, three independent measurements of the
SRMs mentioned above, including independent sample digestions, were done.

Disturbing molecular ion interferences (e.g., 40Ca160IH+, 42CaI<50+, ""Ca^O' t r /Ca^O*) on atomic ions
of analyte ions (e.g., 57Fe+, 5SNi+, 59Co+, ^Ni*) in ICP mass spectra were considered by correction of
experimental values using measured molecular ion intensities in synthetic matrix-matched solutions under the
given experimental conditions.

Instrumental neutron activation analysis (INAA)
Sample irradiations were carried out at the FRJ-2 reactor. The use of the k0 method of INAA as

applied in the Central Department for Analytical Chemistry of Research Centre Juelich [10] allowed the
accuracy to be improved and did not require the use of standards thus opening up the possibility of
absolute measurement.

The irradiation of the samples with neutrons was carried out in the In-Core Irradiation System
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(central channel) of the FRJ-2 reactor with the density of the thermal neutron flux being C= 8?1013 cm"
V for 1 hour For the measurement of the induced y-activity and y-spectrum processing, a Genie-PC
Spectroscopy System (Model S400) with coaxial semi-conductor Ge-detectors from Canberra Packard
was used. Every sample was measured twice after "cooling" times of 1 day and 7 days.

METHOD

Optimization of the mass spectrometric method for the determination of element concentrations in
small amounts of biological samples

The optimization of experimental parameters for the analysis of digested biological samples was
performed with respect to the maximum sensitivity of 137Ba+ as described above. The results of .the
optimization procedure on standard solutions using a microconcentric MicroMist nebulizer for two different
solution uptake rates (160 and 320 ul min"1) are summarized in Table 2. The sensitivities in ICP-QMS were
observed in the range of 25-106 MHz/ppm for the solution uptake rates of0.32mL/min and of22-90
MHz/ppm for 0.16 mL/min. The amount of each analyte for different solution uptake rates comprises 12.8 ng
(10(Jg/L of analyte x 4 min x 0.32 mL/min) and 4.8 ng (10pg/L x 3 min x 0.16 mL/min), respectively.

Due to the multielement capability and the good sensitivity of ICP-MS the analytical method developed
allows the determination of the concentrations of most essential and toxic elements.

Table 2. Sensitivities (MHz/ ppm) for some elements determined at different solution uptake rates.

Analyte

Na
K
Mn
Sr
Rh
Ce
U

Mass (u)

23
39
55
88
103
140
238

Solution uptake rate
0.32
25.5
106.4
40.2
56.0
55.3
50.7
60.0

(ml min'1)
0.16
22.5
90.1
33.8
46.6
45.6
39.2
43.1

Detection limits of elements
The detection limits in biological samples were determined from the mass spectrum of the (matrix-

matched) blank solution using the 3c criterion (the detection limit is given by mb+3Cb, where m^ is the
mean value of the blank measurements and Q> the standard deviation of five independent measurements
of the blank value) considering the measured ion intensities in standard reference material using the
known element concentrations (Table 3). These detection limits in biological samples were affected by
blank values of ICP-MS and chemicals and disturbing interferences of molecular ions on atomic ions of
analyte. The detection limit of iodine using conventional pneumatic nebulizers (such as Meinhard, cross-
flow or microconcentric nebulizer) is poor due to the loss of volatile iodine during the sample
introduction and relatively high first ionization potential. In order to improve the sensitivity for
determining iodine a special apparatus for introducing elemental iodine via the gas phase into the Ar
plasma of ICP was proposed in our lab(10). The sensitivity for iodine determination was improved by a
factor of 30 -70 compared to the conventional Meinhard nebulizer and the detection limits were
decreased to 100 pg g"1 (for I291) in aqueous solutions. This analytical technique of iodine determination
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is combined with a loss in multielement capability. Because the iodine concentration in thyroid samples
is in the jig g'1 range we used the commercial solution introduction (pneumatic nebulization) in order to
allow the simultaneous multielement determination of minor and trace elements by ICP-QMS.

The detection limits of ICP-QMS are compared with those for INAA calculated from minimal detectable
activities achieved under experimental conditions described0^ (see Tab. 3). For different elements (e.g., Cd,
Cu, Hg, Ni, Pb, Rb, Sr, U) significantly lower detection limits were observed in ICP-QMS.

Table 3. Detection limits (|ag g"1) in ICP-QMS and INAA on solid thyroid tissue.

Element ICP-MS ' INAA

— 0.002 0.003

Ba 0.03 0.6
Bi 0.004
Ca 80 20
Cd 0.0009 0.05
Ce 0.002 0.02
Co 0.007 0.002
Cr 0.3 0.02
Cu 0.1 3
Fe 4 2
Hg 0.007 0.2
I 70 0.01
K 3 0.6

Mg 5 3 •
Mn 0.07 0.03
Mo 0.006 0.06
Na 1 0.02
Ni 0.1
Pb 0.005
Rb 0.002
Sb 0.0006 0.003
Se 0.04 0.03
Sn 0.04
Sr 0.05 0.6
U 0.0002 0.01
V 0.005 0.01
Zn 02 0̂ 05

Experimental analysis of certified reference material SRM 1566a Oyster Tissue by ICP-QMS
The accuracy of the ICP-QMS measurements was checked by analysing certified reference material

SRM 1566a Oyster Tissue.
In Table 4 the analytical results obtained for 3 independent ICP-QMS measurements, including 3 sample

digestions, are compared with the certified values. A good agreement with certified values for the most of the
elements was found considering the small sample amount. Inhomogeneities of SRMs, which were found by
additional SIMS measurements in our laboratory, could reduce the accuracy and precision of the
determination of element concentrations.

866



Comparison of ICP-QMS results with those of INAA on thyroid samples
Furthermore some thyroid samples were investigated using instrumental neutron activation analysis

(INAA) in comparison to ICP-QMS. The advantage of ENAA in comparison to other analytical methods
which require digested solution is the possibility ofanalysing the sample without any preliminary chemical
treatment, so the contamination problems can be reduced to a minimum. Therefore INAA can be used as a
reference method to check the accuracy of ICP-MS.

But the - in comparison to ICP-QMS including sample preparation - more time-consuming and very
expensive INAA requires powerful irradiation facilities, a specially equipped laboratory and produces
radioactive waste. E.g. the analysis of such a wide range of trace elements in 10 thyroid samples using ICP-
MS described above requires approximately 8 hours, including sample digestion, sample and standard
solution preparation, instrument optimization, calibration and measurement. The same analysis via INAA
requires at least two irradiations in order to determine elements, using short- and long-lived radionuclides,
"cooling" the samples and several successive measurements. The final results can often be obtained only after
10 days. Furthermore, a number of elements (Ni, Cu, Sn, Sr, Cd, Hg, Pb) cannot (or only with difficulties) be
determined using INAA. Therefore INAA is less suitable for routine multielement analysis in a multitude of
biological samples.

The results of trace element measurement in the same thyroid sample using first INAA as a non-
destructive method and then ICP-MS after sample digestion are compared in Table 5. However, only a
few elements with long-lived radionuclides could be measured with INAA at the FRJ-2 because of the
lack of irradiation* facilities with high-speed transportation of samples for the analysis of short-lived
nuclides.

The element concentrations measured by two independent analytical methods varied by less than
6% except those for Zn (16%) and Se (24%). Such comparison of results obtained with two analytical
methods based on different physical principles and under different sample preparation schemes was
usefiil during development of the analytical procedure.

Table 4. Comparison of trace element concentrations (ug g"1) measured by ICP-QMS and certified
values on NIST SRM 1566a Oyster Tissue

Element Measured value Certified value
Ag

As

Ca

Cd

Ce

Co

Cr

Cu

Fe

Hg

I

K

Mg

Mn

Na

Ni

1.6610.11
12.111.9
19001200
3.810.4

0.3310.09
0.4410.09

1.810.3
6414

550160
0.05410.003

4.412.4
78001900
11001100

1211
43001400
2.010.5

1.6810.15
14.011.2
19601190
4.1510.38

0.4

0.5710.11
1.4310.46
66.314.3
539115

0.064210.0067
4.4610.42
79001470
11801170
12.311.5

41701130
2.2510.44
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Pb

Rb

Sb

Se

Sn

Sr

U

V

Zn

0.3510.04
3.110.2

0.00910.003

1.810.5

2.210.6

1111

0.1410.02

4.910.5

840130

RESULTS

0.37110.014
3.0

0.01

2.2110.24
3.0

11.111.0

0.13210.012

4.6810.15

830157

The minor and trace elements have been measured in a multitude of human thyroid samples. The
measured concentrations of trace elements differ from sample to sample to a considerable extent. As was
shown in (n) the thyroid tissue affected by pathology is characterized by a higher calcium content in
comparison to normal tissue. Approximately the same calcium concentration range was also found in
pathologically changed thyroids in this work, which points to the fact mat in such tissue sclerotic processes
take place even including calcinosis. One of the reasons for these processes could be the influence of
biogeochemical features of the regions affected with radioiodine during the Chernobyl NPP accident, such as
a deficiency of iodine in food and water.
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Fig. 1. Dependence of iodine concentration on calcium concentration in analysed human thyroid tissues.

As is seen from Fig. 1, thyroids containing less iodine are characterized by a higher concentration of
calcium. The follicuiar cells of thyroid in the regions where goitre is endemic underwent a maximum effect of
radioactive isotopes of iodine. At small irradiation doses a full recovery of the affected sections would occur.
However, because of the non-uniform spatial distribution of radioiodine there could be places with rather high
local doses, in which postradiation changes (formation of sclerotic sections) could take place. Owing to their
biological peculiarities, the incorporation of the increased quantities of a number of trace elements occurs in
these sclerotic sections. Some of them can be toxic and in turn promote diseases.

It was found in this study that tissues with a higher concentration of Ca are characterized in general by
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higher contents of Sr, Zn, As, Cr, Ni, Cd, Pb, U. In Fig. 2-4 the dependence of Pb, As and U concentration on
Ca concentration are presented. Of course, the concentrations of trace elements strongly depend on the
environmental conditions and people's diets. However, the correlation between calcium and elements
presented here is clearly seen. The established changes of chemical composition could promote pathology
development due to the mutagenic and cancerogenic properties of some toxic elements (As, Cr, Ni, Pb, U).

CONCLUSION

ICP-QMS was applied for the routine determination of minor and trace elements in 90 thyroid
samples. The high sensitivities achieved at small solution uptake rates allowed ultra-small quantities of
biological tissue down to 1 mg to be analysed. Measurement accuracy was verified by measurements of
NIST standard Reference Materials.

In comparison to other analytical methods, e.g. neutron activation analysis, which requires several
sample irradiations to cover such a wide range of elements, ICP-MS is faster and cheaper (no
irradiation facility such as a nuclear reactor is required), and is well suited for routine multielement
measurements of many small samples. Moreover ICP-MS permits a number of important trace elements
to be determined, among them Ni, Cu, Sn, Sr, Cd, Hg, Pb, in addition to INAA.

ICP-QMS allows the survey analysis of the chemical composition of tissue sections with different
morphological structure and the study of the connection between tissue structure and chemical composition.
The results obtained will be used as initial material for further specific studies of the role of particular elements
in thyroid pathology development.
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Fig.2. Dependence of As concentration on Ca concentration in analysed human thyroid tissues.
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ABSTRACT EG0100087

Laser ablation sample introduction system in
combination with an inductive coupled plasma mass
spectrometer (ICP-MS) is used for the investigation of elemental
distribution of AI alloy. The samples are ablated by an
ultraviolet laser beam at 266 nm with an energy of 4 mJ/shot at
a repetition rate of 20 Hz. Samples are digested using HNO3 in a
microwave system and analyzed in a solution form by ICP-MS.
The quantification of the analytical results is carried out using
multielement solution.Quantitative data from the solution
samples are used as a standard data for the laser ablation
technique. The effect of Aluminum as a matrix is studied. High-
resolution mass spectrometer is used to identify the Aluminum
polyatomic ions in the ICP-ion source.

Key Words: LA, ICP-MS, AI alloy, interference

INTRODUCTION

Cladding is essentially required in order to provide structural support for fuel in the
heterogeneous reactors. Aluminum is a suitable cladding material1"1"4^ for use in the
research reactors up to about 95 °C of cooling water temperature. Also, aluminum-base
alloy containing nickel can be used in the pressurized-water reactors (PWR) up to
about 300 °C. The clad material must have low neutron absorption cross-section to
ensure a self-sustaining chain reaction inside the core reactor. Therefore the trace
impurities (Table 1) are maintained as low as possible in the aluminum clad to
increase the neutron economy. Aluminum has microscopic absorption cross-section o~a

equal to 0.215 barns (1 barns = 10"24 cm2) for thermal neutrons. Boron (B) and
Cadmium (Cd) must have the lowest concentration^ in the clad material, because they
have higher absorption cross-sections, 764 and 2520 barns, respectively, for thermal
neutrons.
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Table (1): Equivalent Boron Contents (EBC) Factor

, Element

B
Cd
Co
Li
Cu
Fe

• M g

Mn
Si

Ti
V

Zn

Neutron Absorption
Cross Section (aa)

(Barns) at 2200 m/s
764

2520
37

70.6
3.78
2.56

0.063

13.3
0.13

6.1

5.08

1.11

Atomic
Weight

10.81
112.41
58.93
6.94

63.54
55.85
24.31

54.94
28.09

47.88
50.94
65.39

EBC

1
0.3172
0.0089
0.1439
0.0008
0.0006

< 0.0001
0.0034

< 0.0001
0.0018
0.0014
0.0002

EBC = [(atomic mass boron)(aa impurities)] / [(atomic mass impurities)(aa boron)]

The facility to collect signals for all masses can be used for a purely qualitative
examination^5-1 of a sample (to identify the presence or absence of an analyte and to
identify possible sources of interference). Semi-quantitative mass spectrometric
analysis1-6-1 is carried out by measuring the ion currents (these are proportional to the
element concentration Cx of trace element x) mostly by means of an internal standard
element with well-known concentration Cv.

Where Ix and Iv are the ion currents measured from the internal standard v and trace
element x; Av and Ax are the respective isotopic abundances; and Sv and Sx are the
respective relative element sensitivities. By neglecting the values for Sv and Sx, the
analysis is considered as semi-quantitative one. The most widely used calibration
method is that using a set of external calibration standards. For solution analysis these
may have a simple acid or an aqueous matrix containing the analytes of interest.
Several standard solutions are prepared which cover the range of expected
concentrations. Under ideal conditions, measured data would form an exact linear
function of concentration.

EXPERIMENTAL
All measurements were performed using JEOL high resolution inductively coupled
plasma mass spectrometer (JMS-PLASMAX2) which is installed at thCentral
Laboratory for Elemental and Isotopic Analysis, Nuclear Research Center, Atomic
Energy Authority, Egypt (Fig. 1). The resolving power of the machine
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PLASMAX2 double-focussing mass spectrometer is 12000, with this resolution,
masses of the interference and element ions can easily be separated from each other. A
40.68 MHz high-frequency power supply and an automatic ignition system are used in
the ICP ion source of the JMS-PLASMAX2 to obtain stable plasma.

Table (2): The experimental conditions used in the measurements

Laser Ablation conditions
Laser type
Wavelength
Pulse duration
Spot diameter
Repetition frequency
Power density
Energy per pulse

Nd:YAG laser
266 nm

6 ns

60 jam
20 Hz
1010 w/cm2

4mJ

Double focusing ICP-MS
Forward RF power
Reflected RF power
Coolant gas flow rate

Auxiliary gas flow rate
Nebulizer gas flow rate

Mass resolution (m/Am)
Detector mode
Optimization

1300 W

<2 W
14 L/min

0.3 L/min

0.77 L/min
3000

analogue

Maximum ion intensity

of 1 ppb of 89Y+

Magnetic *n*lyxer ( o n d e ( c c l o .

Electric *n*lyier

S*mpto

Workstation I

Fig. (1): Schematic overview of a JEOL PLASMAX2 high resolution ICP-MS.
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RESULTS AND DISSCUSION

In ICP-MS, large amounts of concomitant elements are known to affect analyte
sensitivity and often signal suppression are observed(7"U). For the analysis of
Aluminium, the effect of Al as a matrix on the analyte sensitivity must be considered.
Instrumental parameters such as the aperture sizes of the sampling and skimmer cones,
the carrier gas flow, the RF power and the amount of sample reach the ICP-ion source
may all have an influence on the observed matrix effect. Explanation for the matrix
effect is based on two reasons. The first reason is due to the presence of the pressure of
high Al [Ionization Energy = 5.99 eV and degree of ionization = 98% at'7000 °T]
concentration in the plasma which contributes strongly to the electron density in the
plasma and therefore shifts the ionization equilibrium (M 4-> M+ + e"), so that the
analyte elements are ionized to a lesser extent.

The second reason for the matrix effect is based on the space charge effect
occurring after extraction of the beam from the plasma. Positive ions are mainLy Ar+,
O+, N"1" and C+ which are present in the background. When a matrix is added the
number of positive ions in the extracted beam increases. These ions repel analyte ions,
and because of the increased space charge the beam is less focused by the electrostatic
lenses. The analytical results of Aluminum sample by ICP-MS and LA-ICP-MS are
summarized in Table (3). Calibration curves for some selected trace elements are
shown in Fig. (2).

Table (3): Concentration of elements in Aluminum powder for fuel core
by ICP-MS in ug/g.

Elements

Boron (B)

Lithium (Li)

Cobalt (Co)

Cadmium (Cd)

Iron (Fe)

Magnesium (Mg)

Manganese (Mn)

Titanium (Ti)

Vanadium (V)

Zinc (Zn)

Limits of
concentra

tion

<10

<40

<60

<30

4000

500

500

300

500

500

Quantitative Analysis
Meinhard Nebulizer

ICP-MS

2.8±0.17

20.8 + 0.83

15.03 + 0.90

26.97+ 1.82

2985 ±179.1

247.8 ± 14.87

75.55 ±5.29

285.82 ± 17.14

103.31 ±5.17
461.42+18.44

Semi-quantitative
Analysis LA-ICP-MS

2.30 ±0.04

8.78 ±0.99

8.09 ±0.78

24.71 ±2.56

1120.62 + 82.56 •

268.03 ± 13.06

3 16.47 ± 31.77. •

169.16 ± 17.56. ;

34.00±3.13

391.58 ±21.44 :

More serious practical interference problems occur due to the formation of
'polyatomic, ions. The ions as their name suggests, result from the short lived
combination of two or more atomic species, e.g. ArO+. Argon, hydrogen and oxygen
are the dominate species present in the plasma and these may combine with each other
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Fig. (2): Calibration curves for some selected elements.
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or with elements from the analyte matrix. In some matrices refractory oxide ions are
observed. These species occur either as a result of incomplete dissociation of the
sample matrix or from recombination in the plasma tail. Table (4) summarizes the
Polyatomic ions of Aluminum in the inductively coupled plasma mass spectrometry.
Figs. (3-4) show the mass spectra at m/z = 43 and m/z = 44, respectively by using the
high resolution mass spectrometer PLASMAX2. By setting the resolution at different
value (500, 5000, 10000), AlCf and A1OBT ions could be resolved from ArLi+and
CO2* ions, respectively.

Table (4): Polyatomic ions of Aluminum in the inductively
coupled plasma mass spectrometry.

Species

Al-H

Al-0
Al-O-H

Al-Ar

Mass

27.989365

42.976455
43.98428

66.943924

Interference

Species

Si
CO
N2

Ar-Li
SiO
CO.2
Zn

Mass

27.976927
27.994915
28.006148

42.983548
43.971842
43.98983

66.927129

Required
resolution

2250
5043
1668
6059
3536
7925
3986
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ABSTRACT EG0100088

The present studies deal with the optimum physical conditions which
seriously affect the neutron activation analysis technique efficiency. An experimental
work for the efficiency calibration of hyper pure germanium detectors especially for
environmental studies is presented. This work showed that the tested parameters,
under consideration, distance, mass and measured time, reveal a significant effect on
the obtained data. These results, interne, affect the accuracy of the measurements.
Further work on the test of other parameters is planned in our Laboratory using
special treatments and applying special computer programs.

KeyWords : Neutron activation analysis, Physical parameters .

INTRODUCTION

The technique of neutron activation analysis remains extremely high sensitivity and
indispensable tool for the determination of minor and trace elements in many different environmental
matrices in spite of the rise of other competing methods. Neutron activation analysis technique can
applied in a wide variety of fields, ranging from science and engineering" ~ 'to industry04', minerals
e\ploration(5lh). medicine(7>S) environmental monitoring^1"'.

However, in this nondestructive technique, there are some steps have to be fulfilled. Sampling,
irradiation, counting and analysis of the data are the main steps of the experimental work. Among of
all. the physical conditions of the samples and counting are the most important to get high accuracy
and good precision. The evaluation of the accuracy of the measurement of the concentration of
constituents in various types of samples is based either upon the analysis of known concentration
reference samples of by comparison with analysis performed by independent referee techniques.
While, precision is defined as the measure of reproducibility of replicate analysis, which mostly
depends upon the stability of the electronics and all physical conditions. Hyper pure germanium
detectors have been widely used for gamma-ray spectroscopy because of providing the lowest possible
background. large detection efficiency, high energy resolution. longer time of counting, sizeable
sample usage and direct analysis of especially natural and artificial radionuclides in environmental
samples. While the energy calibration of the spectrometer is easy to do. much care has to be dedicated
to the efficiency calibration. The calibration is correct if the radioactive standard source, which is used
for calibration, contains the same radionuclidcs and has the same density, geometry and chemical
composition as the same under study. In this special case the full energy peak efficiency calculated for
the calibration standard is the same as for the sample. Normally, these conditions are not fulfilled. Due
to these changes in physical and experimental detection conditions, some corrections may become
necessary.
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In this paper, a condensed investigation was done to optimize some of the experimental
conditions which affecting the counting efficiency for some trace elements in environmental samples.
The tested factors were sample mass, sample - to - detector distance and the measured counting time.

SAMPLING AND IRRADIATION

Different masses of the standard material NBS-1571 (Standard Reference Material1"1, were
packed in a clean aluminium foils of known weights. An empty aluminium foil of known weight was
irradiated on the same conditions for identifying and subtracting the background peaks due to the
aluminium envelopes. A monitor gold sample was used to estimate the thermal neutron flux. The
whole samples were irradiated for 48 hours at the (ET-RR-1) reactor with a thermal neutron flux of
4.4xl()':n. cirr.s"'. The irradiated samples were left to cool for one week.

EXPERIMENTAL WORK

The Hyperpure germanium detector employed was a 76.11 cm \ model 15190 coaxial type
with preamplifier. It was used in conjunction with 571 spectroscopy amplifier and a multichannel
analyzer having Ortec 439 High Voltage Power Supply in the operating bias + 2300 volt. The FWHM
of ' the device was about 1.7 KeV at 661.5 KeV of '"Cs and
1.95 KeV at 1332.5 KeV of W)Co peak -to - compton ratio 43:1.

In measurements, all samples were placed individually against the detector. The peak area and
the background under a y-ray peak were calculated automatically and sometimes manually, in order to
check the automation. Also, gamma-ray spectra from these samples and from laboratory background
were measured at intervals during the experimental work and good agreement from time to time was
found. During measurements, the analyzer dead time was kept below 4%. For the tested parameters
mass, distance, time changed systematically.

The data accumulating measurements were repeated weakly for one month. The multichannel
analyzer has 4096 channels in conjuction with PCA computer program were used for gamma-ray
spectral analysis. The trace elements in the aluminium envelopes of the standard material samples are
:4Na. 4(>Sc. 5yFe. 65Zn, 72Ga, 8:Br and l9iiAu. which were considered as background gamma-ray lines to
be subtracted in case of interference with those of the specific standard material samples. Since
activation equations were applied for the determination of the chosen elements contents.

The net peak area of gamma-ray lines selected for each identified element is used. After the
photo peak areas has been analyzed, the dependence of the activity or the concentrations in PPm on
mass, source to detector distance and measured counting time was studied. All measurements were
taken at the same conditions, the only change is related to the specific parameter under investigation.

The efficiency of the detection array was calculated for the whole energy range up to 3 MeV
at 5. 10. 15. 20. 25 cm using the multi-gamma ray standard source'|:).

RESULTS AND DISCUSSIONS

detector distances were carried out. Fig. 1 shows the efficiency curves at the different
distances. Also. Fig.2 shows the resolution of the 661.5 KeV y-peak of "7Cs isotope at the same
distances from these Figures, it can obtained that the optimum distance of measurements of the
detection array with the best resolution is at 10cm. From the detector. Fig. 3 shows the results for the
second part of the measurements related the mass of samples by grams and activity per un[t mass in
counts / gm. The measurements had been taken for 1121 KeV gamma-ray line of ""'Sc. 320 KeV
gamma-ray line of • 'Cr. 1099.2KcV and 1291.6 gamma-ray lines of '"Fe. 1173.2 KeV and 1332.5KeV
gamma-ray lines of ""Co and 1115.5KeV gamma-ray line of <oZn respectively. It is clear that for the
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study of multielemental analysis, the mass of the irradiated sample must be not less than 0.14gm. to
get stable behaviour. Generally if the mass less than 0.14gm, the data will not express correctly the
element concentrations in the sample. Fig. 4 shows the relation between the ratio (content in PPm to
the certified value in PPm) and the mass of the sample. The intersect with the value one herzontal line
will express more precisely about the mass of the sample related to that element specifically. For
example to get the accurate value of 5lCr concentration in the sample, the favorite .mass will be
0.14mg. while it is equal to 0.1 lgm for '"Pa, and 0.32 gm for 59Fe.

The results in Fig. 5 indicate that the concentration is essentially independent of the source-to-
detector distance in the region more than 10cm. At distances less than 10cm. results need some
corrections to give good agreement with respect to the certified values. The effect of measured time on
the results of calculated activity of various elements is shown in Fig. 6. The results indicate that the
favorite time for collecting the gamma spectrum starts after about two hours. Before that period, there
is a big fluctuation results. The same value was obtained for various elements under investigation.

Table 1 showed a good agreement between the measured concentration values and the
certified ones of the NBS. 1571 standard at the studied experimental parameters.

CONCLUSION

This paper showed that the tested parameters, distance, mass. time, reveal a significant effect
on the obtained data, which intum affect the accuracy of the results. The optimum (source-detector)
distance to get high efficiency and good resolution is 10cm. The optimum sample mass and measured
time are 0.14 gm and 2 hours respectively.

Further work on the rest of other parameters is planned in our laboratory using special
treatments and applying special computer programs.

Table 1 : Comparison between present work and the certified values for the standard (NBS 1571).
Element

Cr
Ca
Zn
Sb
Co H

Tn

Certified ng/gm
"2.6 + 0.3
2.09 + 0.3

25+3
1.9 + 0.3

"~ 0.2
n.t;64 -i O.ofb

Present work ng/gm
2.6 + 0.4

1.95 + 0.06
26.2 ± 0.05
3.07 + 0.06
0 21 ±0.05

0 061 J- 0 05
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ABSTRACT

The paper will describe three examples dealing with the

measure of some natural (U, Th, 210Pb, 4CK) and artificial (137Cs,
MSr, 239+240Pu, 141Ara) radionuclides in environmental samples such

as mosses, sediments, soils.

Extraction chromatography, liquid-liquid extraction, selective

precipitation and electroplating were used to isolate the

radionuclides, except for gamma emitters which were detected by

gamma spectrometry. Alpha spectrometry were used to measure

the alpha emitters and low background beta detector to measure

the beta emitters.

The three items presented in the paper are the following:

1) By dating the vertical sections of some very old and high

mosses (Sphagnum Compactum and Sphagnum Nemoreum)

through the 210Pb method, it was possible to associate the

concentration peak of plutonium and 241Am to the fall out

deposition of the period 1960-1970 (open air nuclear tests).

2) In a sediment collected in the Venice lagoon a speciation for

Pu, M1Ara, U, Th, "K and 137Cs was carried out by a sequential

extraction system, together with the determination of some

important stable elements (Ca, Mn, Pb, Al, Ti, Ba, Fe) by AAS,

in order to get more information about the association and

chemical form of the different radionuclides in the sediemnt.

3) Some cultivated and uncultivated samples collected in the

Marche Region (Central Italy) were analyzed for 137Cs, '"Sr, Pu

and 241Am to demonstrate the effect of the agricultural activity.

The same radionuclides were also determined in an undisturbed

soil core to obtain their relative mobility.

Key Words: Radionuclides, Mosses, Soils, Sediments, Speciation.
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GENERAL INTRODUCTION

The radioecologycai programs which are caaied out nowadays have not only the goal of

determine the radionuclides concentration in envinronmental samples, but also to study the

involved mechanism such as distribution, mobility, speciation, contamination date, etc.

The present keynote lecture will describe three examples of radioecological studies carried

out at the Urbino University (Italy), namely.

1) Vertical distribution of plutonium and "'Am in two peculiar mosses growing in Italian

mires.

2) Concentration and speciation of plutonium, americium, uranium, thorium, potassium and
l37Cs in a Venice canal sediment sample.

3) Concentration and mobility of plutonium, americium, 90Sr and l37Cs in cultivated and

uncultivated soils of an Italian region.

1. VERTICAL DISTRIBUTION OF PLUTONIUM AND AMERICIUM-241 IN TWO

PECULIAR MOSSES GROWING IN ITALIAN MIRES (1).

The use of bioindicators to assess the occurence of airborne pollutants is receiving an

ever increasing attention, In fact, they can provide basic information" on the pollution levels

of airborne chemical species of present and past times. As is well known mosses present a

particular interest as bio accumulators (2-4).

Furthermore some peculiar old mosses appear to be particularly suitable to investigate

atmospheric contamination and they may provide a record of the history of the atmospheric

fallout, especially when collected in appropriate sampling sites (open areas, absence of trees

and vascular plants). Under such conditions some moss species are very effective collectors

of airborne materials, and they represent the most productive plant of these ecosystems to

reconstruct past pollution events.

Peats act as efficient filters in trapping airborne radioactive contaminants as well as natural

reservoirs from which these radionuclides are released and can be recommended as very

good biological indicators of plutonium and americium fallout caused by nuclear weapon

tests over long time scales.

To this purpose two species of mire mosses (Sphagnum Nemoreum and Sphagnum

Compactum) were taken into account to obtain the vertical profiles of plutonium and MIAm

and to date the different sections by the 21(>Pb method (5).

These environmental samples were collected in the North-East Alps (Italy) at 1500 m a.s.l.
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1 cm high section were obtained, mineralized and analyzed following the radioanalytical

methods reported in the literature (1, 6, 7).
210Pb concentration was also determined by gamma spectrometry and the relevant datation

curves obtained by following the method described in reference (5).

Fig.l shows that a concentration peak is present in both moss species at 5 cm and 15 cms

from the top for Sphagnum Compactum and Sphagnum Nemoreum respectively. From the

datation curves shown in Fig.2 it appears that these concentration peakes correspond in both

cases to the I960' years when a big deal of nuclear experiments in the open air was carried

out.

a

u
s .ou

I

0 2 4 6 8 10 12 14
Moss height (cm)

Upper Part Lower Part

i—i—i—r
10 12 14 16 18 20 22 24

Moss height (cm)

Upper Part Lower Part

Fig. 1: Vertical distribution of 239*240Pu and M1Am in two peat moss cores [Sphagnum

Compactum (A) and Sphagnum Nemoreum (B)] drown on the Alps (Northern

Italy).

These results show that these moss species are very effective accumulators of plutom'um and

americium. They may act as efficient filters in trapping airborne radioactive contaminants as

well as natural reservoirs from which these radionuclides are periodically released. Being

long-life plants, they can play an important role in cycling naturally or artificially enhanced

radionuclides in the atmosphere over long time scales.

2. CONCENTRATION AND SPECIATION OF PLUTONIUM, AMERICIUM,

URANIUM, THORIUM, POTASSIUM AND 137Cs IN A VENICE CANAL

SEDIMENT SAMPLE (8).

A study concerning the concentration and the migration of toxic and radiotoxic

elements in the Venice lagoon is now in progress in Italy. As a matter of fact Venice urban

structure consists of many large and small canals which receive local waste and materials
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Fig. 2: Sphagnum Compactum (o ) and Sphagnum Nemoreum (•) sections datation by the
210Pb method

transported by the tides reflux from the internal to external sites of the lagoon. These "water

roads" are periodically dredged to permit the internal navigation. The sedimentation rate is

highly variable and it depends on the waves flux and on the water speed during the tides

excursion. In the calm sites this rate is of the order of l-3g-cm"2.y-l. The urban run-off and

the sinking effect of the small canals cause a magnification of the atmosferic contributions

due to peculiar flow-rate and concentration properties. Therefore the use of this kind of

sediments is very promising for concentration and speciation studies of transuranic elements

and other radionuclides.

The analyzed sediment was collected in a small canal of the Venice central area presenting

low internal and external tide flow rates. We were told that the last canal cleaning by

dredging was performed on 1960. A 50 cm sediment core was collected onv1997 by a

plexiglass corer (i.d. = 10 cm) and it was subdivided into five 10 cm high transversal

sections by extrusion. After sampling the sections were stored under a nitrogen atmosphere

to prevent chemical variations.

The section, corresponding to a 40-50 cm depth was chosen for the speciation experiments

as it showed the maximum radionuclide concentration values and it coresponded to a period

not involved by the Chernobyl accident. The total concentration of the involved

radionuclides and stable elements is shown in Table 1. For the used radioanalytical

techniques see references (9-12).
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Table 1: Radionuclides and stable elements total concentrations (40-50 cm section)

Radionuclide

239+240P u

238pu

241Am

238u

232 T h

40K

137 C s

Concentration
(Bq/kgd)

1.03±7.21 10-2

2.19 10'2±4.95 10"3

3.37 10-^2.70 10"2

28.84±1.62

21.42±1.93

376.05±12.78

9.78±0.78

Stable
element

Mn

Pb

Ba

Ti

AI

Fe

Ca

Concentration*
(ppm)-

228

1,097

1,427

4,844

22,766

38,501

74,219

* The associated error is < ± 10%

As is well known the behaviour of radionuclides in the environment is strictly connected

with their physico-chemical form or speciation. One of the best methods to perform indirect

researches on radionuclide speciation in soils and sediments is the sequential extraction or

"fractionation" technique (13-17). By determining some important stable elements in the

sample it is also possible to get more information about the geochemical association of the

different radionuclides. One of the best sequential extraction protocol consists of some

operationally-defined fractions. To this purpose five sequential leachings (15) were

performed twice on the original sample by using the experimental conditions shown in

Table 2. A chemical treatment by concentrated acids, HF and NaOH was then carried out to

completely solubilize the residue (fraction 6).

The relevant results are described ahead and indicated in Fig.3.

- Thorium distribution

About 60% was found in the residue, and about 20% in the acid soluble fraction. This is

certainly due to the fact that being thorium a naturally occurring radionuclide, it can be

associated to relatively insoluble mineral phases like alumino silicates and refractory oxides.
232 228

The thorium alpha spectrum showed that Th was in equilibrium with Th confirming its

natural origin.
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Table 2: Sequential extraction method applied to determine the fractionation of

radionuclides and stable elements (15)

DESIRED
GEOCHEMICAL

PHASE

1. Water soluble/exchangeables

2. Carbonates

3. Oxides (Fe/Mn)

4. Organic matter

5. Acid soluble

6. Residue

EXTRACTION REAGENT
(200 ML)

H2O/MgCl2 0,4 M-pH 4,5

NH4AC 1 M/25% HAc-pH 4

NH2OH HC10,04 M/HAc 25%-pH 2

H2O2 30%/HNO3 0,02 M-pH 2

HNO3 8 M

HNO3/HCl/HF/HClO4+NaOH fus.

TEMP
(°C)

room

room

room

85

room

400

TIME
(HRS)

1

2

5

5

1

0,25

- Uranium distribution.

The two readiest fractions were the residue (45%) and the carbonate fraction (30%)

indicating that the more insoluble fraction is associated with refractory elements (Al, Ti, Ba,

K) and the other one with Ca carbonates. Also in this case the alpha spectrum indicated the

natural origin of uranium (234U in equilibrium with 238U).

- Plutonium distribution

This antropogenic actinide element was present predominantly in the second (67%) and

fifth (25%) fractions. This kind .of fractionation could mean that plutonium is associated

expecially with carbonate and Fe bearing minerals.The same conclusions were drown by

Schultz at al. (18) for the an IAEA standard sediment coming from Sellafield (U.K.).
238 239+240

The ratio Pu/ Pu was found to be 0.02 indicating that plutonium had only a fall out

origin by nuclear weapon tests.

- Americium distribution

More than 90% of this antropogenic actinide element was present in the second fraction

showing very clearly that americium is associated to carbonates. The fractionation profiles

of stable Ca, Mn and Pb, which have a similar trend, indicate that the carbonate absorption

may play an important role for the partitioning of these elements.
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239(240) 23S . . . „„ , , .

The Pu, Pu, Am, Sr and Cs mean concentrations in cultivated and uncultivated

soil samples (0-5 cms) are given in table 3. The results show that the concentrations of the
239(240) . . .

analyzed radionuclides in cultivated soils are lower by a factor of 4-8 for Pu and Am,

3.5 for 90Sr and 8.1 for 137Cs if compared with the uncultivated soils.

From these results the following conclusions can be drown:

1. The radionuclides concentration in the first 5 cms is higher in the uncultivated soils

showing that the cultivation activities have a mobilizing effect.

2. In the cultivated soils the concentration values are less scattered showing an

homogenizing effect of the agricultural activities.

3. Good correlation trends between the different radionuclides were observed in both the

kinds of soils.

4. The radionuclides ratios show clearly that the radiocontamination is due mainly to the

weapon test fall-out. .

Fig. 4 shows the concentration vertical profiles of 239*24OPu, ^'Am, '"Sr and 137Cs for a 45 cm

deep forest soil core and Fig.5 reports the relative percent distribution.

From these results the following conclusions can be drown:

a. The greatest concentration values (~ 40%) were found at a depth interval of 5-10 cms for
241 90 137

Pu, Am and Sr; on the contrary the Cs highest concentration was found between 2

and 5 cms.
241 137

b. 90-97% of the activity was found in the first 20 cms for Pu, Am and Cs; the relevant
90

Sr value was lower (68%).
233 239(240)

c. The ratio Pu/ Pu is constant (~ 0.03) showing no isotopic effect and the same

contamination origin (weapon tests fall-out).

d. The relative mobilities are in the order:
90 241 239(240) 238 137

Sr> Am> Pu, Pu> Cs
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Table 3: Plutonium, 241 Am, 9OSr, 137cs mean concentration values (Bq-kg" *) and relevant ratios for uncultivated and cultivated soils (first 5 cms).

OO
VO

SOIL

KIND

Uncultivated
soils

(n = 15)

Cultivated
soils

(n = 14)

Uncultivated

Cultivated

239(240)pu

0.72

0.15

4.8

238P u

0.02

0.005

4.0

241A m

0.24

0.05

4.8

90Sr

5.40

1.53

3.5

137Cs

62.3

7.70

8.1

238P u

239(240)Pu

0.03

0.03

1.0

241 A m

239(240)Pu

0.35

0.32

1.1

90S r

239(240)Pu

8.00

11.20

0.7

137Cs

239(240)Pu

97.5

57.6

1.7

90Sr

137C s

0.09

0.20

0.4
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ABSTRACT

Levels of natural and man-made radioactivity in soil and plant of Southern Sinai
region are investigated by using y- spectrometric analysis. The found average
concentrations of 226Ra (238U) series, 232Th series and 40K are 20.2, 17.0 and 378.8
Bq/Kg respectively. The fall out I37Cs is the only man-made radionuclide detected
with concentrations not exceed 3 Bq/kg (dry weight) in both soil and plant samples.
The effective dose rate equivalent are 106 , 129, 114 and 104 nSv/h for El-Tour,
Sharm El- Shaik, Nwuiba and Taba as detected by the corresponding stations of the
National Radiation Monitoring Network (NRMN) respectively. The radium
equivalent (Req) and absorbed dose rate resulted due to the natural radionuclides in
soil are also calculated and given .

Keywords:- Radioactivity Monitoring / HpGe Spectrometer / Radiation Monitoring Stations

INTRODUCTION

Sinai is a peninsula of 60,000 km2 area located at the north east of Egypt. This Asian part of Egypt
has a growing importance in the plans of economic development of the country especially with respect
to the national and international tourism on the coasts of the Suez and Aqaba gulfs and around
St. Catherine monastery.

The Egyptian national radiation-monitoring network (NRMN) was installed to monitor the radiation
background and detect any radioactive releases or contaminations due to the human activities.
This work was initiated to:-
1- Determine the base line natural radioactivity levels of the South Sinai region.
2- Evaluate the abnormality observed in the radioactivity levels of El-Tour, Sharm El- Shaik, Nwueiba,
St. Catherine and Taba as detected by the gamma radiation monitoring network stations,
3- Detect any radioactive pollution in the frame of the above mentioned objectives.

EXPERIMENTAL WORK

Distribution of the radiation monitoring stations and site of the collected environmental
samples of South Sinai region are shown in the figures 1 and 2.

/- Sampling and sample preparation:-
The representative soil samples have been collected from 50 sites from adjacent region to the Aqaba

Gulf, Suez Gulf and from the center of South Sinai (Sant -Catherine). The samples (soil and plant) were
systematically collected. The samples have been collected each 20 Km as practically as possible. The
soil samples were also collected around the monitoring stations by using a template of

EG0100090
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25 cmx25 cm with 5 cm depth. Preparation of the collected samples for y-ray measurements was carried

out by weighing and drying of the samples in an oven at a temperature of 110 C [IAEA(1988), J.Gill
et al (1988)]. The samples were reweighed to determine the water content, then homogenized, minced
and finally sieved through 2mm meshes. Certain volume of the prepared samples was weighed, packed,
Marinill-type counting containers (1000 ml capacity) and sealed . The samples were carefully sealed for
4 weeks to reach secular equilibrium between 226Ra and 232Th and their respective progeny to be ready
for y-ray measuring using HPGe detector [Mollah S. et al.(1987)]. A part of each soil sample was taken
for determining the soil texture, Ca CO^ content, PH and organic matter content.

Thirteen plant samples, Zygophellum album which is common in both desert and salt marshes were
also collected. The samples were collected from square of one meter and cut a few centimeters above the
ground [Hans Tovedral (1986)]. The plant samples were weighed, dried, minced , homogenized, packed
and then sealed in 100 ml beaker to be analyzed by gamma spectrometry.

2- Systems Set-itp :-
The gamma system used in analysis of the collected samples is CPVDS 30-30195 coaxial Hyper

pure germanium detector. The detector has a photo peak efficiency of 30% and energy resolution of
1.95 KeV FWHM for the 1332 KeV gamma line of w Co. The detector is shielded with a cylindrical
lead shield to reduce the y - ray background. The shield is internally lined with Cu and Cd cylindrical
sheets. The relative efficiency calibration of the spectrometer was carried out using a226Ra point source
to cover energies from 186- 2500 KeV. These relative efficiency were normalized using chemically pure
KC1 dissolved in distilled water. Method of calibration is given in details in a previous work of one of
the authers [ El-Tahawy M.S. et al (1992)].
The gamma transitions of 1460 KeV and 661KeV were used to represent ^K and 137Cs. The gamma
lines of 338.4 KeV (2I4pb) 609.3 KeV (214Bi) and 351.9 KeV (228Ac) were used to represent Ra-226
series ( U-238 daughter) , and 583.1 KeV (208TI) and 911.1 KeV (228Ac) were used to represent the
232Th series . The system detection limits for the worst measuring conditions (the smaller sample volume
and the minimum measuring time) are 3, 0.7, 0.6 and 0.1 Bq/1 for 226Ra, 232Th,40 K and137Cs
respectively.

3-Quality control measurements :
Participating in intercomparison exercises with the IAEA.In table (1) some results of analysis carried
out by CLERMIT ( Central Laboratory for Environmental Radiation Measurements Inter-comparison
and Training runs organized with Analytical Quality Control Servic (AQCS) of the IAEA are given as
quality control. .

4- Gamma Radiation Monitoring Stations :
The gamma radiation monitoring stations are distributed all over Egypt. The gamma monitoring station
is model ERM-2 of a self- contained radiation measurement system designed to produce continuous on-
line quantitative assessments of environmental gamma radiation levels. The ERM-2 monitor is
comprised of a model Hp-270 energy compensated halogen quenched GM tube type detector coupled to
a single board data acquisition microcomputer with built in computer controlled high voltage supply.
These components are protected by a sealed and insulated weatherproof enclosure. The ERM-2
continuously stores approximately 1500 of the recent data points in its internal memory ; about 15 days
worth of data if the normal 15 minutes interval is specified. The ERM-2 stations are linked into a
system via telephone modem connections to a central computer control in Cairo. The central computer
generates visual displays of current and historical data, archived data and generates also reports for all
the system. The calibration of gamma monitor is performed in two steps:
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4-1) Electronic calibration:-
Two working parameters should be adjusted in order to make electronic calibration

A) High voltage calibration;-
The purpose of this adjusting is to provide the correct operating voltages for the detector which is

required for proper operation and regulated to enhance operating stability. For high voltage calibration a
high voltage probe is used with multimeter. Change the high voltage of the unit from 600V to 1500V if
the multimeter reading is different from +15V. The voltage via the GAIN is adjusted and LEVEL
potentiometers.

B- Threshold (signal calibration) input
_The pulse threshold is calibrated by using mini-pulsar model Map-2. In this calibration mini-purser is
connected to the unit and adjust the input signal to be 10 mV. After executing both calibration , the system
become ready for the exposure calibration.

4-2) Exposure rate Calibration
This type of calibration is carried out in a free air at the site. A tap meter and a certified calibration
gamma source are required. Before beginning the detector calibration the following parameters should
be set to the correct values. These correct values are shown in this table .

Parameter
Operate mode
Unit
Alarm setting
Calibration constant
Dead time
High voltage
Background (BKG)

Value
Scalar mode, average rate
|nSv/h
1.00xl0VSv/h
7.00xl09

1.22xlO"4Sec.
900 V.
1x10^ uSv/h or zero

4-3) Values of HP-270 GMdetector parameters

Calibration Constant and Dead Time. Correction
Place the HP-270 detector in a 20 mR/h (0.2 mSv/h) field and adjust the calibration until the display

read is 2 x 10+2 u-Sv/h. After that put a source of 10 m Ci t37Cs at one meter distance far from the HP-
270, as recommended in the source calibration certificate for a low count rate. Adjust the calibration
constant until the displayed count rate in the range from of 4.9 xlO'9 to 9.1 xlO^9 these values are
within ±5% of the certified value at this distance. To put dead time value, the detector is placed at a
closer distance from the source to get a higher count rate. Adjust the dead time till the display reads
1.00xl04|aSv/h. The dead time must be between 0.84xl0'4 to 1.5X10"4 Sec. at this distance. Repeat the
above steps two or three times until the display reads accurately in each field with no change in the
calibration constant and dead time. Then run a plateau for the GM-detector, once without the source
and once with the source. The slope of the plateau must be less than 10%. The calibration constant is
entered into the system parameter file of the ERM-2 computer either locally or remotely at central
computer. The calibration of the gamma monitoring stations and more details about their components
are given in other work [Nawal M. (1996)].
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RESULTS AND DISCUSSION

Results of the mechanical and chemical analysis of the collected soil samples show that they are sandy
in nature with alkaline medium (average PH 8. l)and contain high amount of CaCO^ (1.4
% to 49.2%).
The gamma radiometric Analysis of the soil samples collected from South Sinai; Suez Gulf,
Aqaba Gulf and Sant Katherine areas are given in tables (2-4) .The average activity
concentrations of the Suez Gulf area (21 samples) are 22.4, 18.7, 409.8 and 1.8 Bq/Kg
for^Ra ( ^ U ), ^ T h , 40K and 137Cs respectively.
The gamma measurements of the soil samples (20 samples) from the Aqaba Gulf area show
that the average concentration of 226Ra ( ^U,232™, 40K and I37Cs are 19.0; 15.6, 411.4 and
2.6 Bq/kg respectively. The Soil sample( 9 samples) from Sant Catherine area show that the
average concentration of 226 Ra ( ^ U ) , ^Th , 40K and I37Cs are 15.5, 14.5, 225.3 and 2.1
Bq/kg respectively The average activity, concentration values of 226Ra (238U),232Th and40K, in
all the collected samples are within the typical international levels reported by UNSCEAR[9];
35, 35 and 700 Bq/kg for 226Ra (238U) , 232Th and40K respectively.
It is observed that the average effective dose equivalent rates as detected by the Egyptian
radiation monitoring network ranged from 70.6 nSv/h to 128.8 nSv/h with an average effective
dose equivalent rate 65.1 nSv/h.as shown in fig(3). This average value is very close to the
average effective dose equivalent rates 76 nSv/h for terrestrial and cosmic radiation in area of
natural background radiation as given by UNSCEAR [UNSCEAR( 1988,1993)] respectively.
Some abnormalities of the average effective dose equivalent rates are observed in South Sinai
stations. The average values are 105.5, 128.8, 113.8 and 104.4 nSv/h for El- Tour, Sharm El-
Shaikh, Nwueiba and Taba stations ( code no. 12,13,14,15 respectively - Fig3).
The observed high rates in these locations are often due to the presence of the phosphate and

granite rocks in these areas. Since it is known that phosphate rocks are highly enriched with U
[B.A.Marouf et al.] and the granite rocks (especially the young type) represent the highest
radioactive content rock type [A. Ayalon et al.]. The increase of the effective dose equivalent
rates, as measured by the South Sinai stations, may be also to the relevant height of these areas
above the sea level, where increase of the cosmic ray contribution.

For the soil samples, the total effective dose rate and the radium equivalent resulted due to
the natural radionuclides are calculated. The average values of the effective dose rate in the soil
samples collected around the gamma stations of El-tour, Sharm El-Shaikh, Nwuieba and Taba
are 47.94, 76.86, 28.24 and 29.38 nSv/h respectively (table 5).

The average effective dose equivalent rates as calculated from radionuclides content in the collected
samples are compared with the monitoring stations observation (cosmic, terrestrial and fall-out gamma
radiation) and depicted in fig. (4). It should be mentioned that, the calculated effective dose rates due to
the terrestrial gamma ray are excluding the cosmic radiation and 137"Cs, although their contribution to
the total dose. The average activity concentration of radionuclides 226Ra (mU), m T h ^ K and137Cs
in the plant samples are 4.41, 5.57, 629.15 and 1.2 Bq/Kg respectively. The data obtained are given in
table (6). The levels observed are normal and within the international levels [UNSCEAR(1988,1993)].
The presence of man made 137Cs in the collected samples is low and mainly attributed to fall-out of the
old nuclear weapon testing debrises , where the short-lived fission product m C s is not detected.
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Table (1) Selected results for some inter-comparison exercise.

Sample code

Soil 6-IAEA
(Soil)

SD-N-2-IAEA
(Sediment)

IAEA-152
(Milk powder)

IAEA-154
(Whey powder)

4 0 K

354.5±28.1

231.0±29.0
220.0 (189 - 226)

533.4+42.7
539(510-574)

1532+102.7
1575 (1511 -1644)

137Cs

52.9±3.9
53.7(51.4-57.9)

0.88+0.20
0.8(0.5-1.0)

1983.2±110.0
2129(2053 - 2209)

3491.9+189.3
3749 (3613 - 3887)

2 2 6Ra

71.6±6.4
79.92(69.6-93.4)

3.7+1.0

232T h

29.0±3.4

4.62+1.25
4.9(4.5-5.4)

The reference values and confidence range are given in bold



Table ( 2 ) The activity concentrations of 226Ra (238 U ),232 Th series,40 K
and 137Cs in Bq.Kg^ (dry weight) in soil samples from Suez Gulf

Site No.

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

21

Average

238 y

14.0+1.2

19.9+0.9

21.0+1.5

11.1+0.4

20.5+1.3

25.6±0.8

16.9+1.0

16.3+1.9

20.8+1.2

24.4+2.0

21.4+1.4

24.9±1.4

22.9+1.7

28.7±1.1

19.7±0.1

16.1+1.1

26.0±2.9

44.2±2.4

23.7+1.4

22.8±1.4

28.5+0.9

22.4

232 T h

9.0+1.3

9.1±0.7

10.0+1.2

4.1±0.8

6.3±1.6 .

6.5±0.6

11.9+0.9

14.0+2.1

18.3+1.6

9.5±0.6

14.1+1.3

16.9+1.4

14.2+0.4

25.9+0.8

26.3+0.8

23.5+2.1

28.3±1.2

61.39±3.5

26.5 ±2.4

23.8±1.4

33.2+1.0

18.7

40 K

166.3+10.0

120.0+5.9

136.2+11.0

524.9149.8

64.115.7

523.4128.2

200.0110.8

184.9+16.7

269.1115.3

125.216.2

122.617.4

197.4111.7

240.119.2

480.8+16.8

678.3120.4

761.1122.8

539.3116.2

622.0126.1

723.5121.6

707.2127.2

1218.7+36.6

409.8

137 Cs

4.710.6

1.210.2

1.410.3

2.310.8

1.010.0

1.710.5

1.510.2

2.110.4

1.110.2

0.610.2

3.612.8

1.610.7

2.210.5

0.910.6

1.8

The minimum and maximum values are given in bold
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Table (3) The activity concentrations of ^ R a (238U),232Th series, ^K and 137Cs in
Bq/Kg (dry weight) in the soil samples collected from Aqaba Gulf

Site No.

22

23
24

25
26

27

28

29
30

31
32

33
34

35

36

37

38
39
40
41

Average

238 U

31.912.9

29.5+1.5

36.412.5

28.311.7

12.8+1.2

35.9±0.9

4.1±0.5

8.2 ±1.0

12.612.3

31.711.0

4.810.3

7.610.5

14.3+0.6

18.010.8

14.510.6

22.010.9

13.611.2

8.811.0

23.411.5

22.311.4

19.00

232 Th

25.814.6

27.013.2

23.112.1

32.112.9

13.412.8

31.311.4

3.6 10.4

6.3 ±0.9

9.1 ±0.6

21.110.6

6.1210.4

9.2 10.4

12.9+0.9

19.311.0

9.410.5

23.611.1

13.7+1.5

7.211.1

12.111.2

4.5 10.8

15.5

40 R

807.6137.8
1378.7182.0
652.9139.2
770.0123.0
107.9110.2
611.0135.4

59.112.6
55.516.0
67.617.3

561.5116.9
57.312.6
70.613.3

339.1111.9
788.4123.6
194.317.1

493.6+14.8
415.8121.5
546.6+23.2
198.3111.8
52.0+4.9

411.4

137Cs
—
—
—

2.110.6
—

—

—

3.210.4
1.0+0.3
1.210.2

—

—

—

4.110.3
4.010.2
4.710.3
1.910.7

—

2.410.4
1.410.0

2.6

The minimum and maximum values are given in bold.
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Table (4) The activity concentrations of 226Ra ( 238 U ),232 Th series,40 K and 137Cs in Bq/Kg
(dry weight) in the soil samples collected from Sant-Catherine areas.

Site No.
42
43
44
45
46
47
48
49
50

Average

238 y

21.9±1.3
13.5±0.9
7.3+0.4
6.6±0.4
7.6+0.5
6.9±0.5

27.2+0.8
27.5+1.2
21.210.6

15.8

232 T h

8.8+1.1
6.4 ±0.9
6.9 +0.6
7.5 +0.5
9.2 ±0.4
15.2±0.7
32.1+1.3
34.2+1.5
10.4±0.6

14.5

40 K

116.1+10.4
142.1+9.3
21.313.2
38.2±2.3
70.6±3.3

98.9±10.1
799.0+12.7
646.1+19.4

95.4±4.8
225.3

137Cs

3.2±0.0
1.0±0.2
3.9+0.3
2.1±0.2
1.0+0.9

—

2.5±30.0
1.4+0.3
1.8+0.2

2.1

The minimum and maximum values are gjven in bold.

Table (5) the dose rate in nSv/h and radium equivalent (Bq/kg) of the soil samples
collected around gamma monitoring stations in Southern Sinai

Location

El-tour

Sharm El-
Shaikh

Nwueiba

Taba

Site No.

12
13
14
15
16
22
23
24
25
32
33
34
35
38
39
40
41

2 3 8"U

11.32
11.22
14.05
9.63
7.88
15.64
14.46
17.82
13.87
2.33
3.74
6.01
8.83
6.67
4.32
11.49
10.91

232- T h

12.19
9.53
17.35
17.59
15.77
17.26
18.12
15.49
21.52
4.10
6.16
8.62
12.93
9.17
4.81
8.09
2.99

40- K

9.47
11.53
23.08
32.56
36.53
38.76
66.18
31.34
36.96
2.75
3.39
16.28
37.82
19.96
26.24
9.52
2.49

*Racq

(Bq/kg)

64.3
61.7
87.3
109.4
108.4
130.9
174.4
119.7
133.9
22.2
26.2
58.8
106.2
65.2
61.2
56.5
32.7

Dose rate
(nSv/h)

32.98
32.28
54.48
59.78
60.18
71.66
98.76
64.65
72.35
9.18
13.29
30.91
59.58
35.8

35.37
29.10
16.39

Average
dose rate
(nSv/h)

47.94

76.86

28.24

29.38

Where; C Re, Qh, and CK are the activity concentrations of 226"Ra, 232Th and 40~K in Bq/Kg.
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Table (6) The activity concentrations of 226Ra (238U) series, 232Th
series, '"'Kand 137Cs in Bq/Kg in Zygophyllum plant samples
from south of Sinai

Site No.

5
7

12
13
14
16
17
22
23
25
37
39
43

Average

238 U

2.9+0.8

l.l±0.3 j
2.6±0.3
4.1±0.2
4.3+0.4
2.5±0.5
8.8±1.8

11.9±1.3
3.3±1.4
2.6±0.3

4.41

232 Th
1.2±0.5

3.7+0.3
7.3+0.8
9.110.9
5.611.7
6.0+1.8
8.8+1.2
3.710.7
4.710.3

5.57

40 K
708.9120.4
34.48+3.6

35.6+0.9
1680.0192.5
341.119.2

363.4+13.2
336.0+15.6
798.0+42.6
892.0166.0
783.0159.4
1380.0+61.2
783.0159.4.

43.513.6
629.15

137Cs .

1.310.2

1.810.2
0.1+0.1
1.3+0.2
0.610.2
2.1+0.6

1.2
The nunimum and maximum values are given in bold
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Fig 4 :The average effective dose rate due to the external gamma radiation
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Abstract

In the frame of establishing an environmental monitoring program related to

environmental specimen banking in Egypt, some candidate specimens from the aquatic

environment (fish muscle, fish liver; mussels) were investigated. The selection of

specimens and sampling sites is described. Specimens are chemically characterised with

respect to some major and trace elements and the results are compared with data obtained

from comparable specimens collected in aquatic ecosystems of Germany.

Key words: element determination, environmental monitoring, environmental specimen

bank, mussels, fish,

Introduction

Environmental specimen banking (ESB) allows to create a systematic repository of

representative environmental specimens, which are collected regularly from different

ecosystems, and stored at low temperature (<-150 °C ) so that chemical changes can be

avoided over a period of at least several decades [1, 2]. It is suitable for identifying

environmental changes since the time of sampling independently from the availability of

analytical methods at that moment. It also allows retrospective investigations of

compounds, which were not yet known at the time of sampHng or have not been

considered to be significant. Furthermore, an Environmental Specimen Bank can

contribute to the following tasks: continuous monitoring of the concentrations of

currently known pollutants by the systematic characterisation of specimens prior to their

storage, determination of trends of local, regional, and national developments in pollutant

load and provision of reference specimens for analytical process developments and
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specimens for analytical process developments and quality control. Since the concentration of

environmentally relevant substances in the individual compartments of the environment (e.g.

air and water) is usually low, the role of representative biological samples with a considerable

enrichment ability for the environmentally interesting substances increases. They should be to

some extent tolerant, well adopted and respond to the changes of substance's concentration

[3].

The aim of the work is the comparison between fish and mussel samples collected under

controlled conditions (Standard Operating Procedures, SOPs) in Egypt and similar specimens

collected in aquatic ecosystems of Germany.

Sampling areas and specimens

A network of ecologically significant areas in Egypt including the principal ecosystems are

considered for the future phase of an Egyptian Environmental Specimen Bank. For this work

the investigation of two sampling sites with possibly elevated contamination burden is

described (Fig. 1). The River Nile as a limnic ecosystem is the main water source in Egypt

and should be regularly controlled for contamination from industrial, municipal, and

agricultural wastes. Muscle and liver of eel (Anguilla anguilla L.) were sampled from Giza as

a middle point between upper Egypt and the Nile Delta. The Suez Canal affected by high

shipment traffic was chosen to be a sampling site with elevated pollution. Trout (Salmo trulia

L.) muscles were collected from El-Ismailiah city while common mussel {Mytilus

galloprovincialis L.) samples were collected from El-Suez city. These specimens are

dominant in the chosen sampling areas and are comparable with samples collected in

Germany.

Sampling of specimens, transportation, storage and characterization of samples are performed

according to the Standard Operating Procedure (SOPs) of the Federal Environmental

Specimen Bank of Germany (FESB) [4, 5].
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Sampling, sample processing and storage

Mussel

Mussels of about 3-4 cm length were sampled, washed in sea water and transported in

polyethylene containers to the laboratory to be dissected [6]. The tissue (about 315 g) was

then transported in a special glass container in the gaseous phase above liquid nitrogen at

temperatures < -140 °C to the ESB Juelich, Research Centre Juelich, Germany, to be

homogenized and stored [5]. The water content of mussel tissue samples was measured to be

about 80.5%.

Fish

The biological data of the sampled fish as length, fresh weight, sex, and mass of muscles are

presented in Table 1. Fishes were transported alive - in sea- / river water - to the laboratory,

dissected, and directly deep frozen in the gaseous phase above liquid nitrogen [5]. All

individuals from one sampling area were combined together to produce a representative fish

sample. These samples were transported under cryogenic conditions to the ESB in Juelich.

There, they were homogenized and stored/according to the FESB guidelines [5]. The water

content offish muscles sampled from the Suez Canal and the River Nile was measured to be

78.4 % and 81.3 %, respectively.

Methods

The initial chemical characterization of the samples included the following elements: As, Ba,

Ca, Cd, Co, Cu, Fe, K, Mg, Mn, Na, Ni, P, Pb, S, Se, Sr, and Zn. For analytical sample

preparation, all freeze-dried samples were digested using nitric acid (0.2 g sample and 2 ml

HNO3) in a high pressure digestion system (digestion temperature 300°C for mussels or

320°C for fish). For the determination of Ni and Co, adsorptive stripping voltammetry

(AdSV) was used while for Cd and Pb differential pulse anodic stripping voltammetry

(DPASV) was performed using 693 VA Processor with 695 Autosampler (Metrohm,

Germany). The digested samples were also analysed for Ba, Ca, Cu, Fe, Mg, Mn, Na, P, S, Sr

and Zn using an inductively coupled plasma atomic emission spectrometer (OPTIMA 3000
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DV and PLASMA 40, Perkin Elmer, Germany). Arsenic and selenium were determined by

hydride generated atomic absorption spectrometry (AAS 4100, Perkin Elmer, Germany). The

detailed analytical parameters are described elsewhere [5, 7].

Results and Discussion

Mytilus galloprovincialis L.

Information is accruing on trace element content of many marine molluscs in various areas of

the Mediterranean Sea [8-10] but there is a definitive lack of data from species in Egypt.

Element concentrations found in mussel tissue collected from El-Suez city are presented in

Table 2. However, trace element concentration in these organisms can be influenced by many

environmental and biological factors which must be carefully considered. Due to the one time

sampling no seasonal fluctuations could be studied and the comparison with literature data

can only be an indication and help for future investigations. From the presented data it is

obvious that the concentrations of Sr and Ca were higher in mussels from Egypt than found in

mussels from the North Sea [12]. The opposite situation for sodium allows the assumption

that these differences are connected with the different concentrations of these elements in the

surrounding waters. High concentrations of phosphorus found in mussels from Egypt can

indicate the water pollution by fertilizers. Elevated values (up to 300 ug/g d.w.) for

manganese were found by Regoli and Orlando [9] in digestive gland of Mylulis

galloprovincialis from polluted areas. Lower values for Zn, Cd, and Pb found in sample from

Egypt indicated that no significant heavy metal input into the ecosystem exists in the

sampling area. Only for Mn, P and As perhaps a pollution problem may occur.

Fish

Table 3 shows the concentration of some of the bulk and trace elements among two different

bioindicators, trout muscles, and eel liver from Egyptian sampling sites. Similar

concentrations in both bioindicators were found for following elements: Fe, Mg, K, P, S, and

Pb. In the liver sample low values with increasing difference were obtained for Zn, Na, Ca,

Sr, and As. These data are being in accordance with the results presented by Gomaa [13]

where the concentration of Zn in fish muscles from the Suez is less than that in the Nile River.

A comparison between element concentrations in trout muscle with the bream muscle

{Abramis brama L.) from the River Rhine (Table 3) demonstrates that in the sample from
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Egypt elevated levels were observed for Zn, Ca, Na, and As.

The concentration of As in fish liver was about 3.9 % of that measured in muscle while the

concentration of As in fish muscle presented 6.2 % of what has-been detected in mussel. In

Fig. 3 three selected bioindicators are presented with respect to their As concentration.

Conclusions

Using nearly the same sampling techniques and processing the sampled material according to

accepted guidelines such as the Standard Operating Procedures of the Federal Environmental

Specimen Bank of Germany allows the comparison not only of data but although the

comparison of material which is unchanged in its composition because of using techniques

such as the cryogenic cooling chain from the sampling to analytical sample characterisation.

From all the analyzed elements in the Egyptian samples only As was found in the mussels and

also in the fish muscle in elevated concentrations in comparison with literature data. Further

studies should be invented to identify the source of this findings.
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Tables

Table 1: Biological data of Egyptian fish samples

location

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Suez

Nile

Nile

Nile

specimen no.

S 1

S2

S3

S4

S5

S6

S7

S8

S9

S 10

S l l

S 12

N 1

N 2

N3

total weight

[g]

18

25

21

24

23

22

22

16

17

15

27

24

235

162

253

muscles mass

[g]
6

4

2

4

3

5

4

2

4

4

6

5

86

57

95

length

[cm]

10.0

11.5

11

11.5

11

10.5

10.5

10

9.5

9

11.5

12

27

28

34

sex

m

m

f

f

m

f

f

m

f

m

m

f

f

m

m

m = male, f = female
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Table 2: Concentration of trace elements based on dry weight in soft parts of Mytilus from El-
Suez city (n = 4)

Element

Zn
Ba
Mn
Fe
Sr
Ca
Na
Mg
K
P
S
As
Se
Cd
Pb
Cu
Ni
Co

c

49.5
3.5

319.5
301.5
178

26.9x10'
20.9x10'
5.38x10'
13.4x10'

15.1x10'
21.6x10'

25.9
2.97
0.221
1.99
7.1

7.13
2.11

RSD

[%]

4.9
8.1

6.33
3.9
3.4
4.9
2.9
4.6
3.6
5.3
1.7
3.9
1.7
2.4
5.5
10
3.7
3.3

Literature

[^g/gl

97-644 18j

3.3-70 l 8 J

150-2220 l8J

25- 30 ll0J

(2.8-8.8)xlO i l l l>12J

(27-74)xlO J l u > U J

(4.2-10.2)xl0' l H 'U J

(8.8-13.6)xlO' l u 'U J

(6.1-7.6)xlO' l l M 2 J

(16-2O)xlO' lI1>UJ

(7 .8-16.5) l l U 2 J

2_4Ui]

0-4 - 5.9 ISJ

2.7-117 ISJ

2.4-154 l s J

0.9-14.1 ISJ

0.5-7.4 lKJ
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Table 3: Mean concentrations of trace elements based on dry weight in trout muscle {Salmo
trutta L.) from Suez and eel liver {Anguilla anguilla L.) from river Nile (n = 4)

Element

Zn
Fe
Sr
Ca
Na
Mg
K
P
S
As
Pb

Trout muscle

40.1
32.9
37.2

6.57 xlO J

4.58 xlOd

1.9xlO j

18xlO J

13.2 xlO J

12.3 xlO3

1.6
0.25

Literature

[H]

15-23
24-42

(1.6-3.3)xlOJ

(l-2)xlOJ

(1.2-1.4)xl0J

(14-19)xlO3

(9-13)xlOi

(9-12)xlOJ

0.3-0.6

Eel liver

l^g/g]

25.8
30.6
3.84

1.13 xl0 J

1.2x10'
1.52 xl0 J

20.1 x 10J

10.4 x!0 J

9.77 x!0 J

0.062
0.25
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Figure captions

Fig. 1: Location offish and mussel sampling sites in Egypt.

Fig. 2: Concentrations of As in Egyptian fish liver, fish muscles and mussel.
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Mediterranean Sea
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mussels
25.9 ±1.0 fig/g

fish muscles
1.60 ± 0.03 jig / g

\ 7
fish liver

0.061 ± 0.001 ng/g
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ABSTRACT

Some industries as cement, ceramic and phosphate fertilizer production use raw materials
containing low concentrations of natural radioactivity, which concentrate and release
radionuclides with enhanced concentrations to the environment. NORM wastes produced
annually in huge amounts could reach levels so high that the existing low level radioactive
waste (LLRAW) facilities would be readily occupied, if controlled disposal procedures were
not adopted. Also NORM wastes may be used as raw materials in other industries especially
in building and construction industries.

Complete informations about NORM wastes are not enough in key industries. In this
article raw materials in cement industry (raw meal), ceramic ore (kaolinite) and ceramic
glaze (bauxite) as well as phosphate, and also waste products in cement industry (klinker and
dust), and phosphogypsum were analyzed by high resolution gamma spectrometry to
evaluate the natural radionuclide contents in such samples.

Key words: natural radioactivity, NORM, ceramic, kaolinite, bauxite, phosphate,
phosphogypsum, cement.

INTRODUCTION

Naturally occurring radioactive material (NORM) wastes is the main source of about
80% of human exposures. Some industrial activities as the production of phosphate fertilizers
production, cement and ceramic industries produce unwanted byproducts. NORM cannot be
ignored even being lower than the exempt concentration levels (ECL'S)(I).

Construction industries need large low cost amounts, in the other hand large volumes of
NORM wastes produced annually from industrial processes encourage the use of these
byproducts for construction purposes. Some byproducts have higher concentrations of
radionuclides than the raw materials used in these industries. These byproducts may increase
the human exposure to natural radiation when used in construction industry.

In this article high resolution gamma spectrometry were applied to measure the contents
of radionuclides from the uranium 238-radium 226,thorium232 and uranium235- actinium
series as well as 40K in,

[1] Raw meal, used in cement production which is a mixture of coal, gypsum
[CaSO4.2H2O] cement rock and limestone [Ca COj]. Also three other samples, the produced
cement , cement clinker for brick production ,and the dust which is a waste product in this
industry.

[2] Phosphate ore and its end product phosphogypsum produced from phosphorites
manufactory.

[3] Ceramic ore and ceramic glaze ( kaolinite [Al2Si2O5(OH),i]&bauxite [Al2O3.nH2O]
respectively)(2).

All these raw materials belong to sedimentary rocks, which contains uranium and
thorium in variable concentrations and may be concentrated in the waste products. This may
cause radiological hazards if used in construction industry or released to the environment .So
it may need to be considered as radioactive wastes, and to be disposed under controlled
procedures/1'
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The aim of this study is to measure the concentrations of the individual natural gamma
emitters in the uranium, thorium, actinium series and 40K in the previous samples. Also to
compare the radionuclides concentrations in the waste products with the exempt levels put by
the IAEA, which are of scientific interest to geochemists, radiological interest to health
physists and of economic interest to manufacturers from the economic point of view.

SAMPLES AND MEASUREMENTS
Cement, cemet products and cement waste products were provided by the Arabic

Cement Company in Suez .The phosphate and phosphogypsum samples were provided by El
Nasr Company of fertilizers and chemical industries, Abu-Zaabal. The ceramic samples were
provided by the Arab ceramic productive company.

The prepared samples were transferred to a 750 ml or 500ml Marinelli beakers for
gamma measurements and sealed for eight weeks to ensure secular equilibrium between
uranium-238 and thorium-232 and their radioactive progeny .

A high resolution gamma spectrometer based on a hyper pure germanium detector from
EG&G Ortec were used for the gamma analysis .The HpGe crystal has diameter of 64.5 mm
and 69.9 mm length , relative effeciency of 50% ,peak to Compton ratio 62 ,FWHM of 1.9
keV at the 1.33 MeV 60Co transition and 753 eV at the 122 keV 57Co transition .

The effeciency calibration for the system has been explained in a recent publication
[Ibrahiemetal.,1999](4).

For the uranium - 238 series gamma energies of 63.3 keV (3.8%)234Th 186.1 keV
(3.3%) 226Ra (after the subtraction of the 185.7 keV 53% of 235U), the 295.1 keV(19.2%),
and 352.0 keV (37.1%) 214Pb, and 609.3 keV (46.1%), 768.4 keV (5%), 934.0 keV (3.4%)
and 1120.3 keV (15%) 214Bi, were taken to determine the concentrations of the assigned
nuclides in the series (5).

For the 232Th series gamma energies of 463.1 keV (4.6%), 911.2 keV (29%) and
966.0 keV (2.3%) 228Ac, 727.3 keV (6.7%) and 1620.7 keV (1.5%), 212Bi and the 583.0 keV
(30.9%) 208TI were taken to represent the concentrations of the assigned nuclides in the
series(5)

For the actinium series gamma energies of 143.8 keV (10.5%), 163.4 keV (4.7%) and
205.3 keV (4.7%) were taken to represent the 235U concentrations^.

The 1460.8 keV (10.7%) gamma energy was taken to determine the 40K
concentration^.

Exposure to radiation has been defined in terms of the radium equivalent activity
(Raeq) which is given by Beretka and Mathew(6&7)

Raeq = ARa+ 10/7 An + 10/130 AK m

Where ARa, An, and AK are the specific activity of Ra,Th and 40K respectively in
Bqkg'1 .For materials used in building constructions , to limit the annual external gamma -ray
dose to 1.5m Gy.

The external hazard index (Hcx) is determined from the equation

Hex = ARa /370 + A™ /259 + AK /4810 [II]

The internal exposure to 222Rn and its radioactive progeny ,is controlled by the internal
hazard index H ;„ ,given by the equation

H in = ARa/185 + Ath/259 + AK/4810 [III]
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RESULTS AND DISCUSSIONS

Eissa et al (8),analyzed a phosphate ore sample ,provided by Abu-Zaabal Company for
fertilizers and Chemicals ,by prompt and delayed neutrons activation analysis .The
measurements were done by high resolution gamma-ray spectrometry .They found the
thorium-232 content (0.85 ppm) 3.4Bq kg "' and the uranium-238 concentration to be
(52ppm) 644.8Bq kg"1 .In the present investigation thoium-232 in equilibrium with actinium-
228,was found to be 7.2 Bq kg"1 ,238U in equilibrium with 234Th was found to be 1.39 k
Bq kg'1,while the235 U content was measured to be 19.4 Bq kg"1 (table I).

Table 1: Activity concentration for different nuclides in (Bqkg'1).
Nuclide

Uranium series
Th-234
Ra-226*
Pb-214
Bi-214
Thorium series
Ac-228
Bi-212
Tl-208
Actinium Series
U-235
K-40

Phosphate ore

1391.4+70.0
470.5+18.8
391.0+20.0
373.0+3.5

7.2+1.0
6.0+0.9
LLD

19.4+3.5
15.2+0.8

Concentration (Bqkg"1 )
Phosphogypsum Kaolinite

30.0+17.5
407.1+5.4
313.2+6.2
285.1+5.7

15.5+0.8
3.5+1.8
LLD

LLD
23.0+0.1

282.8+29.7
148.5+3.7
75.2+5.6
67.2+18.1

48.6+8.9
49.8+2.4
47.7+1.8

3.8+0.6
960.0+7.2

Bauxite

58.4+10.7
41.1+2.2
23.0+1.0
22.0+2.0

25.5+1.9
35.5+1.4
27.7+0.6

LLD
519.1+5.0

*226Ra concentration was calculated after the subtraction of the 185.7 keV(53%)gamma
of235U

Analysis of the phosphogypsum sample (table I) shows that the 238U content is lower
than the limit of detection (LLD), which is in agreement with the results obtained by Testa et
al.(9) for samples from Togo and Boucraa .They explained the absence of uranium in the
phosphogypsum samples to be due to the chemical process, with sulfuric acid H2SO4
precipitation of [Ca(Ra) SO4] and the formation of strong uranium phosphate complexes in
the H3PO4 .Also 226Ra content in both phosphorite and phosphogypsum were found to be in
the same order, which is also in agreement with the results obtained by Testa et al.(9).

Results for 238U and 226Ra concentrations in the phosphate ore sample show state of
disequilibrium, which can be explained by weathering occurring to phosphorites due to their
sedimentary origin (3), the sample content of 235U is 19.4 Bq kg'1.

Table 1 gives also concentrations for the different radionuclides in the 238U-226Ra series,
thorium 232 series as well as 40K,in ceramic raw materials, kaolinite and the bauxite used as
glaze in ceramic industry. Both samples show state of disequilibrium in the natural
radioactivity which can be explained also by the sedimentery origin for both samples'3' .

Table 2 represents the content in Bq kg'1 of different radionuclides in four samples in
different stages in cement industry, the raw meal, cement, cement klinker which is used for
cement brick production, and cement dust (cement waste product).
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Table 2 : Activity concentration for different nuclides in (Bqkg*1).

Nuclide

Uranium series
Th-234
Ra-226
Pb-214
Bi-214
Thorium series
Ac-228
Bi-212
Tl-208

K-40

Raw meal

68.2+3.2
38.4+5.6
19.5=2.1
18.2+6.0

7.0+2.0
9.5+2.7
7.3+0.1

84.5+0.6

Concentration (Bqkg"1)
Cement

S7.+5.8
50.8+0.8
28.0+2.6
26.0+8.0

10.2+2.9
13.6+0.4
10.6+0.1

69.4+0.8

Cement bricks

79.5+6.8
53.2+1.0
30.5+2.1
28.8+7.8

13.4+0.9
14.2+0.5
12.0+0.2

75.2+0.9

Cement waste

72.8+10.2
57.1+1.7
29.0+3.0
27.3+10.3

11.8+3.4
12.2+1.0
10.0+0.3

1606.2+15.3

Ra-226 content in both the cement and the cement klinker are about the same range ,as
well as both of the thorium-232 series and the 40K concentrations. For the cement dust the
analysis shows about the same range for the uranium-radium 226 and the thorium series
concentrations compared with that in cement ,but the 40K content is about 1.6 k Bq kg"1

(about twenty one times to that in both cement and klinker).

Table 3 gives the Raeq, the external hazard and the internal hazard indices Hex &H,n
respectively, for samples, which may be used in building constructions. Racq for cement and
cement klinker are about one fifth of the maximum recommended limit, which is 370 Bq
kg"1(7)

Table 3 Ra<,q ,Hex &Hin in materials used as building materials .

Material
Cement
Cement bricks
Phosphogypsum
Kaolinite
Bauxite

Ra ea Bq kg"1

70.6
78.1

430.9
281.8
117.5

Hcx

0.19
0.21
1.16
0.76
0.32

Hin

0.33
0.35
2.26
1.16
0.43

For the kaolinite sample Raeq is found to be about 282 Bq kg"1 and Hin > 1.For the
bauxite sample (ceramic glaze) the Raeq is found to be about 118 Bq kg"1 and both Hiri &Hex

are less than one for each. Although Racq is less than the maximum permitted value for
building materials, it is recommended to minimize the ceramic areas indoors to decrease
human exposure to inhabitant as low as possible

For phosphogypsum which may be used as gypsum plaster, also it may be added in both
cement and bricks production, it shows high content of 226Ra,which in tern increases Racq ,Hjn
& Hex (table HI gives Hex >1 & Ra«,~430). So it has to be excloded to be used as gypsum
plaster. But for cement and- bricks production, it may be used, taking in consideration the
radioactivity concentrations in the final product as a whole depending on the percentage of
the waste product added.

The concentrations of the different radionuclides in phosphogypsum are less than the
exempt level of radiation(l).
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The non nuclear process industries supply a considerable contribution to the
radiological pollution of the environment . A comprehensive radiological studies for
determining radiation levels and radionuclides distribution in the environment of
Helwan city (the major industrial region in Cairo) are carried out. The radioactivity
concentrations of Ra-226 , Th-232 , K-40 and the man made Cs-137 in samples of soil
, plants , ores and products collected from and around some of Helwan factories were
analyzed using high resolution gamma spectrometers. A bad correlation between the
observed 137 Cs and 40 K was found. The collected water and factories waste water
samples were also analyzed by laser flourimetry .

The absorbed dose rates due to the natural radioactivity in the soil one meter
above the ground and the radium equivalent activities are calculated and presented .
The representative external hazard index values for the soil samples to be used as
construction materials are also estimated and given.

The results obtained are considered as reference values to be used in the case of
emergency action and as baseline data for drawing a radiological map of the city .

Key Words: Industrial Activities / Environmental Analysis / Gamma Spectvometry /Laser Fluorimetry

Introduction

Helwan city is located in the southern part of Cairo . It coveres an area of 35 km2 - bounded to the
north by Kafr-EI-ellow , to the east by El-Autostorade way and to the west by the River Nile (l) . The
population in the region are 524,686 . They habit an area of 19.9 km2. Helwan city is considered to be
one of the most important industrial region in Cairo . It contains 21 facilities which represent 16.5 %
of the total industrial activities in Cairo <2>. It has different industrial activities ( Cement, Metallorigy ,
Metals , Spinning & Weaving , and many others ) which contribute directly to the pollution of the city

This radiological survey was carried out using gamma spectrometry and laser fluorimetry
techniques for determining the specific activity of the environmental samples collected from the city
and to evaluate the radiological impact of the non nuclear process industries on the environment.

EXPERIMENTAL WORK

I)Sampling Process :
Thirty - two soil samples were collected from the area around the factories and twenty-one soil

samples were collected from the city environment ( see the map in fig 1) .

Twenty plant samples were obtained from the same locations of the soil samples (around the
factories ) and seven samples were collected from the city environment.
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Fig (1) The Map of Samples Locations
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Thirty - five raw material samples and twenty product samples were collected from different
factories cover a wide range of the industrial activities in the city .

Twenty one water samples ( seven from River Nile , eleven from El-Khashab canal , two from
ground water ) were collected from the city environment . Fifteen waste water samples were also
collected from selected factories .

II) Sample Preparation for Gamma Measurements:
The soil samples were collected using a template 25x25 cm2 in area and 5 cm in depth (3) . The

samples were dried , sieved , packed in 1 liter Marenilli beaker and sealed for 4 weeks to reach secular
equilibrium between Ra-226 ( daughter of 238U) and its corresponding daughters to be measured by
gamma spectrometry (4) . The plant samples were cleaned from soil , dried at 84 °C for 48 hour ,
crushed and then packed in Marinilli beaker to be measured by gamma spectrometry .

III) Sample Preparation of Water and Waste Water Samples
For determination of uranium concentration in the collected water and waste water sample the

following steps were carried out (5):
1) Five milliliters of the sample were taken into quartz cell .
2) 2 ml of Fluran ( Sod. pyrophosphate , sodium dihydrogen phosphate ) was added to the

sample .
3) The photomultiplier tube was switched on to allow interaction of LASER beam with the

sample .
4) The meter deflection ( Rs ) was observed and recorded . The reading is corresponding to the

uranium concentration in the sample .
5) The steps above were repeated for uranium standard , where (Rsl) corresponds to the

concentration of uranium in the standard . ' •

METHODS OF ANALYSIS

1-Gamma Spectrometry :
The gamma measurements of the natural radionuclides series depend on the assumption of secular

equilibrium , where the rate of decay of the daughters becomes equal to the rate of decay of the parent

Two HPGe detectors were used for carrying out the analyses. The first is coaxial configuration
detector , TENNELEC model ,with relative efficiency 30% . The other is planner configuration ,
CANBERA . with relative efficiency 50% . For both detectors , the resolution is 1.95 keV (FWHM) at
1.333 MeV of Co-60 .

The systems were energetically calibrated using U7"Cs and 60Co point sources . The absolute
efficiency curve was obtained using KCI standard solution and Ra-226 point source (7).

The gamma lines ; 351.9 keV ( Pb-214 ) , 609.3 keV ( Bi-214), 1120.3 keV (Bi-214)and 1764.5
keV ( Bi-214) were used for determining Ra-226 ( daughter of m U) . The y- transitions 338.34 keV
( Ac-228 ) , 583.0 keV ( Tl-208) , 91 l.lkeV ( Ac-208) were used for determining Th-232 series ,
K-40 and Cs-137 were measured by their y lines 1460.7 keV and 661.6 keV respectively.

2- Laser Flourimetry :
The analysis was carried out using UA-3 uranium analyzer .Time resolved laser induced uranyl

flouresence provides a sensitive technique for the determination of uranium in aquoes solution . The
measurements are performed by a laser fluorimeter based on the fluorescence of uranyl complex that
are formed by the addition of buffered inorganic complexing reagent ; ( FLURAN) ( Sod.
pyrophosphate , sod. dihydrogen phosphate ) to the sample . Laser flourimetry has been selected to
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analyze uranium because it provides a simple and accurate method with a detection limit which is
sufficiently low to measure environmental samples with low uranium content(8) the detection limit in
water is around 0.05 ng/g with precision about 15% .

The uranium concentration in the water sample was calculated using the equation ,

Where Us is the concentration of uranium in the sample and
Usl. is the concentration of uranium in the standard

RESULTS AND DISCUSSION

I) Results of Gamma Analysis
* Soil Samples Around the Factories :

The average activity concentration of 226Ra , 232Th , 40K and l37Cs are 23.4 , 10.4 , 170.6 and 0.7
Bq/kg respectively . Figs. (2-4) represent the measured activities .

For comparison , the average activity concentration of 226Ra , 232Th and 40K in the soil samples
collected around the factories in 10 "' of Ramadan City were found to have the values : 6.0 , 5.0 and
98.3 Bq/kg , 13.0 , 8.0 and 149.0 Bq/kg , 9.0 , 12.0 and 182.3 Bq/kg and 6.2 , 7.0 and 69.0 Bq/kg (9)

respectively.

* Soil Samples from the City Environment:
The average activity concentrations of 226Ra . 232Th , 40K and l37Cs in the collected soil samples

were 19.4 , 11.4 , 190 and 0.4 Bq/kg respectively . Figs. (5-7) represent the measured activities .

It is generally considered that the natural environmental radiation content depends mainly on the
geology and geography . The distribution of natural radionuclides in soil is usually assumed to be the
same as that of their mother rocks (l0)

It is observed that, there is a positive correlation between the radionuclide concentration and the
organic matter content in the samples , where the organic matter adsorbs about ten times as much
readionuclides as clay . This is predominantly due to the high exchange capacity of organic matter(II).

It is alos observed that, there is a positive correlation between radioactivity concentration and clay
content . The calyey soils show somewhat higher levels than the sandy soils . The particle size of the
the soil may influence its radioelement concentrations ^ . The small grain size soils show increasing
in surface area causing higher adsorption capacity . The adsorption capacity of soil decreases in the
order (l2) clay > silt > sand .

It is also observed that, there is a positive but week correlation between the radioactivity content
and the calcium carbonate content . Cations such as calcium are held on the surface of negatively
charged , colloidal , clay and organic matter in soil as exchangable ions , they can evidently be
replaced by and is usually in equilibrium with cations in soil solution (13) . Although radium was
adsorbed on soil in the presence of Ca>2 , the degree of radium adsorption decreased considerably as
calcium concentration increased . This phenomenon was influenced more by the maximum capacity of
the soil than by its affinity for Ra-226 (l4) . In the presence of substantial'amounts of calcium ,
however, radium becomes unexchangable and is associated with insoluble residues(l4).

From the results obtained , it is observed that 51 soil samples from the collected 53 samples have
22ARa / 232Th >1 followed the normal pattern of Helwan city which underline the sandstone type (15).

A bad correlation between the monovalent 40K and Ll7Cs (the correlation factor is 0.15) in the soil
samples was observed ( fig 8) . This is due to the origin of each isotope , therefore l37Cs is the result of
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Fig(2) The Activity Concentration of Ra-226 and Th-232 in the Collected Soil

Samples (Around Helwan Factories)
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Fig(5) The Activity Concentration of Ra-226 and Th-232 in
the Collected Soil Sample (Hehvan City Environment)
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Fig(8): The Correlation between the Activity Concentration of Cs-137

and K-40 in the Collected Soil Sample
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the global fallout which is affected by the metorologial conditions while 40K is a primordial element;
within crystal structure of the soil(16).

The average activity concentrations in all the collected soil samples are less than the international
values 35,35 and 370 Bq/kg for 226Ra, 232Th and 4Ok respectively (l6).

* Plant Samples Around the Factories
Twenty plant samples were collected around selected factories . K-40 is the only detected isotope

in the collected plant samples , its average concentration is 604.5 Bq/kg dry weight with range from
76.4 to 1754.1 Bq/kg. The lowest value was found in Manderine sample collected from Tourah Co. for
Cement , while the highest value was found in plant samples collected around El-Naser for Coke &
Chemical Co.

average activity

* Plant Samples of the city Environment
Seven plant samples were collected from the city environment . The

concentration of the detected 40K is 1 136.5 Bq/kg dry weight. The lowest value was found in grass
collected from Ein-Helwau while the highest value was found in sweet corn collected from Es-El-
Wallda , Figs. ( 9 & 10) .

1-2) Results of Ore and Product Samples
Thirty - five raw material and twenty-two product samples were collected from the selected

factories . The results obtained are given in the following table

Name of Factory

Seg\vart& Asbestose

Spinning&Weaving

Refractories

El-Naser for Coke

Iron & Steel

Cement Industry

Type of
Sample

Raw
Product
Raw
Product
Raw
Product
Raw
Product
Raw

Product
Raw
Product

No. of the
collected
Sample

9
1
4
1
3
6
1
1

1
13
9

Activity ( Bq/kg)

"6Ra
0.7-34.0
35.4
<DL
14.7
18.8-66.6
1.8-71.4
10.1
<DL
91.2-
532.4
206.4
2.2-28.0
12.3-35.6

2MJh

10.9-48.8
44.4
<DL
12.2
7.3-60.2
0.8-103.5
7.5
<DL
9.9-42.7

10.6
2.6-27.9
6.7-13.8

7.0-249.5
209.7
<DL
163.2
4.1
4.4-163.2
31.8
<DL
26.6-206.1

20.0
5.6-368.7
9.0-864.4

The highest value of Ra-226 was found in coarse iron collected from Iron &Steel Company while
the lowest value was found in limestone sample collected from Tourah for Cement Company .

For Th-232, the highest activity value was found in the brick kaoline collected from Egyptian for
Refractories, while the lowest value was found in powder magnezite collected from the same
company. For K-40 , the highest value was found in Pi-pass sample collected from National for
Cement , while the lowest value was found in magnezite sample collected from Egyptian for
Refractories .Cs-137 activity was found to be less than the detection limit of the systems used which is
about 0.1 Bq/kg .
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Fig (9) The Activity Concentration of K-40 in the Collected Plant Samples
(Around Helwan Factories)
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• Water and Waste Water Analysis
Twenty one water samples ( seven from River Nile , eleven from El-Khashab canal , two from

ground water) were collected from the city environment. The activity concentration of 226Ra, 232Th
and K in the water samples measured by gamma spectrometry were found to be less than the
detection limit of the spectrometers used 0.6 , 0.7 and 3.0 Bq/1 respectively.

Fifteen waste water samples were collected from the selected Helwan factories. Fig (12)
represents the uranium concentration in the collected samples . The activity concentration of 226Ra ,
2"Th and 40K in the samples are lower than the detection limit of the HPGe detectors used 0.6 , 0.7
and 3.0 Bq/1 respectively.

II) Results of Laser Analysis :
• Water Samples front the City Envleonment

The total uranium concentration in the analyzed water samples was determined by laser
flourimetry . Fig. ( 1 1 ) represents the uranium concentration in the samples .

The average concentration of the total uranium is 0.3 ppb ( 3.7 mBq/1 ) and the activity ranges
from 0.07 ppb ( 0.87 mBq/1 ) to 1.25 ppb ( 15.5 mBq/1 ) . The lowest value was found in the water
sample collected from the thermal bathes while , the highest value was found in the ground water
collected from Ein-Helwan .

The concentration of uranium varies widely in natural water , this is due to its varied chemical
behavior in response to redox conditions from insoluble +4 valance in reducing conditions to
soluble +6 valance in oxidation condition (6)'

The concentration of uranium increases with increasing of the total dissolved salt (TDS) . It is
noticed that . the range of uranium concentration in the water of ground waters is due to the
mineralogical properties of the bottom of the wells and water resource (6) .

The normal content of uranium in natural waters as indicated by numerous surveys throughout
the world is very low from 0.05 ppb ( 0.62 mBq/1 ) to 6.5 ppb ( 6.2 mBq/1) ( I0).

The allowed level of uranium to be in drinking water is 1.2 mBq/1 to 120 mBq/1 according to the
WHO ( I 7 ) .

• Factories Waste Water Sample
The average concentration of the total uranium is 0.37ppb ( 4.6 mBq/1 ) and the concentration

ranges from 0.11 ppb ( 1.36 mBq/1 ) to 1.48 ppb ( 18.3 mBq/1 ) . The lowest value was found in the
waste water before treatment collected from Spinning & Weaving Company , while , the highest
value was found in the waste water ( industrial water and washing water ) collected from the same
factory .

DOSE ASSESSMENT

The absorbed dose rate one meter above the ground due to the radioactivity in the soil samples
collected around the factories and from the city environment were calculated using the following
equation

D= RKCK+ RR, CR, + R,h CTh (2)

Where D : the Absorbed dose rate ( nGy/h),
RicR-Ra ,RTII : Conversion factors , expressed in nGy/h per Bq/kg for K , Ra , and Th

respectively .
CK, Cu ,CTi, : The concentration of 40K , 226Ra (238U series ) and 232Th series respectively
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Fig (11) The Totoal Uranium Concentration as Measured by Laser
Fluorimetry in the Collected Water Samples
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Fig(13) The Absorbed Dose Rate Due to the Collected Soil Samples
(Around Helwan Factories)
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The calculated absorbed dose rates are given in figs. 13 and 14 .
The average absorbed dose rates are found to be less than the international average value 57 nGy/h(16).

RADIUM EQUIVALENT CALCULATION

The radium equivalent for the collected soil samples was calculated according to the following

Racq = CRa + 1.43CTi, + 0.076 CK (3)
e q u a t i o n (l4'l5):

The average radium equivalent in the soil samples collected around the factories is 61.3 Bq/kg
( 25.5-84.6) .The average radium equivalent of the soil samples collected from the city environment is
51.7 Bq/kg (29.1-96.3 ) .It is observed that the calculated radium equivalent is lower than the
recommended maximum value 370 Bq/kg (IS ' l9).

EXTERNAL HAZARD INDEX L.

The external hazard index due to the emitted y-rays of the samples used as construction materials

1 ( )

370 259 4810
are calculated and examined according to the following criterion :

Where , ARa, An,, AK : The Activity concentration of Ra-226 , Th-232 and K-40 respectively .

The calculated average external hazard index was found to be less than unity . This result leads
(according to OECD recommendations )<l8) to accept Helwan soil to be used as construction (building)
materials.

CONCLUSIONS

It is concluded that the industrial activities in Helwan city did not contribute in increase the
radiation levels of the city environment. Safety precautions should be applied for the Iron & Steel
company and Refractories Company as a result of the slight increase of radioactivity content in their
ore and products.

Based on the results obtained , it is observed that the radioactivity levels of Helwan city
environment ( soil- water- plant) are within the international values (UNSCEAR 99).

According to OECD recommendation values and the calculated external hazard index , the soil
samples of Helwan city are accepted to be used as construction (building ) materials .

The results obtained are considered as baseline data to draw a radiological map of the city . The
results are also considered as part of the data collected by the National Center for Nuclear Safety and
Radiation Control and CLERMIT" for drawing a radiological map for the Egyptian environment and
to be used in the case of emergency actions .
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Abstract

An industrial area north of greater Cairo was selected to investigate the
impact of intensive industrial activities on soil characteristics and Fe, Mn, Ni and
Pb total content. The studied area was divided to six sectors according to its source
of irrigation water and/or probability of pollution. Sixteen soil profiles were dug and
soil samples were taken, air dried, fractionated to different grain size fractions, then
total heavy metals (Fe, Mn, Ni and Pb) were determined using ICP technique. The
enrichment factor for each metal for each soil fraction/soil layer was estimated and
discussed.

The highest EF ratios in the clay fraction was mainly with Pb which indicates
the industrial impact on the soil. In case of sand fraction, Mn was the highest always
compared to other studied metals. Concerning silt fraction, a varied accumulation of
Fe, Mn and Pb was observed with soil depth and different soil profiles.

Key Words: Soil Pollution / Heavy nietals / Accumulation.

Introduction

The cycle of elements in nature is limited on earth and life has adopted itself to it. Naturally, the
concentrations of undesired elements both in the soil solution and in natural waters is low. This
situation may change drastically when the content of available harmful elements in soil is increased by
several orders of magnitude in industrial areas. Based on the characteristics of soil, i.e. its large
volume buffering capacity and biological activity, not every enrichment of the soil is to be considered
as pollution. The concept of soil pollution must be restricted to accumulation of heavy metals at a
reactive level which is noxious to living soil organisms and harming the plant production (1). Soil
ppllution may occur as a consequence of different types of input of unwanted substances such as using

• sewage sludge applications, irrigation with polluted wastewater, using pesticides and intensive
fertilization.

Abdel Kareim (1995) reported that the average value of total Fe in alluvial soils of Monofia
Governorate was 4.7 % (2). Concerning the total content of Fe in contaminated alluvial soils, Rabie et
al (1996) reported that the highest value was 16.6 % in the surface layer of alluvial soils at El-Saff
region due to the irrigation with liquid industrial wastes (3).

Manganese is not distributed uniformly in soil substrata and, in addition to various nodules, is
known to be also concentrated at certain spots which arc usually enriched in several trace elements.
Although Mn can be concentrated in various soil horizons, particularly in those enriched in Fe oxides
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or hydroxides, usually this element is also accumulated in top soils as the result of its fixation by
organic matter. Manganese toxicity symptoms have been found in a wide range of crops, including
soybean, cotton, tobacco and upland rice grown in soils with high available Mn. Reported toxic
concentrations for Mn ranged from 80 to 5000 mg/kg soil(4). In Egypt,(5) found that the content of
total Mn in the normal alluvial soils of Delta ranged between 720 and 1080 ppm with an average of
926 ppm. Concerning the total Mn in contaminated alluvial soils of Egypt, Rabie etai, (1996)
reported that the highest value (2550 ppm) was observed in the surface layer of alluvial soils at El-Saff
area due to irrigation with liquid industrial wastes (3). El-Leithi (1986) found that the total content of
Mn in contaminated alluvial soils of Delta ranged between 515.2 to 1341.1 ppm (6). _ El-Sebaay
(1995) found that the values of both total and available Mn increased due to irrigation with wastewater
(7)

Lead is present in uncontaminated soils at concentrations < 20.0 mg/kg, but much higher
concentrations have been reported in many areas as a consequence of anthropogenic emissions, often
over many years. Nriagu (1978) reported the mean as 17.0 mg Pb/kg soil , while, Davies (1983)
reported that the normal Pb content in uncontaminated soils is about 40 mg/kg (9). In Egypt, Rashad
et at, (1995) found that the normal level of Pb in the alluvial soils of Nile Delta ranged between 32.0
and 48.0 ppm with an average of 41.0 ppm for total content(s). El-Sabbagh (1991) found that the
total content of Pb in the surface layer ranged between 17.0 and 48.0 ppm with an average of 29.0 ppm
(10). Ramadan (1995) reported that the total content of Pb ranged between 84.4 and 101.1 ppm with an
average of 92.8 ppm in polluted alluvial soil(11).

Nickel recently has become a serious pollutant that is released in the emissions from metal
processing operations and from the increasing combustion of coal and oil (4). The average
concentration of Ni in world soils is probably 20.0 mg/kg, which obscures much variation between
soil types The application of sludges and certain phosphate fertilizers also may be important sources of
Ni. In particular, Ni in sewage sludge that is present mainly in organic chelated forms is readily
available to plants and therefore may be highly phyto-toxic. In Egypt, Rashad et ai, ( 1995) found that
the normal level of total Ni in alluvial soils of Nile Delta ranged between 21.0-44.0 ppm (average 32.0
ppm) (5). Concerning contaminated alluvial soils of Egypt, El-Sayad (1983) reported that the total
content of Ni in contaminated alluvial soils of El-Fayoum Governorate ranged between 33. 5 and 77.0
with an average of 55.3 ppm (12). The aim of this study is to investigate the effect of industrial
wastewater on soil pollution and heavy metals accumulation in the soil profile.

Materials and Methods

The studied area was divided to six sectors according to the source of irrigation water and the
probability of pollution with organic and inorganic wastes (Fig 1). Sixteen soil profiles were dug and
soil samples were taken from different layers. Another soil samples were taken from a virgin soil at
the vacinity to represent uncultivated control soil (Group A) which is represented by soil profile
No. 1.

Sector B: the source of irrigation water for the soils of this sector is regular fresh water from El-
Boulaqeyah canal which is located far from the pollution sources in the studied area.
These soils are considered non-polluted and are taken as control. Profile No. 2 represent
this sector.

Sector C: The soils of this sector are subjected to irrigation with heavily polluted wastewater from
Shebin El-Qanater collector, profile No.3 represent these soils.
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Sector D: These soils are located at the downstream of El-Shaboura canal, so it subjected to
irrigation with polluted water (site 6 and 7 at the end of the canal). Soil profile No. 4
represent these soils.

Sector E: The soils of this sector are subjected to irrigation with combination of El-Shaboura canal
water and either Mostorod collector wastewater (Profiles No. 5, 6, 7) or Shebin El-Qanter
collector wastewater (Proffiles No. 8, 9, 10).

Sector F: These soils are subjected to irrigation from El-Boulaqeyah canal water and Laza
agricultural drain wastewater (profiles, No. 11, 12, 13, 14 and 15).

Sector G: The source of irrigation water for the soils of this sector is heavily polluted wastewater of
Mostorod collector (Proofile No. 16).

soil analyses:

Disturbed soil samples were collected from different layers of the studied soil
profiles. These samples were air-dried, crushed, ground by wood rod and sieved through 2
mm sieve. Fractions below 2 mm were maintained and stored in plastic bottles for physical
and chemical determinations. Pipette method (13) was used for the determination of the soil
fractions. Different grain size fractions (< 2 \x clay, 2-50 \i silt, and 50-2000 \i sand) were
separated by sedimentation and decontatioon. Total contents of Fe, Mn, Pb and Ni, either in
the whole soil sample or in the different soil fractions were extracted by wet digestion of
l.Og. sample with HF/HCLO4

 (14) and tested heavy metals were measured coupled plasma
(ICP).

Results and Discussions

In this work, total heavy metals were determined in some selected soil samples and in
different grain size fractions of these samples to asses their accumulation an d movement in
soil.

Total Fe ;

The amount of total iron in the investigated soils ranged between 3.82 - 7.68 %. Data
show that total amount of Fe in the uncultivated control soil (A) ranged between 3.82 and
3.81%, while in the cultivated control soil B (subjected to irrigation with fresh water of El-
Boulaqeyah canal) it ranges between 3.81 and 3.92%. Using wastewater for irrigation
increased total Fe from 3.82% in the surface layer of uncultivated control soil (A) to 7.68,
6.65 and 6.01% in the soils of groups C (subjected to irrigation with wastewater of Shebin
El-Qanater collector), D (subjected to irrigation with polluted water of El- Shaboura canal)
and G (subjected to irrigation with wastewater of Mostorod collector), respectively. As
previously mentioned, total Fe in the wastewater of Shebin El-Qanater collector, polluted

' water of El-Shaboura canal and wastewater of Mostorod collector are fairly high and
reaches about 14046, 4643 and 12551 (.ig/L, respectively (I5) and (16). Therefore, there is
no doubt that the high contents of Fe in the investigated soils resulted from using such
polluted waters for irrigation. El-Sebaay (1995) indicated that using wastewater for
irrigation increased markedly total Fe in the surface layers of agricultural soils o f Egypt to
4.0-8.7 % (7). Concerning the distribution of total Fe in investigated soils, it is clear from
Table (1) that irrigation by wastewater tend to increase total Fe to about 60 cm depth.
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Generally, the highest values of total Fe were observed in the surface layers of the soils of
groups C, D and G (6.01-7.68%) which decreased with depth (4.80-4.86%).

Distribution of Fe between different grain size fractions ;

Amount of total Fe in different grain size fractions (Clay, silt and sand) in different
layers of investigated soils are given in Table (2) Data shows that clay fraction has the
highest amount of Fe in all investigated soils. In both uncultivated control soil (A) and
cultivated control soil B (irrigated with fresh water of El- Boulaqeyah canal), Fe contents in
the three fractions range between (4.34 and 5.02%) for clay fraction, (3.52-4.83%) for silt
fraction and (1.48-1.94%) for sand fraction. Concerning investigated soils irrigated with
lower water qualities, the fractions of surface layer o f the soils of groups D (irrigated with
polluted water of El-Shaboura canal) and G (irrigated with wastewater of Mostorod
collector) have the highest levels of Fe where, clay fraction has 6.89-7.94%, silt has 6.19-
6.61% and sand has 3.25-3.77%. Rabie et al, (1996) reported that the distribution of Fe in
grain size fractions of alluvial soils at Helwan El-Saff area was as follows: Clay > Silt >
Sand (3). On the other hand, it seems from the distribution of Fe in the different grain size
fractions of cultivated control soil B (irrigated with fresh water of El- Boulaqeyah canal) and
the soils of groups C, E and F (irrigated with wastewater) that there is no difference
observed between these soils (Table 2 ). The distribution of total Fe in the differen t
fractions of these soils mostly exhibit similar trend. This is due to that these soils afe
derived from the same origin (recent alluvial deposits), in the same time the amounts of Fe
added from irrigation wastewater are relatively small in relation to th e initial content of Fe
in the soil.

Total Mn :

Table (1) shows that total amounts of Mn in the uncultivated control soil (A) ranged
between 865 and 915 ppm, while in the cultivated control soil (B) it range between 981 and
1150 ppm. The normal Mn levels in the agricultural alluvial soils of Egypt was reported to
be from 720 to 1080 ppm with an average mean of 926 ppm. El-Toukhy (1995) found that
total content of Mn in agricultural alluvial soils North Nile Delta ranged between 483 and
976 ppm with an average of 730 ppm (17).

The highest values of total Mn were observed in the surface layer of both groups D
(subjected to irrigation with polluted water of EL- Shaboura canal) and C (subjected to
irrigation with wastewater of Shebin EL-Quanater collector), as they were 1677 and 1624
ppm, respectively. A significant Mn-enrichment in the subsurface layers of groups C, D and
G (subjected to irrigation with waslewater). It seems from this data that irrigation with
wastewater tend to increase Mn content in these soils compared to uncultivated (A) and
cultivated (B) control soils. The distribution of total Mn through the soil profile varied due
to different conditions of each tested soil (cultivation, type of irrigation water and its Mn
content, as well as other specific factors).

Distribution of Mn between the different grain size fractions :

Manganese distribution behavior showed various patterns of distribution for the
different size fractions from one profile to another. In both uncultivated and cultivated
control soils (A & B), the average values of total Mn in the three fractions clay, silt and
sand are (428-1134ppm), (792-1626ppm) and (405-1430ppm), respectively. Concerning
investigated soils (subjected to irrigation with wastewater) the average mean values of total
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Mn in these fractions are 914.6, 897.5 and 2130.7 ppm, respectively. Generally, as shown in
Table (2), calculating the relative contribution of different fractions to the total Mn content
indicate that sand fraction has the highest ratio (38.7-41.6 %) followed by silt fraction
(28.6-38.2 %) and clay fraction (23.1-29.8 %). Increasing Mn content in the coarser fraction
is probably due to the formation of hydrated Mn oxides of sizes greater than that of clay
fraction (18). Also, precipitation of the Mn compounds on particle surfaces of coarser
fractions might be more persistent and the formation of Mn-nodules may occur. When soil
samples are ground, these formations may be disintegrated into fragments of the same size
as the coarser grain fractions.

Total Pb :

Total amounts of Pb in the studied soils are given in Table (1). The amounts of total
Pb in uncultivated control soil (A) seems to be higher soil (between 66.0 and 70.6 ppm with
an average of 68.3 ppm) than previous reported levels for normal Egyptian. While in
cultivated control soil B (irrigated with fresh water), it ranges between 68.1 and 72.0 ppm
with an average of 74.0 ppm. Rashad et ai, (1995) reported that the normal level of total
Pb in the aliuviaJ soils of Nile Delta ranges betw een 32.0 and 48.0 ppm with an average of
40.0 ppm (5). These results may suggest the preceptation of air suspended particulates
emmited from several smelters in the nearby area. Concerning the investigated soils
subjected to irrigation with wastewater, the amount of total Pb in the surface layers are
noticably higher than those of control soils (A and B). Thus, the highest values were
obtained in the surface layers of soils of groups C (irrigated with wastewater of Shebin El-
Qanater collector), D (irrigated with polluted water of El-Shaboura canal) and G (irrigated
with wastewater of Mostorod collector). These values are 233.0, 184.0 and 180.0 ppm which
are higher than those of uncultivated control soil (A) by 3.3, 2.6 and 2.5, respectively. As
shown in Table (22), the amount of total Pb decreases with depth as the total Pb in the
deepest layers of these soils (C, D and G) are 109.0, 102.0 and 145.8 ppm, respectively.
Similar results were obtained by (10) and (5', they reported that total content of Pb was
increased to about 101.1 ppm in the surface layer of these soils (Mostorod area) due to
industrial activities and irrigation with polluted water of El- Shaboura canal and wastewater
of Mostorod collector. Rabic et al., (1996) recorded 129.0-189.0 ppm for total Pb in the
surface layers of the alluvial soils at Helwan El-Saff area. They attributed the increase of
total and available Pb in these soils to both industrial activities and irrigation with
wastewater (3).

Distribution of Pb between the different grain size :

The total amount of Pb in the different grain size fractions of investigated soils are
given in Table (2). Data show that different fractions in both uncultivated (A) and cultivated
(B) control soils, have an average of (94.7-105.13 ppm), (51.3-89.6 ppm) and (7.3-16.8
ppm) in the clay, silt and sand fractions, respectively. Concerning contaminated soils (C, D
and G), the three fractions clay, sill and sand contain ( 188.5-298.0 ppm), (178.0-198.8 ppm)
and (11.5-64.2 ppm), respectively. It is clear that the clay has the highest content of Pb
which is about 7-9 times the sand fraction. Data in Table (2) indicate that clay fraction
contributes 46.4-52.1 % of the total Pb, while silt fraction has 39.9- 40.4 and sand fraction
has 7.5-13.7 %, which confirm previous studies ll9K
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Total Ni :

Total amounts of Ni in the investigated soils are given in Table ( l).The amount of
total Ni in uncultivated control soil (A) ranges between 40.8 and 43.8 ppm, while in
cultivated control soil (B) ranges between 52.0-67.0 ppm. Rashad etai, (1995) reported
that the amount of total Ni in nonpolluted alluvial soils of Nile Delta ranges between 21.0
and 44.0 ppm with an average of 32.0 ppm (5). Concerning investigated soils subjected to
irrigation with different wastewater sources, data show that the highest values of total Ni
were obtained in the surface layers of soils of groups C (irrigated with wastewater of Shebin
El-Qanater collector) and D (irrigated with polluted water of El- Shaboura canal) which are
177.0 and 98.0 ppm, while total amount of Ni in the deepest layers of the same soils are
112.0 and 83.0 ppm, respectively. These values reflect the effect of irrigation with
wastewater of Shebin El-Qanater collector and polluted water of El-Shaboura canal (which
have an average value of about 314 and 62.5 fJig/L Ni, respectively, as indicated by (14)).

Distribution of Ni between different grain size fractions :

The amount of Ni in the different grain size fractions of studied soils are given in
Table (2). Data shows that the different fractions in both uncultivated (A) and cultivated (B)
control soils have an average of (63.7-77.7 ppm), (31.0-74.0 ppm) and (9.8-12.8 ppm) in the
clay, silt and sand fractions respectively. Also, data in Table (2) indicate that clay fraction
contributes 53.8-54.0 % of the total Ni while silt fraction has 37.3-38.4 % and sand fraction
has 7.6-8.9%. Concerning investigated soils subjected to irrigation with wastewater from
different sources, Data show that Ni content in the surface layers increased markedly
comparing with control soils. Soils of group C have the highest values of Ni content in the
three fractions where clay has 280.0 ppm, silt has 180.0 ppm and sand has 18.8 ppm. It is
clear that the enrichment of Ni in the clay fraction is about 10 times the sand fraction. Data
in Table (2) indicate that clay fraction contributes (inpolluted soil) 50.9-52.5 % of the total
Ni while silt fraction has 40.9 % and sand fraction has 6.6-8.2 %.

Enrichment factor of heavy metals in different grain size fractions :

A number of authors have fractionated soil in order to determine the relative
contributions of clay, silt and sand in heavy metal content of a certain soil. Rabie eta].,
1997 found that Zn, Co, Cu and Cd are bound up in the clay and/or silt fractions (20).
Total metal content of the soil and metal content of each fraction were used to calculate the
enrichment factor for each fraction at different soil layers according to <9)).

Table (3) showed that enrichment factor of heavy metals in differcni soil fractions of
different soil layers of (studied soil profiles) as affected by different wastewater used for
irrigation. The enrichment of Fe in clay fraction is about 3-4 times the sand fraction. This is
due to that Fe can be captured in the octahedral positions of the clay interlatices, in addition
to the formation of Fe -hydrated oxides which often precipitate between the inter surfaces of
silicate minerals (21).

Presented data indicate that clay fraction is enriched in most heavy metals compared
with other soil grades, particularly in surface layers (0-15 cm) except in case of Mn which
tend to accumulate in the sand fraction. These results agree with those obtained by (19).
Concerning Ni, calculated EF indicate that this metal was always associated with the clay
fraction in all layers of investigated soil profiles. It is worth to mention that the increase of
EF- values with soil depth, in some cases, may suggest that some heavy metals in the
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contaminated soils are mobile and leachable through the soil profile due to the presence of
organic complexes usually found in wastewater effluent. These dissolved organic
compounds act as a chelating agents and protect metals from the ordinary precipitation and
fixation process in arid soils. This trend confirms other data reported for Cd, Zn, Co and Cu
(20)

Conclusion

In conclusion, the continous irrigation with wastewater has markedly increased the
amount of heavy metals in the surface layers of the stuudied area. It is clear that the highest
EF ratios in the clay fraction was mainly with Pb which indicates the industrial impact on
the soil. In case of sand fraction, Mn was the highest always compared to other studied
metals. Concerning silt fraction, a varied accumulation of Fe, Mn and Pb was observed with
soil depth and different soil profiles.
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Table (1): Soil Fractions % and Total content of Fe, Mn, Pb and Ni in investigated soils.

Profile

A

B

C

D

E

F

G

Soil depth
(cm)

0-15
15-30
30-60
0-15

15-30
30-60
0-15

15-30
30-60
0-15
15-30
30-60
0-15
15-30
30-60
0-15
15-30
30-60
0-15
15-30
30-60

%

clay

45.8
43.8
39.5
34.8
47.0
33.0
55.6
62.2
70.4
70.9
72.6
75.9
64.7
49.1
49.0
52.3
49.6
54.0
33.2
34.7
45.5

silt

31.5
35.5
41.2
32.0
35.2
26.8
23.5
29.3
25.9
22.9
21.7
23.2
28.9
24.6
27.0
28.3
31.6
25.2
33.7
31.5
31.9

Sand

20.0
19.5
18.0
28.2
32.5
28.0
18.0
6.2
3.4
3.5
5.1
1.0

20.7
21.3
17.5
15.7
16.5
15.1
26.8
25.2
14.8

Total heavy

Fe

38200
38800
38600
38100
39200
43500
76800
68200
49500
66500
59200
48006
46540
45740
45750
43500
45050
48125
60100
58200
58000

Mn

915
880
865
981
1150
1012
1624
1499
1200
1677
1477
1342
1136
1051
981
1280
1438
982
985
1205
1181

metals (ug/g)

Pb

70.6
68.5
66.0
72.0
68.1
70.4
233
169
109
184
164
102
162
140
95.3
111.8
89.6
86.1
180.1
169.7
145.8

Ni

43.5
43.8
40.8
52.0
67.0
60.0
177
102
112
98
81
83

77.8
77.5
78

75.4
67

68.6
51
46
31
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Table (2): Distribution of tested metals (ug/g fraction) between various particle size fractions in investigated soils.

to

Profile
groups

A

B

C

D

E

F

G

Clay
Silt
Sand
Clay
Silt
Sand
Clay
Silt
Sand
Clay
Silt
Sand
Clay
Silt
Sand
Clay
Silt
Sand
Clay
Silt
sand

Soil layer 0 15 cm
Fe

44633
35400
14772
50298
47407
27040
51072
42406
35002
50600
44543
22500
52591
49201
31090
54421
40100
20100
79433
66132
37679

Mn
691
980
936
428
1626
995
837
1119
2555
1369
1480
2880
52591
49201
31090
1199
1496
1180
707
723
1047

Pb
105
54.5
16.8
113.1
85.9
7.3
268
252
30.5
188.5
198.8
11.5
729
925
2237
116.8
98.5
14.8
298
178
64.2

Ni
64.9
35.6
9.8
74.6
67.8
10.0
280
180
18.8
108.5
80.1
14.8
215.5
325
79.0
83
70.2
5.2
119
71.3
16.5

Soil layer 15 30 cm
Fe

43436
35200
14980
51085
43611
16950
51203
47639
31718
50500
49900
20400
50670
49037
33943
58378
42700
22800
69495
62113
30300

Mn
1134
792
405
993
810
1430
811
922
3176
1199
1359
2537
700
839
3069
860
1429
900
735
1188
1726

Pb
101
51.3
14.7
94.7
89.6
8.15
118
105
120
183.1
98.1
7.0
91.7
113.3
40.9
101.2
90.2
8.6
170.7
157.5
79.5

Ni
63.7
31.3
10.6
77.7
74.0
12.8
105
94
16.5
89.9
62.2
8.8
114
188
15.3
82.3
64.5
2.8
37.4
31.6
14.5



Table (3) : Enrichment factors for selected heavy metals between various particle size fractions in investigated soils.

(A
U)

Profile
groups

A

B

C

D

E

F

G

Clay
Silt

Sand
Clay
Silt

Sand
Clay
Silt

Sand
Clay
Silt

Sand
Clay
Silt

Sand
Clay
Silt

Sand
Clay
Silt

sand

Soil layer 0 15 cm
Fe

1.28
1.00
0.42
1.37
1.18
0.48
1.13
0.94
0.77
1.07
0.94
0.47
1.14
1.07
0.72
1.22
1.06
0.48
1.25
1.05
0.69

Mn
1.08
1.10
0.71
0.40
1.67
0.98
0.7

0.91
2.08
0.8

0.91
1.78
0.5

0.96
1.73
0.7
0.85
1.58
0.90
0.87
1.26

Pb
1.52
0.79
0.24
1.63
1.24
0.11
1.20
1.31
0.14
1.04
1.10
0.06
1.61
1.11
0.06
1.36
1.16
0.09
1.65
1.00
0.56

Ni
1.50
0.83
0.23
1.47
1.33
0.20
1.50
0.64
0.11
1.13
0.83
0.15
1.7

0.93
0.15
1.39
1.06
0.14
1.66
1.10
0.25

Soil layer 15 30 cm
Fe

1.25
1.01
0.43
1.31
1.18
0.48
1.06
0.98
0.66
1.04
1.02
0.42
1.13
1.05
0.43
1.22
1.00
0.56
1.28
1.09
0.63

Mn
1.12
1.00
0.69
0.3
1.48
1.18
0.8

0.94
2.59
0.90
1.00
2.02
0.6
0.8
1.91
0.7
0.9
1.75
0.7
1.15
1.12

Pb
1.55
0.79
0.23
1.57
1.28
0.96
1.24
0.79
0.13
1.06
1.04
0.06
1.38
1.28
0.05
1.36
1.11
0.09
1.56
1.06
0.40

Ni
1.59
0.78
0.21
1.47
1.31
0.17
1.12
0.99
0.18
1.12
0.83
0.16
1.32
1.27
0.18
1.39
1.06
0.13
1.69
1.01
0.28

(21) A. Andersson,: Swedish J. Agric. Res., 9: 7 (1979).
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ABSTRACT

Potable water is recommended to have less than 300 pCi/L (11.1 Bq/L) of 222Rn
because of its potential carcinogenic effects. Some >vell water may have exceedingly
high 222Rn concentrations and must be mitigated to be potable. This study was
carried out on well water artifically enriched with n2Rn simulating well water
naturally high in 222Rn concentration. This water was then subjected to different
mitigation treatments. This included aeration treatment, adding granulated
activated carbon and a heating treatment. The mitigating effect of varying the main
parameters of each treatment was investigated. It is concluded that aeration
treatment is the preferred mitigation method because of its efficiency and least
environmental impact.

Key Words: Radon in water / Mitigation Treatments

INTRODUCTION

222Radon (222Rn) is produced from the decay of the parent atom 226Ra, which is a product of the
decay of uranium-238 in granitic rocks. The 22f>Ra atoms remain mostly bound in the rock crystal
lattice. 222Rn however, being a gas, diffuses out, provided that other factors such as porosity of the
surrounding rock exists, and may reach and dissolve in ground water present in (he vicinity'1"31. Some
ground water in the form of wells or springs may have very high mRn concentrations'4'6'. For example
the mean 222Rn concentration in some wells in Nova Scotia17 'was reported to be about 6300k Bq
(170,000 pCi/L). The potential hazard from using water high in its radon content (8"l0)is not only from
its ingestion(2) but also from inhaling radon liberated from that water in its various domestic uses(n"'2>.
It is estimated that a concentration of 10,000 pCi radon per liter of water used indoors results in an
extra I pCi of radon per liter of the indoor air, generated from that water ( n i '1 ) .In view of this, the
problem of radon removal from water supplies rich in radon has been investigated1 5\

The aim of the present work is to carry out a laboratory scale study, under controlled conditions,
of different radon mitigation methods namely: removal of radon by aeration, by adsorption on
granulated activated carbon (GAC) and by heal treatment, in order to assess the efficiencies of these
methods.

MATERIALS AND METHODS

1. Liquid Scintillation Counting Equipment
a- Liquid scintillation counter LSC2 (NE Technology) connected to a sealer/ratemeter SR8 (NE
Technology).
b- Plastic disposable syringes and needles.
c- High efficiency mineral oil liquid scinlillator(Du Pont, Nl.iN Research Products). 22ml scintillation
vials of borosilicate glass with foil-lined caps.
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d- Radium - 226 standard solution (148 Bq/mL) used for calibration of the counting system.
e- Distilled water that has been artificially enriched with 222Rn from the decay of a radium rich source
to a concentration that is high enough for 222Rn mitigation studies.
2. Aeration Equipment for 222Rn Removal
a- Air pumb.
b- Air flow meter.
c- Timer.
d- Voltage stabilizer.
e- Glass cylinder (100ml capacity, 6.5cm2 surface area) containing the 222Rn enriched water. A ball
bubble aerator (radius lcm) is placed at the bottom of the cylinder. For aeration experiments using
ring type aerator (inner radius lcm and outer radius 3cm), the glass cylinder is not wide enough and a
500ml capacity beaker is used with a surface area of 52cm2. Both ball type and the ring type aerators
have fine holes in them and are efficient, with regard to the respective glass container used in each
case, to permit homogenous distribution of the air bubbles formed throughout the volume of water
used. Both aerators are connected to the air flow meter by a hose. The constant current provided by the
voltage stabilizer passes through the air pump and this allows, through the controls, regulation of the
quantities of air produced by the pump and passed to an adjustable air flow meter. Calibration of the
flow meter is done by the manufacturing company to give readings for the air flow in ml/min.
3. Use of Granulated Activated Carbon (GAC) for 222Rn Removal
Granulated carbon obtained from chemical suppliers was activated at 150°C for two hours. The GAC
was then allowed to cool in a dry environment and 1,2 and 5 gram masses of it were mixed with
different volumes of 222Rn enriched water, in plastic bottles, for different contact times.
4. Heat Treatment for 222Rn Removal
The effect of heat on 222Rn enriched water was studied in two ways:
First, the effect of the duration of heating at certain temperatures was studied. Two similar beakers
were filled with 600ml. of the radon enriched water. The surface area of both beakers was 82cm2. One
beaker was kept at room temperature (I8°C) while the other beaker was kept at an average
temperature of 39°C. The duration of the treatment was 300 minutes. Second, the effect of having the
radon enriched water reach certain temperatures on its radon concentration, was also investigated. In
this case 900 ml. of distilled water were heated to a certain temperature, then 100ml. of radon enriched
water of known activity were added and the final temperature was recorded. Sampling of the water
was carried out, at different temperatures, after a 20 minute thermal equilibration. An ice bath was
used to cool the radon enriched water to less than 10°C, and water samples were obtained up to a
temperature of about 90°C.

5-Water Sampling and Liquid Scintillation Measurement of 222Rn
For the various mitigating treatments of radon enriched water 10ml. samples were carefully taken so

that no significant loss of radon occurs and the sample is as representative as possible of the sampled
water. When frequent sampling is done, correction is made when needed for volume changes in the
sampled water when calculating radon concentrations in the sample or in the enriched water
remainder. A control sample of 10ml. distilled water is also made at the same time. Correction is also
made for any significant decay of "~Rn between sampling and measurement. The 10ml. sample is then
added to a 10ml of scintillator oil placed in the 22ml. glass vial and then tightly closed with its cap and
shaken well to mix the water and oil in the vial. A waiting period of about 4 hours are allowed to pass
for secular equilibrium to be achieved between radon and its daughters. The vials are kept in the dark
until counting of the samples and the control is carried out. A background count is taken at the
beginning and at the end of the counting process and correction is made for the background. All
sampling was done in duplicate and the mean count rate is used. The concentration in becquerrel per
liter of 222Rn in the water sample is calculated by using the following equation:
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Where:
222Rn = Bq / L of 222Rn in sampled water.
C = Sample count rate per second.
B = Background count rate per second.
F = Conversion factor (counts per second per Bq for the used system).
D = Decay factor: e-°-693t/tl/'
t = Elapsed time from sampling to counting plus 1/2 counting time) in days.
t V3 = Radiological half life for 222Rn in days.
V = Sample volume (ml).

RESULTS , DISCUSSION AND CONCLUSIONS

Figure (1) shows the system used for aeration of 22 Rn enriched water employing ring type
aerator. Exactly the same system is used with ball type aerator except that the beaker holding the water
is replaced by a cylinder. Fig. (2) and Fig. (3) both show the efficiency of aeration at the constant
aeration time of only 3 min. for removal of most of Rn from the radon rich water using ring type
aerator and air flow rate of 400ml/min. It may be observed that for the smaller water volume used
(200ml) in Fig. (3) compared to (300ml) water used in Fig. (2), the relative radon remainder % is a
little less in the first case obviously because of the smaller volume of water aerated.

Figure (4) shows the effect of aeration at a constant flow rate of 70ml/min., using ball type
aerator and 50ml. of radon enriched water. In this case, although the volume of water is only !4 that
used in Fig. (3), yet upon comparing the percent radon remaining, it may be observed that they are
about equal after 4 min. of aeration in Fig. (4) while only taking 3min. at 400ml/min flow rate in Fig.
(3). Since both aerators used, ring type in Fig. (3) and ball type in Fig. (4) are equally efficient for
homogeneously distributing the produced air bubbles through their respective water volumes, this
shows then the effect of increasing the air flow rate on radon removal. Fig. (5) gives further support to
this observation. As the air: water ratio is increased the percent radon remainder keeps decreasing.

Fig. (6) shows the effect of both the mass of GAC and the length of the contact time, between it
and the radon rich water, on radon elimination. Increasing the mass of carbon used for a certain
volume of radon rich water and also the contact time accelerates the adsorption of radon by the
activated carbon. It's also obvious in this figure that there is a natural loss of 222Rn on standing, not
only by decay, but also a by escape or degassing from the water to the atmosphere. Table (1)
summarizes the results obtained by using different masses of GAC to treat different volumes of radon
rich water at different contact times. It can be observed that the greater the water volume used the
lesser is the degree of radon removal for a certain mass of GAC.

Figure (7) shows that both at room temperature (18°C) and at 39°C there is loss of radon from
radon rich water by simple emanation and/or heat. The escape of radon is increased by increasing the
duration of time spent at these temperatures. Fig. (8) shows that there is almost linear proportionality
between the temperature of the radon rich water and its radon concentration, all the way up to 90°C
compared to the original radon concentration at room temperature.

It can be concluded then from these radon mitigation treatments that, although all three methods
can remove 222Rn from water enriched with it, yet the aeration treatment is the least polluting to the
environment. The eliminated radon should be quickly diluted in the atmosphere. As is well known,
radon is a natural ingredient in the air so the added radon is not a new contaminant. GAC after its use
will have 210Pb, a decay product of 222Rn, with a long half life of 22 years and the used GAC has to be
treated as a low level radioactive waste. Heat treatment releases not only "2Rn to the atmosphere but
also increases air moisture content, not a desirable effect.
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Fig.(2): The effect of air flow rate on Rn-222 removal from 300
ml water volume and 52 cm2 surface area, using ring
type diffused bubble aeration system, at a constant
aeration time of 3 min.
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Fig.(3): The effect of air flow rate on Rn-222 removal from 200
ml water volume and 52 cm2 surface area, using ring
type diffused bubble aeration system, at a constant
aeration time of 3 min.
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Table (1): Summary of the results of Rn-222 removal from water using
granulated activated carbon (GAC).

GAC
Mass (g)

0
1
2
5
0
1
2
5
0
1
2
5

Contact time
(hr) 0 0.5 1 2 6 12 24

Relative Rn-222 remainder (%)

Water volume
200 ml.

Water volume
500 ml.

Water volume
1000 ml.

100
100
100
100
100
100
100
100
100
100
100
100

100
85
78
62
100
88
85
82
100
89
87
83

99 .
77
83
54
99
76
73
70
99
84
83
71

98
57
46
42
99
88
65
61
98
70
70
65

95
41
35
26
97
55
54
46
98
62
59
50

92
21
19
11
93
44
42
33
94
47
43
38

84
17
11
8

86
35
31
19
85
39
28
25
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Concentration levels of 226Ra and natural uranium have been analysed in bottled
mineral waters commercially available in Egypt. 226Ra was determined by applying a chemical
procedure in which Ra was coprecipitated with Ba as sulphate. The precipitate was then
dissolved with EDTA and then measured by Liquid Scintillation system, after mixing with a
scintillation cocktail. Natural uranium was determined by applying a chemical procedure for
uranium extraction using MIBK and then measured using Laser Fluorimeter system. The
concentration values obtained were compared with concentrations reported by other countries
and with reference values accepted for drinking water. Based on the consumption rate and the
measured concentrations, the collective committed effective doses were calculated. In addition,
Ca, Mg and Na were measured using ICP system and compared with some worldwide values.

Key Words: Natural Radioactivity / Mineral Water/Radium/Uranium/Egypt

INTRODUCTION

It is well known that water is the main medium for transferring radioactive materials
through the environment. The determination of Ra-isotopes in environmental samples is very
important from the radiological point of view. Due to their radiotoxicity, especially that of
226Ra, the contamination hazard is potentially dangerous to human beings even at low
concentration levels. When analysing the total annual effective dose to the human population
from natural sources, such as cosmic rays (0.39 mSv) and terrestrial gamma rays (0.46
mSv)(1), the less important dose caused by ingestion and inhalation of long-lived natural
radionuclides also needs consideration. Effective doses resulting from the intake of natural
radionuclides in air, food and water may be determined from measured concentrations in the
body or estimated from concentrations in intake materials. In the particular case of drinking
water, information about several surveys of natural radioactivity, Ca, Mg, Na contents in
ground, surface and mineral waters has been published (Table 2). The analysis of these data
shows that natural radioactivity in water varies over a large range, mainly depending on the
geological characteristics of the soils, and some measured concentrations largely exceed the
reference values accepted for drinking water.

This paper presents the quantitative results obtained from analysis performed on
mineral water samples from various provinces which are extensively consumed by the
population in Egypt. The values obtained are compared with some published worldwide values
for drinking water(2"9) and with the derived values for drinking water00'11'. The doses obtained
from the consumption of such kind of waters due to their 226Ra and uranium content are
calculated.
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MATERIALS AND METHODS

Sampling and sample preparation:

Seven different mineral water bottles; Baraka, Schweps, Delta, Mineral, Tiba, Siwa
and Safi were obtained commercially from retail stores. These are the water brands sold
commercially in Egypt.

Radiochemical procedure and measurement of 226Ra:

A sensitive chemical procedure was applied in which Ra was coprecipitated with Ba as
sulphate (12). 1.5 L from each sample was evaporated to 200 ml and placed in a 2 L beaker. 1
ml Ba2+ - carrier solution (25 mg/ml) and 80 ml HN03 (65%) were added and heated to boil for
60 min. After cooling, the volume was adjusted with distilled water to 1 L. 5 ml of 3 M Citric
acid and 200 mg Pb2+ - carrier were added and heated to boil for a while, covering the beaker
with watch glass. Some drops of Methylorange solution and 20 ml 3 M H2SO4were added. PH
was adjusted to 1.5 using NH3 (25%), then the solution was heated for 1 h to 90°C and left to
cool down to room temperature overnight. The supernatant solution was then discharged and
the precipitate was transfered with 20 ml distilled water into 100 ml centrifuge tube. The
precipitate was washed twice with 20 ml distilled water, then the washing solutions were
discharged. 40 ml distilled water, 1.46 g EDTA and 2 ml NH3 (25%) were added and dissolved
by heating up to 90°C. The hot solution was filtered in a second 100 ml centrifuge tube and the
filter was then discharged. Dropwise of Acetic acid was added to the filterate adjusting the PH
to 4.5 and the time of precipitation was then noted. 2 ml (NH4)2SO4 - solution (17.84 mg
SO4

2" / ml) was added and the sample was left overnight at 50°C. After cooling, the solution
was filtered over a prepared blue-band filter. The filter was then washed with 20 ml distilled
water, 20 ml Ethanol and 20 ml Acetone, then dried for 20 min. at 110°C. After cooling, the
filter with the precipitate was weighed for chemical yield detemiination of Ba (BaSO4), then the
precipitate was dissolved with distilled water and EDTA by heating. The solution was then
transferred to Liquid Scintillation vials, a scintillation cocktail was added and then left in a cool
place. After at least a 15 day period to allow the equilibrium of 226Ra with its daughters, the
samples were measured in Quantulus 1220 low-level Liquid Scintillation spectrometer. An
addition measurement was done for a 22(5Ra standard solution to evaluate the efficiency factor
of the technique.

Radiochemical procedure and measurement of uranium:

For uranium determination using Laser Fluorimetry technique, 100 ml of each sample
was taken, evaporated, then taken up in Ca (NO3)2 salting solution, and the uranium was
extracted with methyl-isobutyl-ketone (MIBK). After the stripping of uranium from MIBK
solution into 0.001 M HNO3, it was ready for analysis. The UA-3 procedure involves the
addition of a buffered agent called Fluran (sodium pyrophosphate, sodium dihydrogen
phosphate) and the instrument was calibrated using 0.01 ml of uranium standard (1 ing/ml).
The chemical procedure was done according to that developed by Mukhtar et al.(lj).

Calcium, magnesium and sodium measurements:

Ca, Mg and Na contents were measured in the mineral water samples using an ICP
system Liberty 150, that uses a 40.68 MHz crystal controlled generator and direct serial
coupling (DISC) to the working coil.
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RESULTS AND DISCUSSION

The natural uranium concentration in the seven bottled mineral water analyzed proved
to be statistically different from the detection limit, with a geometric mean 0.62 jag.I'1 and
values ranging from 0.55 to 0.70 jag.I"1, (given in Table 1).

Table 1: 22fiRa and natural uranium concentration, Ca, Mg and Na content in Egyptian
bottled mineral water

Sample Code

Baraka
Schweps

Delta
Mineral

Tiba
Siwa
Safi

Natural uranium

0.65 ± 0.09
0.59 ±0.08
0.62 ±0.08
0.70 ±0.09
0.67 ±0.09
0.55 ±0.07
0.56 ±0.08

226Ra
(mBq. I"1)

13.7 ± 0.5
5.8 ± 0.2
8.5 ± 0.3
8.3 ±0.4
10.3 ±0.4
39.2 ±0.8
30.8 ±0.8

Ca
(ug.mr1)

51.0 ±7.1
23.8 ±4.9
23.2 ±4.8
18.3 ±4.3
26.0 + 5.1
3.3 ±1.8
2.8 ± 1.7

Mg
("g.mr1)

21.3 ±4.6
11.6 + 3.4
10.8 ±3.3
9.0 ±3.0
11.3 ±3.4
5.0±2.2
4.8 ±2.2

Na
(ug.mr1)

54.8 ±7.4
40.8 ±6.4
35.0 ±5.9
58.0 ±7.6
32.0 ±5.7
45.5 ±6.8

31.0 + 5.6

The measured values of 226Ra concentration ranged from 5.8 to 39.2 mBq. I'1 with an
average values of 16.7 mBq. I'1, (given in Table 1).

Ca, Mg and Na contents of the seven mineral water samples ranged from 2.8 to 51.0
ug.l"1 with an average value of 21.2 ng.mi"1, from 4.8 to 21.3 fig.ml'1 with an average value of
10.5 lag.ml"1 and from 31.0 to 58.0 ng.ml'1 with an average value of 42.4 ug.ml'1 respectively,
(given in Table 1).

In order to evaluate the relative importance of the radionuclides analyzed to the
population radiation exposure, the collective and average individual doses were calculated,
using the conservative approach of a single intake (14'15). When the effective dose was assessed
considering an adult consuming a regional mineral water containing the geometric mean values
(0.62 (ag.l1 for natural uranium and 16.7 mBq.I'1 for 22<iRa), at a daily rate of 2 L, the
committed effective dose was 3.7 (aSv.y"1. When the effective dose was assessed considering an
adult consuming a regional mineral water containing the lowest concentration values (0.55
u.g.1"1 for natural uranium and 5.8 mBq.I'1 for 22<5Ra), at a daily rate of 2 L, the committed
effective dose was 1.4 inSv.y"1. When the effective dose was assessed considering an adult
consuming a regional mineral water containing the highest concentration values (0.70 ug.T1 for
natural uranium and 39.2 mBq.I"1 for 226Ra), at a daily rate of 2 L, the committed effective dose
was 8.3 fiSv.y'1.

In Table 2, a comparison between the results obtained in this work and some
worldwide values was given. The results confirmed to be within the worldwide ranges.

The results of this survey have also showed that the concentration of both natural
radionuclides measured in all the samples analyzed were all well below the derived values for
drinking water, 100 ug.l for natural uranium ( ' and 180 mBq.l" for " Ra . No correlation
between water type and the concentrations of the analyzed radionuclides was observed.

Since natural uranium also has chemical toxicity, it should be noted that all
concentrations reported herein were below the recommended chronic suggested-no-adverse-
response-level based on uranium chemical toxicity (16).
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Table 2: Comparison of the results with summarized published results in mineral waters
from different countries

Country

Argentina
Austria
Belgium
Brazil
France

Germany
Italy

Portugal
Slovenia

Switzerland
United States

Egypt

Natural uranium

0.04-11
-
-
-

<0.6-77

<0.08-60
-
-

0.1-2.7
-
-

0.55-0.70

226Ra
(mBq. I"1)
<1.8-40
<19-230

-

<10-130
<37-960

<3-1800
<3-700

<3-2185
7-614

-

<7.4-81

5.8-39.2

Ca
(ug.mr1)

-
-

3.5
-

10-181

-
203

-
• -

286-436
0.7-93

2.8-51.0

Mg
(ug-mr1)

-
-

1.3
-

5.2-60

-
59
-
-

24-55
0.3-11

4.8-21.3

Na
(ug.mr1)

-
-

3.0
-

3.8-
1200

-
44
-
-

10-46
0.4-184

31-58

Reference

[8]-
[41
f9]
[6]
[4]
[9]
[41
[41
[5]
[21
[91
13]
[9]
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Abstract

The influence of train and car traffic vibrations on the radon concentration ( CR,, ) increases
near the railway tracks and the heavy traffic roads . .
It was estimated along the railway road, and perpendicular directions using CR-39 detectors..
The spacial radius of the influence is about 32m, while the related value for car traffics is
found to be about 25m.
The base line of radon concentration in soil gas and radon exhalation are estimated in the
whole area, far from the center of traffic roads by a distance (> 100m) indifferent directions
and found to be 0.6 Bq/ L and 1.25 x 104 Bq m'2 respectively.
It is easy to detect that the average ratio between the radon concentration at its higher
level and its base line, which is regular concentration of radon in the ordinary positions
far from the effect of traffics, is about 1.18 for railway traffics. While the related value to
vehicle traffic is about 1.23, which is higher than that of railway traffic because the ground is
stimulated per minutely.

Key Words : car and railway traffics, CR-39 detector, mechanical
vibration, radon Exhalation

1.Introduction:

Radon (Rn-222) is a radioactive gaseous member in the uranium (U-238) decay series. This
radioactive gas is the direct product of radium (Ra-226) in that series. The nuclides Rn-222 and
Tn-220 and their progeny cause about 50% of the dose of the natural radiation sources1'. The
occurrence of radon gas (Rn-222) and its decay products in the environment specially in homes
and at the habitations, this occurrence may contribute toward lung cancer incidence in many
parts in the world ^ "3'. Many works in the field have been performed in Europe and North
America, which revealed that some countries have high Radon (Rn-222) concentration in their
dwellings4' " 6). The most probable mechanism of radon transport is diffusion where the
transport of radon of radon by pressure gradient and temperature gradient can be ignored. 7) '8).
Radon which reaches joint or pore space in the near surface can migrate from the ground into
the atmosphere.
This work indicate the influence of railway and car traffic vibrations on the radon
concentration in soil gas which is used also for the prediction of earthquakes 9\ Since the last
thirty years, many investigations were calculated, especially in Northeast Asia and North
America, for using radon as a natural tracer for earthquake prediction !°)~13).
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2.Radon Exhalation:

In this work, we considered the transport of radon by its concentration gradient.
Assuming that under steady state condition, radon concentration gradient exists only in the
direction of depth, the radon concentration in the soil is controlled by the following differential
equation 14' l5\

8C(x)

5t 5x2

Where:

• C(x) is radon concentration in the direction of depth.

8 C(x) / S t = 0 in the steady state condition

(a) and (X) are the production rate and decay constant of radon respectively .

• Ds= Da/ p where Ds and Da are the diffusion coefficients of radon in the soil
of porosity p and in air respectively .

Mathematically we can consider various practical situations that set specific boundary
conditions on equation 1.
For homogeneous emanating soil layer of finite thickness L, about five times the radon
diffusion length, a low gas penetrability into the non emanating bed rock, requires the
following boundary condition 14 ':

5 C(x) / 5 x = 0 at x=L

Radon concentration C(x) can be given by the solution of equation (1) :

- C a )

cos h (L- x )/ Xd

1-
I— cosh

Where

(j)A is the radon flux density near the surface of the soil can be given by Ficks 1st low I4)'15

<|>A = - P Ds 5 C(x) / 6x lx=o=Pa (Ds/Xf5 3

where P is the total porosity and Ca is the radon concentration which is uniformly distributed
in the air of the can .
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For one determinational flow equation 1 can be applied within the can [11]

d Ca §A A
= - X Ca +

dt V

Where:
A is the cross-sectional area of the opening of the can.
V is the can air volume.

The values, in this work, are 12.5 cm2 and 125 cm2 respectively

The following equation is the solution of equation 4.

Where A,' = <JDS/A / h , h is the height of the can and T is the exposure time.

3. Registration sensitivity of radon in the used cans

Assuming the presence of Rn-222 only in the can's air volume, and neglecting the presence of
Po-218 and Pb-214 and Bi-214 in the air volume of the can and assuming more that all of these
radon progeny are deposited completely on the walls of the can; the sensitivity of CR-39 for
radon can be given by ^'17'

ScR~

P =

i

4 '

C

4

1 r I

r

^1 +

( 1 +

cos2

cos2 e c-

r

R

r

R

Where
r and h is the inner radius of the can and its hight (air gap);
h is the height of the air gap;
0C is the critical angle of etching and equals sin"1 (1/v) , v is the

response function.
R is the range of alpha-particle, emitted from radon nucleus , in

air.
p is the track density .
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4.Effective and real radium content

The effective radium content ( C R 3 )eff means the radium is in radioactive equilibrium with
the measured released radon from the soil. This quantity can be given by the following
expression 14), depending on the value of real radium content ( CR E )real •

( C R 3 )eff. — ( C R 3 )reai. • £, where 8 is the emanation coefficient,

= ap/d where d is the soil density.

The radon production rate (a) is related with the track density (p) in a can, by equation (8): l8)

a

Ds/A,

Teff. 8

Where
S is the registration sensitivity of the detector in the used can (tracks

cm"2 . day"1 per Bq. m"3) for radon.;

G is the back diffusion geometrical correction factor of the used can
and given by G = 1+ P (xa / h ) . tanh (L / xa);

P is the porosity of the soil, it was determined to be 0.3 in the
average, which is in quite agreement with the published data 14);

L is the soil layer thickness, Xd is the diffusion length of radon
gas in soil xd«1.55 + 348.27 P °'9S , the term tanh (L / xd) equals
unity when L > 5 x^;

Teff is the effective exposure time = T-( 1 A,i).(1- e );

Where X\ = X + X'

By making use the obtained values of radon production rate (a) in equation (3), the related
values of radon flux density <J>A can be obtained.
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3 Experimental procedure:

3.1 Materials and methods:

Sheets of CR-39 were cut into several mm2 pieces and attached adjacently on the bottom of the
measuring plastic cans for simultaneous exposure to radon gas arising from the soil.
Two sets of measuring plastic cans are located in different locations in the area surrounding the
car high way and railroad.
To eliminate the effect of thoron (Tn-220) from the radon exhalation measurements, the open
ends of the plastic cans were covered with a thin semipermeable plastic membrane of thickness
14um.

A total of 50 measuring cups were prepared and placed upside down as shown in fig. (1) in
superficial holes near the ground surface in different locations (one group of cups were placed
100m at least far from the traffic roads for radon exhalation base line measurement), while the
other two groups were placed along and perpendicular to the traffic roads (railway and car
highway), the cups are left undisturbed for six weeks, as shown in fig(2) and fig(3).

4. Results and Discussion:

Recent theoretical and experimental studies indicate that over the long-term, the net gas flow
between a building and the underlying soil caused by atmospheric pressure fluctuations is
zero19)-21).
The present measurements have been carried out for nearly similar soil conditions under the
same atmospheric conditions also. The reason for which the results of this study suggest that
radon concentration variations have not related to convection flow of radon..

Assuming radioactive equilibrium between U-238 series members we obtained the following
results as shown in the following legends:

Table 1 gives the base line of exhalation of radon gas in Tanta district

Table2 gives the exhalation of radon along a part of the railway track (Tanta - Alexandria) and
along its. spatial radius of influence on radon potential.

Table3 gives the exhalation of radon along a part of car traffic highway (Cairo-
Alexandria via Tanta).

Figl. The accumulation of 22Rn. Concentration (Ca) in the can placed in the soil.

Fig2. The pumping and sucking effects: breathing and inspiration of the soil due to
mechanical vibrations.

Fig3. Shows the studied district for both railway and highway car traffics, also for radon
exhalation base line measurement.

Fig.4. The variation of radon exhalation along the radius of influence for both railway and car
Traffics with respect to the radon exhalation base line.
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Figl. The accumulation of Rn concentration (Ca) in the air can volume.
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Soil gas pumping
(breaUiing of the soil)
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After train, or car passage

Air sucked into soil
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Fig2. The pumping and sucking effects: breathing and inspiration of the soil due to
mechanical vibrations.
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Fig.3 Railway and car traffics locations and areas of interest at Tanta and
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Table 1.
The average concentration and exhalation base line of radon in soil gas (near the ground
surface) over six weeks accumulation of Rn in Tanta district (Egypt).

L
ocation

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18

Average x"

C>n

Rn-222 activity in
soil gas
(Bq/L)

0.69
0.61
0.96
0.65
0.58

. 0.43
0.59
0.56
0.49
0.48
0.57
0.61
0.52
0.67
0.64
0.55
0.65
0.72

0.61

0.11

C R S 226

activity
(Bq/kg)

33.4
29.5
33.4
31.4
28.0
20.8
28.5
27.1
23.7
23.2
27.6
29.5
25.2
32.4
31.0
26.6
31.4
34.8

28.75
3.76

Content
ppbxlO"4

9.4
8.3
9.4
8.9
7.9
5.9
8.1
7.7
6.7
6.5
7.7
8.3
7.1
9.1
8.7
7.5
8.8
9.8

8.1
1.05

U-238
ppm

2.6
2.3
2.6
2.5
2.2
1.7
2.3
2.2
1.85
1.85
2.1
2.3
2.0
2.5
2.4
2.1
2.4
2.7

2.26
0.27

Radon exhalation

<i>

(Bqm-2xl04)

1.45
1.28
1.45
1.37
1.22
0.91
1.24
1.18
1.03
1.03
1.17
1.28
1.12
1.39
1.34
1.12
1.34
1.51

1.25
0.16

The calculations are based on the equation (3) which can be written in the following form:

(j)A = P a V ( Ds / X) = P a Xd

where P is soil total porosity (0.3), (the diffusion length Xd of radon in this district has been
calculated to be, in average, 108 cm).
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Table 2
Average radon concentration in soil gas (near the ground surface) over about six weeks
accumulation at different locations along railway and cars highway in Tanta district (Egypt).

L
ocation

1
2
3
4
5
6
7

Average

X

Train traffics

Rn-222 activity
(Bq/L)

0.57
0.62
0.86
0.74
0.72
0.72
0.76

0.71
0.1

Radon exhalation
(Bqm-2xlO4)

1.17
1.28
1.78
1.52
1.49
1.49
1.58

1.47
0.18

Car traffics

Rn-222 activity
(Bq/L)

0.72
0.68
0.73
0.75
0.76
0.76
0.72

0.73
0.03

Radon exhalation
(Bqm-2xlO4)

1.5
1.4
1.51
1.56
1.56
1.56
1.48

1.51
0.05

Table3
Spatial distribution of average radon concentration in soil gas (near the ground surface) over
six weeks accumulation at different distances perpendicular to the railway and cars highway
tracks in Tanla district (Egypt).

Trains railway
Distance from the

railway track
(m)
2
3
4
6
8
10
15
20
25
28
30
32
34
36

Radon concentration
(Bq/L)

0.69
0.68
0.69
0.68
0.67
0.66
0.63
0.61
0.6
0.58
0.56
0.57
0.59
0.6

Cars highway
Distance from the Cars

highway track
(m)
2
4
7
8
10
15
20
22
24
25
28
30
33
36

Radon concentration
(Bq/L)

0.73
0.71
0.67
0.65
0.65
0.6

0.55
0.54
0.54
0.53
0.58
0.61
0.6

0.61
The estimated total error amounts to ± 15%
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Conclusion:

The traffic influence was estimated during about forty five days. The increasing in radon
concentration is due to the working times of traffic which are in total 40 trains per 24 hours for
both directions from Tanta to Alexandria and vice versa, also due to the effect of car traffics on
the highway.
The spatial radius of the influence on radon concentration is about 32m for railway traffics
which is wider than that of car traffics which is about 25m. From fig.4 we can notice that the
increase of radon concentration due to car traffics, is higher than that of train traffics, but the
variation of radon exhalation with perpendicular distance of car traffics is a little bit more
steeper than that of railway traffics. The radon exhalation has been noticed to be a little bit
lower than the related value of base line of radon concentration at radii of 32m and 25m for
train and car traffics respectively, this can be explained by the effects of radon pumping from
the affected area and sucking of radon-bearing soil gas from the surroundings of the affected
area (at boundary circle of about 13m width diameter which can be called the radon evacuation
area or safety area). This phenomenon will be useful in the field of traffics nearby-building
designing. The pumping effect, due to railway traffic, increases the upward diffusion of radon
gas, this is because the top-most layers of the soil lose radon to the atmosphere by every
stimulation. During the short-time stimulation, the radon concentration increases along railway
tracks, and there is an accumulation of radon in buildings is likely due to the increase of radon
concentration which persists for a longer time. Also the delivery of radon from the subsoil,
which is due to the upward diffusion, is generally increased. This results in a long-term effect,
the increasing of the radon concentration along railway and motor vehicle traffic tracks, streets
and nearby buildings, to be higher than the base line of radon concentration in the area of
interest by about 18 % and 23 % respectively.
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ABSTRACT

A study has been conducted using hydrochemistry and environmental isotopes
(deuterium, oxygen-18 & carbon-14) on the Nubian Sandstone aquifer which
underlies the Western desert oases. The concerned three oases (El-Farafra, El-Dakhla
and El-Kharga) covers an area about 8000 km2 from the total area of the Western
Desert. Seventy one water samples were collected from these three oases and
subjected to both chemical and isotopic analysis to evaluate their groundwater
resources. The hydrochemical data of these water samples reveals that thier salinity
doesn't exceed 500 mg/I as well as the presence of marine and meteoric water types
with different percentage. The mineralization of the investigated groundwater may be
evoluated under flusing the original marine water entrapped between the pores of the
aquifer matrix by meteoric water which is furthely modified through leaching,
dissolution, cation exchange and oxidation-reduction processes. The investigated
groundwater indicates some sort of quality hazards for drinking and domestic
purposes due to the high concentration of both iron (agverage 6 mg/1) and hydrogen
sulphide (average 2.5 nig/I ) relative to WHO standard. This water can be used safety
for all kinds of livestocks. About 95% of the these groundwater have low to medium
salinity hazards and low sodium content and can be used for irrigation. The mean
geothermal gradient with depth is measured in two wells in El-Kharga and found to
be slightly higher than the natural one, it is equal to about 1.4° C/l 00 m. The base
tempetature was calculated by two cation geothermometers (K-Mg) and (Na-K-Ca)
that indicate a generally higher temperature due to continuous rock-water interaction
and/or mixing with old connate water which having assembly acquiring higher
cationic temperatures. The corrosivity which noticed in some wells may be related to
combined effect of high temperature of water, high concentration.of II2S and CO2

and low pH. The environmental isotopes data of the investigated groundwater
samples reveals that theniain recharge source for the Nubian Sandstone aquifer is in
situ precipitation in much cooler and humid climate thousands of years ago, since the
carbon-14 age for the shallow and deep zones of six wells collected from these oases
is > 20,000 years.

Key Words : Environmental Isotopes/Geochemistry / The Western Desert Oases/
Nubian Sandstone Aquifer

INTRODUCTION

The River Nile is considered the main source of fresh water that covers the water demands
for Egypt's population. Due to rapidly growth of population groundwater became an important integral
part of the national policy of Egypt.

981



The Western desert oases have been inhabited since pharonic time (2000 B.C.)- The
development of Nubian Sandstone aquifer in these oases has made to cultivate intensive large low land
areas depending on the natural flowing water of this aquifer. This flowing water has ceased in many
wells in the area due to continuous exploitation over the past years and thus pumpage and water lifting
started in some of these oases as a result of declines of the piozometric pressure with time. So, it is
necessary to identify the replenishment, flow dynamics, recharge mechnisms and the mean residence
time of the groundwater in this vital aquifer using hydrochemical and environmental isotopes ( I8O,
D,1^) techniques.

LOCATION

The investigated area extends for about 8000 Kin2 between latitudes 24° 15 and 27° 30 N
and between longitudes 27° 31 and 30° 27 E. It comprises three of the main oases in the Western Desert
( El-Kharga, El-Dakhla and El-Farafra ),as shown in Fig. (1). The climate of the study area is generally
described as torrid and practically rainless.

GEOLOGICAL AND HYDROLOGICAL ASPECTS

The surface exposures throughout the whole area of study are entirely composed of
sedimentary rocks belonging to Upper Cretaceous to Quaternary. The Basement rocks which only crops
out at the southern part of El-Kharga oasis is unconformably overlained by the Jurassic to Upper
Cretaceous Nubian Sandstone followed br Pre-Maestrichtian variegated shale, Maestrichtian Duwi
Phosphate Formation, Maestrichtian to Danian Dakhla shale Formation, Landanion Tarawan chalky
limestone Formation, Upper Paleocene-Lower Eocene Esna shale, Lower Eocene Thebes Formation and
the Pleistocene and Recent sediments. The major homoclinal structure in the study area is generally
interrupt by a number of dominantly oriented NE-SW and NW-SE upfols and downfolds. A great
number of E-W faults are recognized mainly in the southern portion together with N-S and NW-SE
trends/0

The Nubian Sandstone aquifer in Egypt is a part of a regional hydrogeological system with
extension into Libya, Sudan and Chad. It contains a vast amount of water for agricultural and domestic
uses ( 3x 10M million cubic meters ). Nubian Sandstone is the main groundwater bearing horizon outside
the Nile Valley and Delta, it underlies the whole Western Desert and extends to the Eastern Desert and
Sinai Peninsula. It consist mainly of alterning beds of sandstone and clay, the clay beds are laterally
discontinuous and separate sandstone into muti-Iayer aquifer system bounded by impervious basement
rocks. The thickness of the sediments varies between a few hundred meters in the south to 4,000 meters
west of Abu Mongar. In the southern portion, the Nubian Sandstone aquifer is unconfined and depth of
groundwater varies from 25-40 meters. Further north where the aquifer is overlain by Tertian.- shales
groundwater is naturally confined, although springs are present originating from fissures in the
confioning layers. In the erosional depressions where the shales have been removed groundwater is
discharged at the surface forming the inhabited oases *\ The piezometric pressure ranges from 350 m
(a.s.l., above sea level) at the southern corner of Egypt ( Uweinat) to about 100 m (a.s.l.) at the Kharga
and Dakhla oases with a general flow direction from S.W to N.E and N as shown in Fig.(l). The huge
depressions in the Western Desert below sea level constitute the natural discharge areas of groundwatcr
contained in the Nubian Sandstone aquifer, thus considerable amounts of water reserves normalh- under
pressure is expected to be lost by evaporation* '.

METHODOLOGY AND TECHNIQUES

A total number of seventy one groundwater samples were collected from the different
bearing horizons of the Nubian Sandstone aquifer system in the concerned oases (El-Dakhla, El-Kharga
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and El-Farafra) in 1995. Sample identification, locality, pH, E.C., water's temp., H2S concentration
were performed in situ. Chemical analysis were carried out according to standard methods <4\ The water
samples were also analysed for oxygen-18 and deuterium using isotopic ratio mass spectrometer. The
ISQ/I&Q r a t j Q w a g m e a s u r e c j after equlibrium between 5 ml of water sample and standard CO2 gas (3),
while the 2HJ 'H ratio was determined after reduction reaction between 0.8 u ml from water sample and
25 mg Zn under vaccum at a temperature 450°C <6). The isotopic composition of a water samples is
usually reporated in delta per mille (%o) deviation from the Vienna Standard Mean Ocean Water
(V.SMOW) with uncertainty level of ± 0.1 %o for 5!SO and ± 1 %0 5 D. Benzene synthesis and liquid
scintillation counting have been used for 14C measurements. The sampling was done in the field using
about 100 to 120 liter containers to precipitate BaCO3 for laboratory analysis based on a modified
IAEA technique<7).

RESULTS AND DISCUSSION

A- General chemical characteristics

The results of the chemical analysis could be outlined as follows :-

A. 1 - Salinity, major ion concentrations and water type

The groundwater salinity and major ions concentration in the investigated oases vary within
a narrow rang indicatig a high homogeneity in chemical composition due to the dominance of clastic
facies. The values of total dissolved salts (TDS) does not exceed 500 mg/1 and increase generally with
the decrease in depth of well due to the following factors :

1- The continuous rock-water interaction during water flow upward as a result of the high piezometric
pressure and due to the long period of exploitation of shallow zone of the aquifer, which characterized
by shally materials.
2- The mixing with irrigation water return and/or evaporation.

The correlation coefficients between TDS and each of the major ions, Table (1), show that
the most significant ions which control the TDS are Cl and Na followed by Ca and Mg. The low
correlation coefficient between TDS and K could be attributed to the adsorpance of K on the shale
content dominating in the highly saline water in shallow7 zone of the aquifer. The reduction of SO4 is
indicated by the high H:S content, may explain the low correction coefficient between SO4 and TDS.
The low correlation between TDS and HCO3 could be attributed to the association of freshness process
by bicarbonate salts .

Table ( 1 ) : Correlation coefficients between TDS and major ions

Variable

Correlation
Coefficients

K

0.44

Na

0.81

Mg

0.51

Ca

0.55

Cl

0.92

SO4

0.45

HCO3

0.34

The water types distribution. Table (2), shows that both the marine water types ( Mg-Cl &
Ca-Cl) and meteoric one ( Na-HCOj & Mg-HCO.?) are encountered with different degree in the three
oases. This could be attributed to the different portion of meteoric water invasion to the original marine
solution entraped between rock pores under different flow rates and infiltration velocties due to facies
changes laterally.
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Table ( 2

Water
type

Oasis

El-Kharga

El-Dakhla

El-Farafra

: Water

Na-Cl

65%

42%

16%

types distribution in the investigated oases

Mg-CI

8%

10%

23%

Ca-Cl

24%

38%

Mg-SO4

4%

10%

Na-HCO3

15%

8%

Mg-HCO3

4%

10%

15%

Ca-HCO3

4%

4%

A.2 - Graphical Representation

The different sequances of ion dominance are illustrated in the grid graph, Fig.(2). This
graph reflect that all the possible cationic combinations are recorded in the investigated groundwater
with only three anionic groups, this may reveal that mineralization is affected by the processes involving
cationic changes as leaching, adsorption and cation exchange.

Sulin graph of genetic chemical classification was used to represent the chemical
composition of the examined groundwater samples in the study areas as shown in Fig.(3). This diagram
reflect the presence of marine character in form of Mg Cl2 genetic salt in the direction from El-
Kharga (20%) to El-Dakhla (35%) to El-Farafra (50%) as the basin of deposition becomes thicker and
less permeable strata are prevails. The meteoric character is indicated by appearance of either NaSO4 or
NaHCOs salts in the rest of water samples.

A.3 - Groundwater Temperature and Geothermal Gradient

Potentially the interior of the earth is an almost infinite reservoir of thermal energy which is
generally burried too deep. Groundwater temperature increases with depth because of this hot interior of
the earth. This increase is averaged normally to one degree per hundred meter depth [1°C/100 m j ( ' .
The depth-temperature relationships, Figs.(4,5) are constructed based on the available data derived from
the geophysical temperature logging carried out by EGDDO on two wells, El-Khaga-1 obsevation
and El-Kharga-1 production. The mean geothermal gradient is found to be slightly higher than that
indicated by White*1" and equal to (1.4°C/100m ). It is consistent with the temperature measured for the
groundwater samples collected from the three oases at 1995( \

The results of applying two different cationic geothermometers {[K-MgJ }and{[Na-K-
Ca|(13)} on twenty two of the examined groundwater samples representig the important prcdommet
water types. Table (3), give generally high tempreturc than that measured in situ. The K-Mg
geothermometer is relatively more applicable but still giving higher temperatures than the actual
measurements. This may be due to continuous rock-water interaction and/or mixing with old connate,
water that has assembly acquiring higher cationic geothermometers.
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El-Kharga Oasis

Fig. (3) : Sulin's genciic chemical clnssillcalioii diagnun for the
investigated groitndwnler Samples in (lie three OJISCS
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Table ( 3 ) : Calculated cationic geothermometers

Sample
No.

1
3
5
10
12
15
17
23
27
29
33
35
36
38
41
57
58
59
63
69
70
71

Calculated Temperatures (°C)

Geothermometers
K-Mg

87
85
85
94
74
82
42
43
54
81
66
87
54
74
85
56
60
84

58.5
58
90
70

Na-K-Ca
142
133
131
142
114
147
70
103
112
121
36
106
72
89
116
74
75
103
127
63
153
105

A. 4 - Groundwater mhriralization

The evolution of groundwater mineralization in the concerned oases may be affected by the
following geochemical processes:

A.4.1 - leaching and dissolution

Several ions are released in water through leaching of the adsorption surface of many
sediments such as shales, claves and marls. The solubility processes are highly affected by pH, EH,
temperature, gas pressure, ionic strength etc. The effect of leaching on the chemical composition of
the investigated groundwater can be followed from the ratio of different ions ( K, Na, Mg, Ca and SO4 )
to chloride which has a conservative nature. The average ratios in epm for 71 groundwater samples are
listed in Table (4);

Table ( 4 ) : The ion ratios of the investigated groundvvater samples

Ratio

K/Cl
Na/Cl
M«/C1
Ca/Cl

SOVCl
Na/K

The average in the investigated samples

0.34
0.84
0.68
0.56
0.50
5.40

Sea
Water(I4)

0.02
0.86
0.19
0.04
0.10
47.4
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and attain higher values than sea water due to the relative increase of different ions under the action of
leaching process. Also, the ratio Na/K aquircs generally low values due to the active leaching on the
shal ley deposits rich in adsorbed potassium.

The dissolution of the different terrestrial salts participating in the chemical composition of
the investigated groundvvater can be noticed from positive correlation coefficient between the following
ion pair ; Na:Cl = + 0.85 & Mg:HCO3 = + 0.66 and Ca : HCO3 = + 0.54.

A. 4.2- Mixing

Mixing of two intermingling water bodies of different genetic origins gives rise to a
transitional zone of mixed water. This zone is called zone of diffusion. Examining the main hypothetical
salts encounted in the three oases as disscussed previously in Sulin graph could be reflect a mixing case
between marine water and meteoric water with different ratios based on flow rates and diffusion
intensities. The old marine salt CaCI2 is appeared in one sample. The existance of marine salt MgCb
reflect a primary' stage of evolution in 30% of the collected groundwater samples with more prevalence
in El-Farafra and El-Dakhla than in El-Kharga. The meteoric Na2SC>4 salt of continental origin is
revealed in the rest of samples ( 70% ) with more domination in El-Kliarga oasis. The NaHC03 salt
which corresponds to the final stage of meteoric invasion is identified only at the nothern part of EL-
Kliarga oasis and very rarely in El-Farafra.

A.4.3- Base exchange

The base exchange causes a disequilibrium between Cl and (Na+K) when water circulates in
sediment. A considerable difference between the concentration of Cl and Na+K indicates a base
exchange. The ion exchange index calculated using the formula; {Cl-(Na+K) /Cl } ; where the
concentration of the ions are expressed in epm as shown in Table (5). This index acquries negative
values for about 70% of the investigated samples and gave positive values for the rest of these samples.
This means that the ion exchange process is mildly active in the area of study.

A.4.4- Oxidation-Reduction Reactions

The oxidation-reduction process is expected to be playing a role in modifying the
groundwater mineralization in the study area, where high concentration of H2S gas with its specific
odour is detected in some wells with concentration ranges from 0.5 to 3.6 mg/I, indicating the sulphate
reduction which occured under anaerobic conditions and high temperatures. The high iron content
determined in the investigated groundwater samples ( average 6 ing/1 ) is provides an evidence of pyrite
oxdidation.

The reduced SO4 ma}- be partially substituted from rock-water interaction or from pyrite
oxdiation. The SO4 reduction may also leads to HCO3 formation in the presence of organic media and
could be precipitated as CO3 at high pH or changed to SO4 due to recation with sulphoric acid which
result from pyrite oxdiation.

A.4.5- Corrosion Potential

This paragraph deals with a serious socio-economic water quality problem in utilizing the Nubian
Sandstone groundwater wells in the Western Desert oases. This problem is the high aggressivity and
corrosivity of this water against metallic components of the pumping equipments ( pipes, casings,
Screens and pumps) which leads to a decrease in the economical expolitation of these wells.

A water saturated with CaCO3 tends to precipitate a scale which may protect the pipes of the
groundwater wells from corresion. Langelier index [IL] can help to indicate the potentiality of the
scale formation. The calculated (IL) index for the investigated groundwater arc listed in Table (5). This
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Table (5): Base exchange and corrosivity indexes for the investigated groundwater samples

Ser. i
I

No. ]
Well's location

; El-Kharga Oasis
1 i
2 !
3 I

4

5 !

s
7

3

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

Mahariq 2
Sharka 3
Kharga 40
Kharga 23
Kharga Gomhoriya
Ganah
Nasser drinking
Nasser 1
Sulak 5
Bulak 5A
Bulak 17
Gannachin 3
Garmachin 2S
Bans 37
Dosti Subs
Bans (32) Baqhdad
Bans (47)
Bans El-Fakhura
Bans (16) Subs
Bans El-Salad
Bans E]-Ououn
Garmacrt/n

El-Monira El-Balad
Um Said
Garmachin 13
Bans 2

i El-Dakhla Oasis
27

28

29

30

31

32

33

34

35

Tenada (8)
Tenada (12)
Tenada (3)
Tenada drinking
Balat 40
Balat 23

!8alat 2A
Balat (4)

! Mut 3

!
Base exchange

Corrosivity indexes
Langgelier
index (IL)

I
-0.10
-0.72
0.24
1.22

-0.3 0
0.4S
0.35
0.70
0.S1
0.62
0.53
0.50
1.27
0.42
-0.14
0.34
0.02
-0.05
1.80
0.01
0.07
-0.15

-0.32
0.13
-0.01
0.25

-ve

-ve

-ve

-ve

-ve

-ve

-ve

•ve

-ve

-ve

+ ve
-ve

-ve

-ve

- v e

-ve

-ve

-ve

-ve

•ve

.ve

-ve

.ve

-ve

-ve

-ve

!

0.95
0.48
0.40

I 0.57
I 0.49
! 0.43
I 0.42
I 0.72
I 0.93

I -ve
-ve

i -ve
| -ve
! -ve
I -ve
! -ve
i -ve

! -ve

Ryzner index
(TR)

3.48
9.40
10.14
10.75
3.71
9.24
9.2S
10.3S
9.S4
9.48
S.84
9.90
3.88
10.10
10.30
9.70

_

-

-

_

—

-

_
_

-
9.50

10.12
10.28
10.46
9.42
10.56
10.95

| 9.90
10.65

F 11.06

Ser.

N o .

36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

60

S1

62

63

64

55

SS

67

63

S9

70

71

Weil 's location

Mut 3A

Mut 23
Mut 24
Mut 25
E!-aasr El-Balad
Ei-aasr10
El-Qaer 3
E!-Gedida 12
El-Qalamon 12
:i-Qalamon 2
EI-Qasr3A
Masara 12
^lasara 20
Masara 3
Sheikh wall
Mushia 3
Mushia 4
Mushia El-Balad
Asmant dinking
Masara 12
Qalamon 5 drinking
El-Qasr 5
Farafra Oasis
Farafra 1
Farafra 6
Farafra Balad
Farafra 4A
Farafra drinking

Farafra 11
Farafra 13
Farafra 14
Farafra 15
Farafra 7
Farafra 8
Ain Dalla
Farafra (4) Obs.
Farafra 3C

Base exchange

0.41 |

0.09 I

0.14 !

0.72

0.51

0.94 I

0.73

0.32

0.20

0.21

0.82

0.22

0.93

0.99

0.83

0.85

0.87

0.42

0.06

0.76

0.52

0.35

0.72

1.01

1.04

0.S7

-0.98

I 0.43

-1.00

-0.8$

.0.34

41.77

0.38

0.76

1.10

| 0.36

Corrosivity indexes

Langgelier
index (IL)

-ve

•ve

+VB

-ve

.ve

•ve

-ve

•ve

•ve

-ve

-ve

-ve

-ve

-ve

-ve

-ve

-ve

-ve

-ve

«ve

-ve

-ve

-ve

-ve

-ve

I .ve
-ve

I -ve
I -ve
I .ve
I -ve
I -ve
I -ve
I -ve
! -ve
! -ve

Ryzner index
(TR)

9.18

10.25
3.48
10.80
9.74
12.06
11.56

-

10.26
8.91
11.00
10.14
10.99
11.65
9.23
9.95
9.92

I 6.40
10.92
9.35
8.38
11.05

10.20
9.58

-

-

9.80

9.30
9.20
9.58

-

-

-

7.90
-

9.30

The values of both IL and IR was derived from the chemical analysis data that mentioned in Sadek's Ph.D (Table 23. page 141-144).



factor shows negative values for approximately all samples indicating high corrosivity. Another factor
called Ryzner index [1RJ( was used to detect the corrosivity in the examined groundwater samples and
also gives high values which means high corrosion.

The high corrosivity which noticed in some groundwater wells is due to the combined effect of the
following factors: • • *

1- The high tempreture ( average 39° C )
2- The genrally low pH (i.e in the range of 6.38 - 7.5 for about 90% of the collected samples )
3 - The dissolved CO: gas( average 12 mg/1) and the dissolved H2S gas ( average 2.5 mg/1)
4- The less potentially of CaCCb scale formation against corrosion (-ve longgclier index, and high
values of Ryzner index )

EVALUATION OF THE INVESTIGATED GROUNDWATER QUALITY FOR DIFFERENT
PURPOSES

a. Drinking and Domastic uses

Comparing the results of the chemical analysis with the critria published by WHO(I7), a doughtfi.il
suitability could be admitted to the investigated groundwater for both drinking and domestic uses. The
quality hazards arise principally from the high iron content (average 6 mg/1) and the high dissolved
hydrogen sulphide (average 2.5 mg/1). The total hardness of the examined groundwater varies in the
range from 41 to 248 and classified as soft to moderatly hard based on hardness classification'18' .

b. Agricultral use

According to U.S. irrigation laboratory staff classification . the investigated groundwater are
located on two classses CpSi and Q-Si reflecting low to medium salinity hazard and low sodium
content, as shown in Fig.(6), this means good quality and suitability for irrigation uses.

ENVIRONMENTAL ISOTOPES

The conventional 5D Vs. 8ISO diagram is drawn to represent the isotopic content of the
investigated samples. Fig.(7). This diagram is also include two reference lines {(Golobal meteoric water
line(20). 5D=85lsO+10) & Palaeo water line'2", 5D=85l8O+5 } and two water points representing the
isotopic composition of the Nile water at cairo (5lsO=+3.76 & 8D=+28.9) and the Mediterranean sea at
Alexandria (5IbO=+i.87 & 5D=+9.8) for comparison. The isotopic content of the investigated
groiindwater is very depleted and scattered around the palaco water line. The isotopic content of these
samples is comparable to the isotopic composition of the Central European winter precipitation which
are recorded in the IAEA precipitation network'"*', and significally lower than the Nile water and local
rain values. This give an indices that there is no active potential current recharge either from the Nile or
from local precipitation.

The relationship between the total dissolved solids (TDS in mg/I) and oxygen-18 of the
investigated groundwater samples, Fig.(8), reflect a modification in groiindwater salinity either by a
capillary evaporation in the shallow zone or due to mixing with evaporated recycled irrigation water
return. This behavior is more prominent in El-Kharga than El-Dakhla and EI-Farafra in accordance to
the scale of exploitation and the amount of irrigation water return. The increase in the TDS relative to
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the increase in oxygen-18 is higher than that expected in the case of evaporation, this may reflect the
effect of leaching process on the salinity.

The relationship between the screen's depth of the investigated wells and their oxygen-18 content,
Fig.(9), reveals the abscence of any defined pattern. This implies that there is no sharp'distinction
between the isotopic composition of both shallow and deep horizon due to interconnection of the aquifer
system.

The carbon-14 age was determined for six groundwater samples, collected from both shallow and
deep zones in the Nubian aquifer and shows values ranging from 18700 to 31800 years B.P., which is
related to late Pleistocene and Early Holocene. During this time ( Pluvial time ), the North Africa's
Sahara received sufficient amounts of the winter rain from western drift wet air masses which earring
water from the Atlantic ocean producing huge groundwater reservour( \ So, the potential recharging
source for the Nubian Sandstone aquifer in the New Valley is in-situ rainwater of palaeometeoric origin
during the last Pluvial period.

The relationship between carbon-14 age and the screen's depth, Fig.(10), shows a reverse relation
(e.g. increasing of the age with decreasing of the screen's depth ), this could be attributed to mixing
through the upward flow under artesien conditions.

CONCLUSIONS

The study area covers about 8000 Km2 from the Western Desert and include El-Farafra, El-
Dakhla and El-Kharga oases. The Nubian Sandstone aquifer underlies the New Valley'oases represent
the main groundwater bearing formation that contain • a huge amount of water for agricultural and
domestic uses ( 3xl0M million cubic meters). The environmental isotope data reveals that the mean
recharge source for this aquifer is in situ precipitation in much cooler and humid period thousands of
years ago since the I4C age is > 20,000 years. The hydrochemical data revealed that the meteoric water
invasion is less recognized in El-Farafra oasis than El-Dakhla and El-Kharga, this could be attributed to
higher percentage of less permeable beds like shales which acts as retarding factor for meteoric water
percolation. The mineralization of the investigated groundwater is controlled by leaching, cation
exchange and oxidation-reduction processes. Corrosion potential is high due to the effect of high water
temperature, high content of both H2S and CO2 and low pH values of the investigated groundwater
samples.

995



D
ep

th

1200

1000

800

600

400

200

0

—

•

X
a a

1
1

*

a °

CO •
0 °o

o •
a

o

„
•

D

1

D EL-Kharga

• EL-Dakhla

o E L-Farafra

o

a
a

o

o
a

1
-12 -11 -10

Oxygen-18(5

- 9

1400

1200

1000

i
SZ 8 0 0

a.

° 600

400

200

0

-

~ • 43

\ . 5

- 61 •

, I . I . 1 - I . I •

*40 ^ ^ \

1 , 1 , '

Fig. (9): Relationship between the screen's depth and
5Oxygen-18 for the investigated wells

18 20 22 2U 26 28 30 32 34

C-U Age (years x103)

Fig. (10) : Relationship between Carbon-14 and screen's depth
for some selected groundwater samples



REFERENCES

(1) M.Sadek " Hydrogeological and environmental isotopes studies on the Nubian aquifer in scattered
regions at the Western Desert, Egypt " Ph.D., Geology department, Faculty of Science, Ain Shames
University, 21 Op, (1996).
(2) K.Hefhy, M.S.Farid and M.Hussein, Water Science, Special issue, pp.10-21, October-(1991).
(3) K.Hefny, Water Science, Special issue, pp.10-21, October-(1991).
(4) L.S.Clesceri, A.E.Greenberg and R.R.Trussell, ( Editors) " Standard methods for the examinations
of water and wastewater " 17 - edn. Port City Press, Baltimore, MD, (1989).
(5) W. Roether, Internationa! Journal of Applied Radiation and Isotopes, Vol. 21, p.379-382, (1970)
(6) A.Tanweer, G.Hut and J.O.Burgman, Chemical Geology (Isotope GeoScience Section ), Vol. 73,
pp. 109-203, (1988).
(7) International Atomic Energy Agency " Guide book on nuclear techniques in hydrology, Technical
reports series No.91, IAEA, Vienna-Austria (1983).
(8) V.A.Sulin, Leningrad Acadmay of Science, USSR, [ internal report, 215 p ], (1948).
(9) D.C.White, Geoi. Soc. Am. Bull., Vol. 68, pp. 1637-1658, (1957).
(10) EGDDO, " General report of regional planning of New Valley " Vol.l&2, (1981).
(11) D.C.White, Geoi. Soc. Am. Bull., Vol. 68, pp. 1637-1658 (1957)
(12) W.F.Giggenbach, R.Gonifiantini, B.L.Jangi and A.H.Truesdale, Geothermics, Vol.12, p. 199,
(1983).
(13) R.O.Fournier and A.H. Truesdale, Geochim. Cosmochim. Acta, Vol. 37, (5), pp. 1255-1275,
(1973).
(14)S.Mandel and Z.L.Shiftan " Groundwater resources, investigation and development " Academic
Press Inc., (London), Table 9.2, 269p, (1981).
(15) W.F.Langgelier, Journal of Am. Waterworks Assoc, Vol. 28, pp. 1500-1521, (1936).
(16) J.W.Ryzner, Journal of Am. Water Works Assoc., Vol.36, (1944).
(17) World Health Organization (WHO) " Gideline for drinking water quality " Vol. 1, Geneva-
Switzerland (1984).
(18) C.N.Sawyer and P.C.McCarty " Chemistry for sanitary engineers " 2 nd edn., Me Graw Hill,New
York , Journal of Am. Water Works Assoc., Vol. 28, pp.1500-1521, (1936).
(19) U.S.Salinity Laboratory Staff" Diagnosis and improvment of saline and alkali soils "
U.S.department of Agricultur. Hand book No.60, p. 160 (1954).
(20) H.Craig, Science Vol. 133, pp. 1702-1703, (1961).
(21) C.Sonntag, U.Thonvcihe, J.Rudolph, E.P.Loehnert. K.O.Muennich, E.Klitzch, E.M.El-Shazly and
F.M.Swailem, Radiocarbon Vol.22 (3), pp.871-878, (1980).
(22) International Atomic Energy Agency (IAEA) " Statistical treatment of data on environmental
isotopes in precipitation, Technical reports series No.331 (1992).

997



Seventh Conference of Nuclear Sciences & Applications
fi-10 February 2000, Cairo, Egypt

Eii-11 Radon Measurments In Underground Metro
Stations In Cairo City, Egypt

EG0100099
A.F.Hafez, A.S. Hussein and N.M.Rasheed*

Department of Physics, Faculty of Science, University of Alexandria, 21511 Alexandria, Egypt
and *Nuclear Materials Authority, Cairo, Egypt.

ABSTRACT

Radon activity concentration were measured continuously during the year
1998-1999 at two different underground MERTO stations, namely, Mubarak and El-
Sadat. The measurements were performed using the diffusion cups equipped with CR-
39 and LR-115 polymeric nuclear track detectors. Using the experimentally measured
calibration coefficients of the used detectors and the measured track densities (bare
and filtered), the yearly mean radon concentration C = 23 Bq m"3, equilibrium factor
F= 0.10 and effective dose E= 0.06 mSv y'1 for the employed personal as well as
E= 5uSv y"1 for the commuter were obtained.

Key Words: Radon, S.S. U.T.D., Effective Dose Equivalent

INTRODUCTION
Radon, the natural radioactive gas, and its daughters in the indoor environment

constitutes about 53% of the human exposure to natural radiation (Bennet 1994).

Attention to the problem of high levels of indoor radon exposure and
associated health risks has been growing around the world in the places where radon
can be accumulated (Durrani and Ilic, 1997, Hafez et al., 1997, Villeneuve and
Morrison, 1997, Elani Ron., 1998).

There have been some measurements concerning indoor radon levels in the
underground METRO stations and tunels in different countries (Annanmaki and
Okasanen, 1992, Espinosa et al., 1995, Yu et al., 1996, Liendo et al., 1997).

The underground METRO stations and tunnels are built of concrete, bricks,
natural stones and ceramics. These construction materials contains radium which is
the parent of radon (El-Tahawy et al., 1995, Hafez et al., 2000).

However, it is thought that the prevailing level of indoor radon in underground
METRO stations in Cairo should be assessed. In this investigation the radon
concentration in Mubarak and El-Sadat underground METRO stations has been
measued as well as the radiation dose received by employed personal and users of the
METRO have been estimated. The radon activity concentration was measured by CR-
39 and LR-115 integral polymeric nuclear track detectors using a diffusion cup
technique.

Cairo is one of the most populated cities of the world. Due to the traffic
problem at the surface level, about three million inhabitants are being moved in the
METRO for long and short distances. Cairo underground METRO system consists of
three lines shown in Fig. 1. The first line, of 42.5 km long, contains a tunnel of 4.7 km
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long at 8-10 m under the street level. The second line, 19 km long, about 65% of its
long is a tunnel at 22-28 m depth while the third line is underplanning.

THEORTICAL ASPECTS

Radon Activity Concentration:

Consider a diffusion cup equipped with LR-115 detector (internal detector) at
the top center of an inverted cup. This cup is closed with semipermeable membrane
.The track density recorded on the internal detector p; which is related to the radon
activity concentration C(Bq m'3) in the following way (Somogyi, 1990, Planinic et al.,
1997, Hafez et al., 2000):

C = 1 T 7 ' (1)

kr|t
where k is the attenuation factor of radon transport through the membrane which can
be determined by the method reported by Hafez and Somogyi, 1986, t| is the
calibration coefficient of the measuring system interms of a tracks cm2 d"Jper Bq m'3

radon and t is the exposure time.

Equilibrium Factor:

The Equilibrium factor F between radon and its short lived daughters can be
determined by the following empirical formula (Dajko and Somogyi, 1985, Planinic
etal.,1997):

F = a R - b , (2)

Where a and b are fitting parameters, R = k —$-, 1 < R < 3 and pe is the track
Pi

density recorded on the external (bare) detector. Recently the values of the above
mentioned fitting parameters were found to be a= 0.5 and b= 0.53 as given by
Planinic etal., 1997.

Effective Dose:

The effective dose E of the radon and its daughters , in indoor and open air,
can be calculated by means of the following equation (Durrani and Ilic, 1997):

E = CT (d+eF), (3)
where T is the residence time (hy"1) , the effective dose conversion factor for radon
and its daughters are d= 0.17 nSv h"1 per Bq m"3 and 8= 9 nSv h"1 per Bq m"3,
respectively (UNSCEAR 1993).

EXPERIMENTAL PROCEDURE

The measuring device is a diffusion cup of aluminum 3.5 cm in radius and 11
cm in length equipped with two detectors of LR-115 type II (Kodak pathe, France)
and CR-39 (1000|im, MoM, Hungary) numbered and attached with double adhesive
tapes side by side at the top center of the inverted cup. The cup is closed by 50}im PE
filter (Hafez and somogyi, 1986, Hafez et al., 1997).Another LR-115 detector is fixed
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outside the cup (bare detector) to measure the total alpha exposure related to radon,
thorn and their daughters.

The detection'system was calibrated at the nuclear Material Authority (NMA),
Cairo, Egypt. Five experiments were performed for the calibration of the detector
Within the measuring cup with known radon concentration and exposure time. For
each experiment, the measuring cup was exposed in a radon chamber (pylon model
RN -150) of 0.04m3 capacity .The radon chamber contains a radon source in form of
dry powder of radium -226 With activity 23.7 ± 4% kBq. The radon activity
concentration was 416+ 4% Bq m"3. After completing the exposure the detectors
were chemically etched and alpha track densities were determined after background
corrections.

A total of 14 measuring cups was used per month in the two underground
METRO stations shown in Fig. 1 , 7 cups in each. The measuring cups were hung two
metres from the floor near the ticket offices and the train tunnel entrances. After the
exposure time the detectors were removed and etched inNaOHsolution(2.5 Mat
60°C during 2 h for LR-115 detectors and 6.25 M at 70 °C during 5 h for CR-39
detectors). The track densities were determined by means of an optical microscope of
magnification 600x. Background tracks were subtracted from the tracks of exposed
detectors and the average concentration values were calculated.

RESULTS AND DISCUSSION

The calibration coefficients t| for CR-39 and LR-115 detectors obtained from
the calibration experiment were 0.18+0.01 and 0.037+0.007 a tracks cm'2d''per Bq
m"3 radon, respectively. The value oft) for LR-115 detector was used to estimate the
radon concentration C with the help of equation (1) and it is in good agreement with
that reported by other investigators (Somogyi et al., 1984, Singh et al., 1986,
Somogyi, 1990, Hafez et al., 1997, Misdaque et al., 1997, Planinic et al., 1997). The

ratio — ^ - was found to be 5.0010.90 which indicates the existence of radioadive
PLR

equilibrium between radon its daughters inside the measuring cup. This ratio is in
good agreement with the results given by Somogyi, 1990 and Hafez, et al., 2000.

Table 1 lists the results of the monthly measured mean track densities and the
mean radon concenration for Mubarak and El-Sadat underground METRO stations. It
is clear that the radon concentration were stable during the year with small month to
month variation as shown in Fig. 2 and the yearly mean radon concentration was
found to be 23 Bq m'3, ranging from 14 to 40 Bq m"3 . Fig . 3 shows the normalized
distributions of the radon concentration. Substituting the value of the slope of the
regression line between the track densities of LR-115 detractors (peand p; ), shown in
Fig. 4, in equation (2), the mean equilibrium factor was found to be 0.10. The small
value of F can be explained by the fact that the underground METRO stations are very
well ventilated . It is clear that from the figure the straight line passed through the
origion that indicate the absence of thorn in the air of the stations. The scattered
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Table 1. Monthly measured mean track densities and mean radon concentrations inside Mubarak (M) and El-Sadat (S)

Underground METRO stations.

o
o

Month

Feb. 1998

Mar.

Apr.

May

Jun.

Jul.

Aug.

Sep.

Oct.

Nov.

Dec.

Jan. 1999

Over all average

Station

M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S
M
S

No. of
Cups
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7
7

Measured mean track densities(a-tracks cm'2 per 30day)
Internal

PiLR

21+5
22±7
18±5
18+5
18±6
18+6
17+5
21±6
15±4
17+5
16±4
17±5
20±4
18±4
17+3
17±4
21+5
21±5
18±5
18+5
18±4
20+5
22+5
17±6

PCR

144±29
123±27
137+21
96±26
106+24
106±25
104+22
102±21
98+20
98±26
108+21
99±24 •

115+20
107±19
100+27
91+25
130+22
121±27
102±22
96±26
88±16
114±24
144±24
97±22

External
PeLR
31+6
32+6
26±9
27+5
26+6
26+6
26±5
31+6
23±5
24+6
25±5
25+6
33±5
32±5
25±5
27±5
35+5
35±7
24±6
31+5
27+5
32+6
32+6
26+6

Mean radon
Concentrations

(Bq m-3)
26±6
28+9
23±6
23+6
23+8
23+8
21±6
26+8
19+5
21±6
20±5
21±6
25+5
23+5
21+4
21+5
26+6
26±6
23±6
23±6
23±5
25+6
28±6
21±8
(S.D)

23.30±2.5
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values of the measured track densities can be attributed by the change of flowing air at
the detector placement points because of the tunnels, metro-car movement, massive
people movement and underground ventilation system.

Yearly mean radon concentrations, mean equilibrium factors, residence time
and effective doses for both the employed personal and the commuter are presented in
table 2 for underground METRO stations, dwellings and open air. In order to
calculate the effective dose related to both indoor radon and its daughters in dwellings
and open air in Cairo city, it was assumed that the mean values of radon concentration
in dwellings and open air are 11 and 8 Bq m'3, respectively, as reported by Hassib et
al., 1995. The mean values of the equilibrium factor for radon daughters in dwellings
and open air were assumed to be 0.3 and 0.4, respectively (Keller and Folkerts, 1983,
Ramachandra et al. 1990, Kerouanton et al., 1994). In our calculations it was assumed
that the occupancy factors for the employed personal were 0.27 in underground
METRO stations, 0.52 in dwellings and 0.20 in open air. On the other hand these
values were 0.02,0.77 and 0.21 for the commuter. As seen from thin table, the total
effective dose for both the employed personal and the commuter are approximately
the same. All the calculated doses were found to be less than the lower bound of 3-10
mSv y"1 action level recommended by ICRP 65 (1993) and this implies negligible risk
for the employed personal of the METRO as well as users.

CONCLUSION

The indoor radon levels, the equilibrium factor and the effective dose have
been estimated in the main two underground stations of the Cairo METRO for a
period of one year using the cup technique with the polymeric nuclear track detectors.
The radon levels were found to be stable over the year with small month to month
variation. The equilibrium factor was found to be small due the very intensive
ventilation system .The possible risks for the employed personal and the commuter
from radon doses in the underground METRO station seem to be very low .
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(NAT), Cairo, Egypt for giving the permission to measure radon concentration in the
air of the two underground METRO stations.

1006



o
o

Table 2. Yearly mean radon concentration C(Bq. m 3), mean equilibrium factor F, residence time T (hy"1) and effective dose E (mSv y'1)

for the employed personal and the commuter in underground METRO stations, dwellings and open air.

Person

Employee

Commuter

Place
Underground METRO station

T
2400

200

C
23.0

23.0

F
0.10

0.10

E
0.06

5x10~3

Dwellnigs
T

4566

6766

C*
11

11

F1"
0.30

0.30

E
0.14

0.21

Open air
T

1800

1800

C*

O
O

 
O

O

r
0.40

0.40

E
0.05

0.05

Total effective dose
mSv y"1

0.25

0.27

* Hassib et al., 1995.
+ Keller and'Folkerts, 1983, Ramachandra et al., 1990, Kerouauton et al., 1994
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ABSTRACT.

Water samples collected from hand pump wells and tap water present in El-Sharkia Governorate
were studied. In order to measure uranium concentrations in these samples, fiuorometric technique
was used. To confirm the data, ICP-MS technique was applied for measurement of uranium
concentrations in about 8 % of the collected samples.

About 145 groundwater samples and 7 tap water samples were collected from 7 regions and their
surrounding towns present in El-Sharkia Governorate. Uranium concentrations in the well water
samples were found to range between < 0.158 ppb and 9.53 ppb . In case of tap water samples, the
minimum concentration value was 2.04 ppb and 6.55 ppb as the maximum value. The data obtained
are in line with the literature values.

Concerning U contents in El-Sharkia water sources, the contribution of drinking waters to the
annual effective dose were also estimated.

Key Words: Groundwater / Uranium /Annual Effective Dose.

INTRODUCTION.

It is well known that at rural areas in EGYPT, one of the main sources of water used in either
drinking or other domestic purposes is groundwater drawn from wells with the help of hand pumps.
These shallow aquifers get easily polluted with hazardous constituents(l) (microorganisms, organics,
inorganics, and radionuclides). To be assure that the public is provided with safe water, this water has
to be investigated, concerning the presence of different dissolved pollutants'2'1 and proposing solutions
to the removal problems of these undesirable pollutants'3'4'.

Due to the passage of groundwater sometimes through the top kilometer of the earth's crust
which contain an average of 2 ppm of uranium and rather more thorium, the naturally occurring U and
Th and their progeny (Ra, Rn, pb...isotopes) are the most important radioactive nuclides that may be
present in waters'5' . These naturally occurring radionuclides enter the human body mainly through
drinking'6' as well as diet'7'and inhalation'8).The relatively high biological mobility of radionuclides
pose potential danger to man's health and life.

Thorium occurrence in water is limited because of it's low solubility, accordingly, it's
contribution in drinking water to total human exposure can be regarded very small'9'. Uranium ,
radium'9-1 and radon'10'"-1 are the natural radionuclides that are present in water at concentrations that
may be of health concern.
The available published information in Egypt about the contents of these naturally occurring
radionuclides in waters in different water sources, e.g. groundwater, tap, lakes, canals, are
relatively scarce and the base line data of radioactivity background levels in the Egyptian environment
is still absent. Monitoring of these radionuclides in different Egyptian water sources is needed.

Drinking water is considered to be one of the major sources of ingested uranium, and
sometimes is the main source. Uranium has three natural isotopes with long half lives, U-238, U-235,
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and U-234 with half-lives 4.7xl09y, 7.4xl08y and 2.54xl05y, and abundance, about 99.27 %, 0.72 %
and 0.006 % respectively .All of them emit a radiations and produce a long decay series of progeny.
The relatively high biological mobility of them pose a potential danger as one of the sources of
internal radiation exposure. The biological effects and absorbed dose from a radiations are estimated
to be 20 times more damaging than from P and y radiations . Knowledges about daily intake (9'7'l2),
metabolism \ excretion ' 4\ distribution and accumulation of U isotopes among body organs^15'16'17'
are important. It is needed in order to calculate the radiation dose from internally deposited
radionuclide .The dose-response relationships for cancer induction by radiation vary markedly
between tissue and organs, and in case of uranium isotopes, the main targets are kidneys, bone and red
bone marrow(I2).

Uranium is considered, not only radio-but also chemically toxic (18).The radio-and chemical
toxicity of uranium may be of the same magnitude numerically, but the organs systems affected are
much different.

The high chemical toxicity of uranium causes damaging effects to the kidneys. The hexavalent
form of the element combines with active sites on the cell surface, blocking normal metabolic
processes necessary for the cells survival (19). Thus injuring the kidneys, preventing normal waste
product excretion and resulting in renal dysfunction. The protection limits based on the chemical
toxicity of uranium (20'21'I3> is more restrictive health criterion than risk of induced cancer.

The aim of the present work is to measure quantitatively the uranium contents in groundwater
samples collected from hand-pump wells present in different locations in El-Sharkia Governorate, to
evaluate the level of this element in these waters . It is also intended to establish the level of natural
environmental radioactivity in an uninvestigated area such as El-Sharkia Governorate.

Area of study:

El-Sharkia Governorate as shown in Fig.(l) lies between latitudes 30°20'-31°5' N and
longitude 31°15'-32°20' E. The area is covered by clay in the upper layer, underlain by sand followed
by coarse sand and gravels. Some shale layers contain some lime increasing with depth are
encountered.

The Governorate consists mainly from 16 regions and about 4.3 millions inhabitants living
there. About 77.4 % of El-Sharkia population live in rural areas and about 18.3 % of the inhabitants
still use untreated groundwater drawn from shallow aquifers, by means of hand pumps, for drinking
and other domestic purposes.

MATERIALS AND METHODS.

Seven regions, shown in Fig (2), and thirty six townships and villages following them were
El-Sharkia different locations from which one hundred and forty five groundwater samples, drawn
from wells by means of hand pumps, and seven tap water samples were collected and studied in this
work. These water samples were stored in polyethylene bottles two liters capacity, cleaned previously
with concentrated nitric acid. To avoid the growth of microorganisms and minimize water-walls
interactions, the samples were acidified with 10 cc of cone. HNO3 to reach PH-2-3.

Fluorometric technique was employed for determination of uranium in the water samples.
Ratio-2 Filter Fluorometer model no. 154190, produced by Optical Technology Devices Incorporated
was the instrument used. For enhancing fluorescence, fluran reagent produced by Scintrex Co.,
Canada was used.

The instrument calibration curve was constructed using uranyl nitrate set of 6 standard
solutions in double distilled water ranging between 0.1-20 ppb.
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To check the accuracy of fluorometric technique data, twelve water samples were analyzed
for uranium using ICP-MS(22) technique at the central laboratory for elemental and isotopic analysis,
Nuclear Research Center, Atomic Energy Authority, Egypt. The instrument used was Plasmax 2 Joel
mass spectrometer. Uranium concentrations were determined directly, without sample pretreatment.
Operating conditions, lower limits of detection, matrix effects and validation of the method were
reported previously in details (23>24'25)

RESULTS AND DISCUSSIONS.

Uranium contents in groundwater samples that were collected from El-Sharkia different
locations range between 0.158 ppb and 9.52 ppb at Mashtool El-Souk and Abu Hammed regions
respectively. From Table (1) and Fig (3), it is clear that average values of uranium concentrations in
the samples increase from Mashtool El-Souk, Diarb Negm, Belbies, Hehya, El-Kanayat, Zagazig and
Abu Hammad regions respectively. The maximum average value of uranium contents in the water
samples was found to be 7.189 ppb in groundwaters of Abu-Hammad, while the minimum value was
0.422 ppb in Mashtool El-Souk wells water. For more accurate comparison between U concentrations
in the collected groundwater samples, the maximum, minimum and median values were listed in
Table (l).The distribution of uranium concentrations, in the samples, around the average values are
also shown in Fig (4).

The estimated value of the average uranium concentration in the hand pump water samples
that were collected from the different locations at El-Sharkia Governorate was found to be 1.11 ppb.

In case of the tap water samples,Table (1) shows that the uranium contents in these samples
vary between 2.042 and 6.549 ppb in Zagazig region with an average of 3.41 ppb . Although these
values seem relatively high, yet the available published values present in Table (2) which vary widely
between 0.056-17.8 ppb indicate that the values in this study are in the range of the world values.

Due to the last Egyptian population count (1996), the population-weighted average
concentrations of uranium in groundwater and tap water at El-Sharkia Governorate were calculated to
be 1.365 pCi/L and 3.210 pCi/L respectively. Considering both water sources, the value will be 1.756
pCi/L. The published data varies between 0.1-6.7 pCi/L(38).

Assuming daily water intake of two liters as estimated by EPA(39), the annual intakes of total
uranium through El-Sharkia water sources were calculated. The ingestion dose coefficient of ICRP
68(40) was used for estimating the annual effective dose associated with drinking El-Sharkia water due
to natural uranium.

Uranium annual intake in El-Sharkia Governorate ranges between 542.9 and 1667.8 pCi when
ground water and tap water are in use, respectively for drinking purposes. The estimated yearly
uranium ingestion from drinking water is 1467.3 pCi in U.S (28\ and about 2934.6 pCi in India( \ The
annual effective doses were estimated to be 0.00088 m Sv/year/capita and 0.00272 m Sv/y/capita in
case of drinking groundwater and tap water respectively.

In general, drinking two liters of water per day from El-Sharkia different water sources
causes uranium annual intake of 601.3 pCi and accordingly, the annual effective dose was estimated
to be 0.00098 m Sv/y/capita\

CONCLUSIONS.

The present data suggests that: -

1- Uranium concentration values range between 0.158 ppb to 9.52 ppb in either ground- or tap water
samples that were collected from different locations at El-Sharkia Governorate.
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Fig.3. U content in groundwater and its users at different locations at El Sharkia.

11

xa 7a
a
6
§5

o
= 3
C
ra

^0#* Location
Fig.4. Distribution of U concentration around the average vaiues.

• Median
a Average.

I I A. x

1014



2- The average concentration of U in tap water samples was observed to be higher than that
monitored in groundwater samples.

3- The U contents in Abu-Hammad groundwater samples are higher than that present in the other EI-
Sharkia locations samples. Due to the limited number of Abu Hammad samples that were
analyzed in this study, more samples and studies are needed in order to evaluate accurately the
importance of the element in waters of this region.

4- Concerning the contamination with uranium, El-Sharkia population uses safe waters, either from
tap- or hand pump well water sources.

5- The population - weighted average concentrations of uranium in water sources, the yearly U
ingestions and accordingly the annual effective doses due to drinking water at El-Sharkia
Governorate are in line with the available published world values.
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Table (1). Summary statistics of U contents in El-Sharkia collected water samples.

Region

Zagaziag

Hehya

Mashtoo
1 El-
Souk

Location

Kafr Mikkawy

Ezbet El-Kady
Kafr Attalla
Salama
Kafr Ahmed
Saleh
Meet Zafer
Ezbet Hanna
Mashtool El-
Kadi
Ezbet Radwan
Zagazig
Zagazig
Tal Mashtool
Grand
Average

EI-Mahmodia
Kafr-El-
Mahmodia
Manzel Hayan
Ezbet
El Hakima
Ezbet Elawkaf
El-Ezbaa
El Bidaa
Ezbet
Abu-Taleb
Kafr
Abu- ferak
Hehya
Ezbet
Eldakakny
Ezbet El Balad
Ezbet El Balad
Grand
Average

Ezbet
El-Habaiba

El-Gaffaria
Asha
El-Sahafa
El-Zawamel
Mashtool
El Souk
El Monayer

No of
samples

13

6

8

4

5
4

3

3
1
5*r
47
6'

5

3

6

4

4

4

3

2

3

1

2r
37
r
7

3
3
7
6

2

1

Minimum
value (ppb)

0.241

1.488

0.352

1.123

1.565
1.115

1.729

U.D.
-
2.042
-
U.D.

2.042

0.595

0.513

0.518

0.413

0.333

0.396

0.253

0.352

0.170

1

0.395
-
0.170

0.215

0.267
0.215
0.215
0.158

0.414

-

Maximum
value(ppb)

5.266

2.806

0.894

8.370

1.805
2.179

5.016

1.253
-
6.549
-
8.370
6.549

3.744

1.029

1.584

0.749

0.431

0.459

0.352

0.352

2.511

-

0.407
-
3.744

0.595

0.502
0.718
1.005
0.503

0.646

-

Median
value(ppb)

0.670

1.902

0.799

2.690

1.724
1.354

1.729

U.D.
-
3.233
-
1.33
3.087

0.814

0.528

0.667

0.588

0.397

0.440

0.352

0.352

1.020

0.401

0.513

0.444

0.502
0.431
0.359
0.215

0.530

Average
value( ppb)

1.449

2.030

0.694

3.718

1.710
1.500

2.825

0.523
0.352
3.543
2.94
1.619
3.442

1.348

0.69

0.827

0.574

0.390

0.434

0.319

0.352

1.234

1.004

0.40J.-
3.233
0.717
3.233

0.415

0.424
0.455
0.472
0.307

0.530

0.502

S.D

1.651

0.444

0.221

3.239

0.088
0.467

1.898

0.632
-
1.761
-
1.551
1.595

1.344

0.294

0.409

0.179

0.050

0.028

0.057

0.0

1.185

-

0.008
-
0.65

0.134

0.136
0.253
0.281
0.143

0.164

-

* means tap water.
S.D. means Standard Deviation
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Region

Belbeis

El-
Kanayat

Diar
Benegm

Abu
•Hammad

Location

Grand Average
Salament
El Tawahna
Anshas
El Raml
Grand Average
Ezbet
Abu Farag
Ezbet
Abu Rezk
Farsis
Bahnabay
Grand Average
Ezbet
El-Mogaffef
Kafr Genedy
Ezbet El Amir
Grand Average
Kattaweya
Abu Hammad
Grand Average

No of
samples

29
2
5

3

10
3

2

2
5
12
3

2
1
6
3
1
4

Minimum
value(ppb)

0.158
0.296
0.574

U.D

U.D
0.230

0.318

0.262
0.595
0.230
0.199

0.294

0.199
5.188

5.188

Maximum
value(ppb)

1.005
0.346
1.148

1.220

1.220
0.302

1.017

0.262
3.55
3.55
0.842

0.516

0.842
8.677

9.529

Median
value( ppb)

0.431
0.321
0.861

0.646

0.678
0.254

0.668

0.262
1.102
0.457
0.397

0.405

0.397
5.361

7.019

Average
Value
(ppb)
0.422
0.321
0.845 -

0.622

0.673
0.262

0.668

0.262
1.474
0.835
0.479

0.405
0.397
0.441
6.409
9.529
7.189

S.D

0.189
0.035
0.219

0.610

0.386
0.037

0.494

0.0
1.204
0.943
0.329

0.157

0.224
1.966

2.239

Table (2) Published values of U. cone, in different water sources and locations around the world.

Location
U.S
U.S

u.s
u.s
u.s
Iran
Brazil
India
India
India
Yugoslavia
Poland
Germany
Japan
Saudi Arabia
Egypt
Egypt
Egypt
Egypt

Water source
Groundwater
Groundwater
Groundwater
Drinking water
Tap water
Tap water
Tap water
Groundwater
Tap water
Hand pump
Tap water
Surface water
Surface water
Drinking water
Ground water
Groundwater
Groundwater
Groundwater
Groundwater

U. cone, (ppb)
0.015-973.0
3.0
>30
1.46±026
0.056-0.085
1.86
0.42
6.0
0.67-17.83
0.69-20.26
0.8-5
195
0.163
9xlO'3

<11.98
0.05-5.89
7-300
3-290
0.93-1.25

Ref. No.
26
27
27
7
9
28
29
6
6
6
30
31
31
32
33
34
35
36
37
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The Egyptian Society of Nuclear Sciences and Applications
(ESNSA) as a non-governmental organization was officially
established in 1967, registration number 378. The purpose and aim of
the society is to establish a scientific medium for scientists involved,
concerned or interested in nuclear science and its multidisciplinary
applications in all walks of life. This scientific media will provide a
forum through which scientists at the national and international level
may interact and communicate to discuss and exchange knowledge,
achievements, operational experience and state of art of nuclear
sciences. This is done through conferences, scientific meetings,
lectures, and scientific publications.

ESNSA publications include the Arab Journal of Nuclear
Sciences and Applications that appears in two parts In January and
July. A text entitled One Decade after Chernobyl, issued October
1996 and an Arabic translation of the International Nuclear Societies
Council (INSC) publication (A Vision of the Second Fifty Years of
Nuclear Energy). These publications were distributed in Egypt and
Arab countries. Besides these publications, there are periodic general
lectures which address main issues of nuclear technology and
applications.

The ESNSA Board of Directors Is composed of eleven
members who are elected by the ESNSA general assembly every
year. From these eleven, the Chairman, Vice Chairman, Executive
Secretary, Treasurer and the Editorial Board are nominated.

Since the Sixth Conference of Nuclear Sciences and
Applications (Cairo 15-20 March, 1996), ESNSA joined the
International Nuclear Societies Council (INSC) in May 1998 as the
thirty ninth member.

The society organizes a general conference very our years.
This Seventh Conference Is the second to have international
participation from USA, Italy, Germany , Syria and Libia. The
conference was sponsored by the Atomic Energy Authority of Egypt.



The scientific programme of the Seventh Conference included
29 scientific sessions during which 250 oral presentations and 13
plenary lectures were discussed. The conference also included two
poster sessions which displayed 32 presentations . Also, a separate
seminar on the use of nuclear techniques and applications in
agricultural sciences took place during the conference . This
particular event provided a platform for an important avenue of
nuclear science applications.

The conference programme addressed issues related to the
scientific promotion of nuclear sciences, peaceful applications,
environmental radioactivity, atmospheric and underground nuclear
tests (1945 1998), human health hazards, radiation protection,
nuclear safety, and issues of public concerns.

The conference proceedings appear in three volumes. The
contents of each are indicated at the beginning of each volume.
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RP-1 Personnel Selection and Training for Radiation Protection

And Safe Use of Radiation Sources

M.A. Gomaa EG0100101

President Training Committee, Atomic Energy Authority, Cairo Egypt

ABSTRACT

For proper implementation of the radiation protection programs in
the work place, several persons with different qualifications and training
are involved. Among these persons are regulatory personnel managers,
operators, workers, health professionals, health physics technicians, heath
physicists, qualified experts, and emergency personnel.

The current status of education and training of these persons is
discussed in order to build competence in radiation protection and the
safe use of radiation sources.

INTRODUCTION

According to ICRP-26 (1977)1 and ICRP-60 (1991)2

recommendations, hence, IAEA - SS-9 (1982)3 and IAEA -SS-115,
(1996)4 respectively, the system of dose limitation and the system of
radiation protection in practice were established, leading to:
1- Justification of the practice,

2- Optimization for protection, and

3- Dose Limits.

Furthermore, the elements of effective radiation protection
programme according to IAEA-SS-101 (1990)5 are the followings:

1. Organization, '7

2. Personnel Selection and Training,
3. Occupational Control,10

4. Environmental Control, n

5. Emergency, u

6. Quality Control.

The present work is aimed to focus on the first two elements of the
radiation protection program.
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1- Organization

In order to upgrade the current radiation protection legislation,13 Atomic
Energy Authority of Egypt issued several administration orders.6'12 The
main source, of information to upgrade the legislations are ICRP 1>2 and
IAEA3'4 recommendations. Furthermore, Arab Atomic Energy Agency
issued proposed Radiation Protection Law and regulations based on
IAEA4 recommendations in Arabic14.

After the formulation of the radiation protection consulting group
(EAEA order 864)7 in 1998, EAEA local regulations were issued as
(EAEA order No. 1212)6 in 1998.

In Fig. (1), the link between the latest international recommendations,
national legislation and local rules are outlined

Egypt Current
Law

No: 59
(I960)13

ICRP - recommendations - ICRP-602

IAEA - Basic Safety standards SS- 1154

Arab Atomic Energy Agency
Proposed Law and Regulations - (Arabic)14

To upgrade
Current Egyptian Atomic Energy Authority Orders

Adopt SS-115, * order No. 986 (1999),8and
Consulting group * order No. 864 (1998)7

i

E.A.E.A.
Local Regulations

Order No. 1212 (1998)6

Local Rules in other
working places

User,
Health Phys.

Qualified expert

Rad. Prot.
Central Committe10

Fig (1) International recommendation and Egyptian local regulations
and rules
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3- Personnel Selection

T4ie elements for selection of Personnel for the safe use of ionizing
radiation are as shown in Fig. (2).

I Qualification

I Training

i Work Experience

Fig (2): Elements of Personnel Selection for the safe use of ionizing
radition.

1- Training

Egyptian AEA Board of Goveraers in (1999) approved the
adoption of IAEA SS-115 (1996)4, hence the administration order No.996
(1999) was issued.

In the EAEA order No.996 (1999), the elements of the Basic Programme
for the use of radiation sources and Radiation Protection relay upon IAEA
new concept of Protection Against Ionizing Radiation and Safety of
Radiation Sources.

Although EAEA training programs dealing with safe use of ionizing
radiation and radiation protection were conducted for more than 40
years. A new revised version was approved by EAEA radiation protection
consulting group hence, it was issued as EAEA order (1996).

1021



The Elements of The New Training Program are:

Basic Physics of Radiation, Rad. Sources and
Detection

Basic Biology, Radiation Effects and
Quantities and Units

i Basic Radiation Protection

Operational Protection, Practice and Optimization

Safety of Rad. Sources, Intervention and Legislation

25 hours
(1st week)

25 hours
(2nd week)

25 hours
(3th wee

25 hours
(4th week)

20 hours
(5th week)

120 hours

According to the Egyptian National technical committee for ionizing
radiation, the minimum training period is 120 hours (5 hours per day, 5
days per week)

4- Qualification and Authorizations
In under to get permission to work with ionizing radiation in Egypt

and according to the current legislation (1960), the minimum
requirements are:-

1- Acceptable Education level

2- Training in recognized training center
+

3- Work experience

The new EAEA order No. ( ) was issued in 1999 to ensure that
all Atomic Energy newcomers attend the basic training program
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5- Regulatory Body

In Egypt, and according to the 1960 Rad. Prot. Law13 the regulatory by
bodies are:

1 - Ministry of Health and

2- Atomic Energy Authority.

Furthermore Atomic Energy Authority training program was approved
by the higher committee13 for radiation protection in Egypt.

Following IAEA recommendation, the regulatory body is the
responsible for:

Accreditation of
• Training centers

+
• Courses

• Records of accredited centers and courses

6- Persons to be trained
Persons to be trainnal many be classified as:

1. Qualified experts,
2. Radiation protection officers,
3. Qualified operators,
4. Health professionals,
5. Workers,
6. Employers, registrants and licensees,
7. Staff of regulatory authorities,
8. Emergency response personnel.

6-1 Qualified Experts (Q.E.)
Due to the difference in duties and experience need, qulified experts
may also be classified are:

1. Q.E in R.P. at a nuclear installation
2. Q.E in R.P. in various industrial operations
3. Q.E in R.P. in medical applications
4. Q.E in R.P. in waste safety
5. Q.E in R.P. in transport of radioactive materials

6.2 Radiation Protection officers (RPO)
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As mentioned above Rad. Prot. Officers may be engaged in special
operations. Officers may be classified as:

1. PRO in nuclear installation
2. PRO in a non - destructive testing company
3. PRO in an industry using gauging system.
4. PRO in a medical facility.
5. PRO in research laboratories

6.3 Qualified Operator (Q.O)
The Q.O. is a worker who has the responsibility for the day to day use of •
radiation sources, for example

Q.O. in industrial radiography ,
Q.O. of a paper thickness gauging system ,
Q.O. in diagnostic radiology,

Educational requirements for Q.O may vary considerably depending on
the application and in general job training is essential.

6.4 Health Professionals
Health professionals may be engaged in the field of use of and Rad.
Port against ionizing radiations are the followings:-
• Medical pratitioner
• Medical physicist
• Nurses
• Technical staff (radiographer)
• Occupational physician

6.5 Other Persons to be trained
• Workers: - To have proper information, instruction, and training on

Rad. Port, and safety.
For full time on part time worker and have duties in
relation to occupational Rad. Port.

._, , , Suitable training in the basic principles of and
Employers . , - ?. .. , ,•

, J 1^ requirements for radiation protection.
Registrants >- R a d R i g k m a n a g e m e n t j regulation governing. Rad. Port
Licensees I a n d e l e m e n t s o f R a d P r o t P r o g

• Staff of regulatory au thorities.
Good knowledge of radiation protection and adequate safety experience.
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• Emergency response personnel
Local officials (police, fire fighters, civil defence, medical personnel, and
paramedical personnel of national and regional organizations).
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ABSTRACT

In case of nuclear reactor accident leading to the release of some radioactive iso-
topes in the plume, the sedimentation of its constituents on the ground causes
surface contamination which consequently can be observed in the form of an inter-
nal contamination in the living biosphere. The migration of the radionuclei from
the soil to the plant root, stem, and the other edible parts is considered the main
source for the contaminated foodstuffs used by the general public. In this work we
have calculated the total accumulative internal dose for 90$r, 134Cs, and n7Cs radio-
contaminants with regard to different public age groups (infant, child, and adult)
due to an unexpected nuclear accident. In our calculations we have applied the pro-
tective measure inequality for the chosen standard group of foodstuffs, with respect
to each age group of the public as well as the three indicated above radionuclei. Our
results indicated that the values of the calculated protective measures with regard
to 90Sr, 137Cs, and l34Cs radionuclei are increasing respectively for all age groups.
In addition, we found that the ratio of the total protection measure values of all
radionuclei for different age groups still less than one which requires no intervention
level procedures.

Key words : Internal Contamination / Protection Measure

I N T R O D U C T I O N

Dangerous consequences on the whole ecological system are expected in case of the radioactive
release from nuclear fission reactors. The highly radioactive isotopes with different half-life times
will be dispersed in the form of aerosoles and some part of them will be deposited on the ground
level surface and find its way, by some manner or another, to the living biosphere (people,
animals, and plants) leading to an external as well as an internal contamination and man can
recieve dangerous doses of radioactive materials in a direct or/and indirect way. The motivations
of this study are manifold. We first intend to evaluate the expected ionizing radiation level and
hazardous effect on the public personel living in the contaminated area in the vicinity of a
nuclear plant. We suffice here to calculate the internal doses, through pathway ingestion, to
which the public population is liable for exposure. The contaminants 9V>Sr, 134Cs, and lzlCs
has been selected as the most important toxic radionuclei to account for the main radioactive
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dose recieved by the public. Secondly, we apply a relevant protective measure with respect to
the chosen standard group of foodstuffs and each age group of the public (infant, child, and
adult) as well as to the three indicated above radiocontaminants.

S P E C I F I C A C T I V I T Y O F R A D I O A C T I V E NUCLEI

In a previous paper C we have estimated the total radioactivity "Q" released from ETRR-1
reactor, taking into account its realistic operational conditions, in case of its incidental damage
as follows,

Q = 1800 1015 Bq (1)

We adopt in our calculations a rescaling principle from the invaluable accumulated data of the
fourth-unit of the Chernobyl nuclear power plant accident in the Ukraine of 26 April 1986,
where the accident has provided us with a realistic accurate isotopic composition of the released
core inventory during the whole time (10 days) of the accident W. Moreover, we select the
specific amounts of 137Cs, 1^4Cs, and 905Y radionuclei to characterize the magnitude of surface
depositions in view that they considered as the main radiation dose recieved by the public after
the decay of the short-lived isotopes and also for their relative easier detection. As provided in
the data for the composition of the released core inventory, the following relative activities of our
selected radionuclei can be calculated as follows: 85 1015 Bq (for 137Cs), 54 1015 Bq (for 134C5),
and 10 10 ls Bq (for 90Sr) respectively. Applying the rescaling principle it is easy to calculate
the maximum deposited radioactivity per unit area (m2) " £ V for each of our considered nuclei
as follows,

DsC
37Cs) = 2.55 105 Bq/m2 (2)

Ds(
134Cs) = 1.29 10s Bq/m2 (3)

Ds{
90Sr) = 0.16 10s Bq/m2 (4)

I N T E R N A L CONTAMINATION

The internal contamination by radionuclei through their uptake by plants from the soil can be
estimated by their concentration ratio "CK" defined by,

Radionuclide activity/unit mass of plant
Radionuclide activity/unit mass of soil

In general, during the estimation process of the concentration of radionuclides in plants that can
be used in either their fresh (wet) or dry forms, many factors control the plant uptake process
e.g., the type and the chemical properties of the fertilizers, the soil characteristics (e.g., grain
size, ability for water retension, etc ...), the solubility product of different types of radionuclides
and their distribution in soil medium, and the physiochemical properties of the radionuclides.
When the soil is radio-contaminated with different radionuclides, the principal mechanism to
calculate the concentration of radionuclides per one liter of soil solution "Csou" is to calculate
the plant absorption of the dissolved radioactivity in the soil solution as well as the plant root
uptake value given in the form ^ ,

1027



CA -d(KdP+Wc)
 ( 6 )

where" DA" is the deposition level of radionuclides on the ground surface as given by Eqs.(2),(3),(4)
for each radionuclide, "d" is the depth of the soil layer containing a radionuclide (0.25m), "R'd" is
the distribution coefficient of the radionuclides (600 liter/kg), " p" is the density of the soil layer
containing radionuclides (1200 kg/m3), and "Wc" is the water content of the soil layer containing
the radionuclides (300 liter/m3). Substituting the above given values and using Eqs.(2),(3),(4)
then we obtain,

' = 1-416 Bq/liter (7)

= 0.716 Bq/liter (8)

CSSsr = 8.885 10~2 Bq/liter (9)

Furthermore, the migration of the absorbed radionuclides inside the plant roots to the edible
upper parts, e.g. stem, leaves, and fruits, causes the retension of most of them inside these
parts. The concentration "CA" of the radionuclides in the specific edible parts of the plants can
be calculated by using its relation with "CA°*1" given by Eq.(6) as follows lz\

CA = k.f.TR. Cs
A

oil (10)

where "k" is the ratio between the total amount of radionuclides in the above-ground surface
parts and the total amount absorbed by the roots. We assume it to be here in our calculations
50 %, " / " is the ratio between the concentration of radionuclides in edible parts and the average
concentration in the above-ground surface parts. We adopt its value / = 1 for leafy vegetables
and grass, and the transpiration ratio "TR" indicates the amount of water transpirated per one
kilogram of produced dry plant material and we take its value as 330 liter. Applying Eq.(10)
and using Eq.(6) we get,

Ci37Ca = 233.64 Bq/kg (11)

Ci34Cs = 188.11 Bq/kg (12)

C9oSr = 13.33 Bq/kg (13)

Moreover, we assume that the specific activity "CA" of fruits and vegetables is nearly equal to
the specific activity of some other foodstuffs as meat, milk, ... etc.

DERIVED INTERVENTION LEVELS (DILs) AND PROTECTIVE
MEASURE CALCULATIONS

The general form W of the relationship between the DIL and the intervention level (IL) of a
dose can be expressed in the most general form,

DIL = DCF
where "DIL" is the derived intervention level in a relevant environmental material, "IL" is
the intervention level of dose, and "DCF" is a dose conversion factor (in units determined by
those adopted for DIL and IL). In case of actually consumed foodstuffs, as adopted here in the
present calculations, then for a specific foodstuff "g" Eq.(14) takes the form :
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DIL =
ILF (15)

where "/If" is the intervention level of dose for food restrictions (it will be taken 1 mSv for
public), % " is the annual intake of foodstuff g (kg.a"1), "£>,•„/ is the committed effective dose
equivalent per unit intake of the nuclide by ingestion (Sv.Bq"1), and "Gg" is the ratio of the
integral over one year of the nuclide concentration in foodstuff g to the concentration in that
foodstuff at a specified time (Bq.a.kg"1 per Bq.kg"1). In principle, "DILs" could be evaluated
for a large number of nuclides and foodstuffs at different public age grouping. In the present
work we suffice to calculate the "DILs" for the selected 137Cs, 134Cs, and 90Sr radionuclides
where their transfer through food-chains is potentially a major source of exposure. In addition,
we choose a standard group of foodstuffs (water and beverages, milk, milk products, meat, grain,
and vegetables and fruits) which are potentially significant contributors to dose. The needed set
of parameters to substitute in Eq.(12), and our calulated DILs are summarized and tabulated
in Tables 1 and 2 respectively for different public age groups (infant, child, and adult).

Table (1): Dose Conversion Factor Parameters for Foodstuffs (5).

Parameters

I,(l/a)
D,no(Sv/a)

G,

I, (kg/a)
D,-B,(Sv/a)

I,(kg/a)
D iB,(Sv/a)

Go

I s(kg/a)
D i n ,(Sv/a)

Gs

I,(kg/a)
D,-n,(Sv/a)

G,

I0(kg/a)
D,nS(Sv/a)

G,

infant

260
7.3 10-8

0.99

260
7.3 10-8

0.12

16
7.3 10-8

0.12

40
7.3 lO-8

0.16

50
7.3 lO- 8

1.4

50
7.3 lO-8

0.061

child
W

350
6.0 10- 8

0.99

300
6.0 lO- 8

0.12

30
6.0 10- 8

0.12

150
6.0 lO- 8

0.16

150
6.0 lO- 8

1.4

adult
A T E R

600
2.8 lO-8

0.99

250
2.8 lO-8

0.12

MIL
40

2.8 lO-8

0.12

200
2.8 lO-8

0.16

150
2.8 lO-8

1.4

V E G E T A

100
6.0 lO- 8

0.061

130
2.8 lO-8

0.061

134Cs
infant

A N D

260
1.6 lO-8

0.85

M I L

260
1.6 lO-8

0.075

child
B E V E R

350
1.4 lO-8

0.85

K
300

1.4 lO-8

0.075

K P R O D U C T

16
1.6 10"8

0.075

MEA
40

1.6 lO-8

0.2

G R A

50
1.6 lO-8

0.78

B L E S

50
1.6 lO-8

0.062

30
1.4 lO-8

0.075

T
150

1.4 lO-8

0.2

IN
150

1.4 lO-8

0.78

A N D F

100
1.4 lO-8

0.062

adult
A G E S

600
1.9 lO-8

0.85

250
1.9 lO-8

0.075

S
40

1.9 lO-8

0.075

200
1.9 lO-8

0.2

150
1.9 10~8

0.78

R U I T S

130
1.9 lO-8

0.062

13 <Cs
infant

260
1.2 10- 8

0.99

260
1.2 lO-8

0.078

16
1.2 lO-8

0.078

40
1.2 10"8

0.21

50
1.2 lO-8

0.65

50
1.2 lO-8

0.064

child

350
1.0 lO- 8

0.99

300
1.0 lO-8

0.078

30
1.0 lO- 8

0.078

150
1.0 lO- 8

0.21

150
1.0 lO- 8

0.65

100
1.0 lO- 8

0.064

adult

600
1.3 lO-8

0.99

250
1.3 lO-8

0.078

40
1.3 10-8

0.78

!
200

1.3 10"8

0.21

150
1.3 10"8

0.65

130
1.3 lO-8

0.064
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Table (2): Derived Intervention Levels (DILs) For Different Foodstuffs.

infant
53.22

child
48.10

W A
adult
60.13

T ER A
infant
282.81

N D B E
child

240.10

V ER A G
adult
103.20

E

II
S (Bq/1)
infant
323.75

child
288.60

adult
129.50

infant
439.06

child
462.96

adult
1190/48

I

infant
3205.13

A I L K (Bq/1)

child
3174.60

adult
2807.02

infant
4109.14

child
4273.50

adult
3944.77

infant
7134.70

infant
2140.41

child
4629.63

child
694.44

1
adult

7440.48J

adult
1116.07

<A I L K F
infant

52083.33

M

infant
7812.5

' R O D U
child

31746.03

C T S (Bq/kg)
adult II infant

17543.86 I 66773.50

E A T (Bq/kg)

child
2380.95

adult II infant
1315.79 1 9920.63

child
42735.04

child
3174.60

adult
24654.83

adult
1831.50

infant
195.69

child
79.37

adult
170.07

G
infant

1602.56

R A I N (Bq/kg)
child
610.5

adult
449.84

infant
2564.10

. child
1025.64

adult
788.95

infant
4491.35

child
2732.24

V EG E
adult

4503.69

T A B L E
infant

20161.29

S A N D
| child

11520.74

FR UI
adult

6529.97

T S (Bq/kg)
infant

26041.67
child
15625

adult
9245.56

Moreover, in our calculations we have applied the protective measure inequality for the chosen
standard group of foodstuffs, with respect to each age group of the public as well as the three
indicated above radionuclei, expressed in the form,

(16)

where "L(i,p)" is the measured level of a nucleide (i) in an environmental material relevant
to pathway (p) and "DIL(i,p}" is the derived intervention level for nuclide (i) in the same
environmental material for exposure by pathway (p), developed in respect of a given protective
measure. Our results are summarized in Table 3.

Our main conclusions can be summerized as follows :
1- The calculations indicated that the values of the protective measures are increasing respec-
tively with regard to 9 0Sr, 1 3 7Cs, and lMCs radionuclei for all public age groups.
2- The total protection measure ratio values of all the selected radionuclei as well as the different
age groups of the public remains less than one ( 0.079 for infant, 0.161 for child, and 0.384 for
adult ) which requires no special or specific intervention level procedures.
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Table (3): Protection Measure Calculations For 90Sr.

Food Stuffs
Water and Beverages

Milk
Milk Products

Meat
Grain

Vegetables and Fruits
V">| -k('iP) I

,p.<

L [Bq/kg]
0.259
0.259
0.026
0.026
0.129
13.33

—

Infant
4.87
5.9
3.64
1.21
6.59
2.97

0.91

10~J

io-4

10~b

10~5

io-4

10~J

lO-2

L/DIL
Child

5.38
5.59
5.62
3.74
1.63
4.88

1.2

10-3

10~4

10~b

10~5

io-J

10~J

io-2

Adult
4.31
2.18
3.49
2.33
7.59
2.96
0.83

io-3

10-4

10"b

io-5

io-4

io-J

io-2

Table (3): Protection Measure Calculations For 134Cs.

Food Stuffs
Water and Beverages

Milk
Milk Products

Meat
Grain

Vegetables and Fruits

2-y\ DlL(i,p)
p.i

L [Bq/kg]
1.02
10.16
15.24
3.56
38.10
118.11

—

L/DIL
Infant

3.61 lO-3

3.17 10-3

2.93 10~4

4.56 10"4

2.38 10~*
5.86 lO-3

3.7 10-2

Child
4.25 10~3

3.2 lO--*
4.8 10~4

1.5 lO-3

6.24 10"*
1.03 10"*
8.2 lO-2

Adult
9.88 lO-3

3.62 lO-5

8.69 10"4

2.71 lO-3

8.47 10~*
1.81 10-*
12 lO-2

Table (3): Protection Measure Calculations For 137Cs.

Food Stuffs
Water and Beverages

Milk
Milk Products

Meat
Grain

Vegetables and Fruits

^ 1 DIL{i,p)
Pi«

L [Bq/kg]
0.77
11.55
15.41
2.82

46.22
233.65

—

L/DIL
Infant

2.38 lO-3

2.81 10-3
2.31 10-4

2.84 10~4

1.8 10~*
8.97 10-3
3.3 lO-2

Child
2.67 lO-3

2.70 10"3
3.61 10~4

8.88 10~4

4.51 10-*
1.5 10-*

6.7 lO-2

Adult
5.95 lO- 3

2.93 10-3
6.25 10~4

1.54 lO-3

5.86 10~*
2.53 10-*

9.5 lO-2
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ABSTRACT:- EG0100103

The electron beam accelerator of High Voltage Corp.Model 1TC-1500, is the first
electron beam processing system at NCRRT. This work is to throw some lights on the
measures taken not only to optimize radiation protection but also to provide guidance
for those concerned with the shield design and for daily work on the practical
application of radiation protection principles.

It also describes the experimental measurements which leading to the development
of shield efficiency by adding two controlled areas around the conveyer wings. The
ultimate radiation monitoring conducted around the EBA confirmed that its design,
manufacturing of its accessories, and modifying of its shield are the best available
radiation protection measures

The results give useful estimate of X- ray dose rates distributions at different
occupancy areas under different operation parameters. The predicted maximum
annual individual dose will be in the range 0.54 mSv/y that is below that for the
general public limit. Therefore, the associated risk factor will be far below that for
other high safety industries.

INTRODUCTION

The electron processing system at NCRRT is the first electron beam
accelerator model ICT- High Voltage. Its design is for continuous
industrial irradiation processing with a scanned electron beam positioned
in the downward direction for processing materials conveyed through the
beam area. The acceleration voltage is a variable range from 500 to 1500
KV and the beam current ranged up to 25 mA. The amplitude of beam
scan is variable to a maximum width of 36-inch. The accelerator
assembly is positioned vertically in two levels inside the vault. From the
protection point of view, the primary source of ionizing radiation is the
stream of accelerated electrons emerging from the vacuum window of the
machine. Such electrons present no hazard because their range in air is
about 6m and can be shielded by 8mm material of unit density. However,
the accelerated electrons may strike the solid materials under the scanner
window (usually steel) to produce high level of X-ray (Bremshtrahlung
radiation) . This situation demands some attention to be given towards
shield design and radiation protection.
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RADIATION SHIELDING CALCULATIONS

The main shield design objective is to limit radiation exposure of
persons to a level as low as reasonably achievable (ALARA ) . Hence the
emitted radiation can be shielded so that persons loading product into the
facility as well as operators will be exposed to radiation levels not greater
than 0.1 mR/h (one microSievert per hour ) i.e. about 2 mSv/year. This
level of exposure is nearly the same as that experienced by the general
public from natural background radiation. These results can be achieved
by using ordinary concrete shield without incurring unreasonable costs.

Principles of Shielding Calculations

For particle accelerator design, it is recommend by various regulating
agencies that NCRP - Report No. 51(1) is a good practice for radiation
protection . Hence, our calculation methods used are based on the data
given in this reference.

Radiation Output:-

As a conservative basis for shielding calculation, it is assumed the case
of accelerated electrons of energy 1.5 MeV with maximum current of 25
mA. These electrons may strike materials under the scanner ( usually steel
materials ) and create very high quantities of X-ray (Bremshrahlung
radiation ) . The X-ray emission rates from figure E.I NCRP-51 is given
to be 100 rad m2mA"'.min'"1 in the forward direction and 80
rad.m2.mA'1.min'1in the sideward and backward directions .Using the
steel factor ( Conveyer material) 0.7 in the forward direction and 0.5 in
sideward direction the radiation level which may be expected as a
function of operation current is given in Table (1)

1034



Table (1)
Expected Radiation Levels under scanner

at Different Direction with Operation Current

XBeam Direction

Operation^v
Current \
2 mA
5 mA
10 mA
15 mA
20 mA
25 mA

Forward

0°

84Sv/h
210 Sv/h
420 Sv/h
630 Sv/h
840 Sv/h
1050 Sv/h

Sideward

90°

48 Sv/h
120 Sv/h
240 Sv/h
360 Sv/h
480 Sv/h
600 Sv/h

Backward

180°

48 Sv/h
120 Sv/h
240 Sv/h
360 Sv/h
480 Sv/h
600 Sv/h

Radiation Energy :-

It is considered that X-ray emitted with wide spectra having the
maximum energy level as the same accelerating Voltage (1.5 MeV).
The X-ray spectrum at 90° is lower in energy than the spectrum
at 0° (NCRP-51 Report). The author suggested about 0.8 MeV as a mean
effective energy that may be used in the calculation of shielding thickness.
Hence the linear absorption coefficients used in these calculations are
0.15cm"1, 0.77 cm"'and 0.469 cm"'for the popular shielding materials
concrete, lead and steel respectively as given after SHAPIRO(2) .

Wall Thickness: -

Considering the design drawing for two levels configuration. This
configuration incorporates a treatment vault which is housing conveyor
handing system as well as a wire and cable system at the ground level. As
seen in the design, the distance between beam center and outer surface of
the nearest wall is 3 meters.
Hence the dose rate in air ( without shield) at this point in case 25mA
operation current = 600/9 = 66.7 Sv/h .
The required shield transmission rate for side ward direction.

D/D0=10"6/66.7=1.5xl0-8

Using the relation :
D/Do =B exp(-ux)

1035



Where B is the build-up factor B =( 1 + ux) = 19 for concrete shield
H is the liner absorption coefficient for concrete (0.15cm"1)
x is the thickness of shielding material.

Therefore
1.5xlO'8=i9exp(-O.15x)

hence x = 139.7Cm concrete as required thickness for the vault wall.
This value is optimized by adding safety factor to be 150 Cm in the
provided design . Hence the expected radiation level around the vault
walls will be much lower than one micro seivert per hour.
Similarly based on NCRP-51 report calculation, the required concrete
thickness for the roof is 35 Cm and to make the sky shine radiation at
ground level insignificant or trivial exceeding . Also the upper walls side
thickness was calculated to be 60Cm concrete.

Labyrinth;-

The radiation level at the main doorway was calculated by
considering three reflections of X-rays. The radiation level at the door
way is calculated to be 1.6 |iSv/h of energy 0.5MeV (u=1.7Cm"' for lead
shield) Hence 3mm lead on the main door will reduce the radiation level
less than O.lmR/h (luSv/h) or 8mm iron will do the same.

Conveyor wings: -

The conveyor wings comprises slot to convey the materials under
irradiation and also to accept cable and wire system. It is possible for
X-rays emerge through this slot and reflect at other points to reach the
conveyer opening at the end of the tunnel through two reflections. It is
recommended by the supplier to block of the upper portion below the
reflection points by 3.6 Cm lead, to reduce radiation level at the tunnel
end to O.lmR/h ( 1 fiSv/h).

Upper lateral opening:-

This opening, with dimensions 2.3 meter width and 2.7 meter height,
was designed to enable access of the stainless steel tank . This opening
must be blocked off after installation. For anticipated maintenance
requirements the local authority recommendation was to shield this
opening by movable door. The design of such door may need major
concern. The simple way is to consider the statement given by NCRP.(l)
as follow :
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A door into a facility must close the aperture with a structure that is
equivalent in shielding thickness to the wall surrounding the aperture. The
overlap must be at the top and the sides at least 10 times the gap between
door and wall. Hence 11.5Cm of lead thickness and 2Cm overlap was
recommended.

RADIATION MEASUREMENTS

As seen above, the electron beam accelerator is designed so that its
operation will not present radiation hazards to workers around it. The
radiation level in the occupancy areas around is designed to be kept less
than one microsievert per hour and the controlled area where the radiation
level exceeds 1 uSv/h is limited inside the shielding . For testing the
adequacy of shielding and to demonstrate that radiation levels are
satisfactory, the monitoring program for measuring the area surrounding
the treatment vault is planned after machine installation.

Instruments Used During The Survey:-

The instruments used during the measurements have been chosen
carefully to be high sensitive and energy independent over the X-ray
energy range from 500 KeV to 1.5 MeV. Hence the following two
calibrated instruments were used.

u Eberline X - y monitor : This is a battery operated radiation
Surveymeter connected with G.M. detector type HP-270 with energy
compensation and beta shield which is used for measuring X and
gamma radiation levels varying from background radiation

[ ( 8 ± 3 )10"2 (LiSv/h ] up to 25 mSv/h.

2-ND -3000 X - y monitor: This instrument is a direct reading battery
operated count rate meter, which is used for measuring low X and
gamma radiation fields. It has four full scale ranges of 10, 100, 1000,
10000 microsievert per hour. The detector used is an energy
compensated, halogen quenched G.M. tube which is energy
independent from 60 KeV up to 1500KeV.
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Measurements Carried out During the Survey

Immediately after installation and during the initial test at low power a
complete radiation survey was carried out to determine the dose rates at
various points around the treatment vault. The results from the first test
indicated that shielding is adequate except the opening of conveyer wings.
Variation of radiation level at 10 Cm from the opening with machine
current is not stable and varying between 6u,Sv/h.mA to
lOjiSv/h.mA" depending on the change in vacum. These results revealed
that excessive X-ray dose rate exists at the opening of conveyer wings.
These results were explained as a result of beam scattering and some
problems in beam focusing. Good effort has been done to reach stable
operation at 1.5MeVenergy and different machine current. The
measurements were repeated at both conveyer wings ( inlet and outlet).
The results are shown in table (2).

Table (2)
Variation of Dose rate with Machine Current at Conveyer wings.

Machine Current

2 mA
5 mA

9.6 mA
15 mA

19.8 mA
24.2 mA

Dose rate at Conveyer Wings (u.Sv/h)

Inlet opening
19.6 ±3
49.5 ± 7
90 ±7
74 + 8
90 ±8

100 ±20

Outlet opening
3.7±1.1
10.1 ±2
16.7 + 2
32 + 2
34 + 6
50 ±7

N.B. : The irregularity at 9.6 mA was due to decrease of vacuum efficiency.

It is clear from the above results that X-ray dose rate emerging out
through the opening at the end of conveyer tunnel was higher than the
allowable levels given by the design calculations. It is nearly 100 times
higher at the inlet opening and 50 times higher at outlet opening. Also the
grow up dose rate with machine current was not linear. Hence this
radiation is not emerging directly from its origin but it is a result of
transmission scattering and reflections inside the conveyer tunnel. These
data may be explained as a result of introducing the wire and cable
handling system beside that conveyer system. Therefore the first priority
of radiation protection was to limit radiation level emerging from both
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wings to a level of 1 |tiSv/h or less. All the alternative techniques were
investigated taken into consideration the economic factor, the ease of
construction and guarantee the reduction of radiation dose rate to <
ljxSv/h . Hence the establishment of a controlled area infront of both
conveyer wings has been chosen. To satisfy the above requirements, the
design as well as the shielding material from ordinary concrete had been
investigated. The dimensions of this controlled area has been chosen to be
with transmission wall at 2m from the opening and with lateral open door
perpendicular to the beam direction and at 2m from its center for
conveying the materials under irradiation and with 2m height. The wall
thickness was calculated to be 16Cm of concrete and optimized to be
20Cm.

Ultimate Radiation Survey of the Electron Beam Accelerator

After complete improvement, the beam characteristics and
establishment of the controlled areas in front of conveyer wings, a general
radiation survey was carried out around the treatment vault. Using the
above maintained instruments, the X-ray dose rates were estimated at
different areas. These areas were subdivided to, a-Full occupancy areas,
b- Partial occupancy areas, and c-Occasional occupancy areas. The
results of measurements are seen in Tables (3,4,5) at different operation
current and maximum potential energy ( ~ 1.5 MeV ).

Table (3)
Radiation Levels at Full Occupancy Areas around the Accelerator Vault.

Machine Current

2 mA
5 mA

9.6 mA
15.0 mA
19.8 mA
24.2 mA

X-ray Dose-rate (u,Sv/h ) at Position
Control Room

(9 + 4)10"2

(8 + 5) 10"2

(9 + 4JJ0'2

( 7 ± 3 ) 102

(9 + 2 ) It)"2

( l l ± 4 ) 1 0 ' 2

Loading Area
(10 + 4) 10"2

(8 + 2) 10-2

C19 + 7) 10"2

(12±4J10-2

118±6)10"2

(16±3)10" 2

Unloading Area
J 9 + 2) 10"2

(10 + 3)10"2

(15 + 2)J0"2

(13 + 6) 10"2

(12 + 5 ) 10"2

(20 + 7) 10"2
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Table (4)

Radiation Levels at Partial Occupancy Areas Around the Accelerator.

Machine
Current

2 mA
5 mA

9.6 mA
15.0 mA
19.8 mA
24.2 mA

X-ray Dose Rate ( piSv/h ) At Position
Through main

Door
(6±2)10"2

(ll±4)10"2

(12 ±51Kr2

(13±51H)'2

(15+3)10~2

(15 ±5) 10'2

Side wall shield

(11 ±5 ) 10"2

(13 + 5) 10-2

J12 + 2)10-2

(21 + 10) 10"2

(16±9JJ0-2

(23 ±7) 10"2

Thorough
Accelerator Hall

(7±2)10" 2

( 7 ± 2 ) 1 0 ' 2

( 8 + 1 ) 10'2

(15 ±6) 10"2

(8 ±4 ) 10"2

(12 ±4) 10"2

Table (5)
Radiation Level at Occasional Occupancy Areas around the Accelerator

Machine Current

2 mA
5 mA

9.6 mA
15 mA

19.8 mA
24.2 mA

X-Ray Dose Rate (fiSv/h) At Position
Upper Lateral

Door

( 10 ±3 )10'2

(7 ± 2 ) 10"2

(10±2)10- 2

( 10± 5 ) 10"2

( 11 =h 5) 10"2

(12 + 4) 10'2

Open Door of
Controlled area

(inlet)
(16 ± 3 ) 10"2

(21±8)10"2

(16 + 4 ) 10"2

(24 + 6) 10'2

(39 + 7) 10'2

(41 ± 14) 10"2

Open Door of
Controlled area

(outlet)
(12 + 7 ) 10'2

L (21+8) 10"2

(15 + 4 ) 10"2

(26 + 9) 10"2

_ ( 21+9) 10"2

(34 ± 1 3 ) 10"2

Discussion and appropriate recommendation

After justification of foundation of electron beam accelerator a major
concern was directed to optimization of radiation protection. The latter
could be achieved by reducing occupational radiation exposure as low as
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reasonably practicable. The shielding is the primary protection against
radiation. The design, the selection of shielding materials and calculation

were made in order to guarantee radiation dose rate l(iSv/h at all
occupancy areas when the machine is operating at full power. After
installation and during the first test at low power (O.3-3mA), radiation
measurements were carried out at all accessible points around the
accelerator vault. The results indicated that the shielding is adequate with
radiation level compatible with background radiation except for the
opening at conveyer wings. The inlet opening recorded a dose rate as high
as 6-10 juSv/h.mA'1. These results were first explained as a result of
problems in machine parameters. After improvement of the machine
parameters, the opening of conveyer wings were checked again . The
results can be seen from Table (2) which indicated that radiation levels at
these points were still high and reached as high as 120uSv/h for inlet
opening and 57(iSv/h for outlet opening incase of nearly full power
operation . These dose rates should be reduced to less than luSv/h. It was
therefore recommended to establish controlled area in front of both wings.
The practicable design had been chosen and the thickness of concrete wall
was calculated and optimized to be 20cm. The ultimate results of radiation
levels scanning within different occupancy areas can be seen in Tables
(3,4,5). From these results, one can deduce the following :
a- Inside all the full occupancy area, the X- ray dose rates are insignificant
(nearly background)for machine current up to 5mA. The radiation levels
above this current are increasing gradually to maximum value 27x10"2

fiSv/h at unloading position in case of machine at full power. This
value is corresponding to a maximum annual exposure dose of the order
of 0.54 mSv/y for 2000 working hours per year. This value corresponds to
about 50% of the annual exposure from natural background in Egypt. It is
important to note that radiation level inside the control room is the same
as background radiation at all the operational parameters.

b- The radiation levels at any position inside the partial occupancy areas
are compatible with background level. This renders them safe for any type
of work and any loading time.

c- The radiation dose -rate at upper level is nearly similar to background
radiation . At the opening of the inlet and outlet controlled areas, the
levels are slightly higher than background and reach a maximum at full
power to be 5.5 x 10"1 |_iSv/h at inlet door and about 4.5 x 10"' fiSv/h at
outlet door. This level is still below the recommended dose limits
(l|j.Sv/h) outside the shielded areas. These positions are very rarely to be
occupancy areas and if happen, the time will be very limited. In addition,
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standard hazard symbols have been posted prominently at these doors to
restrict the entrance to the controlled areas.

In general, the above data are the first evaluation for the radiation
protection measures taken at the NCRRT electron beam accelerator.
Careful investigation for data, one can deduce the following:

1- All the recorded dose rates after construction of temporary
controlled areas are all below the recommended dose limits for
general public ( lmSv/y)(3).

2-The measured values have significant standard deviation due to
the scanning over big areas and its effect by vacuum efficiency
and other operational parameters.

3-The amount of skyshine radiation which may be observed at some
spots inside the accelerator hall distance from the facility wall is
trivial comparison with background radiation.

4- Applying the risk value of 5 xlO"2 Sv'1 (ICRP-1991)(4) for audalts
exposed to low dose and low dose rate, the expected maximum annual
risk factor will be 2.7 x 10"5 for 2000 working hours per year inside
the full occupancy areas. . This value is far below the risk factor in
other industries with high safety standards . This is given to be 10"4

after IYER( 1980).

To complete the radiation protection measures, the recommendations
are as follow:-
1- Training of the operators on radiation protection is an important part

of the information transfer.
2- All personnel connected directly or indirectly with the accelerator

operation should wear personnel monitoring films.
3- A fixed area monitor is recommended and it is preferably to have

alarm contact signal.
4- Access into the controlled area during operation is restricted.
5- The emerging x-ray levels around check points should be measured

every three months.
6- The results of personnel monitoring as well as area monitoring

should be recorded and maintained.

CONCLUSION

From the above results, one can conclude that the electron beam
accelerator at NCRRT and its accessories be designed, manufactured and
modified by adding controlled areas for the conveyer wings to facilitate
the best available radiation protection. All the occupancy areas around the
accelerator vault are classified as public areas where the expected annual
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dose level will be less than one milliseivert for workload as 50 weeks per
year. The electron beam processing system at the NCRRT can be
considered as an industry with high safety standard.
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ABSTRACT

The application of the Nominal Probability Coefficient to evaluate the detriment
after the annual occupational exposures of workers from radiation sources and
radioactive material have been calculated for workers in medical practices,
industrial applications, atomic energy activities and those involved in exploration
and mining of radioactive ores and phosphates.
The aim of detriment calculations is to provide a foresight for the future occurrence
of stochastic effects among the exposed workers.

The calculated detriment can be classified into three classes. The first includes
workers in diagnostic radiology and atomic energy activities who received the higher
doses and consequently represent the higher detriment. The second class comprises
workers in radiotherapy and nuclear medicine whose detriment is four times lesser
than that of the first class. The third one concerns workers in industrial
applications and in exploration and mining of radioactive ores and phosphates, their
detriments ten times lesser than that of the second class.

The occupational radiation doses are endorsed by the United Nation Scientific
Committee on Effects of Atomic Radiation ( UNSCEAR) for the period January
1995 to December 1998.
Key Words: Detriment Calculations, Incidence Probability for Stochastic Effect

Occupational Radiation Exposure, Probability of Cancer Induction.

INTRODUCTION

The main aim of radiation protection is to protect man against hazards and harmful effects by
providing an appropriate standards of protection for man without limiting the beneficial practices
giving rise to radiation exposure. Ionizing radiation causes both deterministic and stochastic effects in
irradiated tissue. Deterministic effects result from cell killing. If the number of killed cells is large
enough, there will be clinically observable pathological conditions such as alteration in the behaviour
of and function of organs and tissues. The severity of the observed effect depend on the dose. There
will be a threshold below which the loss of cells is too small to detectable impair tissue or organ
function. In addition to ceil killing there will be interference with a variety of tissue functions
including regulation of cellular components, inflammatory reactions involving modifications in
permeability of cells and tissues, natural migration of cells in developing organs and indirect effects
for exempla the irradiation of pituitary gland influencing endocrine function in other tissues.

Stochastic effects may result when the irradiated cell is modified rather than killed. Despite
the existence of highly effective defense mechanisms, the clone of cells resulting from the
reproduction of a modified but viable somatic cell may result, after a prolonged and variable delay
called the latency period, in the manifestation of a malignant condition, a cancer. The probability of a
cancer increases with increments of dose. The severity of the cancer is not affected by the dose. If the
damage occurs in a cell whose function is to transmit genetic information to later generations, this
damage ( mutations and chromosomal aberrations) may be transmitted and become manifest as
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hereditary disorders in the descendants. These hereditary effects vary widely in their severity. Three
principal sources of information on stochastic effects:

• Epidemiological studies on the survivors of the nuclear weapon attacks on
Hiroshima and Nagazaki.

• Patients exposed to radiation for medical treatments or diagnosis.
• Groups of workers exposed to radiation or radioactive material at work.

Concept of Detriment

The International Commission on Radiological Protection (1CRP ) adopted new recommendations
on radiation protection ( ICRP publication No 60, 1990) l". In this publication distinction has been
made between four terms : change, damage, harm and detriment. Changes may or may not be harmful.
Damage represents some degree of deleterious change, for example to cells, but is not necessarily
deleterious to the exposed individual. Harm is the term used to denote clinically observable deleterious
effects that are expressed in individuals ( somatic effects). Detriment is a quantitative way of
expressing a combination of the probability of occurrence of a health effect and a judgement of the
severity of that effect. Therefor detriment is a complex concept combining the probability, severity
and time of expression of harm. The many aspects of detriment make it undesirable to select a single
quantity to represent the detriment, therefor the ICRP 60 adopted a multi-dimensional concept where
the principal components of detriment are the following stochastic quantities:

• The probability Of attributable fatal cancer.
• The weighted probability of attributable non-fatal cancer.
• The weighted probability of severe hereditary effects.
• The length of life lost if the harm occurs.

This model named the Multiplicative Risk Projection model is a convenient description of the manner
in which the probability of fatal cancer varies with time.

ICRP 60 Recommendations.

The ICRP 60 has estimated the probability of a fatal cancer by relying mainly on studies of the
Japanese survivors of the atomic bombs and their assessment by bodies such as UNSCEAR <2) and
BEIR '. After reviewing the available experimental information on dose-response relationship and the
influence of dose and dose-rate, the ICRP 60 concluded that the most probable response is linear
quadratic in form for low LET radiation. The linear coefficient at low doses or low dose-rates is
obtained from the high dose, high dose-rate estimates of risk by dividing by a DDREF ( Dose and
Dose Rate Effectiveness Factor) of 2

The nominal fatal cancer probabilities for adult workers and whole population are given in table
0).

The ICRP 60 has also assessed the distribution of the detriment in organs and tissues by
considering the fatal cancer probability in each of them, multiplying by an appropriate factor
for non-fatal cancer (which is determined by the severity of that cancer (lethal factor), adding
in the probability of severe hereditary effects and adjusting for the relative length of life lost.
This distribution of aggregate detriment among organs is represented by , after rounding , by
the tissue weighting factor.

Table (1)
Nominal Probability Coefficient for Stochastic Effects

Exposed
Population

Adult Workers
Whole Population

Detriment (10 "2 S v 1 )
Fatal Cancer

4.0
5.0

Non-fatal
Cancer

0.8
1.0

Severe
Hereditary

Effects
0.8
1.3

Total

5.6
7.3
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Detriment Calculations

The occupational radiation exposures to workers from the medical and industrial applications of
radiation sources, from atomic energy activities as well as exposures from natural sources obtained
for workers involved directly in prospecting and mining of radioactive phosphate ores have been
collected for the period from Jan. 1995 to Dec. 1998.(4) The data obtained has been measured by
personnel monitoring systems of film badge or TLD. The exposures from natural sources are
determined by assessment of Working Level Month (WLM ) in case of radon exposures. One (
WLM) corresponds to 5 mSv.(5)

Medical Applications

Exposures from radiation sources used in medicine in Great Cairo include exposure categories of
Diagnostic Radiology, Radiotherapy and Nuclear Medicine. It was obtained from University
Hospitals, Ministry of Health General Hospitals and Medical Institutions of the National Medical
Insurance. The monitored workers include physicians, physicists, radiographers, engineers and
attending staff including nurses. The measured doses and the detriment calculations are shown in
tables (2), (3) and (4)

Table (2)

, - 2 •Measured doses and detriment calculations (10' ) for stochastic effects for
Diagnostic Radiology

Year

1995
1996
1997
1998

No. of
Workers

2050
2170
2350
2400

Average
Effective
Dose
(mSv)
1.49
1.67
1.54
1.44

Annual
Collective
Dose
(Man Sv)
3.1
3.6
3.6
3.5

Fatal
Cancer

12.4
14.4
14.4
14.0

Non-
Fatal
Cancer

2.48
2.88
2.88
2.80

Heredi.
Effects

2.48
2.88
2.88
2.80

Total
PerSv

17.36
20.16
20.16
19.60

Table (3)

Measured doses and detriment calculations (10 "2) for stochastic effects for
Radiotherapy

Year

1995
1996
1997
1998

No. of
Workers

450
510
570
570

Average
Effective
Dose
(mSv)
1.83
1.78
1.69
1.50

Annual
Collective
Dose
(Man Sv)
0.82
0.91
0.96
0.86

Fatal
Cancer

3.82
3.64
3.84
3.44

Non-
Fatal
Cancer

0.66
0.73
0.77
0.69

Heredi.
Effects

0.66
0.73
0.77
0.69

Total
PerSv

4.59
5.10
5.32
4.82
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Table (4)

Measured doses and detriment calculations (10
Nuclear Medicine

-2 ) for stochastic effects for

Year

1995
1996
1997
1998

No. of
Workers

630
700
820
910

Average
Effective
Dose
(mSv)

1.35
1.49
1.51
1.82

Annual
Collective
Dose
(Man Sv)

0.85
1.04
1.24
1.66

Fatal
Cancer

3.4
4.16
4.96
6.64

Non-
Fatal
Cancer

0.68
0.83
0.99
1.33

He red i .
Effects

0.68
0.83
0.99
1.33

Total
PerSv

4.76
5.82
6.94
9.3

Atomic Energy Activities

The radiation sources available are research reactors, accelerators, ion sources, high activity
gamma sources, neutron generators, radioactive isotopes for research and development programmes,
radioisotopes production and waste management facility. The measured doses and detriment
calculations (10 "2) are given in table (5).

Table (5)

Measured doses and detriment calculations (10 "2 ) for stochastic effects for
Atomic Energy Activities

Year

1995
1996
1997
1998

No. of
Workers

550
605
715
730

Average
Effective

Dose
(mSv)

3.1
2.66
2.41
2.58

Annual
Collective

Dose
(Man Sv)

1.71
1.61
1.72
2.08

Fatal
Cancer

6.84
6.44
6.88
8.32

Non-
Fatal

Cancer

1.37
1.29
1.38
1.66

Heredi.
Effects

1.37
1.29
1.38
1.66

Total
PerSv

9.58
9.02
9.63
11.65

Industrial Applications

Radiation sources used in industrial applications in Greater Cairo include CO-60, Cs-137, Ir-
192,Am-241 and Cf-252. They are used mainly in industrial radiography, gauging techniques, neutron
activation analysis, sterilization, food preservation and chemical processing. The data shown in table
(6) represents the measured doses and detriment calculations during the period Jan. 1996 to Dec. 1998.
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Table (6)

Measured doses and detriment calculations (10 "2) for stochastic effects for
Industrial Applications

Year

1996
1997
1998

No. of
Workers

120
135
155

Average
Effective
Dose (mSv)

1.21
1.13
0.94

Annual
Collective
Dose
(Man Sv)

0.145
0.153
0.145

Fata!
Cancer

0.58
0.61
0.58

Non-
Fatal
Cancer

0.121
0.12
0.12

Heredi.
Effects

0.12
0.12
0.12

Total
PerSv

0.812
0.857
0.812

Exploration and Mining.

Occupational exposure from natural sources in Egypt arises from exploration and mining activities
of radioactive ores and phosphates. Radon gas concentration and radon daughters are carried out by
both active and passive techniques. Table (7) presents the measured doses and detriment calculations.

Table (7)

Measured doses and detriment calculations (10 ~2) for stochastic effects for
Exposure from Natural Sources

Year

1995
1996
1997
1998

No. of
Workers

145
150
155
175

Average
Effective

Dose (mSv)

1.3
0.98
1.21
1.18

Annual
Collective

Dose
(Man Sv)

0.188
0.147
0.188
0.206

Fatal
Cancer

0.75
0.59
0.75
0.82

Non-
Fatal

Cancer

0.15
0.12
0.15
0.16

Heredi .
Effects

0.15
0.12
0.15
0.16

Total
Per Sv

1.05
0.82
1.05
1.15

DISCUSSIONS AND CONCLUSIONS

In the last few decades the number of occupational workers is increasing with the increase of the
applications of ionizing radiation sources and radioactive material. Occupational exposure increases
also and is represented by the collective effective dose which is the main scientific indicator for the
probability of occurrence of radiation delayed effects as a result of exposure to low doses and low
dose-rates of radiation. The annual collective effective dose ( Man Sv. ) is used to describe and
define the probability of occurrence of radiation delayed effects among the different occupational
groups which is increasing with time.

Although the measured annual effective doses indicate that they are far below the annual dose
limit of 20 mSv recommended by the ICRP 60, but the probability of occurrence of stochastic effects
still exists. The simplest relationship between an increment in effective equivalent dose and the
resulting increment in the probability of occurrence of stochastic effects is that of straight line through
the origin.

The incidence probability for stochastic effects obtained by the calculations carried out include all
types of delayed effects in particular induction of both fatal and non-fatal cancer. The incidence
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probability of the occurrence oh hereditary effects is included in the calculations. It should be pointed
out that due to the multiple variables involved in the occurrence of hereditary effects, the values
calculated are subject to some uncertainty.

Detriment calculations reveal the presence of three classes of workers. The first one groups
workers in diagnostic radiology and in atomic energy activities who had received relatively the highest
doses and consequently highest total detriment values per Sv of the order of 17-20 .10"2 and 9-11. 10"2

respectively. The second class includes workers in radiotherapy and in nuclear medicine whose
detriment values are four times lower than those of the first class and are of the order of 4-5 .10'2 and
4-7.10"2 respectively. The third class comprises workers in industrial applications and in the
exploration and mining of radioactive ores and phosphates who had received the lowest doses, their
detriment values are ten times lower than those of the second class and are of the order of 8-9. 10"3

and 8-10. 10'3 respectively
Detriment is calculated for workers subjected to a radiological control and monitoring system

where it is possible to reduce the received dose and consequently reducing the probability of the
occurrence of radiation delayed effects. This situation is completely different than that in the case of
radiological or nuclear accidents where prompt doses can not be reduced.

It is recommended that detriment calculations should be done periodically because it is an
important indicator for the effective application of the ALARA principal on the monitored workers.

It is important to expand the monitoring programmes to more individuals and more exposure
groups and to register all types of cancer occurrence, as related to age, sex, radiation dose and social
and economic condition
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ABSTRACT

Regulatory inspections are one of the most important elements of a regulatory
programme. It shall be performed in all areas of the regulatory responsibility and during
all phases of siting, design, construction, commissioning, operation, maintenance and
decommissioning of an irradiator facility.

The Egyptian Mega Gamma irradiator operating since December 1979 has a Co-60
source of about 400 kiloCuries and is used mainly for sterilization of medical supplies
and Pharmaceuticals and for preservation of some food stuffs. The constructor ( Nordion
International Inc.) recommended an extensive inspection programme. In accordance with
the International (1) and National (2'3) regulations as well as the licensing conditions, the
competent authority (NCNSRC) shall perform regulatory inspections both announced and
unannounced.

In order to facilitate the inspection task and to harmonize the inspection reports a
checklist for inspection is proposed which can be used also as an inspection report form.

Key Words: Regulatory Inspection, Category IV Gamma Irradiator,
Inspection Checklist.

1- INTRODUCTION

The Egyptian Mega gamma irradiator is a category IV wet pool gamma irradiator constructed by
Nordion International Inc. type J.S.6500.The radioactive source is Co-60 cylindrical rods doubly
encapsulated in 316 L stainless steal (pencils) which are assembled onto a source rack. The radiation
source is lowered by remote control in a water filled storage pool where the source is fully shielded
when not in use. When the source is in exposed position the irradiation room is maintained
inaccessible by entery control system.

The principal objectives of regulatory inspections are to ensure that:
• All specifications, codes and practices proposed by the licensee and accepted by the competent

authority are complied with.
• The quality and performance of components, structures and systems required by the competent

authority are achieved and maintained by the licensee.
• Any deficiencies in equipment and procedures are corrected by the licensee without undue

delay.
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• The licensee is fulfilling the requirements and conditions set out in the pertinent regulations
and in the approval. !

• The approved operation procedures are being followed.
• The personnel are competent to operate the facility safely.

In addition to the normal regulatory inspection activties, the competent authority shall carry
out regulatory inspections if an abnormal occurrence requires immediate investigations.

2- Constructor inspection programme.

The constructor (Nordion International Inc.) recommended a periodic inspection programme
which comprises:

2-1 Weekly inspections

The weekly inspection includes
• Radiation levels at air filter bank and water deionizer and pumps.
• Water treatment plant equipment and water parameters.
• Chiller operating parameters.
• Warning lights and alarms.
• Control console equipment and functions.

2-2 Monthly inspections

Every month the following items shall be checked
• Irradiation stop controls.
• Source hoist and guide cables
• Radiation survey at selected positions (storage position).
• Radiation monitors and personnel door interlock.
• Ventillation system.
• Automatic shut down devices.
• Cylinders, carriers, load / unload elevators, cross transfer and loggers.
• Overdose control.
• Radiation detection instruments.

2-3 Quaterly, Semi-annual and Annual inspections

The electrical relays, power interruption and nylon rollers are checked quaterly.

Leak tests on source rack and recalibration of syrvey meters are verified semi-annually.

Cylinder packing and microswiches in the source pass and interim areas are replaced annually.

3- Checklist for routine regulatory inspection

3-1 General information

Date of visit
Visit to
Facility inspected
Purpose of Inspection
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Inspector's name(s) Accompanied by Persons met
Accompanied by
Persons met

3-2 Before visit

Make arrangements with operator (unless visit is to be un-announced)
Confirm if access to cell is required (disruption of production etc)
Confirm if particular persons must be present at inspection
Arrange for personal dosimeters for inspectors
Arrange for hand held radiation survey meter for inspectors (DO NOT RELY ON OPERATOR)
Prepare/modify checklist to suit purpose of visit and individual facility
Make list of other matters to be discussed
Review reports of previous visits and identify any recommendations not yet implemented

3-3 Immedaiatly prior to visit

Check personal dosimeters
Check operation of'and held radiation survey meters

3-4 Initial discussions with the operator
Explain scope of inspection (i.e. what aspects ore to be inspected)
Have there been any personnel changes?

• New management?
• New qualified experts?
• New Radiation Protection Officer?
• New operators?

What training has been give for new personnel
Have there been any modifications to the irradiator since previous inspection (including source
changing)
Have there been, any incidents / accidents /problems

• Source stuck
• Pool water problems
• Interlock failures
• Failures to comply with procedures
• Unusual results on personal dosimeters
• Need to over-ride interlocks?

What is the relationship with the irradiator manufacturer/source supplier
• Is it still on-going?
• Does the supplier do preventative maintenance and inspections?

3-5 RECORDS

Radiation safety instructions (local rules)
• Still available to all those who need them?
• Up to date?
• Any changes? (get copy of new version)
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Records of training of operators
Records of authorization of operators
Confirm there is a continuous record of plant modifications and that it is up to date
Ask to see manufacturers/suppliers inspection reports
Confirm that there is an irradiator log-book completed daily and that it is up to date
Ask to see radiation dosimeter results -- any unusual doses?
Ask to see test /calibration certificate for hand held radiation survey meters.
Inspect records of operators own safety checks.
Confirm they include

• Radiation dose rate surveys
• Radiation detectors inside the irradiator
• Product exit point monitors
• Pool water treatment equipment monitor
• Analysis/frequency of pool water samples
• Emergency cut off switched (inside and outside)
• Heat and / or smoke sensors
• Inspection of components inside the irradiator room (for radiation damage)

• Warning lights and signals (inside, outside and on control panel)

3-6 Physical inspection of irradiator

General

• is the building tidy
• is tile building secure

Attitude or operators

It is useful to question the operators to assess their knowledge of radiation protection and
irradiator operating procedures.

• Do they pay attention to control panel indicators and other warning signals?
• Are they wearing their personal dosimeters and other devices, e.g. quartz-fibre

Electrometer / persona! alarm monitor
• Do they check the irradiator status warning signal positioned at the access door?
• Do they test the hand held survey meter using the fixed check source before entering the

irradiator room
• Do they actually use the hand held survey meter as they enter the room ?
• When they leave the irradiator room do they check carefully to see there are no persons inside

Outside the Irradiator

Are fixed warning notices present?
Are all automatic warning signals operating?

• At personal access door
• At product entry/exit points
• On control panel
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Are product carriers in good condition?
Any changes to the lay-out or shielding?
Check dose rates
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ABSTRACT
Radiation is considered a teratogen during the whole period of embryonic

development and fetal growth. However, the time of gestation at which irradiation
takes place will affect the type of congenital malformation Induced. A study was
carried out to observe various forms of congenital malformations induced after
irradiation of pregnant rats to 1, 2 and 3 Gy on the 9th, 12th and 15lh days of
gestation. Various types of congenital malformations were observed in the neonates
of irradiated animals as compared to controls. Most of the malformations were
observed in neonates of animals irradiated with 2 and 3 Gy on the 12th and 15(h days
of gestation. This confirms that developmental anomalies occur mostly during the
period of organ development. Other periods of gestation are less vulnerable to,
induction of malformation after irradiation. Some representative photographs of the
malformations induced such as penguin shape, absence of tail, low set ears, growth
retardation and others are illustrated in the text.

Key word: Radiation /Congenital /Malformation.

INTRODUCTION

The whole period of gestation from conception to delivery of the newborn litters is a very
sensitive period and highly vulnerable to disorganization from extrinsic and intrinsic factors. Exposure
to ionizing radiation induces several different effects to the embryo and fetus during the period of
intrauterine life. Variations of these effects are mainly dependent on radiation dose and specific stage
of gestation at which irradiation took place. Developmental abnormalities occur particularly during the
stage of organogenesis. This is because of the high proportion of radiosensitive culls and the criticality
of cellular activities during organ development. From pastreports, radiation exposure during early
organogenesis results in high incidence of prenatal deaths. Irradiation during late organogenesis results
in a high incidence of abnormalities at birth with lower incidence of mortality*" The main
malformations that commonly appear are retardation of growth, skeletal deformities and CNS
changes'2'3'.

EXPERIMENTAL MEIHODS
This study included sixty pregnant female rats after verification of successful mating by

microscopical vaginal smear. The animals were divided into three groups according to day of gestation
91'1. 12lh and 15lh days. Each group comprised 20 animals and subdivided into 4 subgroups of them
comprised 5 animals. The first subgroup did not irradiated and considered as control subgroup. The
second to fourth subgroups irradiated with I, 2 and 3 Gy of gamma rays from coba!t-6o respectively.

Al animals were sacrificed on day 21 of gestation. The uteri were opened. The number of litters
was recorded. Congenital malformations were observed on live litters, recorded and photographed.
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RESULTS
Q Animals irradiated on 9th day of gestation:
The malformations observed include, decrease in length, absence of tail and eye fissures in some

litters. Most malformations were observed in litters of I and 2 Gy irradiated subgroups.

Q Animals irradiated on 12th day of gestation:
The malformations observed include, non viable very small litters, haemencephalocele, penguin

shaped abnormal litters, small limbs and tails, no ears and cranial haemorrahage.

Q Animals irradiated on 15th day of gestation:
The congenital malformations observed included no eye fissures and congested litters.

Plate (1) shows
viable litters from
an unirradiated
control mother. The
average length of a
control litter is 35
mm (at birth).
(Magnification of
1:1).

Plate (2) shows two
small viable litters, (20
mm length) (at birth)
from a mother
exposed to 2 Gy on 9th
day of gestation. The
litters shown have no
tail. The uterus
included several

absorption sites.
(Magnification of 1:1).
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Plate (3) shows four
small viable litters (23
mm at birth) from a
mother exposed to 2
Gy on 9th day of
gestation. The litters
have no eve fissures.
(Magnification of 1.3:1).

Plate (4) shows six
nonviable Utters from
a mother exposed to 2
Gy on 12tfi day of
gestation. They are
nonviable very small
litters (about 13 mm
length). The litters
present no features.
(Magnification of 1:1).

!

Plate (5) shows four
viable litters from a
mother exposed to 2
Gy on 12th day of
gestation. They are 3
viable litters and one
litter shows
haemencephalocele(?).
(Magnification of 1:1.2).

i
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Plate (6) shows three
litters (two viable and
one small non-viable)
from a mother
exposed to 3 Gy on
12th day of gestation.
They are penguin
shaped abnormal
litters. Small limbs
and tails, with no ears.
The occipital region of
the skull shows dark
blood coloration which
appears as blood
collection inside the
skull.
(Magnification of 1.2:1).

Plate (7) shows three
viable litters from a
mother exposed to 3
Gy on 12th day of
gestation. They are
penguin shaped
abnormal viable
litters. They have very
small limbs and tails,
low set ears. The
occipital region of the
skull shows dark blood
coloration that
appears as blood
collection inside the
skull.
(Magnification of 1:1).

o
Plate (8) shows five
viable litter from a
mother exposed to 3
Gy on 12th day of
gestation, they are
penguin shaped
abnormal litters. They
have very small limbs,
tails and ears. The
occipital region of the
skull of these litters
present dark blood
coloration which
appears as a blood
collection inside the
skull.
(Magnification of 1:1).

I
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Plate (9) shows 4 of 9
viable litters from a
mother exposed to 1
Gy on 15th day of
gestation. All the
litters have no eve

(Magnification of 1:1.2).

Plate (10) shows 5 of 9 |®
normal viable litters
from a mother
exposed to 1 Gy on
15th day of gestation.
They have no eye
fissures. One of the
litters has only one
eye.
(Magnification of 1:1.5).

Plate (11) shows 4 of 7
litters from a mother
exposed to 1 Gy on
15th day of gestation.
They are viable litters
have no eye fissures.
Three of the litters are
congested.
(Magnification of 1:1.4).
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Plate (12) shows 4 of 8
litters from a mother
exposed to 1 Gy on
15(h day of gestation.
They are viable litters
have no eye fissures.
(Magnification of
(1:1.4).

DISSCUSION
The stage of organogenesis is characterized by certain biological mechanisms, which are very

specific and critical of this stage of embryonic development. These biological mechanisms are cellular
proliferation, cellular and tissue differentiation, cleavage, migration, rotation and growth. These
critical biological mechanisms render this stage of organogenesis highly vulnerable to ionizing
radiation. Exposure to ionizing radiation may result into disturbance of the normal hierarchy of the
biological mechanisms during the critical phase of tissue organization, organ formation, cellular and
tissue processes required for the final stage of organ and species formation. Disturbance of such
intricate processes has a probability of resulting in tissue and organ malformation or disturbed
development. These may include disturbances in fetal weight and alteration in the normal growth
mechanisms. Other abnormalities during this stage may appear as congenital malformations.

The fetal growth period has the maximum rate of increase in size and weight of the fetus.
Differentiation is also completed at this stage. The embryo remains relatively small through
fertilization, cleavage and gastrulation phases and begins to increase in size during organogenesis.
When the organ systems are established there is marked increase in growth. Absolute growth increases
throughout pregnancy, but relative growth begins to decrease about the middle pregnancy. This period
takes from the beginning of fetal period and a rapid increase in linear dimension and weight of the
fetus begins at that time and ends at birth(4).

The studies of the appearance of congenital malformation after in utero irradiation during
pregnancy in mammals have been the most important aspect concerning investigators. Since the early
studies on this subject, up to now, the most important biological end point has been the various
congenital malformations produced after irradiation with different doses during the various stages of
gestation. The salient features produced by these studies reveal that the major incidence at congenital
malformations were obtained after irradiation during the stage or organogenesis, during which tissue
organization and organ development is maximum. This particular stage is different from the early
phase of gestation (preimplantation and early organogenesis); by the fact that during the stage of major
organogenesis, the mechanisms and biological processes of tissue organization, differentiation and
cellular kinetics are most prevalent Consequently, any sustainable radiation injury during that phase
has a high probability inducing some type of congenital malformations.
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The induction of these types depends mostly on the tissue receiving radiation insult, the status of
cellular organization, the degree of differentiation of cellular population and other major cellular
biological processes. The repair mechanisms and the compensatory processes of the tissue cellular
populations will finally manifest in the congenital deformity and abnormality that will eventually
establish the type of congenital malformations manifested at birth. The induction of congenital
malformations depends on a lesser extent on radiation dose. Although it is conceivable that higher
doses will result in more biological injury than lower doses, however, it is basically the type of tissue
affected, the degree of injury the sequential development of the injury and the final biological end
point attained that will demark the type and extent of the congenital malformation.

Following this important introductory notation, the congenital malformations recorded in the
present study are very consisting with radiobiological rationality. The overall features of the results
obtained in this study indicate that the congenital malformations produced are growth retardation,
absence of tail, absence or eye fissures, penguin shaped litters, very small ear, haemencephalocele and
other types. These congenital malformations were observed in live litters removed from uteri or
irradiated animals after animal sacrifice and abdominal dissection at full term on the 21st day of
gestation. The congenital malformations were observed in litters of irradiated animals as compared to
litters of control unirradiated animals.

The features of the results of congenital malformations, in spite of few exceptions, show that
most of the malformations occurred in litters whose mothers were irradiated on the 12th day of
gestation to a dose of 2 Gy. These findings conform with the fact that the 12th day of gestation (in
rats) is the peak of tissue organization during the period of major organogenesis.

On the other hand, viable penguin shaped litters were essentially observed among litters whose
mothers were exposed to 3 Gy at 12th day of gestation. Also, penguin shaped litters showed other
congenital malformations in the form of very small limbs, small tails, low set cars or no ears. These
various malformations were observed in litters from mothers irradiated on 12th day of gestation with 2
or 3 Gy.

It must be mentioned in this respect that congenital malformations after in utero irradiation are
irreproducible. This fact is also true for all types of radiation induced injuries to the developing
embryo and fetus. The only effect that is reproducible to a very great extent is intrauterine embryonic
death resulting in absorption sites or complete resorption of embryonic remnants. Tissue effects are
observed at relatively high doses (2.5 Gy or above) amid '4,en irradiation takes place at early periods
of gestation.
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ABSTRACT EG0100107

Series of experiments were performed to study the histopathological changes
induced in embryonic tissue during various stages of gestation in female rats after
gamma irradiation. Pregnant rats were exposed to doses 0.5, 1, 2 and 3 Gy on 9th,
12* and 15<h days of gestation. Histopathological changes were detected in tissues of
neonates, namely, liver ileum, kidney, brain, spleen, suprarenal, thymus, lungs and
heart. These tissues showed variable degrees of radiation induced tissue changes.
For quantifying these changes arbitrary scores were formulated to assess the type
and severity of changes observed tissues of thirty six neonates randomly selected
after radiation exposure of pregnant animals as scheduled.

Key Words: Neonate/ radiation /Histopathology / rats.

INTRODUCTION
Cellular populations during embryonic development and fetal growth are very vulnerable to

radiation injury. However, the ultimate effect incurred is basically dependent on the stage of
embryogenesis at time of irradiation and the magnitude of radiation dose delivered to the uterus and
uterine adenexa(1). This work was conducted to study the radiation induced histopathological
alterations of embryonic tissues during the whole period of gestation.

EXPERIMENTAL METHODS
Seventy five virgin female albino rats (Rattus rattus) four months old, of body weight ranging

between 130 and 150 gram were used in this experiment. Mating was allowed and pregnancy
confirmed by vaginal smear and vaginal plug. The animals were divided into three groups according to
day of radiation 9th, 12th and 15th days of gestation. Each group was subdivided into control and
irradiated subgroups of total body irradiation to doses of 0.5, 1, 2 and 3 Gy. Each subgroup comprising
five animals. The control and irradiated animals were sacrificed on day 21 of gestation Thirty six
neonates were chosen randomly from irradiated subgroups. The tissues examined histopathologically
were heart, lungs, liver, spleen, stomach, ileum, thymus, kidney, suprarenal gland, brain, spinal cord
and skeletal muscles. Conventional histopathological techniques were performed to obtained mounted
and stained tissue sections for microscopic examination. Arbitrary scores were formulated according
to type and severity of pathological findings.
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RESULS
The organs that revealed pathological changes were the liver, ileum, kidney, brain, spleen,

suprarenal, thymus, lungs and heart.

The liver showed the highest degree of histopathological charges. Necrosis, degenerative changes
of cytoplasm and extra-medullary haemopoitic elements were observed. The frequency and severity of
changes among the thirty six neonates indicate that four cases showed no change and thirty two cases
showed different histopathological changes, seven cases showed slight changes, thirteen cases showed
moderate changes and twelve cases showed severe changes with focal necrosis.

The ileum showed variable degrees of degeneration and necrosis from focal changes to affection
of all layers. The frequency and severity of changes indicate that twelve cases showed no change and
twenty four cases showed different changes, seven cases showed slight changes, five cases showed
moderate changes, nine cases showed sever changes and three cases showed very sever changes.

The kidney showed changes that varied from mild tubular degeneration to renal necrosis. The
frequency and severity of histopathological changes indicate that twenty seven cases showed no
change and nine cases showed different changes three cases showed slight changes, one case showed
moderate changes, four cases showed sever changes and one case showed very sever changes.

The brain showed presence of gliosis, edema and hydrocephalus. The frequency and severity of
histopathological changes indicate that thirty cases showed no change and six cases showed changes.

The spleen showed presence of lymphocytic depletion. The frequency and severity of
histopathological changes indicate that thirty cases showed no changes and six cases showed changes.

The suprarenal showed presence of degeneration, hypoplasia or hyperplasia. The frequency and
severity of histopathological changes indicate that thirty three cases showed no change and three cases
showed changes of varying severity.

The thymus gland showed presence of mild to sever lymphocytic depletion. The frequency and
severity of histopathological changes indicate that thirty four cases showed no change, one case
showed mild changes and one case showed sever changes.

The lungs showed presence of inflammation or prominent alveolar lining cells (i.e.
pneumocytes). The frequency and severity of histopathological changes indicate that thirty four cases
showed no change and two cases showed changes.

The heart showed presence of swollen mural or valvular endothelium. The frequency and severity
of histopathological changes indicate that thirty five oases showed no change and one case showed
changes.

Figure (1) shows a histogram constructed to indicate the frequency of affected and non affected
tissues of neonates.

Table (1) shows the frequency and severity of histopathological changes observed in the various
tissues affected.

Plates (1 — 8) present photographs of histological alterations of various severities revealed by
microscopic examination of the liver, ileum, kidney, brain, spleen, suprarenal, thymus, lungs and
heart.
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Table (1) Severity and Frequency of Histopathological Changes of Tissues

Tissues

Severity

0

1

2

3

4

Liver

Frequent)-

4

7

13

12

-

Collective

Frequency

4

V,

Ileum

Frequency

12

7

5

9

3

Collecth*

Frequency

12

24

Kidney

'requencjr

27

3

1

4

1

Collective

Frequency

27

9

Brain

Frequency

30

6

-

-

-

Collective

Frequency

30

6

Spleen

Frequency

30

6

-

-

-

Collective

Frequency

30

6

Suprarenal

Frequency

33

3

-

-

-

Collective

Frequency

33

Thymus

Freiiuencj1

34

1

1

-

-

Contain

Frequency

34

2

Lungs

Frequency

34

2

-

-

-

Collective

Frequency

34

2

Heart

Frequenc}

35

1

' -

-

-

CoNecllve

Frequency

35

1

30

33
34

30

0 Affected DNot affected

34
35

Liver Ilcum Kidney Brain Spleen Suprarenal Thymus Lungs Heart

Figure (1) shows a histogram presenting the number of the affected and non affected individual
tissues examined histopathologicaily of neonates from irradiated groups.
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ate I ) Degenerative liver changes with focal necrosis

Hx&E. x 100.

(Plate 2 ) Small intestine, all layers are necrotic (+4). Hx & E. x 100.
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(Plate 3 ) Marked degenerative and necrotic changes of the suprarenal glands

and kidney (+4). Hx & E. x 40

(Plate ĵ.') Focal cerebellar gliosis, excess loose glial fibers

with minimal cells and interstitial edema. Hx & E. x 250.

1067



(Plate .5") Marked lymphocytic depletion of the spleen. Hx & E. x 100.

(Plate 6) Thymus gland with severe lymphocytic depletion. Hx & E. x 100.
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(Plate ^ ) Prominent pneumocytes, the alveolar spaces (arrows). Hx & E. x 250.

(Plate •<%) Markedly swollen (vacuolar changes), endocardial cells

lining a papillary cardiac muscle. Hx & E. x 250.
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DISCUSSION

The literature survey that was performed at the start and during the experimental part of this work

revealed that histological studies on embryonic and fetal tissues after irradiation received very little

attention. The reason for this scarcity can be attributed to the fact that embryonic and fetal cellular

populations continuously undergo perpetual dynamic biological changes from one phase of

organization to the other. These embryonic and fetal cells become representatives of specific organ

tissues only at late stages of gestation. Therefore, only at that stage will radiation induced injury to the

fetal tissues provide cellular changes that represent histopathological findings that could be quantified

in relation to radiation dose.

From the results obtained, the rational scientific observation is that cells undergoing proliferation,

differentiation, growth and organization appear to exhibit more pathological changes than other cells.

The findings reported indicate that the liver and ileum showed the highest degree of change an

compared to other affected tissues, the least affected organs were the heart and lungs, a finding

indicating the differentiated property of these tissues at early stages of gestation establishes their

radioresistant nature as compared to the cellular elements of the liver and ileum.

During embryonic development and fetal growth, the cellular populations are in a continuous

state of organizational kinetics. The ultimate effect of radiation on the cellular populations varies from

cell modification, depression of proliferation, mitotic death disturbed differentiation, programmed cell

death (apoptosis), cellular degeneration and necrosis. The occurrence of these various changes and

their severity will depend on several factors; the most important of which are the biological status of

the cell at time of irradiation, the cell radiosensitivity, the extent of cellular and tissue organization, the

stage of gestation and the radiation dose. This indicates a multifactorial system which makes the

modeling of a dose effect relationship, become very difficult with high degree of uncertainty^.

Cellular populations of the developing embryo and growing fetus are characterized by some

peculiarities which make them respond to physical agents, different to adult tissues. These

peculiarities are the extreme variation of the kinetics mid changing patterns of individual cells in the

same cellular population. These peculiarities impose a condition of differential response to external

agents (e.g. radiation exposure). This differential response imposes a situation of individual cellular

variability, which is postulated to manifest itself clearly in the cellular populations or the developing

embryo(3>.

The assessment of histological tissue changes after irradiation of the developing embryo was

determined by the designation of arbitrary units; an evaluation system which is not always consistent

and hence the future use of "image morphometric studies" looks to be more appropriate. In this

context, it is reasonable to consider that variations in the cellular response of tissues to the same

radiation dose and the same period of gestation, a situation which is subject to infinite attributes.

Certainly this would urge us to indulge more deeply into the field of biological statistics, to choose

more advanced statistical tools or even try to formulate new ones.
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ABSTRACT EG0100108

An exposure system has been designed and constructed to study the probable
biological effects of a-50-Hz alternating field on mice. The system is in the form of a
cooled water wooden cage that can accommodate 12 mice at a time. The cage is
enclosed into an electromagnet consists of three parallel closely connected
rectangular coils able to induce a magnetic field of an intensity up to 200Gauss.The
derivation of the equations to define the spatial distribution of the field due to the
currents in the coils is presented. A computer program with basic language is
suggested to calculate the field strength into the cage. A comparison is made
between these computed values and the corresponding measured ones.

A representative experiment was carried out where three mice groups were
exposed one for 3h/day the others were repeated for two days and three days
respectively. A change was found in hemoglobin spectrum in comparison with the
control group has been noticed. This result can be attributed to the change of the
spin states of the heme-iron.

Keywords: Electromagnet design /50-Hz alternating magnetic field/ Mice / hemoglobin /basic
computer language.

INTRODUTION

Alternating magnetic fields, with different intensities and frequencies, are arisen from increasing
diverse number of tools and equipments, hi the daily-life we are in frequent contact with them whether
intentionally or not. Hence, with accumulated events, the constituent biological systems are expected
to suffer discrepant disorder in conductivity, permeability and permeativity, that may come down to
adverse health consequences. Here, attention has been adverted to carry out several investigations and
studies on the subject. Therefore, a laboratory system accommodating a similar environment to which
the body, is probably exposed to has been designed and constructed. It is a specific electromagnetic
formation evaluated on both theoretical and experimental bases that encloses the sufficient mice test
cage.

DESIGN AND CONSTRUCTION

Actually, several designs (1&2) for such systems, in which three four or even five circular or
rectangular coils, were previously proposed to make for the maximum adaptable parameters. In our
case, it has been found that the three parallels connected rectangular coils system technically
consistent with the demands. It gives the required current for generating the specified field with less
voltage that reduces in turn the coils power dissipation.

In constructing the coils, a doll wooden frame similar to the cage in dimensions was used. The wire
was then wound in close consecutive layers on this doll. Each coil is of approximate cross-section
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22xl2c/n2and 760 turns of lmm diameter Copper wire, with a resistance of 10.2 Q . After
completing the exact number of turns it was immersed in varnish, for good insulation as well as
rigidity, and left till it got dried, The doll frame was loosen and taken out from the coil. The coils were
then connected in parallel to form the system electromagnet.

The cage allows about 12 mice to room around freely at any one time while being watched
through clear perforated Perspex windows blocking its two end sides. To guarantee a
controlled cage accommodation a cooling copper serpentine has been constructed and placed
in close proximate to the interior surface of the coil around the cage. It was difficult to form it
in an exact rectangular shape and hence, the forming tubes have been connected through short
rubber sleeves at each bend of the rectangular shaping.

A regulated Variac of a specific type for the input power has been used. It consists of three separate
similar Rheostats, coaxial assembled on one chassis with their sliders controlled simultaneously by
common axial rotor. This makes it possible to produce alternating magnetic field due to single-phase
currents, or traveling out-put signals by applying a 3-phase power. Figure (1), shows the circuit for
A.C field. Accordingly, tile main power which, were supplied to the dividers has been reduced, and in
turn heat dissipation as well.

Fig (1): The schematic diagram of the system's circuit for the production of
Alternating magnetic field.

In general the system is simple in both handling and maintenance, beside it needs less electric
power and cooling requirements. It can be used as well for generating traveling magnetic field.

The derivation of the magnetic field equations:

To benefit the system much, it has been important to find out the distribution of the magnetic field
threading the defined test space. This was achieved by driving an expression satisfying the case(3>4&5)-

For simplicity, let us consider a single current loop of rectangular shape, having the dimensions
2a x 2#with differential length (ds). Here, it is quite convenient to introduce a vector potential, as it is
useful for discussing the magnetic field of variable currents in loops. This is due to the fact that it can
be differentiated to get the vector field we are interested in by using Poisson's equation.
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The vector potential (A) at any point P (x, y, z) in the field of the loop has the same direction as the
current, due to which it is activated as Ax for 2a and ^ f o r 2b. There are two possibilities; one in

which the projection of (P) lies through the loop and hence, the currents effect of the parallel sides
reinforce each other at (P), the other is when the projection lies outside the loop then the effect
opposes each other as shown in figures (2-a & b) respectively.

BliB2

2b 2b
Fig (2): The induced magnetic field at a point p, due to the currents in two Parallel straight wires;

a - the projection of P' is in between the wire b- the projection of P is outside the wires.

The first case depicted in figure (3)

P(x,y,z)

I

Fig (3): A pictorial illustration of the first case for the induced magnetic field at a point P (x, y, z), due
to the flow of current I into a plain rectangular loop (2a x 2b).
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The x- component of the vector potential A will be;

An

s=a j s=-a

r1 + )_r"'
s~-a s~a

(1)

where r'2 = (x-sf+(y + bf+z2 (2-a).

and rni2 = (x-sj+(y-b)2+z2 (2-b)

Let (x-sf=m2 :.ds = -dm (3)

Let {y + bf +z2 =n1and{y-b)1 + z2 =/2...(4)

Wehave rx = yl^x + af +(y + b)2+(z2)\ (5a)

and

(5b)

(5c)

(5d)

Substituting (2), (3)&(4) into (1)

=T 4m2 +n2 L 4m2 +l2
dm

(6)

By using the integral form f =dg = In g + ̂ g2 ±h
Jjg2±h2

, equation (6) becomes:

An
In

m
+<Jm2+l2

(7)

Substituting equations (5a,b,c&d) into equation (7) we get:

. r. +x + a r,
A x - ln| — x —

r2 +x-a r4+x +
.(8)

Following the same steps we can get A as shown in figure (4).
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Fig (4) Represent the induced magnetic field for the current in the y- direction

•A -**-
• y~An -b +b

+(y-sf +{x+af)
(x-af +z2 =E\ (x + af+z2=F2

"'•Ay ~ An

ds
- +

-b ds Hi
An

r dm +r dm

Lylm2+E2 iVm2+j

An
2 ]-ln \y- + E2b) + -J(y-bf + E

+F2

A = — [ ln(y + b + r2)-\n(y-b + r3)+ln(y-b + r4)-ln(y + b + r,)
An

y 4̂ - i^^+y-b rx

Now, we can deduce the magnetic flux density components Bx,By,Bz

(9)
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dAz dAy

dy dz «,+!- dz dx a,, + dx dy

But, the magnetic vector potential always is in the plane of the current flow, then

dx dy x dz dz

n

dx dy

Applying the identity:

d_ , .\__J d_
du r + k du r{r+k)

Where u is either (x + a\ (y ± b)or{z) but is never contained in k.

y+b y+b y-b y-b

.(10)

So
dy An: r, (r, + a + x) r2 (rz + x - a) r3 (r3 + x - a) r4 (rA + x + a)

x+a x-a x-a x + a
dx An\_ rx\

B =?^L-^L =
z dx dy

x-a

r2{r2+y + b) r3(r3+y-b) r4{r4+y-b)_

x + a y + b

rfa+y+b) rfa+a +
x-a y + b

r2ir2+y + b) ^(r2+x-a)_

y-b

r2(r3+y-b) rz{r3+x-a)

-x-a + y-b

rA(r4+y-b) r4(r4

let I = c t = - c 4 , (a - x) = c2 = - c 3 and

r 1

o k + ( - i r - c J ra(ra+da)
(II)

B.

dz An dz \r2-a + x r4 +a + x^

z z z
r2(r2-a

+ •
r4(r4+a +

• • B
y =

B= —

•(12)

dz An dz \r3 -b + y rx +b + y^

(13)

2-77re second case

The x-component of the vector potential A will be; Ax -

Following tihe same procedure as above then,

An

ds dsas e as
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B.

By

Bx

An

-1*
An

~A~n

'aba + *.),

It can be seen from the foregoing equations that the axial magnetic field, in general, is nearly

inversely proportional with ra where it reduces faster with the second case than the first one.

The derivation of the above equations represents one turn current loop, then in the case of (N) turns
with relative small thickness and depth, the axial component of the magnetic flux density is obtained
by multiplying equation (11) by N:

£z,=—try*
An a ra(ra+da)

.(14)

At the same point p, the flux density due to coi!2, Bz2, can be calculated using equation (14)

by replacing z with (L-z) where L is the separation between any two adjacent coils as shown in figure

(5). Also the flux density at the point (p) duetto coi!3, Bz3, is obtained by changing z to (2L-z) in the

same equation.
Hence the total axial flux density at any point is obtained by superposition of the three coils as:

2b

Bz -

Fig.(5) Coordinate system for the calculations of the magnetic fields.

Bz2 + Bz3

An a=I

t
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4TT a=\

(-\)a\L-Z) (-1)°-

r".<r".+d*)
The total flux density at any point within the three coils system (i.e inside the cage) is the vector sum

ofthe three components at that point. B = JBX
2 +By

2 +BZ
2

However, in our case, the coils are aligned on the wooden cage such that the separation between
each two is negligibly small. Where by, L was taken as the coil width.

Verification ofthe calculated values

The system was prepared as shown in figure (6).

Fig (6)

The electric current was put on, and the cage temperature was kept constant as less as 30°C , this
was done by directing an air on the coils, while applying a stream of cold water through the serpentine.

The magnetic flux density inside the cage was experimentally traced by means of F.W.Bell Gauss
meter having the specification:

Frequency range: 45Hz-5KHz, measurement range: 0-2T, response time 150ms, and measure the
true root mean square ( rms ) value. The Gauss meter is equipped with transverse probe and axial
probe.

The measurements were taken at seven levels with respect to the y- axis against the x-axis at zero-z
point, at the entrance section ofthe cage, then it was repeated it for different values along the z-axis
inside the cage.

On the other hand, as it has been a heavy burden to calculate the magnetic flux density at all the
representative points of the effective space inside the cage, a computer program with basic language
was suggested, as represented in the following steps:

10 A = .11
20 x = 0
25 S = .047
30 Cl = A + x
40 C2 = A - x
50 C3 = -(A - x)
60 C4 = -(A + x)
7 0 PRINT "Cl="; Cl, "C2="; C2, "C3="; C3, "C4="; C4
80 B = .06
90 y = 0
100 z = .12
110 Rl = SQR((A + x) A 2 + (B + y) ~ 2 + (S - z) A 2)
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120 R2 = SQR((A - x) 2 + (B + y)
2 + (B - y)
2 + (B - y)

A 2 + (S -
A 2 + (S -
A 2 + (S -
="; R3, "R4

130 R3•- SQR((A - x)
140 R4 = SQR((A + x)
150 PRINT "Rl="; Rl, 'lR2="; R2, "R3
160 Dl = y + B i
170 D2 = y + B
180 D3 = y - B
190 D4 = y - B

Dl, "D2="; D2, "D3="; D3, "D4
1 * Dl / (Rl * (Rl + (-1) A 2
2 * D2 / (R2 * (R2 + (-1) A 3
3 * D3 / (R3 * (R3 + (-1) A 4
4 * D4 / (R4 * (R4 + (-1) A 5

250 PRINT "Gl="; Gl, "G2="; G2, "G3="; G3, "G4
260 Jl = Cl / (Rl * (Rl + Dl))

(R2 + D2))
(R3 + D3) )

z)
z)
z)

2)
2)
2)

R4

200 PRINT "Dl=";
210 Gl = (-1) A

220 G2 = (-1) A

230 G3 = (-1) A

240 G4 = (-1) A

="; D4
* Cl))
* C2))
* C3))
* C4))
="; G4

270 J2 = C2 / (R2 *
280 J3 = C3 / (R3 *
290 J4 = C4 / (R4 * (R4 + D4)).
300 PRINT "Jl="; Jl, "J2="; J2, "J3="
310 Kl = Gl - Jl
320 K2 = G2 - J2
330 K3 = G3 - J3
340 K4 = G4 - J4
35 0 PRINT "Kl="; Kl, "K2=",
360 P = Kl + K2 + K3 + K4
370 PRINT "P="; p
380 BZ1 = P * 1.06 * .0001
390 PRINT "BZ1="; BZ1
400 S = 0

J3, "J4="; J4

K2, "K3="; K3, "K4="; K4

410
420
430
440
450
460
470
480
490
500
510
530
540
550
560
570
580
590
600
610
620
630
635

Mil
Ml 2
Ml 3
Ml 4
Ml =

= (-D
= (-D
= (-1)
= (-D
= Mil +

PRINT "Ml="
M21
M22
M23
M2 4
M2 =

= (-D
= (-D
= (-1)
= (-1)
= M21 +

PRINT "M2="
M31
M32
M33
M34
M3 =

= (-D
= (-1)
= (-D
= (-1)
= M31 +

PRINT "M3="
M = Ml + M2
PRINT "M=";
BX == M * 1.
PRINT "BX="
S = 0

A 2 *
A. 3 *
A 4 *

A 5 *

M12 +
'; Ml
A 1 *
A 2 *

A 3 *

A 4 *

M22 +
; M2
A. "1 -̂r

A 2 *~
A 3 '*
A ^ *

M32 +
; M3
+ M3
M
06 * .
; BX

z /
z /
z /
z /
M13

(S -
(S -
(S -
(S -
M23

(2 *
(2 *
(2 *
(2 *
M33

0001

(Rl *
(R2 *
(R3 *
(R4 *
+ M14

• z) 1

• z) /

• z) /

z) /
+ M24

s -
S -
S - s

s -
+ M34

(Rl
(R2
(R3
(R4

(Rl
(R2
(R3
(R4

z) /
z{) /
z) /
z) /

+ Dl)
+ D2)
+ D3);
+ D4>:

* (Rl
* (R2
* (R3
* (R4

(Rl *
(R2 *
(R3 *
(R4 *

+ DD:
+ D2):
+ D3):
+ D4):

(Rl +•
(R2 +
(R3 +
(R4 +

)
)
)

Dl))
D2))
D3))
D4J)
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640
650
660
670
680
690
700
710
720
730
740
750
760
770
780
790
800
810
820
830
840
850
860
870
880
890
900
910
920
930
940
950
960

Til =
T12 =
T13 =
T14 =
Tl = '
PRINT
T21 =
T22 =
T23 =
T24 =
T2 =
PRINT
T31 =
T32 =
T33 =
T34 =
T3 =
PRINT

(-1)
(-D
(-D
(-D

Til +
»TI=
(-D
(-D
(-D
(-D

T21 +
"T2=
(-D
(-D
(-D
(-D

T31 +
"T3=

A 2 *
A 3 *

A 4 *
A 5 *

T12 +
it. T 1

A ]_ *

A 2 *
A 3 *

A 4 *

T22 +
"; T2
A "1 t̂

A 2 *
A 3 *

A 4 *

T32 +
"; T3

T = Tl + T2 + T3
PRINT
BY =
PRINT
BZ =
PRINT

"T="
T * 1
"BY=

; T
.06 *
"; BY

3 * BZ1
"BZ=

B = SQR(BZ
PRINT "B="
LPRINT "x=

"; BZ
~ 2 +
; B
"; x,

LPRINT "BX="; BX
LPRINT "BY="; BY
IF x
X = X
GOTO
STOP

< -.08 THEN
- .02

30

z /
z /
z /
z' /
T13

(S -
(S -
(S -
(S -
T23

(2 *
(2 *
(2 *
(2 *
T33

.0001

BX n

»y=";

(Rl
(R2
(R3
(R4

* (Rl
* (R2
* (R3
* (R4

+ T14

z)
z)
z)
z)

/ (Rl
/ (R2
/ (R3
/ (R4

+ T24

s -
s -
s •

s •

- z) /
- z) /
- z) /
- z) /

+ T34

2 •

y*

, "BZ=";
960

f BY ̂

IT y = " •

BZ, "

+ (-1)
+ (-D
+ (-D
+ (-1)

* (Rl
* (R2
* (R3
* (R4

(Rl *
(R2 *
(R3 *
(R4 *

2)

z

B="; B

A 2 *
A 3 *

A 4 *
A 5 *

+ (-1)
+ (-1)
+ (-1)
+ (-1)

(Rl +
(R2 +
(R3 +
(R4 +

CD)
C2))
C3))
C4) )

A O

A 3
A 4
A 5

(-D
(-D
(-D
(-1)"

* CD:
* c2):
* c3>:
* c4):

A 2 *

A 3 *

A ^ *

A 5 *

I
1
I
)

CD)
C2))
C3))
C4))

Figures (7a&b) represent both the measured and the calculated values of the magnetic flux densities
in (x, y, z) plane at Z=0.06m.

s
I At Y=0m |

AtY=-0.02 !
At Y=-0.025|

•*^AtY=-0.03 |
•—At Y=-0.035;
«-AtY=-0.04 L

-0.09 -0.08 -0.07 -0.06 -0 05 -0.04 -0.03 -0.02 -0.01 0 0 01 0.02 0.03 0.04 0.05 0.06 0.07 0.08 0.09
Distance (in meter) along X - axis

Fig(7a):Measured magnetic flux density atZ=0.06 m
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-O-O8 -0.08 -0.07 -0.06 -0.05 -O.M -0.03 -0.02 -0.01 0 0.01 0.02 0.03 0.04 0.05 0.06 0.07 0.06 0.09
D 9 M B B C # (IB KHASM) JBOHQ A * JUuS

FlgfTb): Calculated magnetic flux density at Z=O.0S m

It is worth mentioning that the measurements were taken only in one half of the cage along Z-axis
if is naturally imaged on the other side as presented in fig. (8).

1 9 0

1 6 5

14O

O.O1 O.O2 O.O3 O.O4 O.05
Axial Distance along Z-axis (meter).

0.06 0.07

Fig.(8 )The variation of both calculated and measured magnetic
flux density with the axial distance (at X=O and Y=O).

Experimental Application

Many investigations about the effect of time varying magnetic field on mice have been done.
However, all the published studies on haematological parameter in exposed animals have

shown no consistent field-associated effects (6.7)

EXPERIMENTAL ANIMALS

24 mice e last was again exposed for the same interval at the third day. Blood samples were
taken from heart puncture by means of heparenized syringes. Plasma was separated by centrifugation
at 3000 rpm for 30 mints. Rbc's were washed with physiological saline (0.9%) two times, hemoglobin

(8)
solutions were prepared according to the method of Trivelli, 1971 in which the concentration was
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adjusted at 4.1x10 5Mon the base ofglobin band at 275nm. UV-Visible hemoglobin spectra, was
recorded using computerized double beam automatic spectrophotometer model, CECIL 3041.

RESULTS and DISCUSSION

Figure (9), shows the direct changes in hemoglobin spectra as a result of the time varying magnetic
field. There is a significant decrease in optical density at globin-heme interaction band after the
exposure to 200 Gauss for accumulated time of 9 hours.

The Soret band shows no shift for the three exposures times, while at 6&9 hours, there is an
increase in optical density by 3.6% and 7.5% respectively.

Heme band shows shifts towards longer wavelengths by 1.6,0.7&1.7nm respectively, coupled with
decreases in optical density with increasing exposure time to magnetic Fields.

Heme-Heme interaction band shows no shift in the peak, while there is an increase in optical
density with the increase in exposure time.

The magnetic field seems to affect the spin states of heme-iron and change it to the high spin states
as shown from the shift towards longer wavelengths. These results are the same as the results of Abd-

(9,10) (11)

EL-Bast et al, 1992&1994 .Barnothy, 1969 said that steady magnetic field may change the

rotational polarization of molecules. Henry, et al, 1970 , said that magnetic field induced changes

in membrane properties in active transport and also affect paramagnetic molecule.

fig( 9):Effect of 200 Gauss Magnetic field on Hemglobin Spectrum Band

3 6

Exposure Time (hours)

H gtobin-tieme:
EJ soret
Eiheme-band
^heme-heme \
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ABSTRACT

The ETRR-2 is a 22 MW, MTR type research reactor. It went
critical for the first time on Nov. 1997. A preliminary operational
license has been issued on Sept. 1998. This license is valid from
initial core up to the equilibrium core.

Key Words : Regulatory Aspects / Licensing

I. INTRODUCTION

The National Center for Nuclear safety and radiation Control (NCNSRC)
has been established within the Atomic Energy Authority, AEA, to regulate and
control the design, construction and operation of nuclear installations in Egypt.

To accomplish this the AEA has issued the following regulations:

1-Licensing of research reactors.
2-Licensing of fuel fabrication plants.
3-Licensing of charged particles accelerators.
4-Licensing of gamma irradiators in AEA.
5-Licensing of research reactors operators.

The regulations for licensing the operation of research reactors
establishes the stages required to issue the license. These stages are:

• Site approval.
• Construction permit.
• Fuel loading authorization.
• Operation license.
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II. THE ETRR-2

The Egyptian Atomic Energy Authority has contracted INVAP an
Argentinean vendor, to construct the second..Egyptian research reactor ETRR-2
according to the following specifications:

Nominal power: 22 MW.
Type : Multi purpose MPR, open pool, light water coolant and

moderator.
Reflector : Beryllium and light water.
Shutdown Systems : Two systems

First : Six plates made of Ag-In-Cd; with drive
mechanisms below the reactor.

Second : Gadolinium solution injection into four
chambers encloses the core.

Fuel : Plate type MTR containing U3O8 dispersed in Al powder.
Enrichment about 20% U-235.

The rector is designed to be utilized in research and development,
material and fuel testing, radiotherapy, neutron radiography, production of
radioisotopes, neutron activation analysis and boron capture therapy (in future).

The AEA has appointed a project manager (manager) as the Egyptian
counterpart to the project and to supervise the construction and assembly of the
reactor and assure the satisfactory completion of each stage.

A committee has been formed, chaired by the manager, to help and give
advise to the manager in technical matters.

III. REGULATORY STEPS FOR OPERATION LICENSING

III. 1. Review and Assessment

In the early stage of the reactor construction, the manager submitted an
application for construction permit. The application is supported by a
preliminary Safety Analysis Report, SAR, detailed engineering, drawings and
information about the site characteristics, the effect of the reactor on the site and
the effect of the site on the plant.

The SAR contains a complete description of the design of the reactor and
associated process and safety systems. It presents also the results of those safety
analysis, which demonstrate the adequacy of the design of safety-related
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structures, systems and components. Radiation protection, preliminary quality
assurance program and preliminary emergency plan were also included.

To review and assess these submissions, the NCNSRC has formed the
following technical groups:

• Site and environmental impacts;
• Mechanical and Thermohydraulics;
• Instrumentation and control;
• Neutronics and reactor physics;
• Radiation protection and health physics;
• Materials and fuel;
• Quality assurance;
• Emergency planning and preparedness;
• Accident analysis and risk assessments;
• Electric power;
• Reactor utilization.

Compositions of these groups were depending on the availability and
experience of personnel in different NCNSRC scientific departments. Members
from other AEA centers and from universities have been participated. An
overlap of personnel between the various groups was common..

A technical committee has been formed from the heads of the groups to
assist the NCNSRC in formulating its findings and comments on the
submission. The NCNSRC has selected a coordinator for each stage to direct
the assessment and reviewing activities and prepare a report pertaining to that
stage. The coordinator is assisted by the technical groups depending on the
subjects included in that stage. The report prepared by the coordinator is
reviewed by the technical committee.

Several meetings were held in Cairo with members from the Vendor, to
clarify and obtain adequate information's on points of concern to the groups.

Short and long visits were made to INVAP headquarter and workshops in
Berioloche, Argentine. This visits also include visits to Argentine regulatory
body ENREN in Beunis lories to discuss the Argentinean regulations and the
reports issued by them to comment on the information contained in the SAR
and the supplementary documents. This issuance by the ENREN is a part of the
contract which requires that the proposed reactor should be licensable in
Argentine.

Through an IAEA technical Assistance, several expert missions to
NCNSRC were made. This is to advice and comment on NCNSRC group's
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findings on particular stage and helps identifying the prerequisites and tasks to
the following stages.

III.2. Construction Permit and Site Approval

After reviewing and assessing the submitted documents, the NCNSRC
issued an evaluation report including its findings and comments to the
submitted information. A site evaluation report has been also issued. The
NCNSRC was satisfied that the submitted technical information are sufficient to
provide reasonable assurance that the facility can be constructed at the proposed
site without undue risk to the health and safety of the workers, the public and
the environment. Accordingly, the NCNSRC has issued the Construction
Permit No. CP.O1, to construct the proposed research reactor on the
proposed site as described in the application and supplementary documents, at
the Nuclear Research Center at Inshass.

This permit is subject, to all applicable provisions of the Decree 59 (1960)
rules, and the regulations of AEA and NCNSRC, now or hereafter in effect.

This construction permit inherently indicate the site approval.

III. 3. Fuel Loading Authorization and Approach to Criticality

After the completion of the structures, systems and components, the
manager submit an application to obtain fuel loading authorization and to
approach criticality and low power tests. This application was supplemented by
an updated SAR that includes;

1) "as built" design;
2) Results of tests (cold) of coolant systems, shutdown systems, radiation

protection systems, processing and neutron measuring channels and other
systems and components important to this stage;

3) Commissioning program, including procedures;
4) Limits and conditions for operation during commissioning to identify safe

boundaries for operation;
5) Updated emergency plan.

An Ad-hoc committee was formed by AEA to:

Follow "in situ" fulfillment of the requirements referring to radiological
and nuclear safety during commissioning stage;

• Review the results of each commissioning phase, including the fulfillment
of the prerequisites for following phase;
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• Verify that the startup is performed according to the procedures;
• Evaluate the radiological protection and nuclear tests.

Members ofNCNSRC were attending this committee on personal basis

The NCNSRC, after reviewing and assessing the submitted information
and satisfied that the fuel loading and approach to criticality will not impose any
risk to the workers the public and environment, issues the fuel loading
authorization and approach to criticality and low power test

First criticality was attained on Nov. 27, 1997.

Three types of fuel elements were used in this core and subsequent cores.
The U-235 content of these fuel element are; 146g, 206g and 405g. The last one
is the nominal elements to be used in equilibrium cores, this is to simulate
equilibrium cores and to reduce excess reactivity in first criticality and power
ascension stage. The fuel management strategy is to replace the elements of
small U-235 contents by nominal fuel elements, until reaching equilibrium core.

A review had been carried out following fuel loading, first criticality and
low power tests to verify that the test program has been completed and reported,
deviations have been identified and corrected and that the tests to this point
have been adequate to demonstrate that power ascension and power tests can be
carried out in a safe manner.

III.4. Power Ascension and Power Tests

For power ascension and power tests authorization following first
criticality and low power tests, the manager requested authorization for power
ascension and power tests. Authorization were given for power ascension in
steps), 3, 5,10,15 and finally, full power 22 MW

At each power step a series of tests were carried out to confirm the design
intent and the continuance of power ascension in a safe manner.

These tests include:
< Executing the safety functions of shutdown, heat removal, and

containment of radioactive materials systems;
< Calibration of worth of control rods for the first shutdown system and

chambers for the second shutdown system;
< Establish and verify excess reactivity and reactor shutdown margin;
< Determine the reactivity coefficients'
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< Determination of the worth of in-core and reflector experimental devices;
< Neutron flux calibration;
< Calibration of neutron channels against thermal power.

Data and results obtained in these tests were reviewed and differences
between observed and predicted values were reconciled before proceeding to
the next power level.

Authorizations were given by NCNSRC to proceed from one power level
to the next.

IV. OPERATION LICENSE

After reaching the full power on Mar. 1998 the manager submit alerter
requesting an operation license including final safety analysis report, FSAR.
This FSAR includes the significant results of commissioning tests, operational
safety limits and conditions, radiation levels in the reactor building and around
experimental areas and final emergency plan.

The NCNSRC was satisfied that the testing is completed for reactor
safety systems, coolant systems and base line data for all systems and
components were completed, and that the routine power operation of the reactor
will not impose any risk to the workers, the public and environment.

A preliminary operation license has been issued on Sept 1998. This
license is valid from initial core up to the equilibrium core.

The license has two annexes:

(1) License conditions.
(2) Technical specifications (including operational limits and

conditions)

Amendment of this license to reflect the equilibrium core conditions and
relevant safety limits and conditions could be considered as the permanent
operation license for ETRR-2.
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ABSTRACT

This paper introduces, describes and initiates a very sensitive and rapid non-
destructive technique to be used for analysis of the safeguarded nuclear materials
235U and 239Pu. The technique is based on fission of the nuclear material by neutrons
and then measuring the delayed neutrons produced from the neutron rich fission
products. By this technique, fissile isotope content (23SU) can be determined in the
presence of the other fissile (e.g. 239Pu) or fertile isotopes (e.g. 238U) in fresh and
spent fuel. The time consumed for analysis of bulk materials by this technique is
only 4 minutes. The method is also used for analysis of uranium in rock, sediment,
soil, meteorites, lunar, biological, urine, archeological, zircon sand and seawater
samples. The method enables uranium in a sample to be measured without respect
to its oxidation state, organic and inorganic elements.

Keywords: Nuclear Materials /Safeguards /Delayed Neutron Activation Analysis.

INTRODUCTION

The ratification of the nuclear Non-Proliferation Treaty (NPT) makes it necessary to develop
nuclear safeguards methods and measures to detect and prevent the diversion of fissionable material
from the front-end and back-end of the nuclear fuel cycle.

Analysis of the safeguarded nuclear materials is carried out by two techniques: Destructive
(chemical) assay (DA) and Non-Destructive assay (NDA)(Il2). Delayed neutron activation analysis
(DNAA), as one of the NDA techniques, has been employed in several part of the nuclear fuel cycle,
including borehole logging as a uranium exploration tool and analysis of uranium ore samples.
Delayed neutrons (dn) have provided a very useful signature for Non-destructive assay of fissionable
materials (235U and Pu) and have served as the major Work-Horse of NDA by active interrogation
technique in safeguards and nuclear materials management program (M*

Egypt has all the capabilities to install this technique to be used for assaying of the safeguarded
nuclear materials and environmental samples for safeguard purposes.

The author had been using this technique for analysis of uranium in uranyl nitrate solutions and in
environmental samples.

THEORETICAL ASPECTS OF THE METHOD

The neutrons produced in nuclear fission can be divided into two groups; prompt neutrons and
delayed neutrons (2'5'6). The prompt neutrons are emitted not later than 10"' seconds after fission of
the nucleus and form about 99% of the total number of neutrons. Delayed neutrons represent only a
small part (<1 %) of the total number of fission neutrons. They are emitted at the end of the (3-and K-
transformations of fission products; 10"1 - 102 second after fission (2-6iW>.
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Delayed neutron yields are function of the particular fissioning isotope and the energy of
the interrogating radiation (1). The total delayed neutron fraction for fissioning induced by
thermal and fast neutrons are shown in table 1 (10)

Fission
Isotope

Total dn fraction

Thermal

0.0026

235U
0.0065

WPu
0.0021

Fast
mu

0.0148

232Th
0.0203

The correct explanation of the delayed neutron (dn) has been given by Boher and Wheeler
(!l). They supposed that a proportion of the neutron-rich isotopes (known as delayed neutron
precursors - Fig.l) formed in fission had sufficiently large p-decay energies to populate
excited states in the daughter nuclei above the neutron binding energies of these nuclei
(called neutron emitters). Hence dn emission could occur, the neutron activity having the P-
decay half-life of the precursor nuclide. Excited states in the emitter above the neutron
binding energy are populated by p-decay of the precursor. These levels can then deexcite in
one of three ways (^; gamma emission, o'n emission to the ground slate of the final nucleus
and neutron emission to an excited state of the final nucleus and then emission to ground
state.

Most applications of dn use an approximate temporal groups representation of measured aggregate
data. These groups (usually 6 according to their half-lives of less than 1 to 55 sec.) have no true
physical basis but rather originated as fits to measured delayed neutron emission following fission
pulse and saturation irradiation experiments in critical assemblies (I'412>13'. The delayed neutron
groups, their half-lives and example of dn precursors are given in table 2 (10)

dn Groups
1
2
3
4
5
6

Half-life (sec.)
55
22
6
2
0.6
0.2

dn precursors
*7Br

8SBr, 137I
89Br, l 38I

90Br, I39I, 144Cs
HOT

"Br

DELAYED NEUTRON EMISSION PROBABILITIES

Amiel and Feldstein, using statistical consideration, obtained the simple expression(3>14);

Pn ^ " 1

Where, Pn is the n emission probability
Q p is the decay energy of the precursor
Bn, is the neutron binding energy of the emitter
C and m are constants

This expression assumes that the level density is a function of ( Q B - Bn) and that y-ray competition
due to spin and parity effects can be ignored (13). Delayed neutron emission probabilities are also
given in recent publications (15'16)

Separation of isotopic responses are achieved by varying the average energy of the interrogating
leutrons using target shields consisting of shells of W, Pb, graphite and polyethylene(18).
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Sub-threshold and super-thresholds neutron interrogation makes it possible to separate directly the
response of the fissile isotopes (e.g. 233U, 235U, 239Pu) from the fertile isotopes (e.g. 238U and 232Th)(l8)

(see fig.2,3).
To discriminate between 235U and 239Pu isotopes, their different energy-dependent fission cross-

sections are used (see fig.2,3). As a matter of fact the 239Pu has a pronounced resonance at 0.3 eV
while 235U fissions by 0.025eV thermal neutron <W7-18>.

EXPERIMENTAL WORK

MATERIAL OF THE METHOD
(l)o'n source (252Cf or n generator or nuclear reactor)(3J7>19)

(2)Pneumatic system (Rabbit system) in the case of bulk materials
(3)The nuclear materials to be analyzed.
(4)Neutrons counter with its associated electronics (Power supply, Amplifier--..).

METHOD OF THE ANALYSIS

The following typical steps were carried out for analyzing of bulk nuclear materials samples with
using nuclear reactor as a neutron source;

1-Very minute mass (ug to g) of the sample was weighted and packed in polypropylene vial.
2-The vial was put in a polystyrene capsule to withstand the thermal and the radiological stresses
inside the reactor core.
3-The polystyrene capsule was transported automatically to the reactor core to be irradiated for 2
minutes at a thermal flux of 1.7 x 19 2 n /cm2s.
4-the sample was brought from the reactor core to the measuring position in the neutron counter after
20 sec. delayed time (transportation time) using a pneumatic system. The twenty seconds delay time
was adjusted to avoid any contribution from the non-fission neutrons produced from the reaction (2 \

l 7 O ( n , p ) - + 1 7 N-JL->[ 1 7 0] ' 44S" >16O

5-The P-delayed neutrons resulting from the uranium in the sample were counted for one minute by
using neutron counter (assembly of He-3 proportional tubes).

6-The p-delayed neutrons resulting from different standard uranium concentrations were used for
drawing a calibration curve (similar to fig. 4) (20'21)

7-Finally concentration of uranium in the sample was deduced from the calibration curve.
The lower detection limit of uranium to be obtained with the abovementioned conditions is 3ng.

With some modifications, the analysis of the bulk materials (e.g. in fuel fabrication and
reprocessing plants) and item materials (e.g. in reactors) can be carried out by using neutron generator

252 ft""*^
p

or 252Cf neutrons source

SOURCES OF ERROR

The sources of error are mainly due to ( l );
1) Calibration standards
2) Quantity of special nuclear materials
3) Background

Calibration standards must resemble samples as closely as possible in order that the response per
unit mass of special nuclear material (SNM) for the sample is the same as that predicted by the

1094



calibration curve. Increasing quantity of SNM can result in self-attenuation, and the response will
then be a non-linear function of the SNM quantity. Counting background that must be subtracted or
otherwise accounted for. Contribution to this BG include radiation from the sample such as neutrons
from (a ,n) reaction and spontaneous fission.

APPLICATIONS OF THE METHOD

The method has wide applications in different fields. Some of these applications are;
1-Augustson et al has measured the 235U content in a spent MTR fuel element (the same fuel type of
the Egyptian second reactor) using the delayed neutron yield technique. The dn measurements agreed
within 1.5% with the U content as predicted by reactor burn up calculation (23).
2- 235U and 233U content in HTR fuel elements have also determined by delayed neutron analysis(26)

3-DNAA has also been used for analysis of uranium and thorium in aqueous solutions(20)

4-The concentration of uranium in seawater has been determined using DN. The method enables
uranium in a sample to be measured without respect to its oxidation state, organic and inorganic
elements. The sensitivity of the method is 2 ng/ml with an uncertainty of-15% (27)

5-Monitoring of unauthorized movement of special nuclear material (nuclear materials smuggling) by
active neutron interrogation package monitor(l9)

TYPES OF THE NUCLEAR MATERIALS IN EGYPT

The nuclear materials in the Egyptian nuclear facilities can be classified and summarized as given
in figures 6 and 7.

These nuclear materials can be with high accuracy verified by DNAA technique. The unburned
235U and traces of build up 239Pu in spent fuel of the first research reactor are mainly estimated based
on the reactor operation parameters (flux, power, burn-up ...). By using the DNAA technique, they
can be experimentally determined with taken into consideration the safety precautions to handle the
spent fuel.

The method can easily detect what is known as S/R difference (the difference between (imported)
shipped (S) and received (R) nuclear materials).

Recently, collection of environmental samples (e.g. air, water, vegetation, soil, smears) at a set of
locations specified by the agency for the purpose of assisting the IAEA to draw conclusions about the
absence of undeclared nuclear material or nuclear activities over a wide area is considered a part of
the agency routine inspection (the additional protocol measures-INFICIRC/540- article 18-g)(28).
The DNAA is one of the techniques to be used by the agency s clean laboratory for analysis of the
safeguarded nuclear materials and environmental samples.

CONCLUSIONS

Based on the abovementioned facts, the method is considered as one of the most sensitive,
accurate and rapid NDA technique. It has wide and versatile applications. The technique is
highly recommended to be used for analysis of the safeguarded nuclear materials in Egypt.
Uranium analysis for environmental safeguard purposes can also be carried out with high
accuracy by DNAA. The method enables uranium in a sample to be measured without respect
to its oxidation state, organic and inorganic elements. The sensitivity of the method is 3ng.
Using this technique parrall to the other NDA and DA (e.g. mass spectrometry) techniques can
fulfill establishing a good state system for accounting for and control of nuclear materials
(SSAC) and our commitments toward the international safeguards (IAEA).
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TYPES OF THE NUCLEAR MATERIALS IN EGYPT

The nuclear materials in the Egyptian nuclear facilities can be classified and
summarized as follow

*UO2 powder (natural and enriched).

powder-fnaturaL and enriched). <

*Radwastes containing uranium traces
(liquid, sludge and solid scrap).

fcUO2 fuel assemblies

^Ammonium Diuranale (ADU) (in process
materials).

*MTR fuel type assemblies (19.7 %
enrichment).

*UF6 cylinders (enriched). *Spenl fuel containing unburned up
uranium. ZrT-

*UO2 sintered
rtf&gS.

^Spent fiiel conlainmg traces offi
up plutonium V*K^t#^ - ^

Fig. 5 : Types of the nuclear materials in Egypt



The Egyptian Nuclear Facilities

The First Research Reactor
*2MW. Power
* 10% Enriched U Fuel
* 4x4 Fuel Assembly

The Second Research Reactor
* 22 MW Power
* 19.7 % Enriched U Fuel
* MTR Fuel Element

The Fuel Fabrication Lab
* R & D Laboratory
* Candu Fuel Type
* Natural Uranium

The Fuel Manufacture Pilot Plant
* Material Testing Reactor Fuel Type(MTR)
* 19.7% Enriched Uranium.
* 19 Plate/ Assembly

Fig. 6 : The Egyptian Nuclear Facilities Containing Safeguarded Nuclear Material
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ABSTRACT

The present paper deals with the recent direction of strengthening the
international nuclear safeguards and the effects on the development of
nuclear technology for peaceful applications.

The new basic principles for strengthening the international nuclear
control in the direction of undeclared nuclear activities are elaborated, and
the national obligations are indicated. The burdens on the development of
nuclear technology are discussed. Approaches are proposed in this work for
coping with the present and future situations.

Keywords : Nuclear materials / Nuclear technology / Nuclear safeguards.

INTRODUCTION

The nuclear material(s) [NMs] is universally defined as any "Source Material" or "Special
Fissionable Material "(1) . In fact NMs are of strategic value and high potential hazard nature. The
social value attributed to NMs should be orders of magnitude higher than their replacement cost.
According to international treaties agreed upon by a concerned State for the peaceful uses of nuclear
energy , NMs should be under the national control of that State within its territory and under its
jurisdiction or authority anywhere - and should be under the international control in all of the stages of
production, use, storage and transport (2"4),

The main task of a control system of NMs in any nuclear facility under safeguards is based on
the accountancy and verification measures of the NMs in that facility at any time fixed by the control
system. It is meant by applying such measures to assure the fulfillment of the governing regulations
enforced bv the concerned State.

* The views expressed are those of the author and do not necessarily represent the policy of
the Government of the ARE.
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The basic approach for NM control is the verification of declared NMs in a specific control
area [Material Balance Area, "MBA"]. Then , the control system would consider the following
verification measures for each MBA : v*)

1. Book auditing and checking of the NM accounting system .
2. Verification of NMs in inventory, in inventory changes, in process area, scrab, waste, ,etc.
3. Implementation of Containment and Surveillance [C/S] measures where and when found

necessary for the purposes of control.
4. Verification of the operations measuring system.

IMPROVEMENT OF INTERNATIONAL NUCLEAR SAFEGUARDS

The global use of nuclear energy for peaceful purposes has been always associated with
the principle of non-proliferation of nuclear weapons manifested by the " Treaty on the Non-
Proliferation of Nuclear Weapons" [NPT]. In fact the bases of international nuclear non-
proliferation are the NPT and the associated nuclear safeguards of the International Atomic
Energy Agency [1AEA](2,4).

The IAEA is the competent technical arm of the United Nations Organization (i.e.the
world community) responsible to verify and assure with its nuclear safeguards system ,
compliance of concerned States parties to the NPT and its comprehensive safeguards.
agreements. The safeguards have gradually evolved, and adapted themselves to existing
challenges emerging from international situations. The fundamental tools for implementing
international nuclear safeguards are then, the NM accountancy and verification of Declared
NMs and nuclear facilities (2>4,5)

The obligation under the NPT is to accept the IAEA nuclear safeguards on all NMs in all
peaceful nuclear activities in the concerned State. The IAEA was applying safeguards only to
declared NMs at declared facilities, but it did not have knowledge of undeclared nuclear
activities, or of systematic means of finding out about such activities.

New challenges for the international nuclear safeguards urged to further strengthening of
the existing IAEA safeguards system, and pushed in the direction of promoting the capability'
of the IAEA to detect Undeclared Nuclear Activities'^)

MEASURES OF STRENGTHENING INTERNATIONAL NUCLEAR SAFEGUARDS

The general direction of the programme to strengthen the IAEA safeguards may be briefly-
characterized by the following elements ("~°) :

1. To enable the IAEA broader access to and treatment of information on the nuclear fuel cycle [NFC]
and related activities in the concerned State .

2. To extend the IAEA rights of physical access to locations indicated by those information.

3. To advance the IAEA safeguards methods and verification techniques .

4. To improve the IAEA inspection regimes and the designation procedures of Safeguards Inspectors ,
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and the IAEA communication systems for official purposes.

In order to strengthen the effectiveness and improve the efficiency of the IAEA nuclear safeguards
system as a contribution to global nuclear non-proliferation objective , a Model Additional Protocol has
been designed for States having Comprehensive Safeguards Agreements with the IAEA (5>8).

Such additional protocols are to be concluded between the IAEA and States Parties to the NPT,
i.e., States having comprehensive safeguards agreements with the IAEA according to the IAEA
Document INFCIRC/153(Corr.) Such agreements should apply to the Protocol to the extent that they
are relevant to and compatible with the provisions of the Protocol. Incase of conflict between the
provisions of the Safeguards Agreement and the Protocol, the provisions of the Protocol should apply
(5,8).

NEW OBLIGATIONS AND BURDENS

According to the terms of the NPT the establishment, implementation and maintenance of the
State's System of Accounting For and Control of NMs [SSAC] is an obligation to the Parties^'^).

The SSAC is considered as the national regulator)'organization for the control of NMs in the
different parts of the nuclear fuel cycle in a State. It should provide the essential basis for the
application of nuclear safeguards according to the Safeguards Agreement. A simplified flow diagram of
the NFC showing the parts put under IAEA nuclear safeguards is presented in Fig.l. (4,5)

The Additional Protocol may be entered into force after satisfying statutory or constitutional
requirements by the concerned State. Consequently the new obligations of the State Party to the
Protocol could be summarized in the following items W.

1. Provision of Information

* The description of and information about the location of NFC-related research and development
[R&D] activities NOT involving NMs.

* A general description of Each Building on Each site, including its use and , if not apparent from thaf
description, its Contents.

* A description of the scale of operations for each location engaged in specified activities.

* Information specifying the location, operational status and the estimated annual production capacity
of uranium mines and concentration plants and thorium concentration plants, and the current annual
production of such mines and the concentration plants for the State as a whole.

* Information regarding source material which has Not reached the composition and purity
suitable for fuel fabrication or for being isotopically enriched - or intended use of such material,
whether in nuclear or Non - Nuclear use for each location at which the material is present in
quantities exceeding 10 metric tons of uranium and/or 20 metric tons of thorium; or for export
and/or import for non-nuclear purposes in quantities exceeding those quantities for the year.
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* Information regarding the quantities , use and locations of NM Exempted from safeguard pursuant
to IAEA INFCIRC/153(5).

* Information regarding the location or further processing of intermediate or high-level waste
containing plutonium, high enriched uranium [HEU, with U-235 enrichment >20% ]or U-233 on
which safeguards have been Terminated pursuant to IAEA INFCIRC/ISSO'S)

* Information regarding Specified Equipment and Non-Nuclear materials for each export and/or
import.

* General plans for the Succeeding Ten-year period relevant to the development of the NFC- including
planned NFC-related R & D activities when approved by the appropriate authorities in the State.

* A general description of activities and Identity of person (s) (or entity) carrying out such activities at
locations identified by the IAEA Outside a site and considered as - might be functionally related to
the activities of that site.

2. Complimentary Physical Access

The implementation of complimentary physical access of the IAEA in the concerned State shall
include the following;
* Any place on a site

* Any location identified in item 1.

* Any decommissioned location where NM was customarily used

* Any location specified by the IAEA - other than locations referred to above - to carry out "location
specific environmental sampling" and "wide-area environmental sampling".

3. IAEA Inspectors Designation And Visas

The nominated IAEA safeguards inspectors shall have the following treatment;
* Simplified designation procedure to the concerned State.

* Provision of the designated IAEA inspector with appropriate multiple entry/exit and/or
transit visas where required for at least one year and be renewed as requested

4. Communication Systems

The concerned State shall permit and protect free communications by the IAEA for official
purposes between the IAEA safeguards inspectors an IAEA Headquarters and / or Regional Offices.
This would include attended and unattended transmission of information generated by the IAEA
containment and/or surveillance measures or by measurement devices (4>8,9) .

Also the IAEA shall have the right to make use of internationally established systems of direct
communication, including satellite systems and other forms of telecommunications Not in use in the
concerned State (8>9).
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IMPACT ON DEVELOPMENT

It may be emphasized that development of the nuclear field in a country goes in parallel to the
general development due to the fact that only certified and qualified personnel and proven quality
assurance systems, equipment, materials and supplies could be allowed to work in the nuclear industry.

The negative effects on the development, and the burdens may be summarized in the following;
* The concerned State would need to enforce and enlarge its SSAC in order to be able to carry out the

extra new duties. This would need extra funds for the introduction of new equipment, training of the
national inspectors and for hiring other specialists.

* Revealing of the future national plans of the nuclear field may threaten the national interest or the
national security.

* Using unlimited intrusive measures in the industrial field -which is closely related to the nuclear
field- would lead to negative or retardive effects on the development of both fields.

* The control of Non-Nuclear equipment and materials for satisfying the purposes of the international
safeguards is an extremely exhaustive legal and administrative procedure at the national level, time
and effort consuming, and very expensive to implement.

* Sending information - unknown to the inspected country directly from the location or (site) to the
IAEA - Head Quarters by satellites or other systems NOT available to the concerned State would
not be seen as justified procedures. Improper or delicate or false information could be transferred
intentionally to the IAEA and / or to other parties without permission of the State .

* The control of ore mining of uranium and thorium; and the collection, recording , and verification
of information, and the control of export / import of such materials for non-nuclear use are
impossible in practice.

* Interference with private national and multi-nationl industrial sector in the country would create
instabilities and legal confrontation with the State.

* "Environmental Sampling" technique for international safeguards (12,13 ) j s n o t ^ e s a m e task as
"Environmental Sampling " for other applications. For nuclear safeguards, it is a top high-
technology not available to most countries in the world. Its processes need the use of "Clean Room "
for sample handling and screening capability, advanced analytical laboratory and mass-spectrometry
for the measurement and verification of minute traces of transuranic isotopes and fission products.
Then, in the case of disagreements or inconsistencies of the inspection findings, comparisons and
cross-checking of results should be done. At the least, this should necessitate the IAEA to supply the
inspected State with the same technique for fairness and on equal- basis comparisons.

NEW APPROACHES

It may be worthy to think of new approaches which could lead to achieve nuclear non-
proliferation advantages with little or even non-negative effects on the nuclear industry and the
industrial development in the country. Such approaches should be aimed to ensure that nuclear weapon
materials are indeed unattractive and inaccessible , and irreversible for uses other than the peaceful
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applications - particularly - the nuclear power fuel cycle. Some of new proposed approaches may be
indicated in the following ;

1. The international nuclear safeguards would have to address the implementation of advanced
non-destructive and destructive assay techniques, and to establish precisely the NMs isotopic
composition and NM accountancy methods. This would need more efforts for R & D in the field of
nuclear safeguards (10,11)

2. The use of LEU fuel assemblies -instead of HEU ones in nuclear research reactors and material
testing reactors.

3. Recycling of spent fuel without separation of plutonium from uranium and fission products. Some of
the investigated fuel cycles include recycle processes such as the direct use of reconfigured
pressurized water reactor spent fuel assemblies into CANDU reactors [DUYPIC] (* v,

4. In the case of mixed-oxide fuel [MOX , i.e. mixed uranium-oxide and plutonium-oxide fuel]
burning in thermal reactors, the once-through fuel cycle operation degrades the plutonium into
a form that becomes unattractive and inaccessible for weapons use(f4)

CONCLUSION

The present investigation shows that the strengthening of the international nuclear safeguards
implicates the detection of undeclared nuclear activities and facilities rather than the verification of
declared nuclear materials and facilities in the concerned State . It shows also the unlimited intrusion
and negative effects on the development of the nuclear field and the national industrial field as well.

It may be concluded that the extra burdens would be a retarding element to the national
development. In order to overcome some of such effects, new approaches would be needed to cope with
the present and future commitments for the benefit of both sides of the international nuclear safeguards
for non-proliferation and the development in the concerned State.

NOMENCLATURE

NM(s) Nuclear Material(s) 0 )
LEU Low Enriched Uranium [% Wt of U-235 < 20%]U)
HEU High Enriched Uranium [% Wt of U-235 > 20 %] (l)
NFC Nuclear Fuel Cycle O>4)
SSAC The State's System of Accounting For and Control of
IAEA The International Atomic Energy Agency - a branch of the United Nations Organization
NPT The Treaty on the Non-Proliferation of Nuclear Weapons (2) '
NDA Non Destructive Assay measurements W
DA Destructive Assay measurements by sampling and chemical analysis (4)
R&D Research and Development
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ABSTRACT

The nuclear design of the first shutdown system FSS of Egyptian Test and
Research Reactor Number 2 ETRR-2(new reactor) is guided by a set of design
criteria, with the objective of fulfilling the condition for safe reactor operation.
This design goals must be achieved for any operable core configuration. The
following four criteria are describing the minimum demanded shutdown margin
SM: (1) the percentage value during normal operation, ( 2) the absolute value
during normal operation, (3) the value if any of the safety rod is out of the core,
and (4) the value if the non-compensating control rods are out of the core. The
present work investigates the applicability of these neutronic criteria applied to a
chosen ETRR-2 core configuration. This core configuration is close to
commissioning core configuration. The Monte Carlo core calculation code MCNP in
three dimensions connected with ENDF-VI library is utilized for the present
calculations. The results are compared with the designer calculations using the
core calculation code CITATION in two dimensions plus the cross section
generation code WIMSD4. The comparison shows the accuracy and sensitivity of
MCNP than CITATION. The results highlights that the MCNP calculations is
expectedito be more close to experimental results.

KEY WORDS: Shutdown System/ Safety Criteria/Shutdown Margin/ Control Rod
Worth/ Reactivity

INTRODUCTION

In reactor nuclear design a reactivity control mechanisms RCM(include regulating, control, and
shutdown rods or blades and moderator level) shall be implemented. The functions of the RCM are
to control reactivity, shutdown and held the reactor subcritical with adequate margin taking into
account the experimental arrangement with the highest positive reactivity contribution for all
operational states and accident conditions^1*. The shutdown margin SM shall be such that specific
limits and conditions are not exceeded(2). Hence a sufficient negative reactivity shall be available in
the RCM. If the RCM function as shutdown system SHS, this is a requirement, and if they function as
regulating system RGS in addition to SHS, it is a desirable option(1).

The RCM of ETRR-2 functions as SHS in addition to RGS, it is known by First Shutdown
System FSS(desirable option). It consists of six absorbing Ag-ln Cd plates, two of them function as
shutdown plates and the rest four plates are regulating(control) plates. The shutdown plates are
always fully withdrawn, while the control plates are in or withdrawn from the core according to the
operating state. They move along their respective guide channels, which are located in parallel form
divided into two groups with three plates each(3). Fig. la illustrates the control plate model with its
guide, while Fig.lb illustrates the fuel element model(4).
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FSS ACCEPTANCE CRITERIA

The following are the four neutronic FSS acceptance criteria set by the designer(INVAP SE
Company-Argentina)(3) to fulfill the IAEA safety requirements for the SHM(1>2):

Criteria # 1
The FSS safety reactivity factor SRF must be at least 1.5, this condition demands a minimum SM

of 50% of the excess reactivity, i.e:

SRF = A_CP_W / R_C_NXE > 1.5,

where:
A_CP_W: All control plate Worth,
R_C_NXE: Beginning of Cycle Reactivity, cold without Xenon

(1)

criteria #2
The FSS SM must be at least 3000 pcm, this condition demands a minimum SM in absolute terms

(SM is equivalent to definition of shutdown reactivity given in Ref. 1 and 2), hence:

SM = A_CP_W - R_C_NXE > 3000 pcm, (2)

Criteria #3
The core must be subcritical with a SM of at least 1000 pcm, with any of the control plates out of

the core, this condition is equivalent to demand a SM of at least lOOOpcm, with the most effective
safety, rod 100% out of the core, i.e:

SM-1==S_HR_W - R_C_NXE > lOOOpcm (3)

where:
S H R W : Worth of all the control plates except the worthiest,
SM-1: Shutdown margin with the most effective control plate out of the core(SM-l is equivalent to
definition of shutdown margin given in Ref. 1 and 2).
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Criteria #4
The core must be subcritical with the non-compensating control plates out of the core. Taking as

non-compensating any two of the six rods example control plate #2 and #5 then:

SM-NC = ARW_CP#2&5 - R_C_NXE > 0.0

where:
SM-NC: Shutdown margin with the non-compensating plates out of the core,
ARW_CP#2&5: Worth of all the plates except the CP ft 2 nnd 5.

(4)

MODELLING AND CALCULATIONS

The chosen ETRR-2 core configuration model for the present study is shown in Fig. 2. Table 1
235 ^5)describes the corresponding fuel element position number, type and u235 mass content ̂ 5). The central

irradiation position CI is reserved for cobalt production and the external irradiation position
A,B,C,D,E,F,G are reserved for radioisotope production and experiments. The core state is considered
cold without Xenon at Beginning of Cycle BOC, Table 2 summarizes the main core parameters at
this state(4).
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Fig. 2 Core configuration model

where:
Be: beryllium block,
H2O: water,
CR-1,2,3,4,5,6: control plates number 1,2,....respectively,
FC1,2,3,4: Gadolinium injection chambers number 1,2,....respectively,
1,2,...30: Fuel element position number 1,2,...30,
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Table 1 Fuel element distribution (type and u mass content'
FE

number
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15

FE
identification

FE-001
FE-006

2FE-014
2FE-011
2FE-007
FE-003
FE-005

2FE-003
1FE-008
1 FE-005
2FE-002
2FE-008
2FE-006
1FE-007

u235mass
/FE,g
405.15
405.47
209.23
209.24
209.19
405.97
406.46
209.34
146.36
146.30
209.34
209.15
209.34
146.32

FE
number

16
17
18
19
20
21
22
23
24
25
26
27
28
29
30

FE
identification

1FE-004
1 FE-006
2FE-005
FE-004
2FE-001
1FE-002
1 FE-001
1 FE-003
2FE-009
FE-002
2FE-013
2FE-010
2FE-004
2FE-012
FE-007

u235mass
/FE, g
146.37
146.23
209.34
406.42
209.34
146.34
146.29
146.20
208.99
405.09
2-08.08
209.23
209.33
209.21
405.99

FE: Fuel element of standard type, 405
1FE: Fuel element of type 1, 146 g u2:

2FE: Fuel element of type 2, 209 g u2:

25g u" /FE approximately,
/FE approximately,
/FE approximately.

Table 2, Core parameters at BOC cold without Xenon
temperature, °K

Fuel
293

Al
293

H2O
293

Density, g/cc
Fuel

4.8024
Al
2.7

H2O
0.99837

PD*, W/g
0.0

*: Power Density

The present study is based on calculations using the Monte Carlo MCNP code(6) in XYZ
geometry. The code is used for modelling the core configuration and performing reactivity
calculations for different CR conditions. The code model has the following specifications: (1)
Complete heterogeneous representations of the fuel elements, control plates, second shutdown
system, reflector beryllium blocks and water channels. (2) Repeated structure capability used to
represent 30 positions in the core(29 FE and one IC). Every FE is represented by 19 fuel plates with
clad and coolant channel. (3) Number of neutron histories used to run the code input is l.lxl06

neutron, the first 100,1000 neutrons are used to develop the spatial fission spectrum while the next
106 neutrons are used to accumulate the results and calculate the required output.

While the design calculation is based on using CITATION code(7) in XY geometry with an axial
buckling to compensate for axial direction and WIMS(8) code for generating the cross section of the
homogenized cell. Table 3 describes the differences between the main used specifications of MNCP
and CITATION codes.
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Table 3 Comparison between the main
specifications of the used MNCP and CITATION codes

code specification
model

dimensions
core compositions

cross section library
neutron energy

MNCP
real neutron histories

three
heterogeneous

ENDF-VI
0 : 20 mev

CITATION
mathematical formulas

two
homogeneous cell

WIMS
0 : 10 mev

RESULTS AND DISCUSSIONS

Table 4 lists the calculated core effective mutiplication factor Ketr using MNCP code(second
column) and the consequent computed control rods worth, shutdown margin, in addition to the
compliance of the different reactor conditions with the relevant acceptance criteria(rest of the
columns).

Table 4 MCNP calculated core Keff , CRs worth, SM
and verification of the relevant acceptance criteria.

CR position

All CR in
All CR out

All CR in Except # 1
All CR in Except # 2
All CR in Except # 3
All CR in Except # 4
All CR in Except # 5
All CR in Except # 6

All CR in Except # 2,5

KeflF

0.94693
1.08931
0.97918
0.97271 .
0.97255
0.97546
0.97062
0.96949
0.99354

inserted CRs
worth
(pern)

13803.18

10325.1
11003.7
11021.3
10714.5
11225.7
11345.8
8849.0

outlet CRs
worth
(pem)

13803.18
3478.13
2798.83
2781.93
3088.73
2577.53
2457.43
4954.43

shutdown
margin
(pem)

5604.43

2126.3
2805.3
2822.5
2515.7 •
3026.9
3147.0
650.0

Safety
criteria
(pem)

> 3000.0

> 1000.0
> 1000.0
>1000.0
>1000.0
>1000.0
> 1000.0

>0.0

Criteria
number

2

3
3
3
3
3
3
4

Table 5 presents a comparison between the obtained results of the present work using MCNP code
in XYZ geometry and the calculated design values(4'9) using CITATION code in XY geometry. The
two codes are applied to the chosen core configuration. The calculated design values are after
reduction by a calculation errors factor of 8%(3) due to code sensitivity and uncertainty.

Table 5. Comparison between results of the present work and the designed values
Parameter, pem

Core reactivity at BOC cold without Xe
Control rod worth, all are inserted

CR worth, all are inserted, except #1
CR worth, all are inserted, except #2
CR worth, all are inserted, except #3
CR worth, all are inserted, except #4
CR worth, all are inserted, except #5
CR worth, all are inserted, except #6

CR worth, all are inserted, except # 2& #5

Design
8220
14120
10390
11030
11050
10810
11330
11290
8826

present work
8198.77
13803.18
10325.1
11003.7
11021.3
10714.5
11225.7
11345.8
8849.0
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Table 6 illustrates how the FSS complies with the design safety criteria using the obtained two
codes results.

Table 6 Comparison of the compliance with safety
criteria for the present work and the design values

Criteria #
1
2
3
4

Statement
SRF>1

SM > 3000 pern
SM-1> lOOOpcm

SM NC > 0.0 pem

Design value
1.7177
5900.0
2170.0
606.0

Present study
1.6836

5604.43
2126.3
650.0

CONCLUSIONS

The following conclusions are reached:
(1) The obtained MNCP values are underestimation than the CITATION values which contain an
error as explained by the designer. This indicates that the obtained MNCP values are expected to be
close to the experimental results.
(2) the accuracy of MNCP are due to its real description of the neutron histories in three dimensional
with heterogeneous geometry. In addition to its dependence on ENDF-VI library for generating
required cross sections.
(3) Both codes results are satisfying all safety criteria, but MCNP results is more conservative (less
safety margin) than CITATION.
(4) ETRR-2 FSS is assured safely and complies with its design safety criteria, this is verified by
calculation of the two codes MCNP and CITATION.
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ABSTRACT

Etrr-1 is the first Egyptian research reactor, it is 36 years old. The decision is
taken to equipped the reactor with a new spent fuel storage pool. The facility
houses a storage pool besides a fuel handling region. The safety regulations require
that the pool when filled with full capacity of fuel assembly FA must be subcritica!
over a long period during normal and accidental conditions. The present work
studies this issues at different pool temperatures. The key parameters affecting pool
criticality as lattice pitch and u235 loads are investigated. WIMS and CITATION
codes are used in the calculations. The results show good agreement when
compared with design calculations which is performed by MCNP code.

Key Words: Fuel storage/ Criticality safety/Spent fuel/Spent pool/Storage tank.

INTRODUCTION

The new spent fuel storage facility of Etrr-1 houses storage pool and fuel handling area.
The storage pool is a stainless steel tank filled with demineraiized water, positioned in a concrete pit
under the ground level. The tank is covered by slabs made of steel and concrete. Aluminum
storage racks are fixed within the tank to provide vertical storage of the fuel assemblies in a
rectangular matrix arrangement. The poo! is cooled and moderated with demineraiized water at
temperature 27°C, the pool water density is 1 g/cc(1).

The safety limits for pool effective multiplication factor keff when filled completely with fuel
assemblies is 0.85 in normal operation and 0.95 for accidental conditions'2'. The possible accidents
may be due to increase of the pool temperature..

FUEL ASSEMBLY AND POOL DESCRIPTION

The Fuel Assembly
The fuel assembly contains 16 fuel rods, with cross section 68x68 mm, thickness 1.8mm and fuel

rod pitch 17mm. The fuel rod is EK-10 type with enrichment 10%u235, it is made of uranium dioxide
dispersed in magnesium matrix. Table 1 presents the fuel rod composition'3'.

Table 1.

Element

Mass(g)

Material
U238

73.3

composition
U235

8.05

of a fuel

Mg

13.03

rod

O

12.2
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The fuel rod total length is 586mm with active length 500mm, the fuel rod radius is 3.5 mm with
aluminum clad thickness 1.5mm . Each fuel assembly contains 128.8g u235

The Fuel Storage Pool
The storage pool tank dimensions(W x L x H) are 310x325x450cm, the total numbers of storage

locations are 176 positions(full capacity) with fuel assembly pitch 18cm. The material of the storage
racks is aluminum with thickness 0.475cm, the rack composition is described in Table 2(1).

Element

Mass(g)

Table 2. Material

Al

97.48

Si

1.4

composition of a storage rack

Mg

1

Zinc

0.016

Fe

0.09

Impurities

0.014

MODELING AND CALCULATIONS

The calculations are performed in two steps:-

(l)Cell Calculations
WIMS code^4) is utilized for calculating cell average cross sections over different zones of the

pool(fuel assembly and structure material). The calculation are done using 69 energy groups and
then condensed to 5 energy groups with the following energy boundaries: 10 Mev, 0.82 lMev,
5.53Kev, 0.625ev, 0.08 ev and 0.0 ev. This energy groups have the numbers 5, 15, 45, 57, and 69 at
WIMS library.

(2)Pool Calculation
CITATION code(5) is used to determine the global pool effective multiplication factor kefI when it

is completely filled with fuel assemblies. For this purpose two CITATION models A and B are
suggested.

Model A
The full capacity pool is modeled by one fuel assembly with reflected boundary conditions over

all surfaces except the bottom and the top surfaces which have free boundary conditions. This model
is the same as that considered by the designer using MCNP code(6\ A three dimensional calculations
is performed.

Model B
The completely filled pool is modeled by one eighths(containing 22 fuel assemblies)of the pool

volume with reflected boundary conditions over two sides and free boundary conditions over the
others(7). This model is more realistic than model A. The three dimensional calculations is also
performed.
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RESULTS AND DISCUSSIONS

The pool keff is calculated using fresh fuel to obtain more conservative results as recommended
by IAEA and other literature's'8'9'. The keff is calculated for model A and B with reflected boundary
will be equivalent to keff of the whole pool with free boundary(789). In normal operation the pool is
cooled and moderated by demineralized water at temperature 27 °C. Variation of pool kefr with pool
water temperature is determined. The two key parameters: the storage lattice pitch and the mass of
u235 contained in one fuel assembly, that affect the pool criticality are studied

Table 3 shows the comparison of the calculated pool keff using CITATION code for the two
models A and B with the design calculation using MCNP code for model A. The results show good
agreement, CITATION code predicts more conservative value.

Table 3 Comparison between the calculated and the design kefr values
Code

Model

keff

MCNP
(design)

A

0.43

CITATION
(calculated)

A

0.4719

B

0.475768

The dependence of ke(r on the pool temperature is shown in Table 4, where the water temperature
varies from 27 °C to 100 °C

Table 4 variation of keff with pool temperature

Temperature °C

27

40

60

keff

0.475768

0.480088

0.487373

Temperature °C

80

100

keff

0.494761

0.502431

Figure 1 shows the variation of keff with the storage cell pitch. The results show that as the pitch
decreases the multiplication factor increases. The pool becomes critical when the pitch reaches
1 lcm.
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Figure 1 keff versus pool lattice pitch

Table 5 shows variations of keff with the mass content of u235 /FA. The results illustrate that
Keff increases as the mass of u235/FA increases. Mass of u235/FA below 128g represents spent fuel,
while greater than 128g represents fresh fuel. The capability of the storage pool to store fuel

235assemblies with higher mass content of u235/FA is demonstrated, since keff is still below the safety
235limit 0.85 for u235/FA mass up to 404g. The table also indicates how much the fuel safety factor is

achieved(Keff =0.403496 for 80 g/FA) spent fuel and (0.475768 for 128g/FA) fresh fuel.

Table 5. keff versus u235 mass / FA

Spent fuel

Mass of u235/FA,

g

80

96

128

0.403496

0.431542

0.475768

Fresh fuel

Mass of u235/
FA,g

240

360

408

keff

0.551023

0.579645

0.600556
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CONCLUSIONS

1- The new spent fuel storage pool of Etrr-1 reactor is safe at normal conditions.
2- The key parameter that keep the pool subcritical is the lattice pitch. The pool becomes critical at
pitch 11cm.
3- The pool can store fuel assemblies with 404g of u235/FA in safe conditions(keff=0.60).
4- The effect of raising pool temperature on kef is still small, pool keff approaches 0.50(below the
safety limit 0.85) at pool boiling temperature 100 °C.
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ABSTRACRT

Large gamma irradiators present a high potential irradiation hazard since the
amount of radioactivity is of the order of PBq and a very high dose rate are
produced during irradiation. Nevertheless, individuals may accidentally receive a
lethal dose within minutes or seconds, due to failure of radiation control and safety
systems.

The competent authority (NCNSRC) is concerned with the impact of all
radiation activities on workers as well as public health and safety. Radiation control
of such large irradiation facilities can be achieved by means of strict regulatory
procedures during construction, licensing, operation, inspection, maintenance and
decommissioning.

This work presents the main features of a regulatory system, which comprises:

• Regulations codifying policy, radiation safety standards, licensing and other
administrative requirements.

• Authorization programme.
• Operational radiation protection programme.
• Monitoring, inspection and enforcement programme.
• Emergency response capability.

A detailed guidance for the basic information required with application for license,
description of the irradiator facility, safety assessment report, operator radiation
safety procedures and standard conditions of licenses is given .

Key Words : Regulations /Radiological Safety /Authorization Procedures /
Operational Radiation Protection /Routine Inspection.
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1- Introduction

Use of industrial gamma irradiators for sterilization of medical and pharmaceutical products, the
preservation of foodstuffs and radiation processing commenced in the late 1950s in industrialized
countries and later spread to other countries . There are currently some 60 gamma irradiators in
operation allover the world. These facilities produce very high dose rates during irradiation, so that a
person accidentally present in the irradiation chamber can receive a lethal dose within minutes or
seconds. During the early years ( until 1975 ), no fatal accidents occurred, but since 1989 at least one
serious accident has been reported [ El-Salvador (1989), Sor-Van, Israel (1990) and Nesvizh, Bellarus
(1991)]. These three accidents have been documented and fully reported by the IAEA(l>2>3).In addition
to overexposure contamination can result from corroded or damaged source elements and it can be
very expensive. These aspects clearly indicate the need to achieve a very high degree of safety and
reliability in such facilities. There remained a need to place such accidents into perspective with
previous accidents to determine what modifications had been made to the regulatory programmes in
those countries in which the accidents had occurred as a preventive actions for future accidents and to
ascertain how thr lessons learned had been used to modify the design, construction and operating
procedures as well as the licensing and inspection arrangements , as prescribed in the IAEA safety
series No 107w. More importantly, it become necessary to enumerate the modifications that needed to
be made to the regulatory programmes for consistency with the IAEA safety series No 115(5) in order
to prevent similar accidents in the future or to mitigate their consequences, and to suggest
improvements in the regulatory programmes, operational procedures and the design and construction
of irradiators.

2- Regulations for the safe operation of gamma irradiators in Egypt

The main objectives of these regulations are to ensure that:

• There is adequate control of the facility taking into account the magnitude of the potential
hazards presented by such facilities.

• There is adequate protection of irradiator operating personnel and all other persons, taking
into account the requirement for maintenance operation and possibility of unplanned or
unexpected deviations from normal operating conditions,

• The risk of accidents is minimized and that there are adequate contingency plans to deal with
such events.

• There are adequate arrangements for dealing spent radiation sources arising from irradiation
facilities.

An essential part of radiation protection for any use of ionizing radiation is a regulatory
programme enforced by the Competent Authority. Control of irradiation facilities can be achieved by
means of systems of notification, registration or licensing and inspection.

2-1 Competent Authority

1-The Competent Authority for implementation of these regulations shall be the Atomic Energy
Authority (AEA).

2-The Chairman of the AEA shall ensure that adequate facilities and sufficient number of per
appropriately trained and experienced personnel are available for the following purposes :
• Processing of license applications and issuing of licenses.
• Inspection of operating facilities.
• Keeping of records relating to inspection and licensing.

3- The Competent Authority shall have the power to levy charges for the issuing of licenses
and to recover all or part of the costs associated with inspection activities .
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2-2 Licensing

2-2-1 General requirements

1- No person or organization shall own or operate a gamma irradiation facility unless he holds a valid
license issued by the Competent Authority

2- Application for a new license and for modifications to existing licenses shall be made in writing to
the Competent Authority, accompanied by payment of any charges as may be specified by the
Minster of Electricity and Energy.

3- The Competent Authority shall have the power to attach to licenses such conditions necessary to
achieve the objectives of these regulations, and the operator shall comply with such conditions.

4- The Competent Authority shall have the power to:
• Refuse to issue a license for a new facility.
• Revoke or suspend an existing license
In all such cases the Competent Authority will inform the
operator, In writing, stating the reasons for this decision

5- Where the Competent Authority revokes or suspends a license for an existing facility, the use of
the facility must cease with immediate effect and not restart until the Competent Authority is

satisfied that it is appropriate to re-issue the license or the operator has made a successful appeal
against the decision
Operation of a facility in contradiction with this requirement shall bea criminal defense.

6- Where the operator is dissatisfied with any decision, he shall have the right of appeal to Minster of
Electricity and Energy. The appeals must be in writing and must state the reasons for the appeal.

7- For the benefit of applicants the Competent Authority shall provide written guidance notes
describing the procedures for applying for licenses including details of the documents and
information that must be provided. The Competent Authority shall have the power to modify these
guidance notes from time to time as it considers necessary.

8- Where an existing facility is in operation prior to the coming into force of these regulations the
operator shall apply to the Competent Authority for a license within 12 months of the coming in
force of these regulations

9- These regulations shall apply to facilities operated within the Competent Authority own
organization. In such circumstances the license will be issued to the individual facility concerned

and the management of the facility will be responsible for ensuring compliance with the license
conditions.

2-2-2 Application for licensing

Applications for licenses must be made in writing and include the following information:
• Basic information relating to the proposed installation, as described in appendix A.
• A full description of the design features and methods of operation of the irradiator and its

safety features , including the information set out in appendix B.
• A safety assessment report as described in appendix C.
• The operator s proposed radiation protection procedures, described in appendix D.
During the course of the licensing process it is likely that there will be changes affecting the

information contained in the above documentation. Whenever this happens the applicant shall amend
the documentation as necessary and provide the Competent Authority with copies of the revised
documentation.

Licenses will be issued with the standard conditions described in appendix E and such additional
site-specific conditions as the Competent Authority considers necessary.
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2-2-3 Review ..assessment and approval

The Competent Authority should prepare a programme of review and assessment to follow as
closely and continuously as possible the development of the irradiation facility from the stage of site
selection through design, construction , commissioning, operation, maintenance and decommissioning.
At each stage an approval is issued by the Competent Authority.

3- Regulatory Inspection and Enforcement

3-1 Objectives

The principal objectives of regulatory inspection and enforcement are to ensure that:
• Persons responsible for the siting, design, construction, commissioning, operation,

maintenance and decommissioning of an irradiation facility posess the necessary competence
for the efficient discharge of their functions.

• The quality and performance of components, structures and systems required by the
Competent Authority are achieved and maintained by the applicant

• All specifications, codes and practices proposed by the applicant and accepted by the
Competent Authority for the siting, design, construction, commissioning, operation,
maintenance and decommissioning of the facility are complied with.

• The applicant without undue delay corrects any deficiencies in equipment and procedures.
• Experience, particularly from operation and decommissioning, is fed back to the Competent

Authority.

3-2 Procedures

1- The competent authority will appoint suitable trained and experienced personnel as inspectors to
carry out inspection of irradiator facilities.

2- Inspectors shall have the power to enter premises to carry out inspections of facilities at any
reasonable time, with or without prior notification of the operator

3- Operators must cooperate with inspectors to the extent necessary for the inspectors to fulfill their
duties. This shall include:

(a) Providing for safe access to the facility BV inspectors.
(b) Making available records required by license conditions
( c) Provision of samples where appropriate.

4- Where an inspector considers that the situation at a facility is sufficiently unsatisfactory that, in his
opinion,

(a) There is on imminent risk of harm to irradiator personnel or any other persons, or
(b)There is an imminent risk of loss of or damage to radioactive sources, or unauthorized

release of radioactivity. He shall without delay make a recommendation to the competent authority
that the operators license be revoked or suspended.

5- Where an inspector considers that the situation at a facility is unsatisfactory, but that it is not
sufficient to require immediate action under the preceding section (4) he shall in writing advise the
operator of the actions necessary to restore the situation and specify a timescale for completion.
In these circumstances the operator must provide written confirmation that these actions have been
completed within the specified timescales, and if this is not done, the inspector mav make a
recommendation to the Competent authority that the operators license be revoked or suspended.

6- The competent authority shall ensure that there is a planned programme of inspection of irradiator
facilities with sufficient frequency of inspections as it considers necessary to ensure adequate
regulation of such facilities.
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APPENDIXA

BASIC INFORMATION REQUIRED WITH APPLICATIONS

AI The name and address of the applicant, i.e the name of the company or Organization who
will own and operate the facility

A2 The names and telephone numbers of the persons with the authority to discuss licensing
conditions on behalf of the applicant

A3 The proposed location of the irradiator facility with plans of the site sufficient to show
occupancy of surrounding areas and nearest points of public access

A4 The proposed timescale of construction

A5 The purpose of the facility (eg sterilization of medical products, food irradiation, material
processing etc)

A6 As far as is possible, details of proposed suppliers and installers of Irradiator components
including radioactive sources, safety systems

product transport equipment, and civil construction work.

A7 The proposed arrangements for dealing with spent/waste radioactive sources

APPENDIX B

DESCRIPTION OF THE IRRADIATOR FACILITY

This should be sufficiently detailed to fully inform the competent authority as to the design of the
facility. The applicant may prefer to rely on the supplier or installer to produce this document, but the
applicant is responsible for its accuracy.

The following sections describe details which must be included in the description in order that the
competent authority can assess the proposed facility in relation to IAEA Safety Series No. 107
'Radiation Safety of Qamma and Electron Irradiation Facilities' (IAEA, 1992).

Bl Basic description

• Purpose and features of the irradiator
• IAEA classification (ie category I, II, HI, or IV gamma irradiator)
• Radioactive sources (isotope, maximum design activity, proposed initial activity)

B2 Radioactive sources

• ISO classification
• Details of suppliers recommended working life
• Details relating to transport of sources (eg any requirement for IAEA'special form'

certification if appropriate)
• Proposed arrangements for routine testing of sources for leakage of radioactivity
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B3 Internal design features

• Description of source transport mechanism (category II and IV gamma irradiators)
• Description of the sample loading arrangements (Category I and HI gamma irradiators)
• Description of the product positioning system (category II and IV gamma irradiators.
• Description of source guard (category II and IV gamma irradiators)
• Design of pool and pool water treatment system (category III and IV gamma irradiators)
• Where appropriate, description of ventilation system and method of avoidance of exposure to

harmful levels of ozone (03)

B4 Shielding

• Full drawings of facility showing shielding components, with dimensions and accurate
description of shield ducts, penetrations, and removable shield components

• Details of materials used
• Design basis for shielding calculations (when operating the radiation doses to operators should

be less than 5 mSv y"1)
• Maximum predicted instantaneous dose rate outside shielding with the maximum radioactive

source loading . This dose rate should not normally exceed 2.5 uSv / h but higher dose rates
can be tolerated in localized areas around shielding weaknesses

• Identification of areas outside shielding where dose rates may be higher than
2.5 uSv / h (eg in vicinity of shield penetrations etc) and proposed method
of restriction of access, where appropriate

BS Interlocks and sensors

A description of the following features, explaining how they operate and how they protect the
irradiator and prevent exposure of persons:

• Source transport sensors/interlocks
• Product positioning sensors/interlocks
• Personal access door interlocks (type II and IV gamma irradiators.

There MUST be at least two independent systems and one of these must operate directly on the
source hoist power supply

• Method of prevention of personal access via product entry and exit apertures
• Interlocks fitted to removable shield components (where appropriate)
• Heat and/or smoke detectors in cell
• Water pool level control system for category 111 and IV gamma irradiators.

B6 Radiation monitors

A description of the following equipment, explaining how it operates and how it assists in
preventing exposure of persons:

• Radiation monitor(s) in the irradiator room (category II,III and IV gamma irradiators)
• Radiation detectors fitted at product exit ports
• Water treatment circuit radiation monitor (category III and IV gamma irradiators)
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B7 Irradiator status and warning signals

• Description of control panel including irradiator status and warning indicators
• A description of warning signals at personal access door and inside the irradiator room
(category II ,111 and IV gamma irradiators .
• Description of warning signals at product exit ports (category II and IV

gamma irradiators).

B8 Irradiator control system

• description of control system including any programmable electronic system (micro-processor
based etc)

• In the case of programmable electronic systems a description of the software used and the
means by which access to this software is controlled

• description of the operation of the safety related control systems including the method of
restriction of access to the irradiator room (category II, HI and IV gamma irradiators )
including a description of the response of the system to fault/error conditions. This description
should describe clearly the logic of operation of the system and the consequences of failure of
interlocks and switches to be operated in the intended manner

• A description of the means by which the radiation source can be shut down or shielded in an
emergency including, for category II and IV gamma irradiators , a description of 'emergency
stop' switches inside the irradiator room

B9 Source loading and changing (gamma irradiators)

• A description of the source loading and unloading procedures and of the special equipment
required for these operations including transport containers

• Confirmation that transport containers will comply with IAEA Regulations for the Safe
Transport of Radioactive Materials.

APPENDIX C

SAFETY ASSESSMENT REPORT

The purpose of the safety assessment report: is to demonstrate that the applicant has carried out a
systematic assessment of all the possible things that may go wrong with the facility, and what would
happen in such circumstances. The end result of the safety assessment report should be a conclusion
that adequate protection is provided in all reasonably foreseeable circumstances.

It is possible that for new facilities, the applicant will wish to retain a specialist consultant to
prepare the safety assessment report, such as one employed by the irradiator supplier. This expert will
be able to apply techniques such as fault-tree analysis within a probabilistic safety assessment.

Throughout the assessment one objective is to demonstrate how the accepted principles of good
design and safe operating procedures operate to ensure that a single failure of a safety system or
administrative procedure is unlikely to lead to a serious incident such as an accidentnl exposure of
persons or damage to a radioactive source. These design principles are described in IAEA Safety
Series No. 107 'Radiation Safety of Gamma and Electron Irradiation Facilities' (IAEA, 1992).

Redundancy : More than one system should be used to improve reliability, especially on
critical areas such as personal access door interlocks.
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Diversity J Different physical modes of operation should be applied to important safety
devices, for example combinations of electromechanical interlocks, purely
mechanical interlocks and other systems, such as installed radiation
detectors.

Independence : Systems should be designed so that failure of one system will not lead to
failure of another employed to control the same hazard.

Failure modes and incidents that should be considered include those described below. Not all
of these will be applicable to every type of irradiator.

• Operation of source exposure while a person is still inside the irradiation room

• Source displaced from its holder

• Loss of pool water (category III and IV irradiators)

• Failure of individual interlocks, sensors, and warning systems

• Source transport problem

• Product or sample transport problem

• Failure of the control system designed to prevent access to the irradiator room with the source
exposed

• Deliberate violation of procedures by operator
• Loss of shielding during source loading/unloading procedure
• Fire inside the irradiator
• Loss of electrical power and other services including ventilation and pool water cleaning

systems
• Long term deterioration of safety systems and other irradiator components
• Corrosion or other deterioration of a radioactive source leading to contamination

APPENDIX D

OPERATOR'S RADIATION SAFETY PROCEDURES

The operator should prepare written safety instructions or 'local rules1 for operation of the
irradiator. A copy of these will need to be made available to all persons working in the facility.

The safety instructions should include the names of relevant persons. However, to simplify
revisions to the document it is suggested that these names appear in a separate appendix.

Note that it is not sufficient for the operator to rely on the existence of the irradiator operating
manual provided by the supplier.

The 'local rules' should incorporate the following elements.

Dl Names and responsibilities of persons

• Details of the following (as far as these are known)
• The manager with overall responsibility for the operation of the facility
• The qualified expert appointed in accordance with Law 59 of 196
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• The names of the Radiation Protection Officers (RPO). These directly supervise work in the
facility and at least one must be present in the facility at all times. Further guidance on the role
of the RPO is given in IAEA Safety Series No. 107 'Radiation Safety of Gamma and Electron
Irradiation Facilities'(IAEA, 1992).

• The names of the persons authorized to operate the irradiator, including any special tasks
• The name of the engineer authorized to supervise repairs, routine maintenance, and

modifications to the irradiator

D2 Training

• Describe the training that is to be provided for staff at each level and where the records of this
training will be kept

D3 Security and access to the irradiator

• Describe the method of restricting access to the irradiator and the building in which it is sited.
• Describe how the keys use to operate the irradiator will be controlled. Spare keys must not be

available to the operators without higher authority and strict control

• Arrangements for visitors to the facility

D4 Dosimetry

• Arrangements for supply of personal dosimeters
• Arrangements for periodic medical surveillance of radiation workers (if appropriate)
• Specify levels of dose requiring a formal investigation by the qualified expert

D5 Operating procedures

• A basic statement that the irradiator is only to be operated in accordance with the suppliers
instruction manual and any separate procedures prepared by the operator

• A requirement to observe the warning signals and displays
• A requirement to report any faults to the RPO, who should arrange for repairs, but shut

down the facility if necessary
• No one to remain inside an irradiator room while an exposure is taking place
• No one to interfere with the operation of the control system or safety features except as

specified in separate written maintenance and testing procedures
• Describe clearly the radiation room entry procedure for IAEA category II, III, and IV gamma

irradiators, including checking and use of the radiation survey meter.

D6 Periodic safety checks

Specify the program of routine checks on safety systems including, for example:
• Check that all warning signals are operating correctly
• Check operation of interlocks and 'emergency stop' controls
• Check operation of sensors and alarms
• Radiation survey
• Check for activity in pool water (if appropriate)

In each case specify who will do the test, how it will be done, and at what frequency.
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D7 Maintenance

• A requirement for all maintenance and repairs to be authorized by the irradiator manager.
• Describe items which must not be maintained by the operator, j.e those matters which must be

referred to the supplier (for example radioactive source removal)
• Refer to the planned program of maintenance of the facility, including reference to any

proposed maintenance by the supplier

D8 Irradiator record

• Requirement for a daily record book ('log-book') to be kept in which are entered details of
irradiations and notes of any problems with the irradiator, including repairs and maintenance

• Identification of the person responsible for maintaining other records for the irradiator,
including suppliers drawings, maintenance history, certificates
for sealed sources, and records of the operator's safety checks etc

D9 Emergency procedures (contingency plans)

These procedures should detail what steps to take in the event of foreseeable emergencies. They
should include what to do in the following situations:

• Fire in the building (not affecting the irradiator)
• Fire affecting the irradiator (including inside the irradiator)
• Significant damage to the irradiator, including explosion, structural collapse, Flooding , loss

of pool water
• Loss of electrical power, water or other services
• Failure of any interlock or warning device
• Failure of the source to return to the shielded position
• Detection of abnormal radiation levels, including contamination of pool
• water (if appropriate)
• Unauthorized use of the irradiator or deliberate interference with the
• irradiator
• Suspected accidental exposure of operators or other persons, including suspected overdose,

including identification of a hospital able to deal with persons who have received high
radiation doses.

There should also be a list of the names of essential and useful persons and their telephone
numbers, including the irradiator manager, qualified expert, radiation protection officers, fire brigade
(and civil emergency organization), irradiator supplier, and the Competent Authority (NCNSRC).

D10 Reviews and Audits

• Identify who is responsible for reviewing the procedures and at what frequency
• Identify who will audit irradiator operations to ensure that procedures are being complied with

and specify the frequency of audits (The persons carrying out audits should be familiar with
the facility and the radiation protection requirements but they should not be part of the normal
operating management of the facility)
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APPENDIX E

STANDARD CONDITIONS OF LICENSES
I

El This license shall be valid for [XX] year(s)/months from [DATE]. At least 60 days before
the expiry of this license the operator must write to the Competent Authority informing it of
whether there is a requirement to
renew the license for a further period.

E2 The facility shall be operated only in accordance with written operating procedures prepared
by the operator, a copy of the current version of which procedures must be sent to the
competent authority.

E3 The operator shall appoint one or more qualified experts to advise on radiological
protection. The qualified expert(s) shall be adequately trained in accordance with Law 59
of 1960.

E4 The operator shall ensure that the facility is subject to an adequate program of maintenance
which shall included periodic inspection and testing of safety related systems.

E5 The operator shall make and retain all records necessary to demonstrate compliance with
the (draft) Regulations for the Use of Gamma Irradiators in Industry and Research and
these license conditions.

E6 The operator shall take all reasonable steps to minimize the risk of damage to any
radioactive sources installed in the irradiator.

E7 The operator shall notify the Competent Authority in the event of the following situations:

(a) Any significant changes to the design and operation of the plant, including changes to
the shielded enclosure, product conveyor, and safety related systems including
interlocks, sensors, and warning signals.

(b) Loading, replacement, and disposal of radioactive sources.
(c) Any changes to the identity of the name of-the owner or operator of the irradiator or

to the names of the persons with overall responsibility for the operation of the plant.
(d) Any change to the identity of the qualified expert(s).
(e) Any intention to cease operation of the facility or vacate the licensed premises.

E8 The operator shall, without delay, notify the competent authority in the event of the
following situations:

• Any situation where an individual has received or is likely to receive an effective dose
in excess of 5 mSv in any calendar year.

• Any confirmed or suspected exposure to the radiation sourc inside the irradiator room.
• Any damage to or suspected damage to radioactive sources, including failure of any

routine test for leakage of radioactivity. »
• Any incident affecting the transport of the radioactive source itself, such as stuck

sources, displaced sources, or dropped or detached source pencils.
• Any failure of the shielding including any catastrophic loss of pool water.

• Any failure of any part of the safety systems for exclusion of persons from the
radiation room (for IAEA Category II and IV gamma irradiators

E9 Add here any special conditions for the individual facility
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Jjill 4jjjjU]1 ̂ JUftJl ,«-a J>JI U^^ ' fj ' J% Û  cs^ (J-4*!! t 4 "^^J^J ^ J ^ J (jLouVU ^JJJ (Jj-JI O-̂

la-ail fLui! ^ lu^ iuL, 4jjj3 JUil ^ U^J ^Sj laj *jj\jj| iUJUj! C_|J=J1J J jV ! l i j ^ 1 M ^ ' ' ^ ^ ^J

k t>ajiJI l i e u j i j Jill

4JJAJIj

*}\ 4̂ ,1 j j

1134



4—jljj ^ V j»J—J 1$—! J JjS ^ji ^aV! ^ ; ' -"*• '*'fl"l Li£. La AJJJ LUUJJ j lS _j5 m'^U.'^'J" W^- (J^ ! •'U>3 f^'J> S

. (_SJJ a ̂ ^a l ^ali.1 I j j ^JjJ 3^-v.a (iLIul j^Ic Sialj-JI £A SjSiil jLulwi c5j^ f*' ';^ ^ Y • j iaiujj 1 A ^

»IC (_)«jjl (JajjJJ^yi J j - ^ l U _ ^ ^ ' 4 # t A ? - AJ-^C (_5il!

j ^ ) j-u> Jj-Jl i^^J^' JUJVI Jsc ) °i Y «

l i i . tU-bi -LoUl ejj^jjuoo <U3 (_SJIJJ " UJ^JSJI ASI^)^ " ( j t j iu [Ji'imfl i-jj^-0 (^ <c_j^iU (jiajC i lu j lc l J3j l^io t

^Jl^a. 4jl lu l^J^l j i U i ^pll JUa^l A\cjjjLa ^ Aia.j 3_ojljlil ^JjJI JoJI iLoSa ĵ AJJUA »j jb ^Uliii (JJ l̂a O=-
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»LJ_, Ijjp gjjj (^jll Sx-jjJull JJ& JUJ^Ij hjji »JU Jtfĵ S JbljOll i*uiJl Oij i j j j i i l ^JljaJI (> AiAJl ,Jc. JJLJI «A*

A_jj (JljaJl «i«J Sjk-Jl Wal l ylic'JM ^ i i b (jSlI L̂CLJI OLjLJlo 3Jt <_JW

u—S Alaij-aaj c ̂ JJSJOIC (_>aji (̂ 1 *^aj j a j ^jlc. ̂ JJ_jill ̂ iUall J - l i U »J

iU-a IJJLOJLI ,«̂ =>.J ̂ JJ^ ' ̂ 3UaJl tllilS U* ,>> ̂ j j j j ] l ^Uall

\J*!!l

UuJI <> 41HU1I CJLJT.^ I I J j j l l ^A',A.A\\ Z+

i ic ?Ul J j i l ! ( j j 3 ^ ' J-*' '^^- (̂ ic- iliaJl (_JLVJ ̂ j ^ j .̂UJl

Vj ^JJ^-V 0^ (jr^-^ 0 - ^^ J^UJl JjSill (3;ukll Ui •Sjz.j^j .(^ajL-aiJI oi* A-oOl«

l j Jajj Lu uta. <waL%jii gJL^ij J j J l ^.«i>/ill jV^J 6-°̂  -̂ ^H J ^ t> "^A) ^ ljjh-k.n ISJLJ Axj -UJ_>=J

[5].o^Jl'A*

1140



j JL '*«<.-. A\ vlilSJj ,fLJ1 J j J i (Ĵ UJI ̂  »j£«4 I jJ iu f
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iL«.v«SI ( jU - :^v^ jUaVl life <J& -d i j l i ^ l i »JSJ J j Ulita

J c ^^uii Ajilaj ^ul^jj t**u ̂ W'^ « . ̂ *j lr. ̂ jlS J] j ^ju^jjjjl

^ J ^ '".f'̂ ' »Uau XjJajj % • •**• j (jj-iJ ^JJJJ SUiLi $̂1 (Jjijij j ^ * ^ J ^

1̂ j i l (̂ ic Ajilii^l (> Xlol!lll ojUlt t'u^i US. (j^i^J

b ^1 I J J ,^u_>^ j lk l ^ J J l*jL tfjjiUi j jWI i

3 :;Uj\l j^lJj]! JJJ*J LDU. ̂ O (JJIIILJI t*^j ̂ jic- JalisJIj JUil (jUaJ

l.Uiil

iijlJI iajii a.̂ 1 iil_jLJI Jac ̂ i Ul l̂ l JaUull ̂ l̂ -«j j j J

J^biill

ji<.ii

jJS a.j 3jjj-a*JI lliliJljl alkxll pliJ • «

Au\

lS t-\j*x 2ijj-Jl O

Lui

Jl
J!>li.

i J Jioli

^ • ^ < - ^ a

1144



[\o]. ;uk]i c

UJI J^kij ^e. £23 ̂ liull ̂ k %L, t j i i ^J o^ JljsVI ̂  4JJJP3! JJ^\ jh

w !1 i
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j AJJLJI AJU=JI ^ o W . ^ 1 J j ^ l ! AJJOJJJ ^ o l j j j i c J J A j L ^ b ^ i i j Aj i jJI AJ^UII A J U ^ I I JJJLO,

JU-O j

Uii l Ajiij_j]l (JjUjj^lil j l i^a l Aic ^yjuiuj £*J<& IJJU,T.A..IV Aj

oik Jli j l Aj_^ AJU. ̂  AjAikilSI I - I IUI .JI Ji\ CJIC-̂ HJ tUc j l ^ __>jiLall iuaj l l ^ AJj^L A

j xia u j ^ U^4^' AWJ^J (_J-IU«J! jj^LuVl (_yA Ajc.biii'VI j2t\' nn\\ (jLai AauLjo'i/! jjjbijJI __>il«jj

t*ljL«JI A^Jiisj Ajijj]\ AjlSjH Ci*Jj ^ 1 *\ A JJU ^j.AjtJU]! j l j J l J- j_yiul\ j j i J

A_ij_ji]t J>l_jJI

lLojkJI JJUJ ^ Q j l i k

AJIS_JJI Culk] oil AjjjjJI J I ^ J I ^ ^ J J J U J I JJC jL?j"ifl A^J

(jjjljisll I j * - • '-"""• jjl i_ia

iSl AjlLii UjaJI AJ\SJ5I j j ^ r

Ajjji5l JI_JAU AJ £j^aJI

1156



jjn IAJ\I* j i

cW i. ; j * ̂ j jui i l l ! 1 ^ - t j j ^J_)5J <_sJc f i .^ i - .y i Jj^JI J-leUwi j_yi liSjUaJ] ^

. iJjJ \

?JS\S]I Qn->^l OUaLu d jL^J l J U j

J j l i i ^c-Jj ( ^ j l l ^->jJ f j j (_yll g-«ljjjll lik i—«Ô jj ijuJUll j jL^xJl j
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J«e. 2Jai ̂ UJJ] ̂ LjatVI Jj^l Ŝ &U îj L-ali Lj^ljjj jljcb d j L J AJjjdl a .hull Cî U ^
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CJI cLua.^! ( j a ̂  i^tll JiUk (JJ (jJJjJliil * j_j-oil! jJ_jiaJ J c ^Uixdl >'i\«r. Ji3 j . JV^JJJ ^ ^ Jj-oiJ! IJA ^h%

^j^aJ I AIJJJJ S j j i l l SjUall Ajj-JI SJlSjll CxalS US fi-^i-.yi J j ^ l l (JA CAjy&A j •/<<W j > \ji£

J^UL A^.UJI UjJl JIJ^J) jS^liliUjkAJI <JjUS:ti2lj

( J «jill ^ j " ...-1I ̂ ^ 1c- (JJUJJI '.'tk"'; l̂ il̂ kl (jjiaj J tdjUiJi AjjAil î kLall LJJJJ JJA^JI JJC ̂ JJ^ -^J^ J-j

jjjliJl .\jjTi Cj)i\S,j x^ jjjUjil j J j i " t̂ ic- cdjUaJI djl jbl aw io"i ̂
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JJCLJ jijl^ J^J, <y> o&s (PR ̂  J Jj^ UJM1 u • ̂ ^ ^JJJI olkUl ^ CSSIJSJ (

iil «UilJ UJJSI aJlSjSl kjluu hjj^\ JSIJJI J ^-J^JLJI J ^ J U & L

U=J! SJIJI 4ijU* J l oL,ji*Jl JJL3 U ^ j . *LJ*^ I Jj^l kjU* J l

ajT}/l x La] t]ji La •^Viri...|j i_aAlJ| CJLOJLUOIS (JJIAJ f.1 >a»u <Loiax<JI - j ' " * ^ 4_)jjjjl S[ j^JI ' , Vjd"'^ * ''**'' "^

CllLajUnll (JJVJJ

. iLj ill »J

3ljl ,j—9j

(jl j ^a j J UJ V-UJi^ l j ^ij>il! j l j J l ,_yi ̂ J J A J I j a i JISJVI , j i SJJJS »j\jjll J j J I t>u5jjll (jJJJ t l

j l )̂2-aJ j l j j l »JA (jl J l I j k i »JJJS ^UOAI 1#JJ ̂ AUJWU SJluU Vjjl J f t g

^ j l JcljS jLilil (jj-^ l^JjIjJ ajli IJI ̂ JJ-olj ^ ;*••-> j1_^Jal I (j *«--

*O * 1 • ** \$ * 1 Ml I \ ^ i

ijjI<II l^iij all AJC-UJWI IJIJJI j l Ijjiinji ijiujlu 5̂ ̂ JJJJ' - " ^ J J (j

3 jj_jj b l j o J J _ 1 L J ^j il)

\ *\ 1 Y ale- J (JJJJIUVI •> ẑ hi/i CJull Aalc-j. ivjJSI_ĵ»l IJJLUJJ (j

^1 ]j '*'] ",\\\ij j . .t*\\ j\\ ,^A\ j i IJJJI jlj^JI J p j^JlJl JJC. JLSJ^I p JA^IJJ Ajjjl

*U LuUil t_iUa J c «.UJJ H IV ̂ Ic J j . j l i l l lift J CJIU<3JJ11 j ^ Aî JI _>JUJ

iJI JJC. jU>J Î (>Jlja. ̂ i i (jjjlill AiiJJ ClMjiAj iii«lail JJUIJI SjialiJ J j ^ p_loia.1 J j l ;-.jhVii

^ ^ cJluli Ji-all IJA J j C L j j p j jJu l l JJC. jlaJ^I CllVU. j c p^VI (Jfr^ ̂ Jji> ^^ j l ̂ j\> >^^ ̂ i.JJ^ jl>»Jl
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S1 jia

(JJ^J Ja*«J ̂  O"^,^' cft^J J J^J^^ I J'-r'-J^ ^SU-^ g^Ji fiHihri;

JV?JI i i j

. JU-JI l i

iUSSIj ̂ i« Jja. j U

JjJ-JI 0 J* ̂ ^ ^ '-•
i_»LiuSlj (t iJ fi

.3 »XJ| illL-jli i l l J j l j jJ <Uj!AJl jLoVl CjUalila.i J i i j J i (>LJaJ LS .

^ 4J.UIJJJ u i l ^ i

Jjil

rnw*

j • <j

ji j p.̂ 'i t j l j iU t Jilt j

•»;jl • ̂ "'̂ 1 f I lie. 11 SiixiJI ClllilixLill Jkiĵ oll JAs.

ijaj (_l̂ j Jj\\ Aia.

i JU^JI ajlliil ^ l^Jc *JJUI JI>JI

LiiS - Y

J_JJC ^ J J jjl klkl&Jt,]

.\4jlj 4j_jAll tji
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Ji g-Uiftl jjjii ^UjJ *Jjfrl iUj^l gjUi pAJ

Jlj j^l ̂ a .la.jj (^l^lj JjVI ^jil l pi) tiw

. iaJj i^l^J ̂ ilij J o JJ.^I-.^ ^ jSj^ l J-U-oll ^ dJliS! p__jJl Aa.jj luii JjJcJ! Jalii ̂  pj

J, £j_>Ju]! j ^ jl^7» o^U t> -UU >_L£SSJ ̂ 1 ^ i J I AJjilU J«il lib

j\ piLUli (jcU^il O^J*J djj-la.

e*i i l l j l tjLliSJ - ^ J U J *t5jl>ti ^ai. (»̂a_J Jj-Jl J f i PĴ JJ ̂ JJ^ j ' j ^ l t^ £

. lijji Jl^-Je. ̂  jlso -Ui Ji- ciill J l IJCJJ ̂  J j i j - r

>s J C Jal£ Vgjl ̂ i duiu j l J-Uu AJJLS. J-J5J ~£

^ 1 JiiJI iljlutuSl Jl^VI ?J6 <1U pe. <-LiSl1 -O

.ZcjjJui j i t A i j i u Jj-laJl JJC ̂ juJLa

c bbucl S

\i]l \;ir» -^Ui-. i u j j j pjJJl pHJ^-^'j -3_J-iaJl
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«j—&

I ^ JjJ^Jl

CJIJJLJ!

j îl )i

^1 itfiil ̂ J

fL_kilU

^ j J si*

2—sc-Lixoj tll^i a-all eik ̂ i ISJIJIS-OI i j b j

JJJ—Kiallj A—JJ^aJI Cjliliiil JAil

j|j oil <Jiu <UJUJ| i j jU j ] l j

lUaLJI

(j II 2 sJl£j| JU^, ^

1J*,''\: ^.'̂ -J ojJaii AI^J (J^y icjjJaj^i Sjliicu

<=JlS-u i i k l

jLJiiJI (_5J& QJSJ

j JjJllI

Jb : u i .^ l l CJIPIJS.1 :UJ13

. 4 ysisk n\\ 4 -̂aJ) (ja ?tjj j-aj ^ylc. JJ>^TVI I ( j

jJI CiUL»c :l*j|j

.Ijjjill JlijJI
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(J1 u—1° l > ^ c5

Jjl—iij (jjl—«jJI CJI illal ^ ^ki

^Jjiil t^liiJI JS J fUaillj LU-JJ

J1 âa ̂  yjl l l l j ^ ^ 1 JjLull J J ^ j'i/l ̂ j hjjti

^ V JJL, ̂  Y ^ J-Ula.1 Jlkj iuLull \CJA*.M ^-4^ ̂ C-ĵ >,a Cull

lail JJC

p ĵ >jIUll J;1C. JI^JVI ^ial t*ljL4jJl CjUaLuj ,Jj_yj\lil j j i j j CjUaLJ 2ui2i]lj i l l i l l

(_s__iLj]t JSJJ I ^uujjll ^J jJ l yUJI S j l j j j fU i j tj

iVI »jkiJl

p j j j i j ! JJC. jl^

- Y

j J l < !••?•< ~X

Jl jl>«ll

jliUJI J;)->'ij

1162



CjL_iiJlj j|j—oil ^ p^jjXJI j j

Jj Jl ^ ^JJMJI JJC-

»JJJS g-oljJ ,^>J ojj^jub ^0 c JULJVI J-1«JUI JJJJJII I i i 5_ojlia! J_ŷ =Jt ^;-^"-j CllLijkJI

jl—ill .S lii'i o_^—a.i j JJ (jJjJl ( j j ^ l »J^j JJ ^ i ^ V l ; tiliJ JjiUjti 1j:;lj,«U\;iv; j j ^ b j ^JJjill Jlj^ll (jj-ab Ja.1

J3 J j IJJJI JULUIJJ (_3̂ >»ij UJJJJJ iaii .iiJJJJ ĴJ_>JJI j1_ĵ S3 p JJAA\ jit. j l i j ' y i iJSLi^ (jl ̂ ayil (jl

i .UiJl Jib

l\ JJi\

3j_j_jiJl j l j j l ^ p JJAA\ j j i
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L—lib, j 9^, 5 fj< '" '^1 j ' S 3 u j l i S j l j LLUI« j , J '<t*' j A** 4«iiia ajl i a V-OVA^ a AJ^J >a J l A^uoul 6 jl j a ( L U » J \ £ alt- Ai

<_5—1] AiLja^U «

UJixc Cilj^S jJjiaJ J ] A\iLJa^b C)l_pL-all

£ La

i ^ j jUi l l AUUUM, JJJLIS IUULII AII^J B-8 AJJUUI 3r._?̂ ?-a J s ^ J l ^UV_>i! ̂ Jjficl ^ j • J^Uill

xiJ La-alijj jjjai loUla.] ĵ mj-aj "11 JJJJI J B-8 .̂ jjUall 4\C.JAS_O PLJIJJ Jic J3j ^!J>^' jl j-ail J p jjJlall j j i JUJ")/I

e-jj .?.-ll JJ jc JUJ^' " ^ ' j - 0 J ^ * J ^ ? - ^Jjiij AjiLul) JjJl A\J ̂ .Jjii i j j j i i l j l j j l J ^ j j * i j l j j t JUJ^' ̂ W^J

(>i JS J 4-ijjaJl J j J ^ I ^Jj.*'ti oJAa-JI SJaLJ

jjUJI ^JjAiil J i U l J- j i - l t JAaj Liu U

lulla. J jJ l AJIJIIJUJ ' ; i ^ ' \ ' J""*" ̂ JJJ ̂ H ?̂- A-â -« e-Llil) Jj-l l l ^ala_JI ̂ iii US . Jj-JI <̂i'i>«U LLJl

i J=- AJJJLJI AjJjill AjiliJl Ajjl,.,^il Ajivj j t Jj-l l i OJ^^'

j ^ ;

JUil ^jso J c JjjJi vijaj CJ^A! ̂ 1 j Ajj_ji!t

^ U U U ^ \ l A U U ± a
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A—Sja. 3—r^'j-J jjiJLola-o »̂UaJ (J-J-^J i^J*i C^J^J" jW*- LW*" (_D^ ( j * ̂ J_>_ '̂ jl_j*11 ^^ " - J S j l i U I Cilxj j j iul l »LOJA] — \

A ̂ i itiiil j ^ . cikj J&j l>jyb\ jl^Jl JLJUI ?JL«J! iJliil Jc (jjo^JI J l ^ ^ 1 j , ^ , ^ j j ^ - ^ j t J -V

aJl A-« ' '

Jls. JjVl JOxJl- jLaliVI j ^jjl i l l Sia-a - J l i J I J j ^ l 0-H^1 J dA-ljJ t>aj& O

UjiJl is^J1^ ^jiSliJ AJJJJ ĴĴ i?- i i ^ a _>aj ^^jVull JUa.

YA

AT (ja 1Y Ai4J«il i^j\W jh - jUaJl J j^ l l t-Ljaill Auc O
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AY

.J - Y

. J —A

1A

n A

liyi -

Y 1 £ (>^a ( 3 J U

1 yUa31 f | j i i

- YO

.j -1

™1 1

*Kjll SjJu

AiAi. r%*a . J

I f

i_i5SJl

: oY

(jo. ^

1 Y •

Loj £Y

*\ Y

jLkujl *_a. ud\

ni.iu (̂ t̂

iaa_« CAJA . J - 1 Y

t <!•% 1 Jj<l*><l . J — Y

. J -Y \

Auc Q;*<IH> .J —YY

' - - - jxojbii.J — Y V
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NS-8

V1 *A»«J

. ^J5 3* v»*.....ti 1Q. ̂

Ci lcUiy i c> fcullj o ^ V 5J\5J5 5^US/I ^ I JSJ I I*]

^jlal a^ (> %JI_5 ̂ luuiU ^jjUaJl ^LtaJl JSSJ ̂  J M?^ ̂ JjUaJI 3^>UJ! J J j i l <_iSii Ci\j

j lai a-o 0——° ̂ %^'j 0 ^ " ^ ^JJUSJI ĵLoaJl (JjSl QJZJLU pi

% JjJl jj^Jt i«tjj ^ilill ^ill JjlSj ^ I J I I o -̂lill Jliii ^i i*J5JI ObliilL

Si

3 alklS S_JJJ1I AJI£JJ! ALuiji JL.1 j j JjlS asi Aj^iJl CJUUSIU dijiilt (y>

L_«j oL-jliiJ] 5 L.VI i j by i iiU3 Jii UUilj .̂.JuJl ^LUd! ̂ i ,_i

.ijlsll (> ̂ L«Jb ^.UJl
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*>,AB J_JJ=U

2Jj.ii3 ̂ jUa

3 L^ Sjjil Ujilj Ic ĵaĵ , ̂ i J ! i

JJASJJ AjjJ-JI OlcUJSylj J^nJI -okiiS Xjĵ uJ

ij< JuJl CJUUI

, vi

Lu3 isllo j j J 3 J>JAM3JJ 2J13J11 C

3 ^. ^i

JaUuJl

Lui cdJi

tyji ^

t-JallS 4i

r _A

j i ^ j a J i j f 2ba.liiJ

JI «.U! ̂ Lu.U«l J J L J JS ,_JA SijLJl SjtXJl obUi l l

* 4jCuLCu1 dlLlLiiJ) L_ilijk-*3J

AJJLLUJI ^ULULAII Cjljtiii]

AoaJauJl

U ^iUJI 4

(I)

JULC
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Ijl Jo \i*±

(J5I j l i_mS-Jl JlJJ y (_j J J

Jj all /

Jj c j

J J all / (_JJJ < OH

L d VI

»J__Lj (.m^flli JLall y CSJJS ^ • t>« J ^

J J t JtJx-aJ tdljb

oUiill (4lli! Jli^Sj ijuLJI J\Ml g\ii\ tii\^.jj ^ j j l > laJlill i«JUSl ilsLJl CiUiili (»)

: yJj L*S " lLuJ) AJLUUII CJUUJJI

Lji jSUaill Jj^JJ ^% (^Jl AJjLJl CiLUill (>axJ Q<"?vj ! J jVl ̂ J I

^a.^51 j l (yn JaSiji al

. tg * ̂ ^'3T^

JJSJJ ALJ CILUJ Jjl_^u ^^AUSJJ :

i Aj_jti JjiJilSI j l JxuJl plS!

(j__Jaillj ( j j j l l j j a . ̂ JJ <*';->• Ciblikll JjljJ CjLiLo

. iiLuijaJlj t_)_jla]| ( j j - l i j l l j (

j i i j l i i l l (jja.jlaJi ~V»...ti J c Ij j 2jc.ljuiVI

" CiUUill

OiJ^3 6 ° M ^ ' tlibUill t ifu<-,"i *\jz.\ ^ i J

JJ5 Ci\Ai>A\ Q -••-';' ^ j i j l i p i l l U Uli dl&UJSl
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JS J&j Ull OUA. (> Q& V s J ^ J ̂  ^ ^ W tj3ll i j

OUalil=,l

LaUJIj LijjJl CJUJU ( j * l^a. JJI U J J J UuLui liii ClUJLa IJJ ̂ 1 3juiJ( 2LJL^O]| ClUUiJl (j^Liujj : J j

*£ ibt^o j3UiJ Jte aj_^aJl SjiuVI j l CJI jUJl ^A hj\il\ htAA CjUliJI : 4jJliJ1 AAAA CibUi

^ &A\ JJJJIS 3J^LUJ) ^KJUUJI J l j j l (illJSj ^JJJjJl OUUJI ^ J b u f.liji JcL^ajj j i jj^la-aSl JjSjJI ts

(jjii ĵclitJjl Sjijl ji till jli- 2jl jl ajjjljjj

obLlii! o

' J l i l^j SjuiLaJl jjUajJI J jS^i (1)J^J ^^Jl ^ J j W CjU_>uvill ^ n i 'n'n ! J j V !

1 Ô JUOIJ-O (j i lai A j j l i l l Olj_>jaij]l oJ

t>° (_J5"J ' "^ - > "

i jj a l([ - - jjAI «" 11 » JJ (jl (jS^Jj ^JJUJl tlllj^uajjlj AiJUJI ill) Miirt iL CJIJCIXJIVI «JA JaJjjjj I l^< j l o /

. IJULU JSI t5>l 5jia <_u!U J l iiLb^lj (TJLSJSJJU ̂ j l ^ i l IJA tjJU. ̂ j hj\il\ oltiLV! j ! CJI jUll
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. Sap*. Jj l j olxJal jj^iuil fj^jS^Ulj fjj&jjjl\ f l iUJ jUy 0̂  O ŷ 1-4H

j3l cJ-vaj ^a.lxall (> £ j i j ^ i l l Jj jUli OUiiSl J .ISSUj 2 jLaj ^ j j l i ?jut« tl l l j l i j j ^UJI <> ^

ftJUb frUll L&-JJ ̂ kj^ g^ ' j j j f J^ ' jJ^ 1 LV ^ W? O j 2 ^ »

t, l>j tj l iljlui ^ 5 j i l j SjjlA tllUUi t i>=^l CllULsc [ j

JuVI g j l j j L)i«J t^lklS t5Jjiil -ij5_jl3 ? i l i j ! u i u ^ ^ M

.CJLJUAS »\JJ|

JctiJl ^ i jjjiiJl »U1 >j«L»Jt djjlSl! U p ^ J J ^ I ̂ l iJ l C i l k^ <J h

lSjiSJ ilijllll y i j (> ^3UJt ysLJI CJLUJ! JJ iSUbyU <dlj . JJJ^I
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{j—A M _ U I Ld /gjl 4J\JJQI2 u , t-.ll>- XJLJ V4 , ,felftMjl (CjiXuLa f*t'i^ AJULUJ dlulAj J u ut MLLI_^5 5_aJuco J.ilC-1 ^,.uj\f- VlC' /*tii

tillj djUij J j V l i?.jJlj t<ljSij]l CJULC ^ g%j :

. ^gj'lin-ill AJSJJIJIO tllbliill {]

%"\ "\ ^ l>2 j . A] ̂ JaljaVl j ^J l Si. ̂ j [Ac. i . SiJ JclLjl Jju& (y, giS ̂ 1 C

. ^LS£]| j ^ , AajUll CjUUill f.la .̂V V^^) J ^ - 3 W"" ̂ l ' ? ' LJJ^ t ^ ' j JclioJI i_JS

J-l « ĉ « ?J5U1 JJSJUJ 2jjiJI CJ^CILJI t^i U ̂ 311 t5>.Vl ^Ujjill ^Li iJ l .-«Uft & l*£2\ CjUUiil glS US

^ £

. M . ̂  *il

U..V.H o j

L.1 AJJJ] j ^ y i j i_ijiijHj ysLJl oLUJl t> j.-<U'll (j
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i4> u

j_jli J J (^Jjj t^jJll jW^' (Ĵ UaJl (J <iua. ^j-ali. XjjlSx 3«jjK tja JJ^h 4j t i.Xij La JJ XiUa^lj j l j j ^ l [>« JjAa-o

JjL>2

^UjLu'yi Lai efV^'LiJiiilj c*l_«LJl (JJJ -i^JJ ^ f " ^ ^ j i j i l j j Ja_̂ LiSjj j_jjl55l \jjlr. CJSIHJ 5jjLa A.^jii -Uc glu I ' M I I La

Jel j l j j h (̂ Aa ̂ ,Uu j lajU ? j i i « j SjiL^Jl ^ j j j l i i l Jclj i l l (j ic a j ^b j ^cLxJSyi di_jM]

ill l j j l tju.iil tllliS ji«JJ LaS ULvjJall j ^ l t SjljJaJI j\j"i/l JJfrla (JJJJ plJiieVI L M ̂ _^J OS JiJ^3 O^J JJJ"" J'-°l=>-'j i a

u It L J

Lj La t i t ! y . 1\«- j j c i«..i* ^jj

Aliaj tjill ĵ̂ VSil JiS?1 j * i fJja^i ^ U . -U^^ ̂ i ^ W J I J ^ i <>ni\i
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Ale >k U « J I J j i

• " «

ClljjJ

.(A) jJaaJl IJA

Cjl 111 4 -> rjnw.n\\ (jjlc-\i

j l tjJcUll Ja.1

iLluJl J (ji j j a j VUJJ (j iua. £V ojLJI ^ i 3jajl (j_jjll

. " LJJ y-jiua.n]| Jtj

Ajlc (>aja. La t*15jj

J-jLLill JLLUJJ UiaJl j l Oaxil J j l j j j c*Jl_jjJ jjc -Uxi

U J J

J J C

5 j uuall (jSj5l o Lu (jc

1 &J5IJJ ' / ^ j ( j j

t(1 Y)l ijiU

.(U

I j j i AjJuc JJC (J_JSJ (jl »tTYi«*yi j AjJ-oc (J

p_li!ls LJJS (jjUaJI Awalil <_ilku Ajl t*Dj ,

. vdli (jc £j-aij (ji ̂ j l j cSXuJI JJC

; ^icjJl LkiJI CAM) A^iji

«.-iHiuj : iowJI AJJJUI fJljaJl ^ pitll Aj

UaaJI (J»lwl t5le ^jij'i..iall jSjJ j j J

aJl (>

i_Jcl ^ i jJ

2 <. *j. ~i. < S i

.p f )
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1 Jl <_î  cy J^h ^ P J ' ̂ W»JJ et^V1 t> (i^iilj •( 4)(1 e)Uj»)!l ^ ^ I j <^M SJlJ OH

IJI S_pSi . (5 )

jlj ail A J (JAUJJI Ajc IJJ o^xJl -ijjilr- (JJ*JJ i u l j i i i j JcijS Ajij^Jl i^jli_>i^ij aSLijj iAjjc. »j_jau V La o_jjiJlj

"< ?"I_JJ ( j^ l '"'^ •'_?*' ""^ ( C ^ ' ^-"•^ ̂ " J iiiiuo SjsJij t i j j i ^ jjC' J^ 1 ' ^ l-j_jx<aj 3jK.*itl ajl^jaJl ^ A_U;JJ]I (j_jSj LlS

''" t-jUiaj tiU-iJJ _^S) JI (j-ai-ua aUi (j^11 ctjjcl ^)J_?^' ("'jr1-!' c s ^ S-"J% ^ U l i (jl '''n^ ̂  ijm^ll a j

^ Ikijl CiljSJ J j JUla. j j J ^UJl ^ic U J ^ ' j Ajl_ji*̂ il Uc^ij^i ^^J3 *ia.Y t5ji.1 4-sjn

.(1Y) ^Lall CjUUi

." J&\i ̂ j^XLJA ^ ^ iUj J*ill <Jc ̂ J IjJ J i>l l yLJJI JU îVl Aj

J * ( j •; • ••_;'j j j J J

)̂;-> • " j - ^nJUll ClUliiJIj iil_jll3i ^jx 3^\ —. U ^ j J^JUJ^SII JJAILJ J J Y I ( - JUI
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UIUI tyb Ji I&AA iua^ilJl 1̂3̂ 11 j j i ĵUli t_lUll <>^J O^1 IJ* (jr8 ^

i j ltf l <> LjLa yj ^jJSM JJJ»

| ia.UJl Cjjl j l^lLiki Oc_jSj 3jj>JI ̂ iVb JuJl Jtlu ̂ 1 Uiic

IV j j j 3%.̂ 1 j j j j JJI jJl^ Ŷ ?lc (j j j lAjlkk! (> ̂ ISjllj ^Jjjii] O^U^Vb J«]| fJi

.-1.̂ .3 tiua. «H5JI S J U I (> (Y) Sjiill ^ j j ^ l i i l l^j l^Jalii J&

J X* iall tllUUi iaJUua CJIJJLU 3-OISJJ < ̂ j^aji j j (j_J-b ^JtJUll Ol_̂ <Jl Jj'^J (j-0 ^ j U t l i j c l^j iuJlail CjbUjll

ulJl Cj( jl i i l l •ijhvi ^jc "I • 2_Ld O1^ ( j j j l i l l j j x i ^ fji o j j c p j*LJl tjlS ^j]j Ajuiuvil dll j l i j l !

J^jl i l l iia.Ljbjyi ijSJuJI Q I J Xjuali j j k i t i I j * 3J Î_J Î ^gj.^Kill ^ jJUl! ^Jc (JJJ«JJ j \ £ j OJJAX^J cylc

5 J SJ «^Ji£ BJJLUUIJ 4J3 A^JJJ I j j j - i ' t l ixjtLo a_}!lui) (_jjjaJl p j j J a j J l l i i ^Tjirt <Jjjl£ L J j " JJJ '

J JJ ^ ^ J l OcJ US j ^ t f l l 1JA

^ YY j

jll AY j j l i j ^ lAjJj£ ^>J t> ilaJil t'lg'vilj

I c> ^

*\ ̂  £

J-'. •?,) dip. (jjitftt l*j ^ 1 3̂11 j ^ l ^ i i j j â UaJl 4JUJI J c JiLSi j3i ^JIJSI <_IUI Ui

/ VTA j j j ftljjjll o^k-o L>uij JjS jy^ 10 f lc ^ j . A^il^l
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(Y . )4*JUJI

^ JUS" <-?̂

A3\jiJ t jUjyi h»jlv> J c J j y j i CJUXJI J] ^jaJl Cj\i5lSlb

(J a ^

l ^ J J ! l l ' ^ ' W 4 ^ ' J*J

(> %

(_SJ c '*»~ SjJaill tliblii l l ( > U j lucU huiuiW <Jj\jUjJI jUa i i ^> JLjjJl ^Je. JiUsJl 1 1 3 i J £ tJ^jUil J j lS J i j

J , _ j i ^ »•-*'. (J c i ^ jU l CjbUillj ^ ! iUJ l aU.f.-^l ^ 3;<y,;kyi iTjUUiil JL, ^LOJ j l ^JL^I I SJIIJ CJUV^*..I1 l̂ S (_>J

: ^ UJ <dlj ^ ^ i " Jjl->i..ij SjkiJI JjJ\ (>alyo Sj ixi i l ^JUJI J i i l i j Ji : ^ I J J I JSJJJI . JjJu j i
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*_iuJI 3, jUa. ̂ A i j . U U I Ljxak! ^ ^fcjlU UJUli CiLUil! IjSJ l$% 0- 0% (J csJJIj JtioJl Ju*. yJc Sjki l l

uiiVi o l i k J »jSJ J3la. t> ̂ uiJl cjbliill a;;>.-^i SjUtyb p_jAJl ^iiSl jsi .

JUiSVI JI jUi£U iLU]l j i L.UI j i W J 1 j l j J l J l , 3 i

all Si-JI J j )aj £\jLjy\ 1JA Sii t-Otiiljj ^ 1 -U O ^ J ^ C5^' t ^ 1 J ^ - ^ 1 ̂ i ^ l j J-UuTyi J3 <.,i\"A',

ej!itia.lj iî alwSI ^jcUjiyi ic^aJI jjaij (jo gjUil (jlm^l .̂I,.I,% ̂ Ic (^j l j jJI JJJIJJI • '^JJ -^ O^V W (J^J^

tlllcU—iSryt L Î Jx-jaJI (_>iii jjc gjUSl jJjbli o j i SJUJJI OUjJuill ^ Sjjjt* <CjaJ ( ^ ^ J J J I JJJIJIU pLuiyi p_jj

^b iJliajj JiJaljj SjiUi ^ ^

*—»»> l ^ah^jlaj! (^a^jjtaji &j^jiaA. j l ^ j j t*"̂ -̂ (_pa^ull Ajj^la ' i...-̂ i ^jLuuVl >̂̂ '7> l̂~- Ajj

jlJli.1 (jJe Wj\i ^ Ij j Ul CilijJUill j l j,\,..,\\ k*jfy\ j] UU j i llu Sjt.iV o

Jl j l jL—JmwVI j l p^VI ^ a J ^ ^ J l J j Sjtijl JjLJI Jji.J A^jli ^VJ^JI J i l j Aij^j! OlcLiJ

Jalji iU t̂ J I j j hi£A\ CAi\ijl\ (y,

JS US .. V j l j J C>^.J CibUill JJJJJ j,-nlin ^JI^O CjbUj Ujc ^_JJJ J&\

j j oj_»j-ia ^ (JJIUJJI IJ& ̂ i ÎJJIM t>axkjp ^Ja Jj.^ivi l J j J Sjolail CjbUii!
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*—JSC J J , i ^ l l 2 4_pU! Ol^ l ja . 'y i j Ajlc JJI<-»->\1 3-IAAIJ ^ j -a i i j j l l ^Jj jUl l (-sujajl! gixiijii t*lli fli^Tun* J - y ^ J i

. . SJUJI ^JJC AJJJJU JSLij l^ilUii i«.USj

*.\iim ^ . ^ i t n j OJJAL^ ^.JJ ^ j t tV i »J& -^JJJJ t AJJ_JJUSI C J I £ U I Jla^a ^ oJJ^i. J \ J ! f-Uij]

1 -^ . Jjju<aLdl J>5ll (jJl JIJ)JU jljl3l <JLajlj j l j i . ] (_j j l j l ' °^j" <$' ( ^A 3 0 ° J'

V

J ! A1 >ii-i Ol j l i j J l j j ^^aoiljill ?tia 2Jla. ̂  UiS AcjiJaj* .̂ iTimj Joijjjl life (jl JLJC-IJ oiiiuj (__^3ji.Jij\ j ' _ ^ ̂ 3"**VJ

jij i l l (_y«ji> ' *•','•> 3 % " oAa] AJSJLO AJU. ̂  sjUi! »J 1-> A!I JAAJI Sj l j j j (_>-»;^j'll ^g'lij laS . AMJLO-O CS_P-̂  AJLC ^ <

Sjl j j

r <4 *S. \ JS|, H < "* U ^i !-%\l> rt ( \ . .1 -V. £ i i . v^^

JSJ Jal »ai.H i_il5jl j l enUJl »jl i.^.l« ^ • S<* «1

j J-.•,-.*• j±. CJIJLU ^JJ5J 3->jii jJWa J3 (j^ajija]! (jlS Ij] 2

j^ j 111 IjJ « j.- i j^j j i i l j\jb^af Aic. 4\X5_JJJI (j£j ̂ J i j J ^ V ^ J ^ JaUiill QJIJA (jc. g j j l i j

Ja IJ] JaLiil! i_a\i

(\j a t_
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J*SII P j l us «dii

. 3^ ,,,11 3_jiu!i jlftl 3*]UJ 3_._pUi Jukftij ol j ^ i JU* J UJuiu M j ikJl oUjiLJi ^ j ^ i Jl

J j ".̂ ->\1 <_J Iks ̂ 1 J^Ldll J J ^ . j y j ^ i i J l o>il3 ̂ 1 : o ^ J 2 ̂  Jj^aaJI jsjliuu y j ] | Jalxili

pi lil »jc (jc- 4_ari.Ujl jl^iia'yl S j j l i i J j dlLkujLuJl oJA (jo A ,̂ .Uti jl^jUaVlj ^>lali-JI CĴ J l i l i j j IJ'...J1 -* AV.

jlj J l (_5 Ic JJIJSI) <-JJJ*J

\ j *7>1UJ j i W i j j i j j l U i j j l I^JLAS. I - J ^ J l ^ J ^ p j J l LJJJJ LO JS " Igjlj Y >[\ S^UI J j l j J l J J ! J J <_ijc t l

CIL_JJ1LI 3 alSI Aic 2.^'A. .11 2 U<1 ^ .11 ̂  ( j ^ u i j j J c JjjudiJl (jj iUll ajlluil : <ftuU]| ClUliill cij^ulJJ <UJU-» . Y

3 LUJl cJj^l » j ' j j j 3->.oll Sjljjj 3ijJI ^jjlii j l '

3 JJA — *IJJ$£]1 Sjl j j J 3*Ju!l CiLAiiL 3. V.A. Jl &J j
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UUJlj -JLkfiUi o- o/YA SJIJI l«lu». ulll

,.—jjiili t^bjL. tifci* iuajl ̂ j j j £*l!jj (jj-bjj SjkaJl cAjlilll AiljS t> J ^ l j âJl JiSi ^ i

JJ-i:;LJ O ^ ' V JiJJ^ d&yj SjVi^li Obliill ^o (j^iU'iil Joe (J^Jv

,j_jjj j JjJlSlJ - ^ A*....̂ ! SJI&Y 4LU!l SjkiJl CJUUJI AiJU-o CJULC AJI tSJSJ J ' . ' ^ ; (_5JJ1 J ^ V ' UH ^ J ^

u Sc 1-.J i- JSl SJia^i j J j i l l j i j»ljaouuiVI ojlc-^ AJbU!l j j i djLiUii! ^ J U J ! CJULC AA ̂ JJ , j ! ejaj (5̂ 51 jUaV'

jUail o- *~=Jlil1 ^JU^VI ^JjaJl yjaiollj i^uHyi jaJl ^Uaj 4SjJl LjjpU fO&l : (j LJI j j>« . I

ou J AJJ^JI JIALLOII t*l!jj AJUJLO]! Cjljliilli *<U*>flll Q^""' J3J*

IJA tly-o" ji^iJ ^****5l Obliill j l "LuJUli jl_jjili îal=JI j j i j l JĴ c- (jp- >*>> " 4-U"i-s a

j- j i cjj i" J ' j ^ - ; ^>i-<Jl jlj^ill <LUJtj ( j j j^Jl oUL Sjtd! j j i S

jUc-i 2ilSj ^_^_jL US c (j f p

J-OJ Uj

Italic.] 2_ulij]| SJJ^J! (JJJ^ cjljlij j l _p\>/m jt diUijU-a Jxill Ja^ (jlS U il . SJ
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fc-iLJl AK1*5J IJISJJI t > ( j i i " l l (jftLuWVJaUill J j l ia. ^ "H fie. .jOLuJH ^ o ^

Lj 1 JJg "Q ll j l j i l j j i j j x j AJ_)1AJI 4jlxijl ^c^aJl (J_JSJ (jl •t>_>«u Lo "UUJLIJI jUa! ^ * j j j>-^»" j l ijaijUui (_jl »lic1

£lai JJJ JS1 j l

(_>iij uS) CJVU. ^ dljw SJaiiiU i lo lvJ ! ^JCUJS^I j \ i iU j j ^ i j AjLc p\ja.l pli ^

pi i cV jlj—5 JO—JUOJ JJS] SjSuuJl (jjbjajjl ClijLuui JS 2JJJ.&SI ^Luilĵ SI 6J4> <J,)-iit'i ( j ! j t liols. 3-.ji! (jiajx^l j

^j <*>̂ u O l ^ i j_aJ ( j j ^* Ll&jc ^aj^xiu Ajuj4-a]l _J J' dju*)^)La-ojl ( j i w j j Cjl^Uc-l ?txo A^iu Jl ̂ *jg' ' ^ J ^ V

bliill S

<Ij\__jliill 2 SJ\JLJ sLiLo L̂allJ ^JJ?- ^ " I j J -iJc- L p U J J ix j iJ l CibUJI ^xlU-o Jetj5 QiSjtS t*lij

Ui iUU SJJI_JJI C J W I ^ I J jcSjll i S^ i J l oLjUiSI i j b j

Jii.1 OJU t*i!jj <U,l£a.V £*-bij ^ j l l SjlaiJl CjLUiSl JjlA?.

j 5j " Ijj-" j ^ U ' l i j IAJJJJJ SJIC-IJ L>lijj cjljUill A^S. " LjJu Cjljliill »jljy ^j** 0,^^' u-3 ^ ̂  Ŝ LJl cj j i i . (I)

^ ; ? ..•••.j I c j j j LS S.l5_olall CjUUlSI <-ijjua_aSj S j k i . CJLUJ Ljj ̂ i j l j ^ 1 CJV^JI AJO^UI ^> YA S J U I Cuj l l (i_i)

^ 1 ai J ] Lj l l i j LjJt^iJ O\JUJ Ljic 05JJJ ^ j l l i^aJl ^Jiti eilljl JAXJ Aicj

^ a . 4 k . j - ̂  Lplclj^i t_ia.ljll d l f . ^ ' i l j JcijSSl YA SjLJI ^ Ajiiiliil XJSJ^U! ClJJa. J j (jr)

«'• ' - « j * - o
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t>*a. iJa titfjXt £A5JLJ I^JJ^I J j l ) J j -U>«JI ijjJaA JUaJ ̂ j j a l j CilaiLa

tilt i£j*!i JJJ* Jai. '»\C\JA £« I ^jilJl £li i l l CjUaL. jUa i l j OUSjJ JAW LjJai, Aĵ sJ ̂  £$jljJall 4JU.

1*51*11 iLuJi t -^Lo ^ k (Y Y) toLJl ̂  ^ I S LJLVJ : % J | ̂  JalAUl j j f t i o ^ J > ^ Ja

j ! SLiiJl v^^> f i^J .̂ JoliJU ; j\<,A\ Jj^Jl ( iliiJI Ji Jj

JLV1U (yi ̂ Shll JauJl CJUUJ Sjulla Vnill )̂_jlui j^-?. (jJc ĴĴ JJ .(-Jjjj-ajil d j sal (_jjJl

JaUuJl i_iSj j l i l ivJI i^li -U j j a j grj->.n'ti pJc SJU ^i_j L J J

: Aiulb J^usi dijJa. f-j i ] i«j5Ul OLLLua-VI JU

JJ !c- tj^1' ^^ W " ^^aliall j i Xji-jLjl Cjbliill ^=Jl«-4j a_jij J^JII CJI^JJI >l_>Sj A-« I4J jjjIobtJI Ŝ%1] Ali

. SjkiJl jl_jJl JjljJ _jl Jii j i ( j j j i j j l J^J ^ ^ ^ > " ^ ^ CS' ̂ jJkljJ c5j'>^ ^ ^ J^JJ (->)

. i iuiJl CJUUJLI dljbll (> V ^ J ^ 1 ^ ' * J ^ i^UJl ÎS -̂Vi ^ ic Lu^ljJl

I\8 : a ,v;r,ti 3 aJiUu i j j j l i CiUlja.'ytj jci j iU i j k i J I djVjUiil i j b j ^ , ^V i " ^Ic ̂ l iS I j > V. S

j l ^ a. (^Ij i i l JJU cdSjj -tolia.^ ^,^iA* ^jJI o jk i j l Cj\jUii5 Jj l is. ,»^ajJ * ' <*>*> "^ ^gjJl Sj j£Ul A^j
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i l l j i*&Ul (> YA SJLJI l̂ Je. ('i.ni (jjJl &W\ja>y\j

(>_Sj3l AJ j l l j i ; ,sill UJUJVI ^ JJ CjLUill SjbJ JcljS i i l l i^. Uia. ^ ji=u £ j . j j i J l ^ l̂ jks : JJ \\A\\

tail j i_ltiiyi 3«»!ts JJASJ l^ilajj ^ jib i l i tljUJU-ail jtJbJI QA CiljUill Sjbj Jcl j5 iilli_o 3-̂ W J ^ j j \H

SJJ^J; OLI Jill Jji..^ll (jJc ^yill J ^ ĵJaJl (jl cillj ^ iaJl j j i Ik i i l j i O<uJl »J>-a ^ t-\j*£ <_lUjVl jilj^J <

1 iij 0 /'.'J'*" tS1 *̂1] ! »SaJI_j "Lal^jiiij (jiii^ ll JajLu i^ l l (2Si ̂ ,'J,"^* ^ '" Pd O'

. (Jjil *5* b\j] 3l;\iJn\l ^SiUl l&Aisj j l l JJJUJIJ JajjJiS UJa S_>kiJI ilibUJl (ĵ i (j-^U'ti (jjSjj SjjJI (JjLi j

(J •>•'—j I aj 3 . ̂ 'i-l AII BJ I j_ j l l J SloLill LS_J5JI Sjt j j j ***•••"" » j ' j J J ^'".'^ O j ^ " jW?" CS'J - ^ ' •^i »j^*"^

; ^jj i i i yu=ji Xjoi — J j i y i j pU j^ i »jij_j (̂ A i*£A\ obUiSij j i j j u ^51^ L J 1. ̂ J . ̂ I S J j j

Ĵ a (_^a__kjllj 3JJU-O 3Ia.j^ J jJljJJ J '. '?; JJI Colf.lja.̂ 1 j Jtoljill J c ĵuaaUJI SjiiJl (YA) SjLJl

. f»jiUI (_Kuija]l J c Jj^aJl tjJJ^s £* SJLLSJI CjLjUiJl (> jnU'U ^ajiUl lajj^\j jjU^W ClUliill

^ 't-S- J SjiiiJI ClljUill iaJU-a (jPj* fAjA jV^ ' : »_>laa-i1 dlLUill (yi

: ^ji—«Ji c)

(Jji<-i->'l

, ' mi x i j l j j a J V j VJJISJJI o j ' j j j -̂°JJ?Jl JJ-OUSU jJUil ĵSluU (^i l l j ^UJl (jjUaJl Aî aiii j j l j j 1̂ -aUil J- j j i l
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i> 0 ) «

( ) ^ : <—jj ot 1

iiji (j 1c. Jj i«r>ti ^ j j ijtlajl 3juilL<Jl Cjljliill i^iliw lljiU ^ollj i-<uj> (jc l}ji*ij p_jJUll j j j i i (Jl

Cll iluil 5 h\Vin (JA jSuSJ (JSJJI AJUIXOJ 4JJJI (jjUi Jl-J-?' L V ^ ^ J J>"'N \&Z- <Jjvit«j (jl <••• I^J j ^ l CJUUJI ^jjyiilJt

lliiaB i i J l jjjUi jl*a> (y> SjjLuoil <J^>UJ| CiUalJLiVl c SJLJl tliliUJl W ^ " cr^' ̂ J 1 ""J^

IJJLUXO QA jStii] Ĵ » inil OliLiJ AjullLa 4ijJ! (j^ii j \ ^ - J c (J_JSJ_J I (JJ'IUMII A^JJJ

Jiuuu kxJva ClUUfl l^iaLij ^jc gjjj j i l oLiiJl (_la.l^a jjU'ii.! ^^JUJ ̂ JjJlj 'J^^a <^J-i'>i. ^J^J ^ " J j J l CjlLljla.iU

^ ^ ^ Ciliii_Jl oJA at.ill (̂ SJ SUiiuJl i_JbwL-<a l^jta JIUJ , J jJl tliljjaJlj (JjUli-JI ^JA ̂ ^rU'ill JJIUJJJ ClUU-Jt

^~*ti M ^ j ̂ ^ > " t i di!iU^ij iULa.'i/lj (31«JJ Lu3 Ul . ̂

J-JJ £_}A£JI jwa_jj ^J tlua. (̂ Aaxil ikiJl j ! (_5A&Jl J JC LkiJl

.(rr< n ) j^ui fi^i UJ\A

j fjSj Vj »_>ki diliK* AjLiia (jc jjlL (_jjji (ĵ i-s.nll QI> (Vl ojLJI J I4J1C ^ J . O M I I ^ J J ? J ^ )
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-Uc SJIJ

f " ' ^^ •*- ^ ^j c 6^1aiJi CjUlii5l U J ^ iu»1j»i t-^G' j - - " * * j i^laaJi dlUUillj jl^all ^ JS Jjl^J j ^ - ^ - (̂ -̂aoll (j-waj

J ^ j j m j ) a) I JT < ^ ^L'̂ -fQ Al \ ) ( \ 1 ) ^ 1 fil 1 .a 14» a] ' (I m A ^s

j> S c (_;_) c. ̂ iU^a <^Jljl (J»i

(—ail

u SJ ̂ yx*o5l i j jLiJ Jji^JjlS (Jjtill o j j k i j UaiJl î Uua. JJ îJ iialuo ^./il lB ISjlj Clljiui (jjiai. (jc (_j5j V Lu (ja

3 l i \ . n ĵjJaUU ^ l u J (JjJ ^ol j iJl AJJSOJ LHWJJI 4jj ic ^ JS QU !j_ai. 03 J- j u

J

- ;<»yi (jl k i is-J) 1*\ .nil J l i jJ ^ j^o^J 0 ^ ' W-1^ ^J_A« OpjM ^ ^ ĵL^aOai ^ i k ^ o jA j

1* ^ i*> > ^ ;
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JliJ Jl ĵj3 Jll ^ j

^Jjj^-aa. ^ • >»tj' J i b 3_lSluj j j $

. 3 • *-J -̂

^jts j > A A

laJlj ^Ui! J-Jjll ^ j i t Aia Luaja. Jj^aUJl 4jiij (J[c A^jjaJl Ja-« 3jcJlJl lljUUJl j ;V^* ' Sjlc.li J j j l

*»j—ia VY i jUl l Civ^j : Ju>u9J ^ J>uaaJI (JJJJ AXAA CjUlii

^—3 Sj kaJ) CjbliiJI J^iiu 3̂11 ̂ ^ ^ l JJJ-aJ ^ U J J I 3 i n*A all 3j jbVI 3^>ll (>o JtJJ^aj JJJU jh-»j " ̂  1c. (Y)

JIJ 31<I-..̂ 11 (jLJl JJJA (JJ-IJAJS jl^u-ajj 3. ^'.J. .H 3 j jby i S^Jl 3jJiU| ^ V • S^LJl O

(>Vl ^ a l i c Aa.i (^jjaJI (ji^yJI 1J1A. (jxati JfixJJ SjLjiJI O U l l i l l j jl_j^ll 3±aUJ|

£j . (YO)3AJ|J JM**1\J OJLUIJ SliiJl 3^X- 0 - ^ ̂ i ki^ LAJ^'J ^ J 5 1 J 1 ^

.(YT) Sj

^ (^ Y £UL

J L CIJU^SJ ^JJJJJJLJI o U i j ^ j l ! t > J l j J J J S J I j u 1 1 . x Y ( j

3j_,5 cibl i i j i UtJLc L j j j I J ^ J J ^ o ̂ pJt (jLJl T ^2u 45 J J J JJSJ 43HSJI

JaLJUll £>aa-o J c Ai3 (j

i i - Aî uij (jLjl SjljJ JJJJ (jl I )>; JJJJJU ^-Luuilj 3ni.,.ll j^Ji J c ^jljlall 3Jai.j (_bjja]lj
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OAaStl jSj — SjkiJl £JLOJ15 ^JJJ I Jj jajl ^jj^Jl iTjljlkU *UAU idSj <J) yU^yij ib iJ l <Jc

V teJA Uij lUiJl JIJJI JU ajL>! -^ j j iS l

. A^oLs. <ii (_ji j i l j2 J- JAASI JaJuJj fJ j 4,^il.n"i^l Jjia. ^ JS (_>u>uJl alia ŜjA j l (^J2^ ' J*^ ' »j ' j j

J\ of) %

Ui i£*J\ hj^\ XU\«\\ ^4 " V l 3^UJ! ^ J L ^ V I asU-.-ti -\l\ SJUSI ̂ i ajjjiall ^JiUl cUjc US

Lllij j l jlj-o ^ ^jiuill <iaaj La

<J 5J V Lthj&j Cj\jl»> (_yuii. ̂ jt (J5J V IJU , j ^ mil; t_i5L«j " ( ^ AJJJI (jj$S iy> AA S {

imVu aJlc tjjij • VY SjLali »l£i.l (_i]li >̂o JS <i i \ i_ijl OWj ' 0 ° -^J^ ̂ J **J'> « all

J J ^ J V ^JJUSJI 3JftL»ui]1 ̂ jl 4Jii.!ll<i ^o . Sjjajll 4JJJU 3-ajuia. j l^Jal ^ (S^ii

(jSi al f i j A j tsa.jlaJl P\J^ jA UJ3^' '^* f ^ tpJ ̂ JJ»-J' *^^J Ajjtukll 4.^'iKrt-i.i Al Sj

l j ^ Lu ̂ Luij} iilJu j l ^ ; - ; ; ^ cUljc tjc LajU liijlill l i * <j

J^JI (jSUl J i b

p j j j jUlb JJaia-all Alullj plj^JI <LjLaiJ C-J^JIASI JaLJli 2juik A^I (. imllu Lu CjUi jjuuJl (jllj^i J^^> ^ ̂ JJJLOJI ^JAI LaS

. > •-. ̂  „.>.. Laj sLiLall iaUij] Uuolla S-jjJS-Jl 4j5c /»IL ^jj i l AJ>a]l ( j j£j (ji JajLij " (jJc V i ojLall i'<i<Vi Jij l i l j l i l l (>a

a «Xi v. ajjiJJL a. .vu JI a^j

a. ; :U ^a £$jJI (-u-UJ oLjSiJS ̂ 1 j ^b l l ^ 3 j ^ i jbihj X i S
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j i Si—C\JA £A SjjJaJI Ajjl JMJA il&in"-\ Ml »jl jj U j j i i j Jill (_)iijVI Jji iuil SJai. (JSJJ AiSaidl -j...°' 2.J.U «<i

(j—3 i i j J j l i a j i i j JI_ja.VI £J-ai. J j l^j f-jinn\] JjiaJ J »Aa.lj Sliaxa J diLiiall p_j*a-«i j c juLill CjjHI

3 sLjaVlj 4_kp~oJI jjLlialt j l £_ĵ »iajl <LkLa J e, l_ )M j l JA*JI jc. Ô JU (jOa o1.ni.-i11 JaLiii jSjxll Sjxulio JJ.& .lie j l

. J I U I j j j i l .UJt

••^^' ' j L iUI f LJI 1

a »\-lt...-H t jUi lJI j Ajjjill i'Jr. j j . t .11 ^ i 2/̂ ,11 jjj l j l l -j;*"' J ^ '"*] ' **' "•"'•*• "^

»i .V./.J CJIJI ? J « Y Y S»I ^1 ̂ 1551 djUjbU j ; j j i l l JdLJI j C J I J U ^ Y S*USJ JJVI iU^blS ^ j j i l l Jcli^l ^ ^ L i i l

p̂ j) n->n jC ^CJUII ill^kll <La. ̂ j£3 (ji SUJI^ 5 . ̂ - l .11 Ŝ aJI J c UJ^iJ ^ J ^>° LS* >^&A ^ l l ^ l (*-5j_3 CjljUiSI 4 •;. \ l . n

j uajj .̂j SJ U J]I

djl *^;^l 4 i.ljl _j IJ^JJJ 4 ' j ill CjlliyLaj v ĵl_jj£-a Ai-<a u 1 ^ • ̂ 1 • ̂ ."s l̂ Ĵl -v . ^ J a^ji i j J-aC CJ1J=LJ . " il U ̂  . ^ j ^ 4_iAjJaj Laj

vlil^ sJIj dll^JI 5 jSl jJI »i& Jc - j * • ̂ "'^ -M CJI^=JIJ CJIL^JIJ J j j i J I jSlj^j <iWi..iVl illli JJJJJ ^ l^Jj <jii^ll

^LUJil Jaia.

J£IAJI îLJnSVI J c ^Loy US U j j l̂ j £JKU*JI JJA=JI ^ i ^j^odl IJA j l > jShll ^UJiVI >_jj-ill

l_̂ i_j Ajĵ aJI oUJI jbl JjLo Aj<ji

J1I SUiiJI p

JjJI J,\ SiUaVlj ( j ^ j l l J J^iuj^1) J1- ̂ - ^ ^1 jUil ^A AJJJJI . I ^ I LJ j * a^Uj, ̂ jUJI SJUJI J> %1

JJ elj^JI J l -Jjj^ju Ji i iJ >* ' j ^IM«W vj_>^_^' J ("J^y^' J ' ^ iUoVl j pl_5fJI J Ajji-.<ill CJI n;. n-̂ i II ,_>ia«J U i j l wJ

! . \ T\ • .''..II JJJJI _j4 4-JjJI 4^ . ̂ .11 J c I j j iL i^ LLUJ

JI . i l l jUJ I j « J L J j j J I -_DI=O jLkJuVI ^ t j l j j j « ojjuS CJUXIS ^jj,.ri"rt AJCUJII 4JJL^ p^js^ 4JU. J Ul

j ^ 1 j i»ilj S..::.̂ 11 .MUi'ili j a j j i j l Jc. l^jljia.1 2_u\̂ ,| i j j I j ^ i j Jai 4jui^ diUliJ <*_iidl l̂iUliiJI ]\h-\ xJjLilo j ^ ̂ _yjiu
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J&J n f\c ^ u ^ y i . i^j i j ^ojiii isusi Pusi fS

& JJJ^SJI (Jjalw £i*s. Jc. Zaj

J1 i-a ĵ

JliJl t jSoJl ̂ ^ iU J j ^ l fUiJll jlLj

jjl »ii Jjlmwj . •Ljillj O^J^^ ^•'-*-ti ^ j laJl ^ulĵ Jl ĴJfll ̂  j i J-uJl

0- frljjJl ĴSUSJI JLloaJi J&J g. jJull ^ 1 : (^jUJI f l j f l l y i iuiU OljUj &U4JI

j j lui j l * ^J Ai mil J j ! j j J j £_jijl l ^XJ t^JJ ill i j ^ " * ' (j11 cJji j^l 2jUa]lj tUj^Sji J i j j D^ j ' ^ Ŵ  J''1""1,' ts^'j

JaUiSl o=- M

Jj^aJI < frljjjl ^ (jcUiiyi ialiill Jjjua (_}a\jS »Jji.i

jlj all (J o OtcUuSyi «JA (Jiiuj (il l i j j «Aiiw> JiUjI IS.J^ XXAA SJL. JSlj ( ĴJ>all CllcU^Syi l^Jc (jllaj OlcliuJfyij

<J Jaijjj JAa-a ̂ yC ĴliJ iaLij Jjx-a AjtJLa SjLo (JSl (jl <j\ iijUla (JjlxaSj ^ --'-tl

L)I (jLu CJVJA^JJJVI (> OliDUaj! C^UAJ jUiiniVI ^ j l ^ (̂ _JiJ iSjUla i_Uaij Sj j t i bl>« (jl iu lljlixaJI fkx* Jl

1191



us ( jUsftii u^Uu AJUJUII jijJi x^s J^ISJ ̂ iaaj ̂ J I j ^ yu. j u j j uusi ii.b j i

JiwiJl Ajjy U Igj djA=>j j lUtf 4jlauJI O * i j ^ I jl j ^^sJl (-Jjjkil UJS ^K.>, J^UJ ̂ j j l SUJI j i b j l £-ljj .Jja. j

a_jjill J^-^J • WJ « jL k jd i j CjtiUl J c kuiJl Jl j j l j 4WJI jlkoVI JaL̂ Sj Wia IjjS j i b jkJI Ol jU j l

j c jU-J^I ^ J l CJIJJJ311 »JA J^aj Jli jUf t l ("-?> J l <«^l Cjlju l̂S CJIJA« ̂ LUSVIJ &

OUiu-Jl J c jlkcVI Jajiu. ̂ Jj j US . jLJuUVI (JJ> 0<i (j^^Vf"-^ J l cU3 US c UiUlj CLlUlj^l f_^J j l

j ! l JjJaJl dtti ̂  frijjJl J l« j-_>^J1Jl JjisJI ! f

Aji—tM£\ <-,„tti,|iiljjS f* I ail a A l j . lrf*'^' **» a c M ^ I ' i 0 ( \^-^<*n j L-J j i iawiJi ASi a-ajl A,n.tiij i C- u f \ . .<^ la ̂ i \ ^ > ^ t,, a l ' ix . i * O

Jl—G\JA (JJJ ̂ Ij^ SI J ktjLjl tliUUiJl diUiil J A^aJi »i* J ĵUSI tjSjil Jiajj : ^j l Jl £) &ji\

j l j l Ijj _pLoll Jj iJ l (jc. frlj^Jl J A*£*i\ Jljjt CJI jjSji j l ^U j i ^ l JaLiiii (^jl^a SjLj -ulc (-JJJJJ Lw IJJ

\ji SI (JJIJ

(j—o (Y) Jj-1 aJI JAUSI 05J *iui l j LiUIl Jl.v./iHj j l j ^a i Uio Lijj JiS U-« SJAŝ  ̂ j loj Ol j i i l J i i l iJ I OUJUAII CJIJ

\ • 4ibui

a\ iju ji kSI j ' j i luiJ c j i l l j j»Ull J ^ ? J ' i -a i l l JJ I JJ V̂ -aUU ̂  jJUSI i _ llVi'n ^ j i ic- A-aJ^a. : cS J ^*-* '̂ ^) ĵil

> .^^1 jSljJJ 3^uj?Jl »JA ̂ J j l (jS-aj US fJyjL^W £fiji\ j j l j j i Uali. l.i.̂ S £ j A j l i-_likLl ̂ j 1 j -^ j ' Sj'j'j

Olxil k

_iil i j a (JS A îik c U| ( j jx j j l j c . AĴ JJ V J A_ila». i all j j^j j ic. j c j i j ^ A-al^cj dil^L^ ^JUA^. ^JC- (_J5J V eJwi j ^ nnu

. j j i l l i l li& j> £V SJ

iL ' Jc a&Ji jjjlS t> tr i±d\ o*& : J*«J1 (jlL» Jib ̂ i j^i dijii ^Ajja. *

Jk j c j i i j iUj ] i l i iJ l A^jU* 3.nil j c iU^li CijlS «.!_J,UJ j^jlill l i j i Ajiiilill ̂ o i

CJ^^I j l ^ i l tilli J Lu ̂ .1^1 i-^JI j 5_.iLJI i=jyJ liiia jAaUU <̂ _pUl 4jUaJI J^J J3_JJ j
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il JS " 4jl plj^l diji £jjtiil (> ^ ' /

LJ L M O1^ J^ I J Ŵ> uA^ I kUa. J b J-̂ JUil ̂ j a . ̂ iSI OlSjUl <>^ J-UJtyL *l j*Jl djjjij JiAi

i i (A) ̂ j ^j^lJt ^ j %J1 j j i J l ^ "i/l J«J| J&» J ib

»j3UiJ ̂ a.1j ̂ J^iJ^I ( ^ J^"l ^ i * J«Jl 0^" t-̂ '-3 Û  ̂ jj*'"!! JjiaJl l̂ la-o Jjulail j l j j l ;_>iuu5 J-tLlI IJA

C}-^ vliLjui^U u — u ^ l J^J) JJJJ V dipo o^j^l ̂ ^ ! j ^ j ̂ i?Uil <*\£JAJ ^.jiMl f j ^ l j ^ ! ' r f / r>° • -^

.,0 Ai

jj : JJ! J! ̂

JU. <yz j i l^JaLiil sLiiJI A^jLo-i ^xjJa ^ ia^li tljljbuJVI (Jj^2 O' OH O^

1 0 ->' "M^1 ̂ -W111 <^° J ^ j l 0 4 - ^ ̂ J ^ l U-**ti J i " jJja ^ JU&yU ̂ ujaJl ̂  US S

^ a M
^-j-Jj ̂  uJ 3 ajiU! j ^ l j l l l j dlUsULa.VI JUJLJ -Ujll j l (JjiUil j l > i j J<wJl (j\£-o J i b

5ji.i j i l (jo-N.n (jl (jUial j5 4jL AJII S îuiJl 3 .^1 ^ j j j J »LiJ-»ll i^i^i.^l QA til]i

i ^LJl j»^u ^j j j l <U ̂ i i j V j Ajc 3jUi

^ V ObjLJl ojp L J

51J AY S

;i *>1 J Sj . -Uia. ci3l ( j j j j i t (Jc. J j j j V j "Uia. (_k!l (Jc ̂ i l j i i ! J5j V dip-J J»i5l 3-aljjua. (Jm-.) ^ I j i J l AjAsu

V (>flj liua. 5JLJ1 SjjLJl t_ijUj ^Jjail 2JL- i i j t o iilJaJj t i l j j J jJ I *JU ^ ^J j i

i l l l i lai l j i 3JJ1J^JI Jjldjll (Jji jW! j l jl jJa cffl (>> 3-a5le. SAa.j (̂ 1 T ' /U j l o l l ^ i uL j l (-JJJ«J ̂ i J3j

j l LJAU^ j l ^p l iu j j l <j J U J JaUij yj l_> I_»J«J »IJJI JJSJOJ j l Ja.1 j*JI ^ le ̂>\L ciî pJlo j l OJ\J Lilo JS
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AJJJXJI yuxa Ajjj$xa> '<J^ y* AjUa. J ] dljl-Jl (JA AJJLJI AJoJI 3jL*aj ^La&yi ^ £ J^LJI i-ijfcl

^Jl AiLjayb tilij (_5 j l i l l i-i jajl J AjjU-ajSy! Alkxdl ^ 3_yUik]1 Jjl j - J AjLua.j

-0 £A ojL) AJJLJI A i

A—olSa.1 AilU-o J c AJ^UUJI cjbjiiJI t>3jaj SjLiJI cjUiil U djjbl! <> AOJUI <1U]] ajlbJI AjUaJI t-J»LJI JiS

j (tloUl ( j * Lj*aai> j ] JU îoOU _poll alia Aja.X-3 Aoij j l <ia.UJI AjaJ^Vl J tiSU^Vl Au-a dl!j ̂  Uu AjSUll 3J=uij

£JOJJJ ja j i i At j j j i J I iJ^iVt dAJ.VN'.nyi ^ JiljJJ j i Aj i l iJI (3LUJLJ j i i u j l AjjaJI oUJb j l Aj.nhfl J

j Ja—ujJ ^ 1 AJJJI CJUSUJVI y j l̂ Jc ^ . j .^u l l S^LiJI j SjUiJI CJULLJI (M ) ^ i j i l ^ j J I j i Cujll (i)

.Jj j l i l l 1 Jvg_j Ajjjillll AjsJ!iUl oJjLij LJ l i i j . AjjLc - AIJLU- Aolwa ̂ j i i J j * ̂ i (^) AJJJ»-M JI^IO

î aJI AiiLJI J j J I vlj!ililj ( ^ J^-^J " i_rlc AlfJI j> i l i 3 .̂ 1 • SJLJI !_>aii : AJLULA CAA&l i_Ljj-<aj j l fliJ] AAJS.*

j ^ j j a 13 *""• rcjjĵ jAJjuwi JJC j l Ŝ >jujlx« Ajjl it ^ic. j l Ajjl jl AA) viaj dl l i i i -o j l Ljljlib j l ft iLja j l JA AJI ̂  *fll̂ J' ̂  j l ftlill

l_s—3 A Ijiia »jl ^ij j l y , J^VJ ̂ jjll j LJ I ĵJc. jh->l LoS . jaJJ Ax-jjjioJI ^J=>.Vl cJjUlAiluVI j l A-oUJI A-..^ill j i AjjLJI

j ! - A lift y 1 j •% ill 3 L i j lS lJ l j M > " - » *""•»• ''' A j J j ^ ^ . 0' A j \i A_ l^J j l • ̂  t " il 1 j C al A j l^J 7^J J M • -̂  ai *j->- •" ."" i l i nl -̂  ol >^J' B tr .

AJLC AJ ̂ >jj ̂ JJI ̂ J jL iVI J i i LaS . / j i L J j ij\j^i\\ AJJLJI JIJAII LliMili ^ i J j j l l l l j l i . aa ^^OJOI JJi. Jia jU

« vvy^ SJLJI ^ Uj j j j» j J>J JSJ AjiLJi AJJJI JJJJJ] IJJJL^W ojLjaji j i j^Ji diiiLiij j < . * " j . . f. i

]—JS Ijj ' i i HI j j c J j j l i j l CJ^Jsli (_UJJJJ AJJLOI SjUja jl_j-u JJA >" il VSITI Jn->"il I ̂  n j ^ 11-1*1 J j c j^il l j l îL^al ."nil jjjJI j L J

. ( j j j l l l l IJA ̂ y> JalljJI ^ y i>" J j V I Ji-<aill j»l£a.Y l i i j oLuoo JJC. SjLja j l j ^ j b i ja . j i

;_j A 5-j i _̂jV A^^)^ j l • **'1 *'*'! j l ' ^ •" ̂ '1 j l ^_Ĵ -*jJ J£ " Ajb Y 1 A SjLall JJS) l flj^x^jjjlj jjj-<aa-4]l p ^ii-all 7tJ-*aj! J5j

A-O AJJLJI ^SJU^I I } JjJI J^J j i _pjl j i S.^lUll a. ; i l . ̂ '5V1 AiklJI ji 1_r<ui3yl _>aJI olxo ^J Uj-Lo jj^ii i l l l j i AjjLJI jl y\\

".AjjjiiiSI AjiJ^JI ^ jlj-JI L>i"ai S

VI C i L j l i l viua. Aj^jiJI AijJI ^i [^hjj^i i i c jl_aJI ^tiuoJ Cj l i -a l j^J l j JJJU-JI (>) j ^ U l l ^ A^j!lUI .")-». *-.j) J5J

3 i «j.^.U; ^ixtuij "V L»S ̂ Ul.''.11 U-̂  ̂ o ^L> o . . j c J i ; V A i L « l_s-St V) <J_p.YI {j**- ^ *—iji-^11 g«n j V j

.A l k i J i AjJU7.ll j i AJJU-OJIVI A-iill ^Jc JaiUo LoJ Ajjjll-ill Cjl ;/i-.,iti j i ^<\.,^\ jjjJalLa j l
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J5UI

LjUl (3* ̂ JJLJI iluli Jc. L-aja. «Jj\$j-aj Cjljjla.j

Jl J :UJ

" " V Cjr" l£J3i _><Sll«

Ui

< 5 — J U J !

Ail

j l t—hji r-i'ill J l ĵilaJl Sjl j l '"

a , n^UJI

JJ 1c

uliyi j»Jl

i_i !l

l jxjA gjidl j l Ouj]l «.Ult j l

d i e <JJ»J

A« \ Y S

. AY fU!)

US

C>"

Lull &

.̂1*11 jUaJI ,\,Ai\ ljil>u

HU\A\ j]

JIJJJJI (j* j n k i l l ^-«J^ Jc- lilw l#Jl j l io l l ̂ JjS

r , . ' J c ^pJl o>^ <> tY SJUI o^lJ : i laJJI <i5L»-u4 ^SSLill j i AJoLyill J&lti&i

" JjiLul! (jc- Jj'<..MV J ] ( jbj] l IJJJ (JjJ-a <j!U;'yj ILti fj- -*ti Ja.jL.ii SjLb AJJ

j Ajla. (—ill

<jc

3 »ti

^jSI J c CiU«J]

(j\ JJH A j j jjj.5 j (jaoii\ JT- - ' Jj jsi l (»-ic. J JIOJJ ( j iLi JxL 3_uj|i
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.YT

. "\ Y <

%,—uali Ajj j i l j j ^^>»iAil t, i\K*n "i/j j»l«jl ^jUaJl .1.̂ <\1 j i l j j l̂ -oUil J-jiiuJl i_liiajj JoiaC -LaJJ?. ! tS J ^-^ C

j 4m (.ill OPiJ CP <Ji3 V A-ol>J i_i5lu " J c O ^ 1 <>

(TY).. J j^ l ^ l^lc ^^^^iJ l o ^ J l j alJ^iiU ySU5! Ji teAJA JiUia.1 ^

ttjla OS jJ O'j V ^ ' j WV'S> <-i^li' «Ie. ̂ U l , y ^ J c i j jLj l (Jikij . " frjM I j*

l 4̂—<ulSyi j -viH i j SJ Aia (^ilij i jLb J l ^ J*SJ 3̂11 j^uJl ̂ As.)! (jjjU. J-JSJ 5JU ̂ J vill

oUilt j l j i j i

^ «_,LJI JIJJIJ CiUUil! JljtJ j t ^ j ^ U _«i ^jlil

i^Jl j l <iaiJl o^j JV33UI ̂ u JjVl pSaJt ̂ i ^JUI I oSjll j i l j i : ^JL-Jt 0 M

djjlj <lo cr>ii4 (iuta. ̂  jSj iJLa. ̂ j (_jjLbi]l .ViufrN ̂ j j - U j i J.rtU Jl 5jjbyi ^x!l JJI O

Uliiil J l j iy i ^ i L & ^ I ̂ ^ y <^>J! ^ I j ^ <J LŜ t-Jl 0sJ11 J '̂iM ^ a t

i l j lj"K...u i_Xfcs.l Jc- Siiui j_jl Qa Jjtill ^ JS_JJ (j jLJl (^Sjll J^IJJJJ . j i ^ J ijL ĵJUJI SjjLajl

j i ^̂ alSyi jaJI J i i«l« *UII JS ( i ) AiL J l j ty i OjiUH c> YY/UJLJI Oijc

) . V^J^I J-lU^Jlj A>li^ail ClUiJI ;> ^llj JJA j i 4\LuaJy\ j\ Ol_>5lUl j i j^ i j l i^Lisil j l

J > J > j i CJICU i l j i eLb j^ j i AJjli j i iiSLai j i A\iLo J(_^ tff! " 4JL AJJLJI JIJJI \ Vf\ Ŝ Uil o i

SjUl J UJJAJJ cijj»j ^JJ Y/1
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.V ^ j \il u C« LuLall

3 St» £ c A>J» V J <Uij> l-ill

t >

.1—ij

i'i Jli

Cujil call IJI ̂ JUJVU 2iu5>c jit. aJjJ ^u^ l (>Jt tdJJ y i U

6* ^ (J& J ^ * 4 fL̂ A Ĵ ̂ > ^ J V>>^ J i jU i l l diUUlil J l j i l j^

rtK j SjLiJl CjUU

jaJl j l ^JliJI i j

ajj JjjJI f I Jill (i) Ju UJ

_pJl ^ i j l jdVI j l j > ?Je. (<_J) Ujjl l Jliu 3. WU Jl

jj—-^ O

Jiib

JJI AiUail

ill ^UalJ ̂ LJ) j.lJiluil! a f e J ikJU^I 1-lSJ

A a t*l ! j j »jA\il\j Ol JiljJ ^ Y AJJ^JJ lijl J j l (J^J^ '*'1'J--<-ti

UJ.1"'" l^ y

i

o « S—Jjiil i-JUallj J i La JS (JJ^Sj Aii2j Jl^cl ^ Ifril • n\ > A\^\ AJASJJ ̂ JbJll

<>

YAA
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4_JUJI

i_JUJl ^ j a \ .,,11 cjUlAil^yi JUSJLJ Ue

- r sjUii J^UJI JS^« -Y ^jjiSi ^ p J i jSj- -)

Ol iliill 2Lolc AJUIIUJI » -oj 5ia&i i'.jll '*'<j't iuJLJi tllliliill Ail JJJ îhA -U ii j j jJI SJaJoiVl , J

\jUi3! ^ i j cbU. j> dllij ijj^JI ^ jBj . hjj^^l\ \sy^ J^ ^ J ^ 1 ̂ ^ ^ A J l oUjiiui!sU iilia

3. .fi.H Cj\jlii3l JJJUJI tiiUUj ^ i j c*lii ^ >-Ji^jj ixJlJl dUUiii iU** ^ aa^ Qi.ni^^l CJJJJSJ jS^Jl ^J3J .V

^jjiaJ I CJUJ._J3_JJSJ5I (_JJC l_ijjull ^xJUll Cj\jUiil ^aJU^ JU-a ^ ^iaJ ^oljJ £^Ji J

lift
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1Y JUJ

*U3l

Jic

OL-jUill ^ . i j . ^ » QL-«L X—waUJl j—S ObojJull

•<-;fc« jUal

"\A

(r O)4 \*AA\ CUI

jji^, '<J1J\

J-JJ

iil! J ^ jkiJI IJA

jjj (̂ ill ^ j

jitiiJl

i Sî i JjliJ)

Jl>»2l

5jbl_j

J U i fUi3 pUisl

j l tSJ^-^1 JJ SjM j' ^ ^1 '•••"—,• iliAJ

a '-•--

<_J1> Oic l^cliSl i_

- ^ ' • • • - jaJ! li

c 5 j ^ ' O1-4^ cr4-^ '

. jlill IJ
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j ^JaJl IJA (> JJS&I I_JU1 oala.1 J j .( (J^J*51 J-1^ )

CJ 5>JI ^ j j i l

tjii iji^d ĴUJLOJI Olj j j j lS dJ>Jl O i J ^ ' J J

>JI li*

JliJl S ^ j l ia l tlua. ^ <>JaJl IJA I_<1JAI \ ' ^ " ' . ' J j V l t

JSL_i5l tilii

l l l * * • ^ J

U Jic \J
JAa.

. £££

^25 u UJ ^

5̂—Luj ' " j * (j^aLill j j ^U ' l l j (jj_)ia!l UjJLub 2jixia!l CjLulilljl Juilij XjJajJ i_j5j (_ĵ J 'ISJJ^1 pjhiiii 4JbJ .

3Jlr. dibliill « *ii»n«\l

j .Y

j j ( g-UJtyl j> h\ljA ^ IJJJ ) ^1 3iJ| ; U 2JlSj
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. ^jjliall (J^ajiljill jiAoal die.

oil j U ^ 1 jj^Vb (jki. Lui oUkL,j ^oljl j oljlJS i> W - ^ i > tsj.^1 f ^ 5 1 * ^ j ASUJ1 s j j j j - i

SJSLIJI oUVjll ^ JUUJI oL,Uill SjbV tJ i iJ l (^sljill diiliii J j . oUkr i ^ 1 isJl ^

: ^L US ̂ ^uJt J^aii i , oUiiil Ijfi 3u,Hn\A\ OJJIJSIIJ Lsji^ll ^!lc oUisll Sjb"y 3-JiLJl

^j—II ^LJ I oUUill LAiv, £ji\i yJljj-Vl t>.j?JjS5l jJu^i ) U r ^ j j lu V <J ttsjiu^JI iJlc Obliiil

i. A_JJ ̂ L J I u j j l l ! JJSJJI tdJJSj ̂ jluoJl 5Jlc Sjjjill oUUill o- (j-nUal) «Uu

iij4 ^jle (Ĵ <aaJ! l^ji Ĵ JJU, ̂ jll j>»S(l AJÂ J_J t CiUUiSI ^AS ̂ UASI ^JijJl OJA>J JUn Sjjjjl ^

> ^ (j ĵ̂ aUJl JJJASII JJA^O A)OiJ J j J > i iiuiLjl CjUiill LAiu ^ j j l l ĴJJ jSj

i Jit

oL

Sjl j j j *j j j] l yUJI Olka-J ^LuiJl ^uuujJI ĴJJ ̂ JJJ ̂ ASI ALJI ^ Ijio (jnk'i

. ^a juLuli ,̂ »a-<i ̂ J3J ̂ UA!1 ( j i i l j iL iSLilaSl ^JJjill OlAiiSt tJA jnU'ill Jj>wS ISjAl̂ a (^jaJjlSi l i j l A?j

f l j ^ - , '^- j" -< ;^' (jjJl Acl^lJl oAeVSJl «A* t l

J j j SACI ill (-iSrt.x; US ̂ j j j i l l oU (jj

. jLu iy i j Awajll Acljl eilliSj

jiAll At(JS (JJOS OaaSlj JJ>kil5 »Lii«S CJLU^I ^IA! ̂ JJJJ^J j l i la frUj ^e. <i&\yi ^yjaJjSJl jAjuai *l 1A • j»lc ^J j

oLliii!

uil ! j »Lila5l »AA ̂ J \«f!...«ti t5 j j i l l J ^ j l l j l cS£uudl ^ j l l t Olj l i i l l (jiA xio j l j i l l ' j"•'•" '•

bliiil j f JJ

J Ao f1 e. JA*JI j ! A.. f.le. JAL^II i u i j l oUUjll ̂ L ^ o^11 Ltt -̂ J : tf JJ**AJI ^*rti-\M CiLjIiaJI (UJ

(3* Aszjnf n {^ijp* ( j t _j! Ajliili 3jiiall Xii j& lii^3 (J^ *1^"' ̂ JJ^°i J^ 0' L5 °̂i iff j " mall A»i->i%<i% diUUl

J i b »A1JJJ1 ̂ JjluiJI ^Jaikiall ObUili (^Aj (j-k".<l ^ SJjiA^ ^ J JS (J 0 ^

5 iSUSil o j j j ( j j j l l l l Tiio ASS ii\5i (jfl&j oAjl JLo f>ui j AiA JjlL» t f f j i i XaV j (jc sAljlaSI CjljUiSI ^A j Ol j iu i V »Aal f j S

tJSJ OLiia S-UjJ a j i j J (j3-iil 0^^-°' W ^ (_Ŵ  L ^ ' j *JJ'T>*"" •—•'V*J^

Jalj ASj AJVJ £ £ >A
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^—Sl

« ^ * <J ^j^

iU]l LlibUiU lillil Jj^il jaSl (y, UuJji (jl ^ N i i _ 5 ^ SJCU

CJI J L C f i hn \ A-ojiUl <> lAlc

UJlj Yo ̂ JJJ 1 o

! . \ i \ ,̂  ̂  I A * >1 UtLwilXJJ Lull \fij " ^ 1JL*! )1

jl—l!

Lc f hij esiilj 1Y JJJJ 1 Y1 ill UJL,

=- O-4 ̂ -•'-'•"••̂  CibUiSI S j b l L u j i ^ SijJI i j U ^ C J U J ^ A I J ^ J i S j .oLjLLaJ) OJ^J J i J l a l l e-ljU. (j

bl iJ l J x a l i j AjSlj O-11 Jy

ia]l .Y

.iillc (,..A.»ii Aa-ljJJ Si (jjil ^JuiJl ^>^LuiJl (> JJJJJI ^ Jc ClLUill LJJIAJ .V

*^ oils

SJLJI JiU. 5iJl o^ ^UiiN J >

ioJI (_iikaj

* 7»%)1 < i a uijlo till Jilall (j^ij'vjj

j ^ - •* -,\\ CJIJUJ

CJLUJJI ^ l^a J k i

loUJl i

YYA

JJJ j^xJl 3Jj_j3a AjLjlaSI ClLUiil [ j j j i j j i h< Sluudl
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ij Lie

UIJIJ i»AJ) tlAjtijISt eSJijl lli lo

L_*jil j3 Vf ' j ! ' CjUlkL. *a£Ul CiAii.

Sjb")| ^ojil) ^\Sj5l JJ JOL csill i_jUa

XL 6jiy| (> iLLoJJ ajjJI JjfiJI

»j_j_Jai. ĴUJI (_ijc j^a. J£.\ j la j j LU^JJJA ^̂ ikiS Ĵ XSJ (_lSc ̂ Jj_>ill AilkSlj ^I j j l l Oj3^1 ̂ ^ V0*' ^

• fljjiftiH (^1J«JI ^!>LJlj ̂ j

UIUI ÎJ ÎU.1 ̂ LJ H £o pb Ji^^ V ̂ 4 iJfiLjujl J (JUJI J l JJfiB J j J ̂ jji 0 ^ JjJ

<J 5jjii

oS_pi J j i j j j i! l A

oL_j\ii5l

jkiJI JliSU l«j ̂ U

U.13 Ij AJI£J!I cj l i i i oy JJJJ Yo

(rv) i*ju!i ouuiii s

IJU.1 -u

Aij\jui JJ iSjjjll »JA <-i^Jj "AjoiJl CJUUJJI Sjby j ^ j (»Uij eLJul" (jljic t*i%1 (j

.A*AJI oblisli s j j

LI Jill AjjJI CJWUSVI O^J* £>P> ur^^ ^ j i J l U^U J>> ^

jUaJl AJLJ I * l i ^ y <_Jbuotia]1 J^J l j J l l ^L^=J ^

s> JjVl V M 1 J J 1 ^ Oik <J}
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Wall

u 5

oUUill 6-

CJUUJJI tjb")( o

:(9 )ciLUJil o

(̂  Jj g^ljj

X 4 C

iJi <j;jilt OVI?

<JJ^I]| tii_^Jl 3^ ĵ-« (,

I_SJJJUOJ

L i b

: Vj!

AjlJU I J J J

j * JLOJJJ 4JUJ

1204



Jt—^ ^—5 ̂ u i (jijj.uJ! ji^syi ÎJSJJ ̂ Lsydi Ujj j i J_,JJ S ^ U J I ^^iu ^jj j t yujs ^JjJi -r

ts—5J ill iiiL, (jlJJI A^IJJ UJ

l AjtjLaSl Cl\jUi!\j y

Jj5j>il -t

(10 ,11 ) **A*2I cjUULi : lu15

Q—a Zi\*\« JaLuV j^iUJl jo t j _>^UJl (Jlilt J!iU. (y> d l l j j

jLjUill

Jo OUILJI

- : (̂ A JLa-ail 1JA J I4J

tajlr. JSJJJ ̂ L^j (jk, JJ Ja

&KUJI < Jao* JljeJ - 1

Cj\ o^Lt-all J S AJJJ AjjlS^lj J J

lk-alij! (JJU_J1ILJ| J C JaJlaj Ail

JJ 4JI auuol <

J J - Y

J S j !*•';-> «3jsjb« S i i . j l JjjLw-a 1 * it ••;•»•-«* ^nj^a-o JJ>SaJ J c ^Jj-JI AJlSjll \I1L1C. l^io (j^akjill (JJ I j j j j i j
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(Jill—jllill (jj\ u Aj

j3i kill S

iaj —V

<_uSj»JI_j ^JJUJAUI ^ j i J I j JaLiiJI ' * ' ; - <

LL*JI

4JlS_j]| i - i ^JJ Of-Lja^l Ijlc.

^ au;..,:j

clibliill g-ajj <JlLJI <JjL)Ui]l ' . ' J - J * (J-uii ̂ l OljUiil ^?JU^ CJULC .1 ̂ ^ . J .

- i

A__jii i—bl "

l̂l

j ^ l j i-1'iA..iyl i Cjljlij]! ' «̂ «

e_s iil oljjJlj 3 J

a J-̂ JJ CjUliij! LJUJX^U i_jj!ji i °^^ "

tj &

4...AJI Cjbliill S

LS "2n.\\.^\\j itij^A\j <_iUl ^ -UJJ

VlawVI W J I ' ' ' ' J ; a r " " j ^ — ' • • • • " s ^

4j^aLiJl

^ Jj-JI S

iLta 2Luj»J! î-aui A j j j ^a . ^ l*Jul\

4JIAJ| Cibliiil Sjljy jjUVl JJJIX4 ̂ i i j jaJ 4JJA!I ZlUall A j j ^ l i

i 2 - .t .ti Jlljxil j jjLkill J i i lu i l (jxi (3LVJJ , J l Jjl_ji3l j ^ g-btji'yij 4_kjjjAl! jlali-JS

3̂ si-" j i i lnJ l eJiA JiSJj pljui'yij SJajjjJI _̂ jiaLî sJI ^ ^aJ] SJjjuojil (^cUji^l (jlaS/1 JJJ^1" (JJ.1 "̂1"'
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i )t£j!l <• oUAUl <> ^LC 4JLSjJl 4k& l :

UUJI UUJ^OJ tjc 3-oi.Ull Jj^\ QA *±A ^JUSJ ^ J J ! ^ua-Jl ^

j l j\ AAAC CAJAJLUA 3JI j j c <Lu.lill S..*«V j l j j l 1 «̂  j . .-ti ainj »^J tJ-*~

»JA lj J j Sjxkii! ̂ ji 5JIS i'yi l^JalAi JjAiJ

• W? U J ^ ^ ' ' ^

(j jjl i (^ (12 )3juJlJ! Cjblii]l »jb

. <»jil n ll

j i S ~ • ̂ j 1 SjuiJI dbUill Sjtal ,_}iuu1j (_il(ji

tdJj

.l«l«c S CiUUiJl SJIJJJ J^^U

j l iJJ ^\c jit. cAiljx*& 3JL ^JJIIJJI ^'.'a^ ^^i » j jU

CJ\JUA1I SJI^J <-J>?.J £a JJIAJ! (^jjSfl AaJl jUaj ^S 4JUJLJ\ diliUill (JJ_JSJ (J^ulij XjuJtA ^5jJ_jil dl j j j US

j j i j j ^JJ i i L i ^ l j c^UUi
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ObUiSl SJIJI *U-u I^JD J*LJU J <_J*J ̂ 1 oUjSJl a * - ^ ̂ I j i*A*5l Cil*Ui]l Sjb

jljtnnH (Ijla.Uia.Vl jxC-li (—LuiUall jjjjfcull j di_jaJU ^USlI fllAjUdl Q

AjLaaJ y_jj| ̂ 1 tf jb^ l j ^^UJ! Jtyh f'jJV1 ^ P ' ^ J -V^J "M1^ -;^" t i JW ( ^ UJ^J -U

l l j l j jJ l j i i o jU l CJ\1£_J]I ^ (Jjbdb - ! _̂J3J J -.jhuti jl̂ s> ^Ic y^j l l O i i j i J3j lxAA\ CllbUill

U i l i l^VI t> ^StU î _pUl cjljkiJl iliSl -_^ . iualS LMJii (jSU JJ3J2 j j j 1JJ3

^ ^j** — a,. Ajjjjlj JJS "t* J (JLaJul AjLia. {^ya ̂ £LIJI ™t—J <(jLa;M ^JJ^5JJ 4jluji ^ju^l ^ -^ ~' ^^ Lffc'^^ 0^"°

J.'^'J eLA»! ""J U>°" V j ^ H ̂ JtjiLoil (JllUUiJI ojbj filjUA. Ajijj] t_l j j j j ] l j CjLtiailj C j l j J i t j QJiuilLa

jt uujl till JLC- JJ 5JJ - j OiU^uJlj Jalila.VI ~ k l̂ laJU-a Ixi J OJJJJI inJuJl CjljUil! oJ_jaJI AISJJ ^

N» ... O i i j l JS ̂ U U J (ji tjc j jk j iJ l Ajjiuw (jUj JJ) yLb^flj £JLuuS]l (IjtjjaJl Jjlu - j 4jjlkJil

^J —1 (JinaiiJt • 2 - . >i j * (J

•'•-.*" "—A %J1 j j l ^V 1 ^ i 1 1 ^ lAJLij! AJ J5 4iv.\j

j Ul UUJ. - j ^ i U ^ j QiLUl t-uĵ S ^ A ! - j *j3j3ti]l CjUlki

dj_j_Jll1 jlai a_o (>a Alullj ĵLu")!! -UUa. (Jaw Aijju ^ ĵLjUli j jUiil l j j|_jj] ^^ ' . i ^ l l Jj j j l jjl^J Ito

Uij ^uUll -to(_jiil j j j i u j A^ j l l Wyjlj5 ^ i 4jjLJI ^cljiJl ^ . j JjJI
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> AJ-SD ̂ i l̂ UatLa ̂  U j j l y\Sjll l^Jai J& jgU/Jl J ciili

itJuil oUttJJI ̂ i j>VI tij-aill 0 ^ ^

Jl O_^ '̂ »-i« ̂  t ^ iiUaJI pliub^ (JjUj^l <_L̂ 1 k iL j ] ! 5j3UaJl ̂ UaJl J^ j ?jii>jj| l^iuljl jUal <i ̂ jcUJ;

ii ill Jaju 4ia l^J>^ UIJJC.1 ̂ jUaJlj IjJia. eiu lo gJc 5jj_jjUll

^ *i j ^ It o_jjJa]l $lilb i jU l 1J4 ̂  ^Jiiuij 5jiia_j]l (jjJl_j5U jjiilu, j j i Ijjj^ia SjJĵ Jl ClUIUj'VI Ju cdlj

jVl J, ...ai3) Q j., i .^« i*Ji^l cjL,lijI! ^Vl U U _ ^ I ̂ hn. JjJl f l jSl jpJ JUi j j i I1L.II

hl\ JljiJ

11 ̂ ul JJJ*J

j i j J LUJ ̂  Igjlr- ,«-iljjil <-JVJ J U S ^ I J (Jji!y\ *-}JJ& CjUa.^ji^'ill (jo o j j l j l ĵuniill CjLiUiil (J i i

i IV

' J ^ V ^JUJ'̂ JJ1 -iJ-^J \ j j V-

j£p1 US .4

«.lu! I^CJSJ AJU. J J i_il_yj\ »j* Ŝ a. i j j i i u j Sjcljuil eJ^'^ ^ ' ^ ilijl ja. _̂}5_3 (j

S J l 4 j J I K l Cy

1209



<jjL__TiU=iVi ^le iJliSVI ^Jjiki ̂ IJ y i ^ y i j ciUjj *J3AJI C

(J5S3 ^351 ^ . U J I i ^

iV l OUa._jljiSaJl 0^ S^jlJl i*JUl Citjliill j .•tUj1!....!! Jj i^l ^J ̂ J ^ ^ l j ikj j^Jl 4JUJJ! CjtiiiiJl

i_jj*-aa5I.Ol_jki ĴUS ̂ 1 LuJ iuljl i l l l c l ^ j t^jLJl

j j t ktJiU i j j ^ j t_biLwi jĵ jJai <jj_>ti <jc- i%ilj ̂ ola-

^ SI yiJayU .^ I j j JJSJJ JfecJ ̂ 1 jJjlwilj JcljslS ua.ljll jlucVI ^Ji (/ill ̂ j S I ,yysJl jUaj <J 1^1 J\ J%ll

»djUiLuu1 ft*^4-J «* " M \xJl j > i l A. ^|] f'tA \Jb \\c- a A j j l i A i ^ i l 9 ̂ . l * ^ u ftJJji u3Li—all Slc-1 va

JL_i3l _j_aJ LJlj LVl -Uij i " ^ 1 ^ 1 jjSjll ^ i ijj^^dl L̂oL ' (^aliJl ijM Jx̂ iSl ^ ^JUJVI Cl̂ Ai J J

SJSL_*»J UljLVi JJ^JI Oujlt tiua. ̂ JIAJI oUUill ^ i «_jĵ uSI j U l Ui*l\ dJliil

. ^.-^* (j^iJl AS1_J-O jlj '^t iia.lj ^ (^juiJl ClUUill ̂ J : «j. ̂ .'H. (j^ali. $JA <̂ l j

v S3I itaullJl Cjl>kiJlj iiuu^^Jl JJJSJII ViUa&l iJUj^l Cjjl US Ji l jJ I (JJJUS ((JiljJI (jU JUJ3J t\A.\»>Wj J i

^ ^ J L U A I yJjl Jia "ixUli o^Vl ?lS=.l o ^ ^ l j M ^ 1 0- ĉ '

JJU jUa) ^ i * j jb) j %15JJ ^«jj»!a JJJIJJ J > (.Ji> U JU3b JjJ l i iuj l l d ^ l̂ j UiJI

v 1) iiLbyb «grcl*j£<)(1 tjU^l yJe (/j*^ V ^ J ^ ' J ^ J ^Mi>i» (*-̂ »j J^J Q! (_iaj ^^_>!lj ^

] JAJLJUJ J ^ - I aUaLJ Aj^iajj (̂ JUULAJI Cjljl i i l l j c l̂ljiiimH Jj l j i l j j ejji^i'iil ^hitiiu ĵlxJJ LiiS l_ĵ auij5l5 a

j i j i l ^ i L-ij.r»'il1 Cjl_j3ai. yJLi ^J iSjULoll O\%Jl CJUJXU^ JJ-lajj (j^ij-'.ljJi JajJ^J AJJUJ! juljUl JUjJ

£ « yjlljSlj (̂ ŷ iiSI jU»VI V1^ l - i i a ^ y J ^ * Jĵ - ĵ i-iijla^l JjJI ?1 jllj iJlliVI CKUAI US

JS ̂ i (_i_^ajHj i5kLjl AivijVl ^ ^Jjliu CJ\LA UAJJJ ^JSI i£j!&\ UJilbjilj ^Jjlljil L_i3Uî l jjij JU1 ja i ̂ Ift J L ^
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, , j]l 2-J uiliall .'JjU4.11 j l ^ ] Sjj^jJaj ,2. ̂ 4. j l l Jali. AJJJIU^ AlJi i ULalftl AjsliiVI (j-a xjl j l l J.-.SM ^ j i J5J

CjLjIiiJI j ! .^lg'.nj JjSjll ^J l-j jmil l ^ j * JiiJu *lui uj lcloiyi ^ AjlSjll iSjjaJl (jLu-b (2JU1IJ 2jjJa!l JJIJASI JiSj

, ^ j j j <33j-a (̂ V LiUj Jj« A'lti t_iSj jU l Cltjlaa. (JjJjiaSl Jaiai. J j c l j

J.I r- c?llj1 ...oil J j Sjllj Aj.jiUll OUAill J5j <»Luu jUftl -lij "ijCjUo ^ISJ" j l j i u <A&j\ j * (j^UJI J.^ill Ui

Jiti US '*J,\&i\ £* ,3iu j=u ̂ k. ajtioSI oUiiM J .»Ua-;..,̂  iji^M ^a vjjx^sll ^jyjl ^ j B (J^il <&'&j \*p$

l a t_J i i j j i_Uc ( j ^ y f^ -̂* W ^ r̂ * (*̂  ̂ < JjAaJI JJC (Jiiil AoLaC ^Ii Ĵ I j l I j j i ^ i t j i (JA <ll i ^ f " L0 J j ^ - 1 » J ^ J J Lui'mW

JjA_JI . ' i ^ j l i >>i j % Jj iaJI JJC• J i i l l A^Lc J i U l^j AJ.JU1I CiUliill J_JJC ^ ^ 1 J j j l l AJU=U AJ5UJVI Cuu4l US .

Clilsc.1 J3 4J5UJVI j l JaiXtJI (>oj 4 . ^ - i . i ^ l l j Sji^all J l i l l JaUjL <Lall Cjj AJJJJI ClUIJiWJ JJJ«JI ' ' ^ ! (jL

uuJI CllljLiillj A1A3W&1I (jiaJI JJJ* .iic 1^'Silj^i j^Jc J_jj-aaJI j l Jji*l\ J j J j U a i l S

j l J i<> \ OJ ̂ i l i ^ l UijJli jli>J ^ V"1-1^1 Ciljl-i^H JLaJb SJSUJJI J j j l l ?l j lL ^ j £ J^LOUJI J^iil l ^Ikl US

2 /.j'4. A ji. *A »J^"J L_51O1 J»3-i ̂ jL<a , J l^Jjltj jjjiajSI -Ujjla jUJ ^ J^ ^ (jlS I jl LjJ j i .J SjlcU

UII JlUiJI JAJ-OJ JIS XJLJI J.^ill ul j j j l i i l l JIJCJ J SiaUia!! i_il jLVl CilcUl».l (jjjLJI J.^ill

1 t. j =JJI ̂ 1) VIJIJJLJUI ^ j j a . e^c 2JU. yJ j j j L a i ^ jJa j c SJ5UUI LJ

j ill 2 Lie 2 U-m I^i. JS j A 2Jjj jj ic. Aĵ î i. j jJlj j cillj ^yi UJ i AJJ_»!I (_£.ii 21jl_^l j l J_5jall i

—\ .A— ôiUJI CjL_uSji!l ^ lilii j ^ j l AL^ajVl _jl cjjlJJLLJI j i tjiuJI ^a LSJ^I jl_J-a]l j ! ."'M . >.aU

j i <js ui ̂ 1 j i j LJ I 2U..,lj_, Ji j j M| ̂ j i V l Jlj^ll j l dlXjaill 1—iiLk. liUij IAJC ^ ^ i j i '_>ajl' g j Ujljx-aj <jcI 1U., n
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^UliiJI U-î  Jal^o *\Ju\j ^ u J^s. AJ^I j J I 35UH ^

|_JjUu]l

5 u-a-oil

-1A

- Y .

CS -

4 "3 ̂ ~a * "' "^ '" '̂  j **'̂

>-Y£

4JJ& - Y A

Y . ^

j j j j l jS~Y1 Y

1216



,i

A. la AJJJUI 5iUall AxoLJI llAJ-lilu^U AJ]_JJI CjUUjail f l k j JALO .XaaJ jft la J_j^a^ .J

O V ^ 11 i , AjjiJI <3U=J1 4_uj*JI A^JI ^aa.j2 - AjjiSI A&LIJ

L iuJ VA ^

3JLuj - ^luiil UJSJ ^bjji i l 5iUal) .1^'...1 j jc A^jLill jljjLiaVI 0 ° ^ J - ^ ' SJjluuJI JjJaii I—<• « JJAUI. Jr-f ̂.1^'...1 j jc A^jLill jljjLiaVI 0 ° ^ J - ^ ' SJjluuJI JjJaii I—<• « JJAUI

I-S. Marei, proceeding of the training course on "The Handling and Treatment of Radioactive

Wastes- Tunis- November 1993 . P. 321 .

2- ibid . P. 339 .

3- Garroud , Traite theorique et pratique du droit pena! francai.s No, 287 P. 571 .

Merle et Vitu, Traite de droit Criminel 1973, Paris. 88 P. 581 .

4- Vladimir Bayer, Les Enfranctions non internotionalles. Revue al Qanoun wal ptisad 1963 P. 300

5- Delogu, La culpabilite1 dans la theorie generale de I'infraction 1949. N. 443 . P. 231.

6-Convention for the prevention of marine pollution by dumping for ships on Aircraft L.L.M, Vol. XI
PP. 2 4 - 2 8 .

7- C, Malaro, Regulatory aspects of underground disposal of radioactive waste, IAEA TECDOC. 230,
Vienna 98, P. 11 .

8- Ibid P. 57 .

9- GC (39) INF/8 , IAEA, Vienna 19 September 1995 .

10- Technology transfer for safe mangement of radioactive wastes taitoring the approaches", IAEA
Bulletin, 4/1994 P. 46.

11 - GC (39) INF/11, IAEA, Vienna 10 August 95 .

12- Safety Series, Establishing a National System for Radioactive Waste Mangement, No. 111. S. 1.
IAEA, Vienna 1995 .

13- INFCIRC/546, IAEA, Vienna 12 January 1998 .

1217



fi-10 February 2000, Cairo, Egypt
imiiiill

EG0100115"

Bio-1 Vitatlity Improvement of the Mediterranean Fruit Fly,
Ceratitis capitata Wied.

I. Measured By Using Dehydrogenase Enzyme Activities
M.S. Salama1, A.A. Shoman, S.M. Elbermawy2 and I. Abul yazid

Biological Applications Dept. N.R.C., Atomic Energy Authority, Egypt
1. Entomology Dept., Faculty of Science, Ain shams Univ. Egypt.
2. Biological and Geological Science Dept., Faculty of Education, Ain shams Univ., Egypt.

ABSTRACT

The present study searches for the improvement vitality of the
Mediterranean fruit fly, Ceratitis capitat Wied. through the induction of a specific
variance (mutation) in the genetic material.

Several types of treatments that were thought to cause this mutation were
used, as IGR's, temperature, formakihyde, colchicine, alcohols, several types of
larval rearing media and y- rays

Generally, the activities of the energy enzymes a-glycerophosphatc
dehydrogonase (a- GPDH) enzyme lactate dehydrogenase (LDH) enzyme and
malate dehydrogenase (MDH) enzyme, when used as a direct measure for the fly
vitality, increased due to treatments of the egg stage by the previously mentioned
treatments specially by the usage of rice hulls in the larval rearing medium alone
or followed by irradiation of the pupal stage with 90 Gy.

Key Words: Ceratitis capitata/ Sterile Insect Technique / IGR's /Heat Chemicals/
Larval Rearing Media / Vitality/ Energy Emzymes/ a-GPDH/ LDH/
MDH

INTRODUCTION

The Mediterranean fruit fly, Ceratitis capitata (Wied.) is recognized as one of the most serious
pests of fruits and vegetables wherever it has become established in tropical and subtropical areas of the
world. The fly continues to threaten important fruit production centers with subtropical or Mediterranean
climates.

The pest can be efficiently controlled or eradicated by the use of integrated pest management
(1PM) programs involving the sterile insect techniques (SIT) (Fisher, I985(l); Hendrichs et al., 1983(2)).

The objective of the present study was to improve the vitality of the released insects in the
(SIT) program to be able to compete with the native insects. To achieve this purpose, the research was
focused on the effect of IGR's, some chemicals, gamma radiation, heat and larval rearing media on the
activity of Dehydrogenase enzymes (a GPDH, LDH and MDH).

MATERIAL AND METHODS

A- Rearing and Irradiation
O)

The rearing technique described by Wakid (1975) was followed. To irradiate eggs, Icm3 of
eggs were put on a wet piece of cotton covered with a black cloth in a petri-dish (8 cm in diameter)
which was introduced into the gamma cell chamber to be irradiated. Three doses were chosen, i.e 2.5, 5
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and 10 Gray to be applied on the eggs. The irradiation of pupae was made through introducing the pupae
into a small plastic vial to be irradiated with the sterilizing dose (90 Gy), in a gamma cell with a dose rate
of3.5-6.0Gy/minute.

B- Quantitative Determination of Dehydrogenase Activity .
The estimations of a- GPDH and MDH were achieved according to the procedures described

(4)

by Mukiama, 1980 using SPECOL II spectrophotometer. The estimation of LDH was conducted

according to the procedures described by Cabaud and Wroblewski, 1958 .

C- Statistical Analysis
The obtained data were manipulated statistically with the help of a microstate soft ware (specific

computer's program).

Table (1); Effect of insect growth regulators (IGR's) on pupal dehydrogenase enzymes of the inedfly,
Ceratitis capitata when eggs were treated with different concentrations and pupae were
irradiated with the sterilizing dose (90 Gy) before adult emergence.

Type of
Treatment

Control

IK1

Control

SL

Cone,
in

ppm
0.0

500

750

1000

0.0

500

750

1000

Enzyme activity (fxgm/ml)
Non irradiated pupae

a-GPDH

11.01
±0.16
12.97
± 1.25
11.63
±0.55
6.1
±0.57
14.97
±0.14
16.38
±9.56
18.20
±4.99
16.55
±7.68

LDH

15.15
±8.37
15.13
±6.35
14.94
±0.24
12.51
±0.25
15.15
±8.37
14.60
±0.03
12.96
±3.51
11.22
±4.99

MDH

43.58
±0.79
26.69
±0.12
22.99
±5.69
18.75
±5.81
38.06
±0.11
25.47
±0.20
25.31
±5.20
21.48
±9.56

Irradiated pupae
a-GPDH

7.60"
±4.36
5.43'
±0.21
3.98"
±6.35
2.78"
±0.14
7.60
±5.36
4.51"
±5.54
4.32++

±5.23
3.61"
±9.24

LDH

3.04"
±0.02
4.58"
±3.84
4.72" .
±2.60
3.11"
±1.15
3.01"
±0.02
3.92"
±2.60
4.07"
±7.33
2.24"
±3.05

MDH

5.15"
±8.81
10.67**
±0.12
8.10"
±0.14
7.04*
±0.14
10.79"
±2.40
11.21"
±0.04
10.87"
±4.05
10.06"
±0^07

•Significant (P<0.05)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase
IKI = Atabron (IGR)
Gy=Gray= 100 rad

** Highly significant (P< 0.001)

MDH = Malate dehydrogenase
SL= Sumilarv (IGR)
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Table (2): Effect of two chemicals ( formaldhyde and Colchicine) on pupal dehydrogenase enzymes of
the medfly, Ceratitis capitata when eggs were treated with the different concentrations
and pupae were irradiated with the sterilizing dose (90 Gy) before adult emergence.

Type of

Treatment

Control

IKI

Control

SL

Cone,

in

ug/L

0.0

0.0001

0.005.

0.01

0.0

250

500

1000

Enzyme activity (|j.gm/ml)

Non irradiated pu

ct-GPDH

8.49

±0.01

7.97

±3.21

8.73

±7.22

8.52

±3.28

8.49

±0.01

10.09

±1.45

9.88

±3.21

9.95

±3.99

LDH

2.15

±0.11

1.83

± 7.84

2.37

±5.36

2.62

±8.82

2.15

±0.11

2.34

±2.33

2.53

±3.71

2.96

±0.02

pae

MDH

17.02

±5.29

16.55

±5.21

16.84

±5.29

17.85

±0.14

17.02

±5.29

21.04 ±

±3.99

20.7

±0.02

20.58

±0.02

Irradiated pupae

ct-GPDH

10.38"

±2.65

10.51"

± 1.45

10.87"

±5.33

10.38"

±2.65

10.38**

±2.65

10.08NS

±3.73

10.07*

±2.91

10.99"

±5.77

LDH

4.03"

±2.40

4.05"

±6.67

4.27'*

±7.26

4.50"

± 1.53

4.03"

±2.40

4.06"

±3.38

4.19*

± 1.53

4.49"

± 1.76

MDH

20.77"

±2.40

21.93"

±6.67

21.49"

±6.67

21.49"

±4.67

20.77"

±2.40

21.06 NS

±5.29

20.75NS

±2.40

20.61NS

±3.53

•Significant (P<0.05)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase
IKI = Atabron (IGR)
Gy=Gray= 100 rad

** Highly significant (P< 0.001)

MDH = Malate dehydrogenase
SL= Sumilarv (IGR)
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Table (3): Effect of temperature degrees on pupal protein and energy enzymes of the medfiy, Ceratitis
capitata when eggs were exposed to different heat degrees (0 and 40°C) for different time
intervals and pupae were irradiated with the sterilizing dose (90Gy) before adult
emergence.

Type of

Treatment

25°C (control)

40°C

25°C (control)

0°C

Time
in

Min.

0.0

30

60

90

120

0.0

30

60

90

120

Enzyme activity (jj.gm/ml)

Non irradiated pupae

cc-GPDH

4.85+

5.36

3.93+

6.89

4.46+

0.022

3.75±

3.28

1.20+

7.83

4.88+

4.33

3.89+

3.28

4.42±

4.48

3.36+

5.17

3.27

0.021

LDH

3.16 +

0.05

2.78+

0.01

2.03+

0.05

2.02±

1.15

1.53±

0.04

2.93+

2.65

2.43+

0.02

2.19+

1.73

2.06+

2.33

1.85±

0.06

MDH

7.65+

0.10

11.30+

4.16

11.15+

1.76

10.98+

3.46

10.82±

3.46

12.00+

6.93

9.33+

2.91

12.11 +

2.40

8.28+

0.11

6.85+

0.10

I

a-GPDH

4.97NS±

2.33

4.68"±

1.86

3.93"+

1.73

4.56"±

1.20

4.31"+

1.45

8.45**

+2033

8.96"

±4.36

8.47"

+8.82

8.04"±

4.91

7.92"+

2.96

rradiated pupae

LDH

2.86*+

2.60

3.19"+

1.76

2.97" +

2.40

2.78"+

2.91

2.15"+

0.02

2.86 NS

+2.60

2.84"

±1.20

3.01**

+5.84

3.19"±

1.53

3.23"±

3.52

MDH

10.68"+

3.46

7.37"+

5.29

8.81"+

0.12

11.66"±

8.72

8.56"+

9.17

19.89**

+2.91

16.88"

±0.12

16.66**

+0.02

16.37"

1.76

14.84*'±

0.11

•Significant (P<0.05)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase
IKI = Atabron (IGR)
Gy= Gray = 100 rad

Highly significant (P< 0.001)

MDH = Malate dehydrogenase
SL= Sumilarv (1GR)
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Table (4): Effect of two alcohols on pupal dehydrogenase enzymes of the medfly, Ceralhis capilala
when eggs were exposed to different concentrations and pupae were irradiated with the
sterilizing dose (90Gy) before adult emergence.

Type of

treatment

Control

Ethyl

alcohol

Control

Pentyl

alcohol

Percent
concent-

ration

0.0

1

2

3

0.0

1

2

3

Enzyme activity (p.gm/ml)

Non irradiated pupae

a-GPDH

8.69 ±

2.33

8.76 ±

0.04

8.39 +

4.48

7.91 ±

3.46

18.31 +

0.09

15.64+

0.19

13.13 ±

0.09

11.37 ±

8.51

LDH

3.02 ±

0.01

2.28 ±

4.48

2.15 ±

2.89

2.02 +

1.15

3.02 +

0.01

3.11±

4.58

3.33 +

2.96

3.36 ±

0.06

MDH

17.73±

7.42

17.93+

6.96

17.36+

5.29

16.85+

0.10

13.76 +

0.11

9.75+

5.69

10.51 +

0.16

11.49±

8.82

Irradiated pupae

a-GPDH

8.38*'+

2.03

8.85*+

2.89

8.92**+

3.38

9.53"+

3.51

8.38"+

2.03

8.91"±

2.08

9.29**+

3.79

9.91*'+

4.10

LDH

2.97NS+

3.93'

3.06'*+

0.05

3.31**+

5.21

3.42*'+

1.20

2.97NS±

3.93

3.92**+

0.02

4.04"+

2.65

4.22"+

3.76

MDH

16.37**+

0.13

18.02NS±

7.02

17.62*

5.36

17.33*' +

5.21

16.37** +

0.13

16.87** +

6.36

17.53" ±

6.96

17.75" +

3.61

** Highly significant (P< 0.001)•Significant (P<0.05)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase MDH = Malate dehydrogenase
IKI = Atabron (IGR) SL= Sutnilarv (IGR)
Gy=Gray= 100 rad
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Table (5): Effect of different two • bulking components of the larval rearing media on pupal
dehydrogenase enzymes of medfly, Ceratitis capitata when eggs were cultivated on them
and pupae were irradiated with the sterilizing dose (90Gy) before adult emergence.

Type of
treatment
Control

Hulls only

Bran : Hull
(1:1)

Enzyme i
Non irradiated pupae

a-GPDH
5.52+
0.27
10.08 ±
3.21
4.77±
9.54

LDH
3.04 +
5.55
4.05 +
2.65
2.68 ±
3.33

MDH
14.79+
0.20
20.69 +
0.27
14.02+
1.15

ictivity (ngm/ml)
Irradiated pupae

a-GPDH
5.18NS+
7.84
10.35*+
3.67
4.92NS+
3.38

LDH
2.65*+
4.91
4.31*+
5.20
2.91*+
2.08

MDH
17.50**+
0.37
20.40NS+
5.29
14.07NS+
6.24

•Significant (PO.05) ** Highly significant (P< 0.001)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase MDH = Malate dehydrogenase
IKI = Atabron (IGR) SL= Sumilarv (IGR)
Gy= Gray = 100 rad

Table (6): Effect of irradiation with 8- rays on pupal dehydrogenase enzymes of the medfly
Ceratitis capitata when eggs were irradiated with (2.5, 5, 10 Gy) then pupae were
irradiated with the sterilizing dose (90Gy) before adult emergence.

Dose

Control

2.5 Gy

5Gy

10 Gy

Enzyme activity (f.igm/ml)

Non irradiated pu
a-GPDH

4.88 +
4.33
7.88 +
4.70
8.47+
2.85
9.01±
1.20

LDH
3.11 +
0.022
2.62 +
3.93
2.95 ±
0.05
3.23+
4.48

pae
MDH

16.38+
4.17
19.17+
5.20
17.91 +
9.96
16.87+
6.36

Irradiated pupae
a-GPDH

4.88NS±
4.33
7.88N;>±
4.70
8.47Nb±
2.85
9.0 \Nb±
1.20

LDH
3.IINh+
0.02
3.93Ni±
2.62
2.95N"±
3.20
3.23Ni+
4.48

MDH
16.38NS +
4.18 .
19.17Nb+
5.20
19.58"+
2.03
19.84"+
3.28

•Significant (P<0.05) ** Highly significant (P< 0.001)
NS = Non significant
a- GPDH = a- glycerophosphate dehydrogenase
LDH = lactate dehydrogenase MDH = Malate dehydrogenase
IKI = Atabron (IGR) SL= Sumilarv (IGR)
Gy=Gray= 100 rad

RESULTS
*a- GPDH

The enzyme activity was significantly increased due to dipping eggs for 30 seconds in IKI with
the concentrations 500 and 750 ppm while it was highly significant decreased with the concentration of
1000 ppm. The irradiation of pupae caused a significant decrease to the enzyme activity at all IKI
concentrations. Also the usage of sumilarv led to a significant increase of enzyme activity. The
irradiation of pupae caused a highly significant decrease of the enzyme activity (Table 1).

Table (2) indicated that formaldehyde concentration of 0.0001 ug/L caused a highly significant
decrease to the enzyme activity. The concentrations of 0.005 and 0.01 ug/L caused significant or
insignificant increase of the a- GPDH activity. The irradiation of pupae led to a highly significant
decrease with the concentration of 0.000! ug/L while a highly significant increase was obtained with
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0.005 and 0.01 ug/L. The a- GPDH activity was significantly increased with all concentrations of
colchicine but the irradiation of pupae caused a highly significant decrease in the enzyme activity.

Table (3) shows a highly significant decrease in the enzyme activity when eggs were incubated
at 40°C for different time intervals and the pupae were irradiated with sterilizing dose. The incubation of
24 hrs old eggs at 0°C for different time intervals led to a highly significant decrease in the a- GPDH
activity. The irradiation of pupae increased the depression in the enzyme activity recording a highly
significant increase in it.

Insignificant increase in the a- GPDH activity due to treatment with ethyl alcohol was obtained
at 1% concentration (Table 4). The concentrations 2 and 3% caused a highly significant decrease to the
enzyme activity. The irradiation of pupae led to a highly significant increase to the enzyme activity at all
concentrations of alcohol. Also the pentyl alcohol concentration of 1 and 2% led to significant or
insignificant increases in the enzyme activity but the concentration of 3% led to a significant decrease in
the enzyme activity. The irradiation of pupae caused a highly significant increase to the a- GPDH
activity.

Table (5) recorded that usage of rice hulls in the larval media led to a highly significant increase
in the enzyme activity in both of irradiated and non irradiated pupae. The hulls: bran media led to a
highly significant decrease in each of irradiated and non irradiated pupae.

The data in Table (6) showed a higher activity of a- GPDH when 24 hrs-old eggs were irradiated
with 2.5, 5 or 10 Gy. This highly significant increment was not affected by the irradiation of pupae.

Lactate Dehydrogenase Enzyme (LDH):
The usage of IKl Jed to a highly significant decrease in the LDH activity. The irradiation of

pupae caused a highly significant increase to the enzyme activity as shown in Table (1). Also the use of
sumilarv led to a highly significant decrease in the enzyme activity. The irradiation of pupae caused
significant increase except for the concentration of 1000 ppm by which the enzyme activity was
inhibited.

Table (2) indicated that fomaldehyde concentration of 0.0001 ug/L led to a significant decrease in
the LDH activity while the higher concentrations of formaldhyde caused a significant increase in the
enzyme activity. The irradiation of pupae increased the enzyme activity at all concentrations used. The
irradiation of pupae treated with fomaldehyde and the pupae treated with colchicine caused a significant
increase in the LDH activity.

The incubation of eggs at 40°C for different time intervals led to a great inhibition in the LDH
activity while the irradiation of pupae led to a significant increase at 30 and 60 min intervals, followed by
a highly significant decrease in the enzyme activity at 90 and 120 min.intervals (Table3). The incubation
of eggs at 0°C for different time intervals recorded a significant decrease in the enzyme activity at 30
min. interval followed by a significant increase at the time intervals of 60, 90 and 120 min. The
irradiation of pupae increased the LDH activity in all cases.

Table (4) indicated that the enzyme activity showed a highly significant depression by the ethyl
alocho! treatment of eggs at the concentrations 1,2 and 3% . The irradiation of pupae caused a highly
significant increase in the enzyme activity. The used concentrations of pentyl alcohol and irradiation of
pupae recorded a significant increase in the LDH activity.

The usage of rice hulls in larval media recorded a significant increase in the enzyme activity in
both irradiated and non irradiated pupae, changed to a highly significant increase in the irradiated pupae,
as shown in Table (5).

Table (6) shows highly significant depression in the enzyme activity due to irradiation of the egg
stage with 2.5 and 5 Gy while the 10 Gy dose increased the LDH activity. The irradiation of pupae
doesn't change the previous results.

* Malate Dehydrogenase Enzyme (MDH).
Table (1) shows a highly significant depression to the enzyme activity due to dipping of eggs in

IKI with different concentrations. The irradiation of pupae caused a significant increase in the enzyme
activity. Also the dipping of eggs in different concentrations of sumilarv caused a highly significant
decrease in the MDH activity as shown in Table (1). The irradiation of pupae led to a significant increase
in the enzyme activity except at the concentration of 1000 ppin at which the enzyme recorded a
significant decrease in its activity.
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Significant decrease of the MDH activity was obtained due to dipping of eggs in formaldhyde.
However, the irradiation increased the enzyme activity. The irradiation of pupae treated with
formaldehyde or with colchicine recorded a significant increase in the MDH activity as shown in
Table (2).

Table (3) shows that the incubation of eggs at 40°C for different time intervals led to a highly
significant increase in the MDH activity. The irradiation of pupae caused a highly significant decrease
except at 90 min interval. The enzyme activity recorded a highly significant activity. The incubation of
eggs at 0°C for different time intervals led to a significant decrease in the enzyme activity except at 60
min. The irradiation of pupae recorded a highly significant decrease in the enzyme activity.

The lower concentration of ethyl alcohol (1%) led to a significant increase in the MDH activity.
The enzyme activity recorded a significant decrease at higher concentrations (2 and 3%), while the
irradiation of pupae caused a significant increase in the MDH activity as shown in Table (4). Also the
enzyme activity was significantly decreased after dipping eggs in pentyl alcohol for 24 his. The
irradiation of pupae caused a highly significant increase in the enzyme activity.

Table (5) shows at the use of rice hulls in larval medium increased the MDH activity in both
irradiated and non irradiated pupae in a highly significant manner. The use of rice hulls: wheat bran
medium caused a significant decrease to the MDH activity either in the irradiated or non irradiated pupae.

Table (6) indicates that the irradiation of eggs with 2.5, 5 and 10 Gy caused a highly significant
increase in the enzyme activity and the irradiation of pupae also increased the enzyme.

DISCUSSION

Little is known on the changes which take place in each separate tissue during insect
development. Most of the available information is derived from analysis of the whole body. Although
analysis of the whole insect, from the biochemical point of view is not so indicative, it aids in general
way to correlate some events resulting from mutant deteriorative activities. A group of enzymes referred
to as energy enzymes (a- GPDH, LDH and MDH) have been studied in a wide variety of insects (Yong

(0) (7)

e[ g[, 1985 and paul and Maynard, 1965 ). These enzymes are particularly well studied from the
biochemical aspects because of the availability of their rapid sensitive quantitative assays. They are also
very important tools for the investigation of insect metabolic activities during the course of development.
The relative activities of insect dehydrogenases maybe related to the energy yielding (Dickinson and
Sullivan,, 1975)l8>.

The a- GPDH, is a soluble , very active enzyme which is heavily concentrated in the flight
muscles to fulfil the energy utilization from high carbohydrate metabolic rate in such organs (Sacktor,

(9)

1974) . It regenerates NAD+ via reduction of dihydroxyacetane phosphate during glycolysis. Therefore,
any rise in a- GPDH activity normally corresponds to the drastic fall in LDH activity and initiation of

(10)

flight mechanism in adults of dipterous insects (Sacktor, 1976) . That means also that LDH activity
predominates in larvae rather than adults. (Rechsteiner, 1970)

The optical density at 340 nm is a direct measure of Kinase and LDH activity.
Malate dehydrogenase (MDH) was found to be the most important enzyme that occur mainly in

the thoracic flight muscles of flies. Malate dehydrogenase of insects has been assigned to at least two
separate functions, participation in the citric acid cycle and with the cooperation of the cytoplasmic
glutamate pyruvate transaminase (GPT) and glutamate oxaloacetate transaminase (GOT), a role in NAD

(12)

generation in concern with The a- glycerophosphate cycle (O'Brien and Maclntyre, 1972)
On the light of the forementioned facts, the assayed a- GPDH activity in the present study

records high stimulatory effect due to the treatment with IKI and Sumilarv at the egg stage converted to
inhibitory effect due to treatment with 5- rays at the pupal stage. IGR's have the ability to penetrate
cuticle and affect genetic material. The IKI 7899 has strong effect on inhibiting egg laying and
significantly reduced percentage hatchability. This may be due to the rapid penetration of the used
compound through the integument layers and then their rapid absorption by the tissues and haemolymph.
These compounds may also be transferred from male to female during copulation with the inseminating

(13)

material. This have been demonstrated by Masner et a!., 1969 using JHA's against Pyrrhocoris
04)

apterus and El-Samara, 1977 , who reported that this mechanism of transfer of the IGR's'from the
pupae through the adult to the eggs also operates in the confused beetle, and in Ceratitis capitata.
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The application of formaldehyde inhibits the activity of MDH and stimulates the activity of a-
GPDH and LDH. The irradiation of pupae increased the stimulatory effect of formaldehyde, these results
are due to the mutagenic effect of formaldehyde which is 5 times less effective than irradiation by 1000

rads of 5- rays (Szabad etal 1983) °5'.
(16)

Temperature sensitive lathal mutations are very common in insect (Suzuki, 1967 and Smith ,

1967) as the consequence of a single amino acid substitution in a polypeptide chain (Wittann, 1965)
(19)

which alter the biological activity of proteins at different temperatures (Jockusch, 1966) . The most
(20)

sensitive stage is within the first two days of egg development (Busch-petersen, 1990)
The treatment with heat (0°C) causes an inhibitory effect to the a- GPDH, LDH and MDH

enzyme activities as recorded by Katsoris and Marmaras (1992) . This inhibitory effect on a-GPDH
and LDH diminishes at the combined effect of heat and gamma irradiation, but continues to inhibit MDH
after irradiation.

The treatment with 40°C at the egg stage accelerated the activity of MDH at the pupal stage
which changed to complete inhibition by the usage of irradiation. The a-GPDH GPDH and LDH are
inhibited while irradiation seemed to have an antagonistic effect that neutralized the effect of heat on
LDH activity resulting in an increase in its activity. These conclusions are also obvious in table (3).

The effect of alcohols on the Meditenanean fruit fly was studied by Wakid et al. (1996) who
concluded that male sterility after treating eggs with 2% 1-pentanol for one or two days and irradiated

(23)

as pupae (8-9 days) increased, Pecsenye et al, (1996) studied the effect of ethanol, media and
temperature on Drosophila melanogaster.

The irradiation of egg stage with 2.5, 5 and 10 Gy caused higher activity for the enzymes a-
GPDH and MDH in both irradiated and non irradiated pupae, while a decrease in LDH activity was
obtained as recorded before (Rechsteiner 1970)
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ABSTRACT

The present investigation aims at producing sterile adult Mediterranean
fruit fly, Ceratitis capitata Wied. having the best possible vitality through the use
of irradiation and /or a mutagenic substances to be used in a sterile insect
technique program.

Several types of mutagenics that were thought to cause mutations were
used as IGR's, temperature, fromaldhyde, colchicine, alcohols, several types of
larval rearing media and y- rays.

In a common pathway, malic enzyme (ME) activity, adinosine
triphosphatase (ATPase) enzyme activity and the total protein contents are
studied as direct parameters for measuring vitality of the insect.

It was found that there is an increment at the levels of these parameters
due to the treatment of egg stage by the previously mentioned treatments
specially the usage of the rice hulls as a bulking component in the larval rearing
media alone or followed by irradiation of the pupal stage with 90Gy.

Key Words: Ceratitis capitata/ Sterile Insect Technique/IGR's/Heat/Chemicals/
Larval Rearing Media/ Insect Vitality/Energy Enzymes/ME/ATPas/
Protein.

INTRODUCTION

The Mediterranean fruit fl,y Ceratitis capitata {Wied.) is one of the most serious pests of fruits
and vegetables in tropical and subtropical areas of the world, because the fly continues to threaten
important fruit production centers with subtropical or Mediterranean climates.

It was efficiently controlled from some areas by the use of integrated pest management (IPM)
programs involving the sterile insect technique (SIT) (Fisher, 1985("; Hendrichs et al., 1983(2)). The
objective of the present study was to improve the vitality of the released insects in the (SIT) program to
be able to compete with the native insects. To achieve this purpose, two IGR's, some chemicals, gamma
radiation, heat and larval rearing media were used as mutagenics and the activity of two energy enzymes
(ME, ATPase) and protein content were measured.
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MATERIAL AND METHODS

A- Rearing and Irradiation

The rearing technique described by Wakid (1975) was followed. To irradiate eggs, lcm3 of
eggs (2000 eggs) were put on a wet piece of cotton covered with a black cloth in a Petri-dish (8 cm in
diameter) which was introduced into the gamma cell chamber to be irradiated. Three doses were chosen;
2.5, 5 and 10 Gray to be applied on the eggs. Irradiation of pupae was made through introducing them

60

into a small plastic vial to be irradiated, with the sterilizing dose (90 Gy), in a CO gamma cell having a
dose rate of 3.5-6.0 Gy / minute .

B- Quantitative Determination of Enzymes .
The estimations of ME were achieved according to the procedures described by Mukiama,

1980 using SPECOL II spectrophotometer, while the ATPase enzyme assay was performed using the

method of Fisk and Sabharow( 1925) . For measuring the total protein content in the whole fly tissue,
the Bio-Rad protein Assay Kit was used.

C- Statistical Analysis
The obtained data were manipulated statistically with the help of a microstate soft ware (specific

computer's program).

Table (1): Effects of insect growth regulators (IGR) on the pupal protein and two energy enzymes (ME
and ATPase) of the medfly, Ceratitis capitata when eggs were treated with different
concentrations and pupae were irradiated with the sterilizing dose (90 Gy) before adult
emergence.

Treatments

Control

IKI

Control

SL

Cone in
ppm

0.0

500

750

1000

0.0

500

750

1000

Won
ME

27.5

±0.11
24.82
±0.07
19.34
±0.17
16.74
±0.14
27.5
±0.11
27.33
±8.51
24.56
±0.25
16.82
±6.92

Enzyme activity (figm/ml)
Irradiated pupae

ATPase
51.67

±0.8
64.30
±0.63
32.43
± 1.01
12.63
±0.84
41.24
±0.37
68.63
±0.67
22.35
±1.14
13.92
±0.98

Protein
0.048

±5.77
0.054
±5.78
0.055
± 1.3
0.056
± 1.68
0.04
±5.5
0.042
±5.77
0.054
± 1.2
0.051
±2.64

Irradiated pupae
ME

8.53"

±0.11
17.83"
±4.66
10.01"
±0.08
8.99"
±7.05
8.53"
±0.11
12.40"
±6.92
15.67"
±0.05
17.56"
±5.29

ATPase
59.27"

±0.63
54.3"
±0.55
75.30*
± 1.06
90.12"
± 1.19
60.13"
± 1.15
51.97"
±0.67
89.33"
± 1.8
94.98"
±0.85

Protein
0.044"

±1.52
0.0563
±4.16
0.0579*
±7.22
0.058*
±5.33
0.036 NS

± 1.53
0.043 NS

± 1.25
0.044"
±3.51
0.04*
±8.81

•Significant (P<0.05)
ME= Malic enzyme
IKI = Atabron

** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv
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Table (2): Effect of formaldhyde and colchicine on pupal protein and two energy enzymes (ME and
ATPase) of the medfly, Ceratitrs capitata when eggs were treated with different
concentrations and pupae were irradiated with the sterilizing dose (90 Gy) before adult
emergence.

Treatments

Control

Formaldhyde

Control

Colchicine

Cone in
ppm

0.0

0.0001

0.005

0.01

0.0

250

500

1000

Enzyme activity (j^gm/ml)
Non Irradiated pupae

ME
18.99
+ 0.12
17.81
±7.8
18.99+
0.00
18.86+
8.72
18.99+
0.12
20.29+
3.33
20.29+
0.044
20.46+
3.99

ATPase
132.45
± 1.09
122.4
± 1.36
101.80+
1.89
102.97+
0.63
132.45+
1.09
10.60+
1.06
11.13±
1.21
30.61±
0.89

Protein
0.04
±3.84
0.036
±3.53
0.0462 ±
6.06
0.0442±
5.51
0.048±
5.78
0.0437+
8.68
0.0407±
1.20
0.0493+
8.81

Irradiated pupae
ME

20.44"
+ 6.67
20.55"
±6.67
20.75"±
2.40
20.87"+
1.76 .
20.49"
6.67
20.57"+
1.76
20.57*+
3.33
207 f±
1.33

ATPase
75.47"
±0.56
85.33"
±1.07
79.29" +
0.41
95.25*+
2.31
75.47"+
0.56
90.73"±
0.84
20.53"±
0.99
88.11"±
1.03

Protein
0.048"
+ 5.77
0.046"
±3.25
o.o5 r±
6.64
0.0494*±
8.72
0.043"±
9.13
0.0608"+
1.30
0.0708"±
8.14
0.0563*+
9.87

•Significant (P<0.05)
ME= Malic enzyme
IKI = Atabron

** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv

Table (3): Effects of two temperature degrees ( 0 and 40°C) on pupal protein and two (ME and
ATPase) energy enzymes of the medfly, Ceratitis capitata when eggs were exposed to
heat for three different time intervals then pupae were irradiated with the sterilizing dose
(90Gy) before adult emergence.

Temp,
degree (°C)

25°C (control)

40°C

25°C (control)

0°C

Time
in

min
0.0

30

90

120

0.0.

30

90

120

Enzyme activity (|j.gm/ml)
Non Irradiated pupae

ME

11.03 +
0.14
17.01 +
0.12
13.84+
3.06
11.99+
0.10
11.03 +
0.14
10.41 ±
9.26
9.97±
2.91
9.86±
3.06

ATPase

51.98 +
0.65
37.26 ±
0.51
40.34+
1.30
45.53±
0.60
41.31+:
0.49
95.41 +
2.96
30.98±
3.70
41.25+
0.44

Protein

0.010+
1.20
0.011 +
1.17
0.012+
5.77
0.012±
5.77
0.035+
2.60
0.0414+
1.17
0.0447+
2.96
0.0517+
1.76

Irradiated pupae
ME

11.81*±
3.28
11.25"+
0.1
10.46"+
0.07
8.40"±
5.29
11.81*±
3.28
18.29"+
7.51
17.00"+
0.13
16.75"+
5.70

ATPase

60.01"+
0.71
32.98"+
1.39
41.95N:>±
0.69
51.65"+
0.80
58.93"+
0.90
24.03 "±
0.50
31.97Nfl

0.89
52.27"+
0.77

Protein

0.39"+
7.36
0.048"±
1.73
0.0607"±
1.20
0.0593"±
8.82
0.0367N;5

±2.60
0.0189"+
1.05
0.043 N-"±
2.28
0.0507 N:>

±8.82

*Significant (PO.05)
ME= Malic enzyme
IKI = Atabron

MS = Non significant
** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv
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Table (4): Effect of two alcohols on pupal protein and two energy enzymes (ME and ATPase) of the
medfly, Ceratitis capitata when eggs were exposed to different concentrations and pupae
were irradiated with the sterilizing dose (90Gy) before adult emergence.

Type of
Treatment

Control

Ethyl
alcohol

Control

Pentyl
alcohol

Percent
concent-

ration
0.0

1

2

3

0.0

1

2

3

Enzyme activity (fj.gm/ml)
Non Irradiated pupae

ME

18.31 ±
0.09
18.71 ±
0.14
17.23 ±
0.16
18.49 +
3.71
!8.31±
0.09
15.64+
0.19
13.13 +
0.09
11.37 +
8.51

ATPase

21.84 +
0.53
51.33 +
0.53
62.17 +
0.63
26.72 +
0.43
42.14+
0.53
80.52±
0.99
44.89 +
0.84
29.91 +
1.43

Protein

0.0365+
4.26
0.0366+
3.21
0.0364+
+ 3.38
0.0358+
2.40
0.0365±
4.26
0.0376±
8.29
0.0610+
1.15
0.0460±
2.65

Irradiated pupae
ME

17.31*'+
0.41
18.11*+
0.15
18.11*+
0.14
17.87"+
6.90
17.29**+
0.12
18.2!**+
4.81
17.44**+
0.11
16.70*'+
3.46

ATPase

23.31NS±
0.56
31.60"±
0.55
42.27"+
0.94
17.24**+
0.64
56.57**+
1.23
18.48"±
4.54
151.74"
+ 1.62
114.14"
2.33

Protein

0.0377NS+
+ 2.96
0.0610NS +
1.61
0.0817"
+ 1.76
0.0920** +
1.73
0.0387NS±
1.53
0.0320* +
1.73
0.0297** +
1.76
0.0280" +
+ 1.15

•Significant (P<0.05)
ME= Malic enzyme
IKI = Atabron

NS = Non significant
** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv

Table (5): Effect of two different larval rearing media on pupal protein and 2 energy enzymes of the
medfly, Ceratitis capitata when eggs were cultivated in them and pupae were irradiated
with the sterilizing dose (90 Gy) before adult emergence.

Type of
Treatment

Control (Bran)

Hulls

Bran : Hulls
I : 1

Enzyme activity (jigm/ml)
Non Irradiated pupae

ME
17.79±
1.10
17.10 +
8.82
16.48 +
0.11

ATPase
41.58+
0.52
42.14 +
0.31
61.56 +
0.65

Protein
0.0412+
3.64
0.0498 +
6.37
0.0428 ±
9.91

Irradiated pupae
ME

16.30NS+
0.34
16.79* +
3.36
15.40* +
0.18

ATPase
57.35"+
0.24
107.10** +
2.87
77.78"+
0.95

Protein
0.0433NS+
2.43
0.0610* +
3.05
0.0495"+
7.42

NS = Non significant
•Significant (P<0.05)
ME= Malic enzyme
IKI = Atabron

** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv
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Table (6): Effect of irradiation with 6-rays on pupal protein and 2 energy enzymes of the medfly,
Ceratitis capitata when eggs were irradiated with (2.5, 5, 10 Gy) then pupae were
irradiated with the sterilizing dose (90Gy) before adult emergence.

Type of
Treatment

Control

2.5 Gy

5Gy

10 Gy

Enzyme activity (|igm/ml)
Non

ME

18.31 +
0.087

16.51 ±
0.17
17.49+
7.68
18.33+
3.33

Irradiated pu
ATPase

41.24 ±
0.38
84.40 +
0.40
41.21 ±
0.90
76.46±
0.57

pae
Protein

0.0413±
3.64
0.0246+
1.85
0.0418+
9.77
0.0352+
1.20

Irradiated pupae
ME

17.3 l"±
0.41
18.31'±
0.09
19.38"±
3.84
19.93"+
2.65

ATPase

58.63"+
0.81
98.57"±
0.82
58.27"±
0.66
87.50"±
1.18

Protein

0.040 NS

+ 4.62
0.0123*+
3.38
0.0098"
±2.92
0.0117'+
2.19

•Significant (P<0.05)
ME= Malic enzyme
IK I = Atabron

Gy=Gray= lOOrad

NS =Non significant
** Highly significant (P< 0.001)
ATPase= Adinosine triphosphatase
SL = Sumilarv

RESULTS

Malic Enzyme (ME)
The results in Table (1) revealed a highly significant decreases of ME activity due to the egg

treatment with IK! with all concentrations. Irradiated pupae recorded a highly significant increase of ME
activity. The sumilarv caused highly significant decreases at high concentrations while the irradiation of
pupae caused highly significant increases of ME activities.

The obtained results in Table (2) showed a significant decrease due to egg treatment with
formaldehyde turned to a significant increase of enzyme activity and the irradiation of pupae increased
this activity.

Table (3) showed the effect of temperature on the enzyme activity. Incubation of eggs at 40°C
for different time intervals caused a significant increase to the enzyme activity followed by a significant
decrease of ME activity after irradiation of pupae. The significant decrease of ME activity was obtained
due to the incubation of eggs at 0°C , while the irradiation of pupae caused a highly significant increase
of the enzyme activity.

Table (4) revealed the decrease in enzyme activity due treatment of eggs by ethanol and
pentanol while the irradiation of pupae caused a highly significant increase in the enzyme activity.

The results shown in table (5) indicated an insignificant decrease of ME activity due to the usage
of hulls in the larval rearing medium , while the irradiation of pupae caused a significant increase of ME
activity.

Moreover the irradiation of eggs followed by irradiation of pupae induced a highly significant
increase of ME activity as recorded in Table(6).

ATPase Enzyme
Table (1) showed a highly significant increase of ATPase activity after egg treatment with 1K1 at

the concentration of 500 ppm followed by a significant decrease at the concentrations of 750 and 1000
ppm. The irradiation of pupae led to inhibition in the enzyme activities at 500 ppm followed by
significant increase of the enzyme activities at 750 and 1000 ppm. The treatment with samilarv caused a
significant increase in the enzyme activities at 500 ppm, followed by a highly significant decrease at 750
and 1000 ppm. The irradiation of pupae doesn't affect the enzyme activity.
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Treatment of eggs with formaldehyde and colchicine reacorded a highly significant decrease of
the enzyme activity. The irradiation of pupae led to the increase of enzyme activity as recorded in
Table (2)

The incubation of eggs at 40°C led to a highly significant decrease in the enzyme activity for the
irradiated and non Irradiated pupae as shown in Table (3). Also the incubation of eggs at 0°C for
different time intervals led to a highly significant increase of the enzyme activity at 30 minutes followed
by a highly significant depression at the other time intervals. The irradiation of pupae caused depression
in the enzyme activity (Table 3).

Moreover Table (4) showed the ATPase activity recorded a significant increase at all
concentrations of ethyl alcohol. The irradiation of pupae increased the enzyme activity at concentrations
1 and 2% while decreased it at the concentration 3%. Also Table (4) recorded that pentyl alcohol
concentrations of 1 and 2% led to a highly significant increase of the enzyme activity while the
concentration 3% led to a significant decrease in the enzyme activity. The irradiation caused a highly
significant increase of the enzyme activity.

T|ie pupae produced from rice hulls media recorded an insignificant increase in the enzyme
activity converted to a highly significant increase in the enzyme activity after irradiation of pupae. While
the rice hulls: wheat bran media led to a highly significant increase in the enzyme activity to the
irradiated and non Irradiated pupae as shown in Table (5).

Table (6) recorded a highly significant increase in the enzyme activity obtained after irradiation
of the eggs with 2.5 and 10 Gy while the dose 5 Gy caused an insignificant decrease to the enzyme
activity. The irradiation of pupae doesn't affect the enzyme activity.

Protein :
Table (1) revealed that the use of IKI and sumilarv induced a significant increase in the protein

content. The irradiation of pupae increased the protein content too.
The lower concentrations of formaldehyde (0.0001 ug/L) caused an inhibition in the protein

synthesis while the higher concentration induced a highly significant increase in the protein content. For
the Irradiated pupae the protein increased at the concentrations 0.0001 and 0.01 ug/L and decreased at the
concentration 0.005 ug/L Table (2). Also Table (2) recorded a highly significant decrease in the
protein content due to the treatment of eggs with colchicine while the irradiation of pupae caused a
significant increase in the protein content.

The incubation of eggs at 40°C for different time intervals led to an insignificant increase in the
protein content changed to a significant increase after irradiation of pupae. Also the incubation of eggs at
0°C led to a significant increase in the protein content while the irradiation of pupae caused a highly
significant decrease in the protein content at 30 and 60 inin, followed by an insignificant increase in the
protein content at 90 and 120 min as recorded in table (3).

Table (4) indicated that treatment of eggs with ethyl alochol led to a significant decrease in the
protein content changed to a significant increase after irradiation of pupae. Also the treatment of eggs
with pentyl alcohol led to an in significant increase except at the 1% concentration of pentye alcohol that
showed significant increase in the protein content. The irradiation of pupae caused a depression in the
protein content.

A highly significant increase in the protein content was obtained in the irradiated and non
Irradiated pupae produced from rice hulls and rice hulls: wheat bran media as shown in Table (5)

Table (6) indicated a highly significant decrease in the protein content due to irradiation of eggs
with 2.5 and 10 Gy while an insignificant increase in the protein content was obtained due to irradiation
of eggs with 5 Gy. The irradiation of pupae led to a significant decreases in the protein content, at all
gamma doses under study.

DISCUSSION

A group of enzymes referred to as energy enzymes (ME, a-GPDH, LDH, MDH and (ATPase)
(6) (7)

have been studied in a wide variety of insects (Yong el a!., 1985 and Paul and Mayrard, 1965) . These
enzymes are particularly well studied from the biochemical and genetic aspects because of they are very
important tools for the investigation of insect metabolic activities during the course of development.
Malic enzyme (NADP-ME), is one of the oxidative NADP enzymes that provide NADH for lipogenesis
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(8)

(Wise and Ball, 1964) . The results obtained recorded ME and ATPase enzyme activities converted to
stimulatory effect of enzyme with the irradiation of pupae. The combined effect of irradiation and
colchicine increased the enzyme activity of ME and ATPase as obtained due the treatment of for

(9)

moldehyde which has mutagenic effect as 5 times less than irradiation with 8- rays (Szabad et al, 1983) .
(10)

Temperature sensitive lethal (TSL) mutations are very common in insect (Suzuki, 1967 and
( in

Smith, 1967) as the consequence of a single amino acid substitution in apoly peptide chain
(12)

(Wittmann, 1965) which alter the biological activity of proteins at different temperature. (Jockusch,
(13)

1966) . The treatment with heat (0°C) caused an inhibitory effect to ME and ATPase enzyme activities
(14)

as recorded by Katsoris and Mannaras (1992) . This effect was dimensioned due irradiation of pupae.
Alcohols have both stimulatory and inhibitory effects depending on the concentrations used.

Irradiation of alcoholic treated insects had a stimulatory action on enzyme activity.
Malicmas was affected by hulls media to record inhibitory activity reversed to stimulatory effect

due irradiation of pupae. This enzyme activity was decreased due 8-rays treatment as recorded by
(Rechsteiner 1970) .

The application of formaldhyde, IKI and Sumilarv on the eggs revealed stimulatory effect on
(16) (17)

protein synthesis as reffered by Ismail (1980) ; Scheller and Bodenstein (1981) and on the contrary
( IS) (19)

ofBakr, (1986) and Rutz et al, (1974) .
The colchicine cause, an inhibition for protein synthesis anatgonized by the irradiation of pupae.
The changing of the component of larval rearing media led to protein synthesis for both

irradiated and non inadiated pupae, while the irradiation of eggs led to inhibition of protein synthesis as
(20)

concluded by Amin et al., (1996) .
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ABSTRACT

Some biological studies of the Mediterranean fruitfly Ceratitis capitata
(Wiedemann) were carried out to help in controlling this pest. Three laboratory
experiments were done to study the effect of acetone, diethyl ether and ethyl alcohol
separately or combined with gamma radiation through egg treatment or larval diet
treatment.

The gamma dose (90 Gy) was applied only on the produced pupae after egg or
larval diet treatment. Concentrations of 0, 25, 50 and 100% of each chemical were
applied for treating eggs to evaluate egg hatch, pupation, adult emergence and sex
ratio. Larval diet treatment was done by adding 20 ml of each chemical concentration
to 500 gni of larval diet.

Treating eggs with ethyl alcohol separately increased pupation significantly at all
concentrations used while adult emergence was insignificantly increased with the
lowest concentration only (25%). Treating larval diet with ethyl alcohol alone
increased pupation insignificantly stud adult emergence was insignificantly decreased
at different concentrations. Moreover, treating eggs or larval diet with diethyl ether
alone significantly increased sex ratio at 50% and 2% concentration, respectively,
while differed insignificantly by applying different chemicals either on eggs or on
larval diet. Treating eggs with the three chemicals before gamma irradiation of the
produced pupae fluctuated egg hatch insignificantly compared to gamma irradiation
alone. By applying diethyl ether on eggs or acetone in the larval diet decreased egg
hatch insignificantly. Competitiveness values were insignificantly increased by
applying ethyl alcohol on eggs, acetone or ethyl alcohol in larval diet before gamma
irradiation of the produced pupae. Survivals of the produced adults, treated as eggs
or in the larval diet with different chemicals and irradiated as pupae, fluctuated
insignificantly.

Key Words: Gamma Radiation /Acetone /Diethyl Ether / Ethyl A Icohol / Ceratitis
Capitata.

INTRODUCTION

Tephritid fruitflies are sever pests of a wide variety of agricultural commodities. The Mediterranean
fruitfly, Cera/iris capitata (Wied), is considered as the most serious tephritid fruitfly species1" and has
been the target of numerous eradication programmes'2'. To date, much of the research concerning
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The application of the sterile insect release method alone is not likely to be the economically
feasible in most areas. So, in recent years much attention has been devoted to interactions between
gamma irradiation and other agents. Because many commonly used pesticides disturb the balance
between hosts, predators and parasitoids and can cause secondary out break of pests <3>4), selective
chemicals are needed for modern pest management programmes (5). New selective chemicals are being
developed and the effects of currently available selective chemicals on nontarget organisms are being
investigated*6'7'. Several studies were carried out on applying chemical compounds combined with
gamma irradiation for improving the sterile insect technique (SIT) by increasing the vitality of the
released adults ofCeralitis capitata <8"10).

The present study was, therefore, conducted in an attempt to determine the efficiency of the
treatments with acetone, diethyl ether or ethyl alcohol, each applied alone or incombination with
gamma irradiation for the improvement of the vitality of the medfly adults to be suitable for SIT
control programmes.

MATERIAL AND METHODS

Eggs of C. capitata were obtained from adults fed on artificial diet consisting of sugar and
hydrolyzed protein at a ratio of 1:3 by weight(11). Acetone, diethyl ether and ethyl alcohol were tested
directly on 72 h. old eggs or mixed with the larval diet. Egg hatch, pupation, adult emergence and sex
ratio were evaluated after treatment. Egg hatch, male mating competitiveness and survivals of the
produced adults were tested using the highest concentration of each of the chemical. Application was
carried out by the following way: (1) Dipping eggs in the chemical concentrations of 0, 25, 50 and
100%. (2) Incorporation of the chemicals into larval diet by chemical dilutions of 0, 1,2 and 4%. The
produced pupae were irradiated by the dose 90 Gy using the gamma source installed in the National
Center for Research and Technology at a dose rate of 0.03 Gy/Sec.

After irradiation, pupae were allowed to emerge. The emerged adults were classified into sexes.
The following mating combinations were made, each containing five adults of each sex.

(1) Normal males x Normal females

(2) Irradiated males x Normal females.

(3) Treated Irradiated males x Normal females.

(4) Treated Irradiated males x Normal males x Normal females.

Each combination was confined in an experimental cage. Three replicates were performed for each
test. Competitiveness value was estimated by Fried formula (12l Statistical analysis were done
according to Gomez and Gomez(13).

RESULTS AND DISCUSSION

Results obtained are recorded in Table (1) that shows the effect of egg and larval diet treatment
with acetone on egg hatch, pupation, adult emergence and sex ratio.

By direct treating of eggs, an insignificant decrease in egg hatch was observed while pupation was
insignificantly increased at the lowest concentration but adult emergence was insignificantly increased
with increasing concentration. Sex ratio differed insignificantly. Results of Abdel-Megeed etalSM) on
C. capitata eggs applying Du-Ter agree with ours. They found that Du-Ter affected the hatchability of
eggs specially at the high concentrations. However, Rup and Chopra(15) dipping eggs of the banana
fruitfly Zaprionus paravittiger in Diflubenzuron at 1 ppm concentration, found that egg hatch was
reduced. While results of El-Abbassi et al°6) applying Du-Ter and Wakid and Fadel(8)applying
alcohol (1-Pentanol.) on Ceraiitis capitata eggs disagree with our results on egg hatch, pupation and
adult emergence. They found no toxic effect or slight increase in egg hatch and pupation.
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Table (1): Effect of egg and larval diet treatment of the Mediterranean fruitfly,

Ceratitis capitata with acetone on egg hatch, pupation, adult

emergence and sex ratio.

Variables

Concentrations

0

25%

50%

100%

LSD

F

0

1%

2%

4%

LSD

F

%

Egg hatch

%

Pupation

%

Adult emergence

Sex ratio

Males :Feniales

Egg treatment:

88.39

88.33

87.76

81.64

8.709

1.50

57.32

58.75

54.37

47.65

11.25

7.26

95.95

97.75

99.22

99.24

4.051

1.57

1.04:1(5.75)*

1.04:1(5.85)

0.98:1(6.08)

1.05:1(5.79)

(1.17)

0.17

Larval diet treatment:

--

—

—

—

—

r 52.23

49.64

49.52

47.97

3.924

2.15

99.00

99.18

98.51

98.88

2.689

0.11

1.10:1(5.98)*

0.89:1 (5.41)

0.87:1 (5.35)

1.10:1(5.27)

(0.96)

1.22

* : Arcsine values
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reduced. While results of El-Abbassi et al.{l6) applying Du-Ter and Wakid and Fadel(8) applying alcohol
(1-Pentanol.) on Cerafitis capitata eggs disagree with our results on egg hatch, pupation and adult
emergence. They found no toxic effect or slight increase in egg hatch and pupation.

By treating larval diet with acetone, pupation was significantly decreased at the highest
concentration. Results of Shaaban et al}xl) and El-Fishawy(18) applying various insecticides on medfly
eggs and Fadel(9) applying formaldehyde are in agreement with ours

The same table shows that adult emergence and sex ratio were insignificantly decreased. Results of
Erving et n/."9' applying alcohol or acetone on Dacus dorsalis, D. cucurbitae, Ceratitis capitata adults,
and Fadel<9), applying formaldehyde incorporated with larval diet of the medfly, are in agreement with
ours.

Table (2) presents the effect of egg and larval diet treatment of the medfly with diethyl ether on egg
hatch, pupation, adult emergence and sex ratio. Treating eggs revealed that egg hatch and pupation were
insignificantly increased at the low concentration (25%) while they were insignificantly decreased with
the high concentrations. Adult emergence was insignificantly increased with the increase in the
concentration. Sex ratio was significantly increased at 50% concentration compared with control.
Results of El-Abbassi et «/.(16) agree with ours on egg hatch, they applied Du-Ter on C. capitata eggs
and recorded no toxic effect. Those of Wakid and Fadel (8) agree with the present results on egg hatch,
pupation and adult emergence when applying (1-Pentanol) alcohol on C. capitata at different
concentrations. Results of Abdel-Megeed etal.(U) applying Du-Ter on C. capitata eggs disagree with
ours, they found that Du-Ter affectd the hatchability of eggs specially at the high concentration. Rup
and Chopra(I5) dipping eggs of the banana fruitfly Zaprionus paravittiger in Diflubenzuron, found that
egg hatch was reduced when eggs were dipped in 1 ppm concentration.

Treating larval diet with diethyl ether also revealed that pupation and adult emergence were
insignificantly decreased with the increase in the concentration while sex ratio differed insignificantly at
1, 4% concentration and significantly increased at 4%.

Results of El-Fishawy(18) applying dimethoate, Shaaban et al}ll) applying dimecron, dimethoate,
nuvacron, supracid and Fadel<9) applying formaldehyde, Fadel and Othman(10) applying boric acid,
Pyriproxyfen and Fenoxycarb, on Ceratitis capitata eggs are in agreement with the present data, while
results of Irving et o/.(I9) on the effect of alcohol or acetone on emergence of Dacus dorsalis, Dacus
cucurbitae and Ceratitis capitata adults disagree with ours.

Results in Table (3) show the effect of treating eggs and larval diet of the medfly with ethyl alcohol,
on egg hatch, pupation, adult emergence and sex ratio.

These results indicate that treating eggs with ethyl alcohol decreased insignificantly egg hatch but
pupation was significantly increased at all concentrations used. Adult emergence and sex ratio were
insignificantly decreased with the increase in the concentration.

Results of El-Abbassi et «/.(l6) applying Du-Ter and Wakid ela!<20) applying Dimilin on the egg
hatch of C. capitata agree with ours.

Results of Wakid and Fadel(8) applying 1-Pentanol alcohol and Wakid et o/.(20) applying Dimilin on
adult emergence and sex ratio of C. capitata agree with our results, while results of Rup and Chopra (1!)

on egg of the banana fruitfly Zaprionus paravittiger dipped in Diflubenzuron disagree with ours.

Larval diet treatment indicated that pupation was insignificantly increased at different concentrations
used. Adult emergence and sex ratio were insignificantly decreased with the increase in the
concentration.

Results of El-Fishawy (18) applying various insecticides on C. capitata and Irving et n/.(I9), applying
alcohol or acetone on the three fruit-flies, disagree with ours. Moreover, results of Fadel(9) applying
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Table (2): Effect of egg and larval diet treatment of the Mediterranean fruitfly,

Ceratitis capitata with diethyl ether on egg hatch, pupation, adult

emergence and sex ratio.

Variables

Concentrations

0

25%

50%

100%

LSD (0.05)

F

0

1%

2%

4 %

LSD (0.05)

F

%

Egg hatch

%

Pupation

%

Adult emergence

Sex ratio

Males:Females

Egg treatment:

88.08

90.05

85.90

85.33

5.773

1.49

59.30

60.35

58.35

50.70

11.61

1.52

Larval diet treatment:

—

—

~

—

—

—

52.23

51.24

48.46

46.64

8.610

0.94

98.11

99.17

99.17

99.72 "

1.939

1.37

99.00

97.31

93.64

91.32

15.06

0.57

0.98:1(5.61)*

1.18:1(6.19)

1.12:1(6.46)

0.96:1(5.54)

(0.78)

3.44

1.10:1(5.99)*

1.04:1(5.64)

1.52:1 (2.01)

1.08:1(5.85)

(1.30)

2.33

* : Arcsiiie values
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Table (3): Effect of egg and larval diet treatment of the Mediterranean fruitfly,

Ceratitis capitata with ethyl alcohol on egg hatch, pupation, adult

emergence and sex ratio.

Variables

Concentrations

0

25%

50%

100%

LSD (0.05)

F

0

1%

2 %

4%

LSD (0.05)

F

%

Egg hatch

%

Pupation

Egg treatment:

88.73

86.83

85.03

84.7.0

6.082

0.98

Larval diet

~

—

—

—

—

—

58.58

74.65

74.29

70.18

7.366

11.05

treatment

52.23

57.62

57.01

53.15

7.185

1.52

%

Adult emergence

98.32

98.98

97.64

97.68

2.364

0.77

99.00

97.89

97.84

93.00

8.766

0.99

Sex ratio

Males: Females

1.11:1(5.94)*

0.88:1(5.39)

0.74:1(5.36)

1.08:1(5.83)

(1.07)

0.83

1.10:1(5.98)*

1.07:1 (5.83)

1.25:1(6.37)

1.08:1 (5.78)

(1.11)

0.61

* : Aicsiue values
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Table (4): Effect of egg and larval diet treatment with acetone, diethyl ether and ethyl alcohol on egg hatchability, male mating
competitiveness and survival of the Mediterranean fruitfly, Ceratitis capitata adults produced from gamma irradiated pupae.

^-^ariables

Treatments"^
Acetone:

Cont
r d)

T J (2 )

LSD (0.05)
F

Diethvlether:
Cont
rd)

TI(2)

LSD (0.05)
F

Ethvl alcohol:
Cont

T I(2)

LSD (0.05)
F

%
Egg hatch

%
Observed
egg hatch

%
Expected
egg hatch

Competitiveness
values

%
Survival

o71: %
Egg treatment:(100 %)

85.04
2.89
5.22
12.29
120.38

93.29
2.83
0.67
3.522

1755.91

85.04
2.89
3.14

4.446
942.55

—
45.01
58.89
N.S.
0.10

—
20.04
27.80
N.S.
0.30

—
45.01
40.62
N.S.
0.28

—
23.43
27.01

—
—

—
25.45
25.54

—
—

—
23.43
25.74

—
•—

—
0.32
0.21
N.S.

—

_
1.42
0.81
N.S.

—

—
0.32
0.47
N.S.

—

93.33:100
100:100

86.67:100
(13.35)

7.14

93.33: 100
100 : 100
93.33: 100

(13.35)
7.14

93.33: 100
100 : 100
80 : 100

(13.35)
7.14

%
Egg hatch

Larval diet
92.02
1.59
1.40

7.709
355.95

93.29
2.83
4.19
6.02

584.31

85.04
2.89
3.12

4.002
1151.38

%
Observed
egg hatch

%
Expected
egghatch

treatment: (4%)
..

48.05
35.86
N.S
0.63

_.

20.04
28.42
N.S.

0.0004

_
45.01
36.95
N.S.
0.24

—
25.45
26.75

—
—

25.45
26.75

—
—

23.43
25.42

—
—

Competitiveness
values

—
0.32
0.57
N.S.

—

—
1.42
0.91
N.S. .

—

—
0.32
0.39
N.S.

—

%
Survival
o* : *

93.33
100
100

100
100
100

(13.35)
7.14

93.33
100
100

100
100
100

(13.35)
7.14

93.33
100
100

• 100
: 100
: 100

(13.35)
7.14

(1) Irradiated
(2) Treated followed by Irradiation
N.S. : Not significant



formaldehyde, Fadel and Othman (l0) applying Pyriproxyfen and Fenoxycarb on C. capitata eggs are in
agreement with the present results on adult emergence and sex ratio.

Table (4) presents results on the effect, of treating eggs or larval diet with acetone, diethyl ether or
ethyl alcohol, on egg hatchability, male mating competitiveness and survivals ofthemedfly adults
produced from gamma irradiated pupae.

Egg treatment with acetone and ethyl alcohol combined with gamma radiation increased
insignificantly egg hatch that decreased insignificantly by applying diethyl ether. Applying acetone and
diethyl ether combined with gamma radiation insignificantly increased the observed egg hatch compared
to gamma irradiated treatments while ethyl alcohol combined with gamma irradiation decreased it.
Competitiveness values decreased insignificantly by applying acetone and diethyl ether and was
insignificantly increased by applying ethyl alcohol.

Larval diet treatment, with acetone combined with gamma radiation insignificantly decreased egg
hatch which was increased insignificantly by applying diethyl ether or ethyl alcohol. Competitiveness
values were insignificantly increased when applying acetone and ethyl alcohol but decreased by
applying diethyl ether. Adult survival was not affected either by treating eggs or by treating larval diet.

The present results on the combined effect of ethyl alcohol and radiation on male mating
competitiveness are similar to those arrived at by Ahmed et al.(2I) on Corcyra cephalonica applying

Baygon (LC50) or Sumithrin and irradiated with 400 Gy and by Wakid et a/.(20) applying IKI and
Dimilin and Wakid et a/.(22) applying Dimethoate on C. capitata.

Some authors working on the same species as Keiser and Schneider(23) and Shoukry(24) recorded the
same results on adult survivals, while Saul and Seifert(25) recorded a reduction in population survival by
applying Methoprene on eggs of C. capitata, Dacits dorsahs and Dacus cuairbitae.

Results of our study indicate that acetone, diethyl ether and ethyl alcohol affected insignificantly
some biological aspects of C. capitata adults including egg hatch, pupation, adult emergence, sex ratio,
male mating competitiveness and adult survivals. Ethyl alcohol applied on eggs significantly increased
pupation at all concentrations used. Also, diethyl ether increased male ratio at concentration of 50%,
2% when treating eggs or larval diet, respectively.

From the present work it is recommended to treat 2 h. old eggs of the medfly with a solution of 25%
ethyl alcohol for five minutes in the rearing laboratory to increase the pupal production which will be
useful for releasing enough pupae in insect technique programmes for controlling this pest.
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ABSTRACT

Eggs of the Mediterranean fruit fly Ceratitis capitata (Wied.) with different ages
(2, 24, 48 li.okl) were incubated at two different temperatures (15°C for 24 h. and
50"C for 10 minutes), then they were seeded on the larval media. The produced
pupae were irradiated with gamma radiation (70 Gy as a substerilizing dose). Some
biological aspects were studied concerning the effect of temperature on eggs and
irradiation of the produced pupae. Results obtained showed that the percent pupation
in the control group was significantly decreased with increasing the egg age in
comparing 2 and 48 h.old eggs. However, in case of 24 h.old eggs, there was no effect
at both temperatures applied. Incubation of 2 and 48 h.old eggs at either temperatures
significantly~affected the percent pupation when compared to the control group except
with 48 h.old egg and 50"C. At theiwo temperatures applied, the incubation periods
significantly decreased the percent emergence for 2 li.old at both temperatures and 48
h-old eggs at 15"C only. Incubated eggs at 50"C and 48 h-old did'nt affect neither
percent pupation nor percent emerged sex. On the other hand, egg hatchability was
significantly reduced at 24 h.old egg and 50"C for 10 minutes also at 2 h.old egg and
50"C for 10 min. either by applying temperature alone or combined with irradiation,
respectively. Egg incubation at 15"C and 50"C for 24 and 48 h.old eggs, respectively
insignificantly reduced hatchability of eggs of the produced adults. Combination of
temperature (50°C for 10 minutes applied to 2h-o!d eggs) and gamma radiation gave
the best reduction in egg hatchability of the produced adults. Male competitiveness
was better when 24 h-old eggs were incubated at 15"C for 24 hours rather than
incubated at 50"C for 10 minutes. Neither the temperature nor the exposure time to
which eggs of different ages were subjected to heat affected adult survival.

Key Words: Ceratitis capitata / Temperature / Gamma Radiation.

INTRODUCTION

The Mediterranean fruit fly Cerafitis capitata (Wied.), medfly, is a very destructive pest of more
than one hundred faiit crops throughout the tropical and subtropical regions of the world(1). For
controlling this pest several chemical insecticides were used, but many problems were associated with
the use of these insecticides. Recently, the sterile insect technique (SIT) has open up possibilities of
insect control in many parts of the world.

Many studies evaluated the possibility of using temperature on some biological aspects. These
studies have been done by Hallman(2), Wakid et a/.'^, Putmele de Suapr(4) and Hansen et aJ}5).

The present work was designed in order to use the substerilizing dose of gamma radiation (70 Gy),
instead of the sterilizing dose (90 Gy), when applied to pupae produced from eggs subjected at different
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ages to different degrees of temperature. This may reduce the adverse effects of the high dose of gamma
radiation on the vitality and reproduction of the produced adults.

MATERIALS AND METHODS

The culture of the medfly was maintained at the insectary of the Atomic Energy Authority, Inshas,
Egypt. The larval rearing technique used was similar to that recorded by Tanaka((i). The standard
formula diet for larval rearing was that followed by Wakid(7). Adults were fed on sugar and yeast
hydrolyzate in the ratio of 3:1 by weight. The prevailing temperature was 25±2°C and the relative
humidity ranged between 50-70%. Eggs of the medfly (2, 24 and 48 hours old) were incubated in an
incubator of 15°C (for 24 hours) or of 50°C (for 10 minutes), then seeded on the larval medium in small
larval trays. The produced pupae were collected and irradiated with (70 Gy) using the 60Co gamma eel!
of the National Center for Radiation Research and Technology at a dose rate of 0.04 Gy/sec.

Many biological parameters were investigated i.e, pupation, adult emergence, egg hatchability, adult
survival and male mating competitiveness which was computed according to Fried(R).

Data were analyzed for significance using Factorial Analysis of Fisher(9).

RESULTS AND DISCUSSION

The effect of applying temperatures (15°C for 24 h. and 50°C for 10 min.) on the Mediterranean
fruit fly, Ceratitis capitata eggs (2, 24 or 48 h. old) on pupation and adult emergence are shown in
Table (1).

Table (1): Effect of applying temperatures (15°C for 24 h. and 50°C for 10 nun.) on the
Mediterranean fruit fly Ceratitis capitata eggs (2, 24 and 48 h-old) on pupation
and adult emergence.

~~--^^^ Treatments

Variables "̂"~~--̂ .
% Pupation

2h.**
24h.
48h.

L.S.D.(age)

% Adult emergence

2h.**
24h.
48h.

L.S.D.(age)

Cont.
25±2°C

85.27
81.66
56.66

42.78
34.72
24.44

41.39
41.67
26.67

15°C
(24 h.)

5
80
40
5

0 *

24.44
36.11
8.33

.11

.55

.55
54

21.11
40.28
10.56

50°C
(10 inin.)

67.00
90.00
49.33

0*

31.33
46.67
26.33

33.00
42.33
21.33

L.S.D (0.05)
Time

15.0
N.S.
7.69

0 *

9.31
8.04
8.34

6
**

8.15
N.S.
7.09

o" %
4.25 6.09

* N.S. : Not significant at (0.05)
**Ages of eggs
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The percent pupation was significantly decreased (P<0.05) when 2 h-old eggs were incubated at both
temperatures studied (15°C and 50°C) compared with that of the control group 25±2°C), while for 24 h-
old eggs, percent pupation was not significantly affected. However, for 48 h-old eggs the percent
pupation was decreased insignificantly when eggs were incubated at 50°C and significantly at 15°C
compared to the control.

Results in Table (1) also showed that the percentages of adult emergence from 2 h-old eggs were
significantly decreased when eggs were incubated at both temperatures tested. However, percentages of
emerged adults were not affected at both temperatures 15, 50°C in case of 24 old eggs. However,
percentages of emerged males increased significantly when 24 h-old eggs were incubated at 50°C. Adult
emergence decreased significantly when 48 h-old eggs were incubated at 15°C. Similar results were
obtained by Mansour and Hassan <l0). They stated that the adult emergence of Bnichidius affierii was
lowered by increasing or decreasing temperatures than 30°C.

Data in Table (2) illustrate the effect of applying temperatures, (15°C for 24 h or 50°C for 10
minutes) on the medfly eggs (2, 24 or 48 h-old) and irradiating (70 Gy) the produced pupae (8-9 days-
old), on egg hatchability and male mating competitiveness.

Data showed that egg hatch was significantly decreased with the increase of egg age in case of the
control groups. The temperature of 15°C decreased egg hatch insignificantly at 24 and 4S h.old eggs.
Applying 50"C for eggs h.old also decreased egg hatch insignificantly while for 24 h.old eggs decreased
hatchability of eggs significantly and increased it significantly for 48 h.old eggs, when compared to the
control groups.

Gamma irradiation drastically decreased egg hatchability, at both temperature degrees and different
exposure times with different egg ages (2, 24 or 48 h-old) when compared to the control group. These
results agree with those arrived at by Wakid et a/.'3' and Mansour et n/.(10) on Cemtitis capitcttct.

Data also showed that the observed percent egg hatch obtained at the ratio of 3:1:1 (sterile male :
normal male : normal female) was higher than that expected when the irradiated males were exposed (in
the egg stage) to both temperatures (15°C and 50°C). These results agree with those obtained by Wakid
etalm on Ceratitis capitata.

The highest male mating competitiveness was recorded when 24 h-old eggs were exposed for 24
hours to 15°C (0.83). On the other hand, the lowest male mating competitiveness value (0.21) was
obtained when 24 h-old eggs were exposed for 10 minutes to 50°C. Amin et al[n) reported that male
mating competitiveness of C. capitata was better when the pupae were incubated at 50 or 15°C for 2
days rather than for 2 hours. Also, Fadel(12) recorded that the competitiveness values were greatly higher
among populations that were exposed to low temperature rather than those exposed to moderate or high
temperture before irradiation whether in the pupal or adult stages. Again, Serghiou(13) found that male
mating competitiveness decreased with the increase in exposure time to chilling of C. capitata adults.

Results in Table (3) show the effect of applying temperatures (15°C for 24 h and 50°C for 10
minutes) on the medfly C. capitata (2, 24 or 48 h-old eggs) and irradiating (70 Gy) the produced pupae
(8-9 day-old), on adult survived after 15 days.

From the table, it is clear that percentages male and female survival after 15 days from emergence
were not significantly affected (P > 0.05), i.e. no effect of either the temperature degrees or the different
exposure periods. Adult survival was not affectd also either by temperature alone or when combined
with irradiation. Amin et n/.(11) found that there were no effects of either the temperature or the
incubation periods to which the pupae of the medflies were subjected to irradiation on adult survival.
Also, Fadel(12) found that low temperature had no effects on mortality rate whether it was applied before
or after irradiation of pupae or adults.
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Table (2): Effect of applying temperatures (15°C for 24 h. and 50°C for 10 min.) on the Mediterranean fruit fly Ceratitis capitata Wied- eggs
(2, 24 or 48 h-old) and irradiating (70 Gy) the produced pupae (8-9 days old) on egg hatchability and the produced male mating
competitiveness.

Treatments

Cont. (eggs 2 h.)*

Cont. (eggs 24 h.)

Cont. (eggs 48 h.)

70 Gy

Eggs (2h.) 50°C for 10 min.**(T)***

Eggs (24 h.) 15°C for 24 h (T)

Eggs (24 h.) 50°C for 10 min. (T)

Eggs (48 h.) 15°C for 24 h. (T)

Eggs (48 h.) 50°C for 10 min. (T)

Eggs (2 h.) 50°C for 10 min. (TI)****

Eggs (24 h.) 15°C for 24 h. (TI)

Eggs (24 h.) 50°C for 10 min. (TI)

Eggs (48 h.) 15°C for 24 h. (TI)

Eggs (48 h.) 50°C for 10 min. (TI)

Average
% egg hatch

97.51

90.25

85.61

15.14

95.80

88.41

58.31

82.31

93.26

8.99

12.30

47.06

48.83

12.48

Average
% observed

egg hatch
—

—

-

33.66

—

—

—

—

—

37.04

36.64

77.76

70.54

54.07

Average
% expected
egg hatch

—

—

— -

35.68

—

—

—

—

--

28.15

33.55

69.62

60.95

33.69

Competitiveness
values

— '

—

—

0.94(1), 1.15(2)"

—

—

—

—

—

0.58

0.83

0.21

0.41

0.35

L.S.D.
(0.05)

For treatments

4.21

For irradiation (I),

Temperature (T)

and temperature

Irradiation

(TI)

2.63

For observed

egg hatch

3.68

* Age of the egg stage in hours.
** Exposure time.
*** T : Treated with temperature o n l y .
****TI : Treated wi th temperature followed by irradiation of pupae.

(1) Competitiveness value of males produced from 2 hours-old eggs.
(2) Competitiveness value of males produced from 24 or 48 hours-old eggs.



Table (3): Effect of applying temperatures (15°C for 24 h. and 50°C for 10 min.) on the
Mediterranean fruit fly Ceratitis capitata eggs (2, 24 or 48 h-old) and
irradiating (70 Gy) the produced pupae (8-9 days old) on percentage adults
survived after 15 days.

Treatments

Cont. (eggs 2 h.)*

Cont. (eggs 24 h.)

Cont. (eggs 48 h.)

70 Gy

Eggs (2h.) 50°C for** 10 mi,n.(T)(1)

Eggs (24 h.) 15°C for 24 h (T)

Eggs (24 h.) 50°C for 10 min. (T)

Eggs (48 h.) 15°Cfor24h. (T)

Eggs (48 h.) 50°C for 10 min. (T)

Eggs (2 h.) 50°C for 10 min. (TI)(2)

Eggs (24 h.) 15°C for 24 h. (TI)

Eggs (24 h.) 50°C for 10 min. (TI)

Eggs (48 h.) 15°C for 24 h. (TI)

Eggs (48 h.) 50°C for 10 min. (TI)

L.S.D. (0.05)

Average % adults survived
after 15 days

o71 *

86.67

93.34

100.00

93.33

93.33

100.00

93.33

86.67

100.00

86.67

86.67

100.00

86.67

100.00

N.S.***

100.00

100.00

100.00

93.33

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

100.00

93.33

N.S.

* Age of the egg stage in hours.
** Exposure time.
***N.S. : Not significant at (0.05).
(1) T : Eggs treated with temperature o n l y .
(2) TI : Eggs treated with temperature followed by irradiation of pupae.
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From the present results it is concluded that egg treatment at the age of 24 h-old with temperature
50°C for 10 minutes was the best to obtain better pupation and adult emergence. Also, egg treatment at
the age of 2 h-old with 50°C for 10 minutes to decrease egg hatchability to about half the value obtained
in applying gamma radiation alone. Moreover, applying temperature of 15°C to 24 h-old eggs for a
period of 24 h gave the highest competitiveness value in the combined treatments. Also, applying the
temperature of 50°C for (24 or 48 h-old) eggs showed the best male survival in the combined
treatments, a result which is useful in SIT programmes.
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ABSTRACT EG0100119

Full-grown male pupae of the cotton leafworm Spodoptera littoralis (Boisd.) were
gamma irradiated with low doses of 25, 50, 75 or 100 Gy. The effects of accumulating
doses applied to these pupae through three consequent filial generations and the
retarded influence on their Fj, F2 and F3 generations progeny were examined. The
histological observations showed that the damage in the testes was correlated with
increasing the dose applied to the male parents and was the highest among the adults
of Fj. Also, the damage at any acute dose was less than the damage occurred in the
same accumulated dose. The deteriorations on the testes were more evident in case of
Fi males resulting from parental males irradiated through two or three successive
generations or three accumulated doses of 25 or 50 Gy.

Key Words: Spodoptera littoralis / Gamma Irradiation /Inherited Sterility /
Histopathological Studies.

INTRODUCTION

The cotton leafwonn Spodoptera littoralis (Boisd.) is the major cotton pest in Egypt. Other than
cotton leaf, this insect feeds on several agriculturally important crops to which it causes a considerable
damage.

Control programs of S. littoralis in Egypt mostly depend on the use of various conventional
insecticides. The extensive use of these chemicals has given rise problems such as residual toxicity and
pollution, development of pest resistance, outbreaks of secondary pests and harmful effects on beneficial
insects which are nutural enemies. In order to avoid these hazards, there is a great need to develop
alternative safe control. Some efforts have been carried out to introduce the steril insect technique in the
control of the cotton leafworm S. littoralis. Full-grown pupae of this insect were found to require a dose
of 500 Gy gamma rays to produce completely sterilized adult males. The treated males were less
competitive than the untreated males for mating with untreated females at different ratios, upto 10
treated male's : 1 untreated male, Sallam(1). Full grown male pupae of the black cutworm, Agrotis
ipsilon were irradiated with 50, 100 and 150 Gy of gamma irradiaton. Histological observation on the
testes of F[ 1-day old male adults showed different degrees of damage including shrinkage of testes
contents, vacillations and disturbance in spermatogenesis. The damage increased as the dose given to
parental males was increased. Most of testis contents became a mass, no longer distinguishable and
mature sperm bandies appeared loose or broken, Ibrahim et n/.<2).
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The present study was conducted to investigate the histological effects on testes of adult males
irradiated with low doses applied throughout two or three successive filial generations and the
accumulated effect on the subsequent three successive generations.

MATERIALS AND METHODS

The cotton leafworm S. liUoralis was maintained under laboratory conditions at 27±2°C and 65±5%
R.H. for several generations. Larvae were reared on castor oil leaves, Ricinus communis according to
Sallam(3).

The treatments of full-grown pupae of S. littordlis 24-48 hours before emergence with gamma
radiation were achieved by using gamma cell-Cobalt-60 source (dose rate 284.3 rad per minute).

The full-grown male pupae were irradiated inside 100 cc. ice-cream cartons, at low doses of 25, 50,
75 or 100 Gy. Fifteen replicates of single pairs were used per each treatment. A group of untreated
pupae were kept as a control for comparison.

Newely emerged males resulting from the irradiated pupae were paired with their untreated opposite
sex. Each single pair was introduced into 750 cc. cylendrical carton cage. The daily deposited eggs were
colleted and kept to determine the rate of egg hatching. To continue the Fi generation newly hatched
larvae were kept in glass jars provided with castor oil leaves until larvae reached the last instar. Newly
formed pupae were collected, sexed and kept, each sex separately in plastic containers. The newly
emerged males of the first generation were paird with newly emerged untreated females, in order to
obtain F2 generation.

AH treatments under investigation were drived from initial parents of which only males were
irradiated. The resulted Fi adults were divided into groups, the first was left without any further
irradiation to continue for F2 and F3 for all experimental doses. The second group which was previously
irradiated with 25 or 50 Gy as parents, delivered the same dose, 25 or 50 Gy, again in the Fi generation
to obtain F2 and F3 as accumulative dose (25+25 or 50+50 Gy).

The same procedure was again repeated using the same dose in pupae of F2 generation to obtaine the
accumulative dose 25+25+25 or 50+50+50 Gy in the F3 generation.

Histological Preparation:

To study the effect of the low doses of gamma radiation on the internal anatomy of the testes, 30
samples of newly emerged adult males form each dose treatment in different generations were dissected
in Belar's saline using a dissecting microscope and were immediately transferred to hot Boin's fixtive
overnight. The treated tissues were dehydrated through a series of graded ethanol dilutions and then
cleared in xylene for 30 minutes. Tissues were held in equal parts of xylene and paraffin wax for 24
hours in an oven at 60°C then double embedded in pure melted paraffin to remove clearing agents before
finally embedded in paraffin blocks. The sections (6 urn thick) were staind with haematoxlin and eosin.
The stained sections were again dehydrated through the ethanol ascending series for 10 minutes period,
cleared in xylene before mounted in canda balasm. The slides were kept in an oven at 40"C for one week
before being examined with common research Ergaval microscope with attached camera. Photographs
were taken under different magnifications using 35 mm. Kodak gold film.

RESULTS AND DISCUSSION

Histology of the Virgin Male Testes:

The male testis forms a spherical white yellowish, fused organ composed of 8 follicles which open in
two vasa deferentiae, each composed of upper and lower parts. They unite together to form a common
ejaculatory duct which terminates at the base of aedeagus. Examination of transverse sections through
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the untreated testis showed that, as in other lepidopterous insects, there are various stages of sperm
development can be found within the adult testis. Spermatogonial cells occuppy the outer preiphery
region of the testis. The growth zone is formed of cysts of primary and secondery spennatocytes then
the mature spermatids found near the centre mixed with sperm bundles which occuppy a large areas in
the centre of the adult testis (Fig. 1). As more spermatogonia are produced from the mother cell of each
follicle, they puch those which have developed earlier down the follicle towards the vas deferens. So,
each follicle consists of a germarium in which the primary spennatogonia is enclosed in cysts dividing
and increasing in size to form the spermatocytes. A zone of maturation, in which spermatocytes
transform by two meiotic divisions to spennatids which develop again to spermatozoa, apeared clearly
in die outer periphey of the testis (Fig.2).

Two types of sperm bundles can be easily differentiated. They are produced normally as in other
lepidopterous males. These sperm bundles are eupyrene which are long, nucleated and densely stained
by eosin, and apyrene spenn bundles which are short, unnucleated and relatively faintely stained by
eosin. These bundles are usually present near the opening of the seminal vesicle.

Examination of transverse section through a testis of Fi generation resulting from Pi male irradiated
with 25 Gy showed a minute effect on the structure of testis contents. Most of spenn bundles appeared
normal and full formed. Sometimes some cysts were completely lost leaving large vacuoles instead
(Figs.3a).

In the testes of F2 males resulted from parental males irradiated with 25 Gy and also irradiated agaiti
in Fi with an additive dose of 25 Gy, the size of the testis was smaller than control testis due to
clumping of the follicular tissues (Fig.3b). The spennatids were no longer distinguishable and showed a
sign of liquefaction leaving large vacuoles. In many areas the spenns were degenerated and large
cavities and vacuoles beneath die follicular tissues were also observed (Fig. 3b).

When males of F2 were also irradiated widi another 25 Gy (Total dose 25+25+25 on Pi+F!+F2,
respectively), the transverse section in die F3 males testes showed severe damage represented by
reduction in size and retardation in spenn maturation in comparison to control (Fig.4). Besides,
tliickness and shrinkage of follicular tissues was also observed. The vacuoles became more obvious in
spermatogonial region due to degeneration of die spennatocytes indicating that abnormal changes
occurred during sperm maturation process (Fig. 4).

Section in F| males resulted from male parents irradiated with 50 Gy showed a severe effect on the
size and structure of testis contents. Testis appears smaller dian control, its dimensions became 123.2 to
224.4 (.i (Fig.5a). Immature sperm bundles showed compact appearance. The most characteristic
histopathological effect was liquefaction and destruction of spenn bundles (Fig.5a).

Bundles were completely broken in some areas and tissues were absorbed leaving large vacuoles
(Fig.5a). Examination of sections showed diat most of the changes occurred during spenn maturation
process at sperm bundle formation (Figs. 5a).

In die testes of F2 males resulted from irradiated parental males witii 50 Gy and also irradiated again
in Fj with an additive dose of 50 Gy, diickness and shrinkage of die follicular tissues were observed.
Moreover, many spennatocytes appeared nonnl in structure while dieir numbers were decreased
(Fig.5b). The most obvious effect was die breakage of sperm bundles and scattering of abnormal
sperms, clumping and degeneration of follicular tissues in large vacuoles among the follicles (Fig. 5b).

In the testes of F, males, resulted from parental males irradiated with 75 Gy, thickness and shrinkage
of follicular tissues were observed. Also, many spennatocytes appeared normal in structure while their
number were decreased. Immature spenn-bundles had a compact appearance. In some areas, bundles
were completely broken (Figs. 6).
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Kig.(l): Diagramatic drawing of the reproductive system of male
Spodoptera littoral is.

(AG) Accessory gland
(LDV) Lower vas diferens
(SV) Seminal vesicle
(UVD) Upper vas diferens

(1)) Duplex
(S) Simplex
( t ) 1 estis
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Fig.(2): A cross section in the testis of 1-day-old Spodoptera
littoralis unirradiated male, showing, spermatids (St)
sperm bundles (Sb), spermatocyte (Sc), spermatogonia
(Sg), testicular wall (Tw).
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Fig.(3)a: A cross section in the testis of 1-day-old Fj male descending from
Pi male irradiated with 25 Gy, showing, vacuoles (Va) thin
testicular wall (TTw).

Fig.(3)b: A cross section in the testis of 1-day-old Fl male descending from
Pi male irradiated with 25+25 Gy, showing, liquefaction of
spermatids (Lst), vacuoles (Va), degeneration of sperm bundles
(Dsb).

Fig.(4): A cross section in the testis of l-day-old Fj male descending from
Pi male irradiated with 25+25+25 Gy, showing, vacuoles (Va)
shrinkage (Sh), shrinkage of follicular tissue (ShFt).
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Fig.(5)a: A cross section in the testis of 1-day-old Fi male descending from
Pi male irradiated with 50 Gy, showing, liquefaction of sperm
bundles (Lsb), compact sperm bundles (Csb) vaculoes (Va),
shrinkage of follicular tissue (ShFt).

Fig.(5)b: A cross section in the testis of 1-day-old Fi male descending from
Pi male irradiated with 50+50 Gy, showing, vaculoes (Va),
shrinkage of follicular tissue (ShFt), sperm scattering (Ss).
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Fig.(6): A cross section in the testis of 1-day-old Fi male descending from
Pi male irradiated with 75 Gy, showing, shrinkage of follicular
tissue (ShFt), sperm bundles being broken (Sbb).

Fig.(7): A cross section in the testis of 1-day-old Fj male descending from
PT male irradiated with 100 Gy, showing, individual sperm (Is).
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Examination of transverse sections through a testis of Fi generation resulted from Pj male irradiated
with 100 Gy showed a minute effect on the structure of testis contents. Most of sperm bundles appeared
normal and individual sperm was fully formed indicating normal metamorphosis (Fig.7).

DISCUSSION

The obtained data on the effects of gamma radiation on the testes of Fj males descendant of parental
male irradiated as full grown pupae with acute dose of 25, 50, 75 or 100 Gy showed that 25 Gy had the
minimal effect on the structure of the testis contents, where most of spenn bundles appeared normal and
full formed. Sometimes some cysts were completely lost leaving large vacuoles instead. The damage of
testis structure increased as the dose applied to Pi males was increased..

The observed injurious effects on testes of Fi males descendant of Pj males irradiated with 50, 75 or
100 Gy were recorded as reduction in testis size, shrinkage of folficular tissues, liquefaction and
degeneration of sperm bundles in some areas leaving large vacuoles. The harmful effects on testes were
more evident when Fi males were descendant of parental males irradiated through two or three
successive generations with two or three accumulated doses of 25 or 50 Gy.

Effects of dose accumulation on histological changes in lepidopterous insects were not previosly
studied in other laboratories. Therefore, again, the discussion of this part was difficult. However, El-
Naggar(4) reported that S. littoralis, fullgrown male pupae were irradiated with acute doses of 10, 15 or
20 Krad. The testes, volumes of the first, second and third generations were significantly affected by
gamma radiation doses applied to parental males. The lengths of the ovarioles were greatly reduced at
the first and second generations especially at 15 and 20 Krad. The third generation was not greatly
affected. Damage in the testes was the highest among Ft and was minimized in the two other
generations.

Ibrahim et a]m reported that full grown male pupae of the black cutworm, Agrotis ipsilon were
irradiated with 50, 100, 150 Gy of gamma irradiation. Histological observations on the testes of Fi 1-
day old adults were investigated and compared with unirradiated ones. Irradiation affected the process
of spermatogenesis, where it caused gross damage to the testes of the Fi adults. Many of the gonial cells
were killed, and the damage increased in proportion to the applied dose.

Sallam et o/.(5) reported that adult males, less than 24 hours, of the cotton leafworm, S. littoralis
were gamma irradiated with 100, 150 and 200 Gy and mated with normal females, the resulting males
of each generation were mated with normal females throughout three successive generations. The effects
on histology of the male reproductive system among the three failial generations showed that
morphological abnormalities and retardation in sperm maturation appeared at 150 Gy, at 200 Gy the
structure of the testis was severly affected. The greatest damage in the testes was observed in Fj, and
minimized in the following two generation.
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ABSTRACT EG0100120

The effects of gamma irradiation on amino acid content of the cotton leafworin
Spodoptera littoralis was studied. The identified nniino acids in the total body tissue of
male moths were Theronine, Serine, Glutamic, Glaycine, Alanine, Valine, Cystine,
Methonine, Isoleucine, Leucine, Tyrosine, Phenylalanine, Lysine, Histidine and
Arginine. The irradiation of full grown male pupae with doses 100, 200 and 300 Gy
decreased the total quantity of amino acids and the amount of most individual amino
acids in male moths of Pi or Fj generations with some exceptions for Threonine,
Alnnine, Glycine, Serine, Valine, Cystine and Methionine which were increased. The
effect of irradiation on amino acid content of the reproductive system tissues for each
male or female were also studied. The results indicated that irradiation decreased the
total quantity of amino acid content of both sexes by increasing the dose and males
were more radiosensitive than females. Also, irradiation decreased the amount of
individual amino acids in both sexes with certain exceptions, e.g. Alanine, Methionine
and Tyrosine which increased in the reproductive system of male, and Methionine
which increased by more than four times as control. The amino acid content was
determined as well in Fj egg progeny, which was produced from irradiated males.
Irradiation doses (100, 200 and 300 Gy) decreased the total quantity of amino acids,
and all individual ones except Cystine. The greatest reduction (54.9%) was observed
with Lysine at 300 Gy as compared to control.

Key Words: Gamma Irradiation /Amino Acids /Spodoptera littoralis /Lepidoptera /
Biochemistry.

INTRODUCTION

The sterile insect release technique of suppressing or controlling insect populations was among the
outstanding recent contributions to applied economic entomology. The success of this method of insect
pest control depends, in fact, on the production of sterile males which should be active enough to
compete effectively with normal males in finding their mates. The competitive moths in Lepidoterous
species will result when irradiation doses are substerilizing, North(1). Moreover, individuals treated at
substerilizing doses produce offsprings which are nearly or completly sterile. This phenomenon is
known as inherited or F| sterility. Proverbs'2' was the first to report the presence of inherited sterility in
the F| progeny of the codling moth Cctrpocapsa pomonella (L.) when parental male moths, irradiated as
pupae with 300 Gy and were mated with non-irradiated females.
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The cotton leafworm Spodoptera littorais (Boisd.), is the most important pest of cotton in Egypt.
Sterilization by irradiation as means of control was studied by Hassan(3), Sallam(4'!), Hosny et al.(6),
Wakid and Hayo(7), Souka"0, El-Shall(9) and Sallam and lbrahim<!0).

The objectives of tliis investigation are to study the effect of irradiating male pupae on the amino
acid content of total body tissues of the resulting parental male moths and Fi male adults. Also the
studies were extended to include the effect of irradiaton of pupae on the amino acids in the reproductive
system tissues for parental males or female as well as in the produced eggs of Fi generation.

MATERIALS AND METHODS

Egg-masses of the cotton leafwomi, Spodoptera Httoralis (Boisd.) originally obtained from the
cotton fields of Giza Governorate, were kept in the laboratory under 25-32"C and relative humidity of
60-75%. Larvae were fed on castor oil plant leaves Ricirms coimmmis and reared in clean glass jars.
The full grown larvae were transferred to other jars furnished with saw dust containing 20% moisture to
help in formation of pupae. The pupal sex were indentified, then the pupae were kept on a filter paper in
petri dishes.

Pupal treatments with gamma rays were achieved by using the model 2 Cobalt-60 irradiation unit
(Gamma cell 200). Its dosimetry was then 6.969 rad per sec. with ±5% error. Full grown male pupae
were gamma irradiated with doses of 100, 200 and 300 Gy. The resulting adult males were paired with
normal females to obtain F! eggs.

The amino acid content was determined in the total body tissue, reproductive system of adults as
well as in the Fi eggs.

1- Extraction of Total Body Tissues:

The amino acid content was determined in 3-days old adults. The treatments were :

i. Pi male moths irradiated as full grown pupae with 10, 20 or 30 Krad.

ii. F] male moths irradiated as full grown male pupae with 10 or 20 Krad.

iii. Unirradiated male moths.

2- Extraction of Reproductive System Tissues:

Amino acid content was determined in the reproductive system tissues of either 3-days old maje ©r
female adults irradiated as full grown pupae with 10, 20 or 30 Krad. Also, the reproductive system
tissues of unirradiated male or female were taken as a control.

3-Extraction of Eggs:

The amino acids content was determined in Fi eggs produced from parental males irradiated as full
grown pupae with 10, 20 or 30 Krad. Unirradiated eggs were used as a control.

Amino acid determination was performed by the Egyptian Danish Protein Laboratory belonging to
the Egyptian Agriculure Organization according to the method of Moore et a!in).

Procedure:

i. Samples of each treatment were dried in an oven at temp. 80°C till the sample reaches a constant
weight.

ii. Dry samples of 400 mg were weighed in ampoules for acid hydrolysis and 7 ml of 6 N HC1 was
added.
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iii. Ampoules were sealed under vacuum, samples were then heated in an oven at 110°C for 16 hours.

iv. The sealed ampoules were then opened and the hydrochloric acid was removed under vacuum.
Sodium citrate (buffer pH 2.20) was used to dissolve samples and diluted to the required volume.

v. Filtered hydrolyzate was used for the amino acid analysis.

Beckman amino acid analyzer model 121 was used for the entire body tissues, in which a sample of
0.5 ml volume was injected. One complete analysis took approximately 4 hours. Type PA. 35 custome
resin was used for basic amino acids, and type M. 82 spherical ion exchange resin was used for neutral
and acidic amino acid determination. Beckman 7300 system was used for detection of the amino acids in
tl:e reproductive system tissue and eggs, in which a sample of 50 ul volume was injected.

RESULTS AND DISCUSSION

1- Total Body Tissue of Moths:

The effects of male pupae irradiation on amino acid content in the total body tissues of male moths
at Pi and F, progeny is shown in Table (1) and (2). Data revealed that, fifteen amino acids were
indentified in normal and irradiated male at parents and Fi progeny. Detected amino acids were
Threonine, Serine, Glutamic, Glysine, Alanine, Valine, Cystine, Methionine, Isoleucine, Leticine,
Tyrosine, Phenylalanine, Lysine, Histidine, and Arginine. Irradiation generally had an effect on both
quality and quantity of amino acid content. The degree of effect differed mainly according to irradiation
dose. All the fifteen amino acids appeared in parents and Fi progeny moths after the irradiation of pupae
with 100 Gy. However, Cystine and methionine disappeared after irradiation with 200 and 300 Gy or
200 Gy at parents and Ft generation, respectively. A new unknown amino acid supposed to be Cystine +
Methionine appeared in a position between the two acids on the chromatogram separation pattern.
However, all applied doses decreased the total quantity of the detected amino acids for both parents and
F| progeny moths.

In general, the dose of 100 and 200 Gy reduced the amount of all the amino acids detected in male
parent with some exceptions for Serine and Valine which showed a slight higher level at 100 Gy
(Table 1). The degree of reduction at 200 Gy was relatively more pronounced than that found at 100
Gy, especially for Tyrosine, Isolecucine, Histidine, Lysine, Leucine, Serine, Glutamic, Glysine,
Threonine, Alanine and Valine. However, the effect of 300 Gy on male parents differed according to
the type of detected amino acids: i.e., Serine, Threonine, Alanine, Valine and Glysine proved to be in
higher amounts for irradiated moths than control in descending order. The other amino acids were
decreased in irradiated moths; where the degree of reduction at this dose was lower somehow than at
lOOandlOOGy.

Data in Table (2) showed that, Alanine, Methionine, Threonine, Glysine, Cystine, Valine, and Serine
recorded higher level than control especially Alanine, which showed 78% than in control at 100 Gy.
Irradiation by 200 Gy reduced all amino acids except Serine, and Alanine which showed an increase by
1.4 and 23.7% than control, respectively.

2- Reproductive System Tissues:

The changes in the amino acids content in the reproductive system tissues of 3-days old adults
irradiated as full grown male pupae with 100, 200 or 300 Gy are shown in Tables (3 and 4). The data
indicated that irradiation generally had a decreasing effect on the total quantity of amino acid contents
of both sexes. This decrease was increased by increasing irradiation dose. The rate of decrease was
more pronounced with male than female where it, decreased approximately by 19, 24 and 24% than
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Table (1): Ammo ncid content of male adults Spodoptera Uttoratis (Boisd.) irradiated as full grown
pupae with gamma rays.

Amiiio

Acids

Threonine (THJR)

Seiine (SER)

Glutamic (GLU)

Glysine (GLY)

Alnnine (ALA)

Valine (VAL)

Cystine (CYS)

Methionine(MET)

Isoleucine (ILE)

Leuciiie (LEU)

Tyrosine (TYR)

Phenylalanine(PHE)

Lysine (LYS)

Histidine (HIS)

Arginine (ARG)

Cystine+Methionine

Total

Amino acid content

Control

amount

716.9

258.0

583.0

202.6

317.0

177.5

178.5

76.8

733.3

894.5

943.4

740.9

657.5

612.2

676.1

0

7768.9

relative
%

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0

100

100

amount

488.3

270.5

515.8

179.0

303.5

184.5

69.0

58.0

162.2

504.9

208.4

115.3

200.4

176.0

224.3

0

3660.1

Gy
relative

%

68.1

104.8

88.4

88.3

95.7

103.9

30.6

75.5

22.1

56.4

22.0

15.5

30.4

28.7

33.1

0

46.6

200

amount

529.8

161.4

412.4

148.2

256.1

152.3

0

0

130.1

381.0

140.4

121.7

169.8

142.9

219.0

15.6

2980.7

Gy
relative

%

73.9

62.5

70.7

73.1

80.7

85.8

0

0

17.7

42.5

14.8

16.4

25.8

23.3

32.3

0

38.3

300 Gy

amount

1043.1

576.6

444.2

213.8

453.7

202.9

0

0

279.9

655.0

444.4

294.7

343.8

463.4

391.2

192.0

5799.0

relative
%

145.4

233.4

76.2

105.5

143.1

114.3

0

0

38.1

73.2

47.1

39.7

52.2

43.0

57.8

0

74.6

amount: mg amino acid / g dry matter.

amount of A. A. in irradiated sample
% relative = X 100

amount of A. A. in control
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Table (2): Amino acid content of Fi male adults Spodoptera littoralis (Boisd.) irradiated as
parental full grown male pupae with gamma rays.

Amitto
Acids

Threonine (THR)

Serine (SER)

Glutamic (GLU)

Glysine (GLY)

Alanine (ALA)

Valine (VAL)

Cystine (CYS)

Metliionine (MET)

Isoleucine (1LE)

Leucine (LEU)

Tyrosine (TYR)

Phenylalanine (PHE)

Lysine (LYS)

Histidine (HIS)

Arginine (ARG)

Cystine+Methionine

Total

Amino acid content

Control

amount

716.9

258.0

583.0

202.6

317.0

177.5

178.5

76.8

733.3

894.5

943.4

740.9

657.5

612.2

676.1

0

7768.1

relative

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

0

100

100 Gy

amount

916.7

268.1

473.2

239.2

564.3

186.7

193.2

100.1

253.8

655.2

207.8

143.2

317.7

216.9

359.8

0

5095.9

relative

127.8

103.8

81.1

118.0

178.0

105.1

108.2

130.3

34.6

73.2

22.0

19.3

48.3

35.4

53.2

0

65.5

200 Gy

amount

386.5

261,6

491.9

163.8

392.4

174.8

0

0

167.5

381.2

174.5

91.7

192.1

173.2

234.8

111.0

3397.4

relative

53.9

101.4

84.3

80.8

123.7

98.4

0

0

22.8

42.6

18.5

12.3

29.2

28.2

34.7

0

43.7

amount: mg amino acid / g dry matter.

amount of A. A. in irradiated sample
% relative =•

amount of A. A. in control
X 100
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Table (3): Amino acid content of male adults Spodoptera Httoralis (Boisd.) reproductive system
irradiated as full grown pupae with gamma rays.

Amino

Acids

Asparatic (ASP)

Threonine (THR)

Serine (SER)

Glutamic (GLU)

ProIine(PRO)

Glysine (GLY)

Alanine (ALA)

Cystine (CYS)

Valine (VAL)

Methionine (MET)

Lsoleiicine (ILE)

Leucine (LEU)

Tyrosine (TYR)

Phenylalanine(PHE)

Histidine (HIS)

Lysine (LYS)

Arginine (ARG)

Total

Ainitio acid content

Control

amount

6378.1

2072.3

2963.8

9532.0

2375.6

2463.2

2391.4

218.1

2501.2

262.5

2120.1

4246.6

1471.3

2392.0

1482.7

3538.0

5239.9

51648

relative

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

amount

4894.2

1786.5

1915.8

5101.2

2916.9

2504.0

3589.4

218.1

2402.2

839.7

1863.0

3612.6

2226.1

1600.0

1293.9

2660.8

2463.6

41889.9

Gy

relative

76.7

86.2

64.6

53.5

122.7

101.6

150.0

100

96.0

319.8

87.8

85.0

151.3

66.8

87.2

75.2

47.0

81.1

200

amount

4198.3

1902.1

1822.7

5208.5

1976.4

2122.1

2701.0

121.3

2388.8

1121.1

1923.0

3557.3

1900.0

1888.0

1289.5

2932.3

2184.9

39237.9

Gy

relative

65.8

91.7

61.4

54.6

83.1

86.1

112.9

55.6

95.5

426.9

90.7

83.7

129.1

78.9

86.9

82.8

41.6

75.9

300 Gy

amount

4141.3

1861.3

1771.6

5329.2

1933.6

2100.6

2723.9

100.4

2342.0

1116.8

1896.7

3546.1

1889.6

1869.1

1285.1

2898.9

2150.1

38956.9

relative

64.9

89.8

59.7

55.9

81.3

85.2

113.9

46.0

93.6

425.4

89.4

83.5

128.4

78.1

86.6

81.9

41.0

75.4

amount: mg amino acid / g dry matter.

amount of A. A. in irradiated sample
% relative = X 100

amount of A. A. in control

1263



Table (4): Amino acid content of female adults Spodoptera littoralis (Boisd.) reproductive system
irradiated as full grown pupae with gamma rays.

Amino

Acids

Asparntic (ASP)

Threonine (THR)

Serine (SER)

Glutamic (GLU)

Proline (PRO)

Glysine (GLY)

Alanine (ALA)

Cystine (CYS)

Valine (VAL)

Methionine (MET)

Isoleucine (ILE)

Leucine (LEU)

Tyrosine (TYR)

Plienylalanine (PHE)

Histidine(HIS)

Lysiue (LYS)

Arginine (ARG)

Total

Amino acid content

Control

amount

4844.8

2199.3

2147.5

6384.1

2294.3

2545.8

3278.8

101.0

2872.8

1218.4

2191.0

4062.8

2198.0

2131.0

1499.3

3377.2

2630.4

45977

relative

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

amount

4117.2

1905.6

1797.2

5359.3

2025.7

2192.9

2800.7

109.0

2423.9

1153.8

1985.4

3699.8

2011.3

1982.4

1323.5

3123.8

2177.5

40189.1

Gy

relative

84.9

86.6

83.6

83.9

88.2

86.1

85.4

107.0

84.3

94.6

90.6

91.0

91.5

93.0

88.2

92.4

82.7

87.4

20C

amount

4198.3

1902.1

2126.5

5282.9

2305.8

2475.7

2701.0

141.4

2388.8

1121.1

1923.0

3557.3

1900.0

1888.0

1289.2

2932.3

2184.9

40282.3

Gy

relative

86.6

86.4

99.0

82.7

100.5

97.2

82.3

140.0

83.1

92.0

87.7

87.5

86.4

88.5

86.0

86.8

83.0

87.6

300 Gy

amount

4141.3

1953.2

1798.7

5329.2

1933.6

2100.6

2746.8

100.4

2344.0

1116.8

1896.7

3546.1

1722.8

1869.1

1285.1

2898.9

2150.1

38933.4

relative

85.4

88.8

83.7

83.4

84.2

82.5

83.7

99.4

81.5

91.6

86.5

> 87.2

78.3

87.7

85.7

85.8

81.7

84.6

amount: mg amino acid / g dry matter.

amount of A. A. in irradiated sample
% relative = X 100

amount of A. A. in control
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Table (5): Amino acid content of Spodoptera littoralis (Boisd.) Fi eggs resulting from parental
males irradiated as full grown pupae.

Amino

Acids

Asparatic (ASP)

Threonine (THR)

Serine (SER)

Glutamic (GLU)

Proline (PRO)

Glysine (GLY)

Alanine (ALA)

Cystine (CYS)

Valine (VAL)

Methionine (MET)

Isoleticine (1LE)

Leucine (LEU)

Tyrosine (TYR)

Phenylalanine (PHE)

Histidine (HIS)

Lysine (LYS)

Arginine (ARG)

Total

Amino acid content

Control

amount

5564.2

2320.6

2747.8

7830.8

2600.1

2642.7

3315.8

169.0

3124.8

1268.9

2278.9

4335.3

2111.8

2081.5

1876.0

3625.0

3151.2

50824.3

relative

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

100

amount

4722.3

1958.0

2324.8

6643.0

2182.2

2210.9

2790.6

150.2

2426.3

1074.2

1915.5

3636.8

1797.5

1751.1

1433.1

3070.2

2710.5

42797.8

Gy

relative

84.8

84.3

84.6

84.8

83.9

83.6

84.1

88.8

77.6

84.6

84.0

83.9

85.1

84.1

85.5

84.6

86.0

84.1

200

amount

4764.9

1953.2

2366.8

6996.0

2209.9

2192.9

2783.4

159.9

2501.2

1092.1

1915.5

3626.3

1716.2

1744.5

1482.7

3193.0

2742.2

43440.4

Gy
relative

85.6

84.1

86.1

89.3

84.9

82.9

83.9

94.6

80.0

86.0

84.0

83.6

81.2

83.8

88.5

88.0

87.0

85.4

300 Gy

amount

4908.7

2129.5

2526.6

7478.5

2541.4

2598.4

3036.5

184.2

2833.8

1068.2

2062.4

4019.9

1978.7

1903.1

1588.2

1666.6

2912.6

45437

relative

88.7

91.7

91.9

95.5

97.7

98.3

91.5

108.9

90.6

84.1

90.5

92.7

93.6

91.4

94.8

45.9

92.4

89.3

amount: mg amino acid / g dry matter.

amount of A. A. in irradiated sample
% relative = X 100

amount of A. A. in control
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control for male at 100, 200 and 300 Gy, respectively, while in the female it was decreased by 12.5,
12.0 and 15.0% than control, respectively.

Qualitative examination of the obtained data in Tables (3 and 4) revealed that, the recorded amino
acids fpr reproductive system tissues of both sexes were. Asparatic, Threonine, Serine, Glutamic,
Proline, Glysine, Alanine, Cystine, Valine, Methionine, Isoleucine, Leucine, Tyrosine, Phenylalanine,
Histidine, Lysine, and Arginine.

Data in Table (3) showed that, the three irradiation doses decreased the contents of Arginine,
Glutamic, Serine, Threonine, Asparatic, Phenylalanine, Tyrosine, Isoleucine, Leucine, Histidine, and
Valine. The most reduction was observed in the Arginine. The rate of Asparatic, Serine, Valine, and
Arginine decreased by increasing the irradiation dose. On the other hand, the tested irradiation doses
caused an increase in Alanine, Methionine and Tyrosine contents. The high rate of increase was
observed in case of Methionine.

The dose of 100 Gy caused an increase in the rate of Proline which it increase up to 122.7%
compared to 100% at control, while the same dose did not affect the content of Cystine and had a slight
effect on the content of Glysine. On the other hand, the doses of 200 and 300 Gy caused a decrease in
the contents of Cystein (55.6, 46.0%) Proline (83.1, 81.3%) and Glysine (81.1, 85.2%), respectively as
compared to control (100%).

Data in Table (4) indicated that irradiation caused a reduction in the total quantity of amino acid
content of female reproductive system recording, 87.4, 87.6 and 84.6% as compared to the control at
100, 200 and 300 Gy, respectively. Also, the reduction was observed in the contents of all detected
amino acids due to irradiation with the three doses, except for Proline and Cystine.

Table (5) showed that, irradiation doses (100, 200 and 300 Gy) decreased the total quantity of amino
acid content of Fi eggs resulting from parental males irradiated as full grown male pupae. Also, it
decreased all individual amino acids except Cystine, where a slight increase was observed at 300 Gy.
The greatest decrease in amino acid content was observed in case of Lysine at 300 Gy where it went-
down to 45.9% of control.

In general, it could be concluded that irradiation had an effect on amino acid metabolism of the
whole body male moths, reproductive system of both sexes and Fi eggs. This agreed with Po-chedly{]2)

who concluded that, irradiation caused a metabolic disturbance in the amino acids of mealworm
embryos. Miltin and Wiygul (13), Richardson and Myser(14), Souka (8), Mohsin(15) and Abdel-Baky(I6)

reached to the same conclusion.

Amino acid content of the male reproductive system was highly affected than female, i.e. Cystine and
Arginine were dropped in irradiated male to less than half of its control value, while Methionine
increased by more than four times as control. Hence, it could be reported that these amino acids may
play a specific role in the sterility phenonmenon of the cotton leafworm, where biological data
concerning Spocioptera littolaris revealed that, males have a main role in inherited sterility{9). It could
be seen that irradiation caused severe reduction to Lysine in the F] eggs which might show some
relationship between this acid and the development of the egg.
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ABSTRACT

Adult males of Heliothis virescens (F.) less than 12 h-old were irradiated with
substerilizing doses of 50,100 or 125 Gy then crossed with untreated virgin females.
The resulted F( males 1- and 4- day-old were dissected to determine the production
of eupyrene sperm bundles and its accumulation in the duplex region. In another
test, an experiment was conducted to determine the ability of F, males to mate and
transfer sperm to untreated females. The data show that, eupyrene sperm bundles
were not found in the duplex of newly emerged males immediately after emergence.
Number of eupyrene sperm bundles descended to duplex was significantly affected
at 125 Gy during the first dark: light cycle of sperm descendence. Accumulation of
eupyrene sperm bundles of unmated Fi males was significantly reduced at 100 and
125 Gy.

It is apparent that the first mating is the most important, even in the control,
and the rate of females that achieved successful mating with F, males after the first
ejaculate was markedly reduced. This reduction was directly related to the dose
level of irradiation. The proportion of mated females without any sperm, with
apyrene sperms only or those with reduced amount of eupyrene sperms, was
generally increased as the dose applied to Pi increased.

Key Words: Heliothis virescens/Inherited Sterility/Sperm Production/Mating Ability

INTRODUCTION

Sterile male technique could be considered as one of the alternative methods to
control Heliothis virescens. It is will known that high doses of gamma irradiation are
required to induce complete sterility in lepidopteran species.

In the tobacco budworm, as with other Lepidoptera, there is daily rhythmic release of
eupyrene sperm bundles from the testes to the seminal vesicles and subsequently to the
duplex, where they are stored until mating (1>2'3)

In this study the effect of substerilizing doses of gamma irradiation on capability of
Fi males to produce sperm, mating ability, repeated successive matings and the efficiency
of the first ejaculate were investigated.
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MATERIALS AND METHODS

The general rearing procedure was carried according to Sallam and Ibrahim(4) under laboratory
conditions 27 + 1 C, 60+ 10% R.H., and 12 h photoperiod. Adult males (less than 12 h-old) were
irradiated with substerilizing doses of 50, 100 and 125 Gy then crossed with untreated virgin
females. The resulting F̂  males were tested for mating and sperm production.

Sperm Counting.
The number of eupyrene sperm bundles in the reproductive tract of Fi unmated males (1 and 4

day-old) was counted. Counting took place 9 h after the onset of the light cycle at which time
according to LaChance el al.{2\ males contain eupyrene sperm bundles in the duplex region of the
ejaculatory uct, whereas the seminal vesicles and upper vas deferens are devoid of sperm bundles.
The duplex region was removed from the male and placed in a drop of saline on a gridded
microscope slide previously lined with a diamond pencil. Tearing the organ to release the eupyrene
sperm bundles in saline solution, and spreading them out in the solution with a fine needle. This
procedure permitted more accurate count of sperm bundles in the dark field of phase contrast
microscope at a magnification of 125 x.

Mating and Sperm Transfer.

In order to insure the mating, one-day-old male was placed with a single 2-day-oId virgin
female in the mating cage. After 24 h the male was transferred to another cage with another virgin
female. Each male received 4 successive transfer on 4 consecutive days. The females were
dissected and the reproductive tract was removed and placed in Belar's saline solution. Copulation
was recorded according to the presence of spermatophore in the bursa copulatrix.

The spermathecae were removed and examined for the presence of apyrene and eupyrerte
sperms. Each female was assigned to a specific category; (1) unmated, (2) mated with no sperm, (3)
mated but only apyrene sperm transferred, (4) mated with one to a few (+) eupyrene sperms, (5)
mated with a reduced amount of eupyrene sperm present (++); and (6) mated with ample eupyrene
sperms present.

In another test, focusing in the first mating, one day-old male was allowed to mats With
untreated 2-day-old female for one night and kept for another night without female. Then the males
were dissected to count the number of eupyrene sperm bundles descended to the duplex region ready
to be transferred to the female in the 2nd ejaculate. The mated females also were dissected to
determine the occurrence of spermatophores and quantity and type of sperms in the spermathecae.

RESULTS
Sperm Production:

Generally speaking, in all treatments as well as the untreated control, eupyrene sperm
bundles were not found in the duplex region of the newly emerged F, males dissected immediately
after emergence.

Table (1) presents the average number of eupyrene sperm bundles found in the duplex of F|
males one or four-day-old. In the case of one-day-old male, there was no significant difference
between the tested levels of irradiation except at 125 Gy where a significant reduction was obtained.

Statistical analysis showed that sperm descendence was affected only at the higher dose (125
Gy) during the first dark-light cycle of sperm descendence.

On the 4th day of emergence, the average number of eupyrene sperm bundles
accumulated in the duplex of unmated F\ males was significantly reduced at both 10 and 125
Gy (Table 1). This average decreased drastically rom 49.84 in the control to 57.08 bundle
at 125 Gy.
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Table (1): Accumulation of eupyrene sperm bundles in the duplex of one day-old and four-
day-old un mated F, males, H. virescens.

Dose
(Gy)

0

50

100

125

One-day-old*

Avg. eupyrene bundles
±SE*

49.88

45.16

40.84

26.72

±6.51 a

±7.29 a

±6.63 a

±4.30 b

Range

0-125

0-127

0-102

0-84

Four-day-old*

Avg. eupyrene bundles
+ SE*

149.84+ 16.34 a

126.24+ 17.80 a

78.40+12.76 b

57.08+15.31 b

Range

5-3i7

1-361

1-290

1-232

*25 males were used for each dose.
Means within any column followed by different letters are significantly different from each other
(P>0.05).

Table (2): Testes volume of one day-old Fi male resulted from irradiated Pimale, Heliothis virescens.

Dose

(Gy)

0

50

100

125

No
males

tested

25

25

25

25

Avg. + SE

5.789±0.195a

5.428±0.135a

5.521±0.259a

4.322± 0.225 b

Volume (mm) 3

Maximum

7.700

6.368

8.181

6.795.

Mjnimum

4.849

4.849

3.883

2.572

Means within column followed by different letters are significantly different frpm each other (p>0.05)
i .

Table (2) shows that the average volume of testes was significantly reduced only at 125 Gy.
However, the control had the highest volume (57.89 mm3), among treatments.

Frequency and Mating Efficiency:

Table (3) shows the mating percentage and relative amounts of sperm transferred by the F i
males in the 1st, 2nd, 3rd and 4th ejaculates. Generally speaking, the percentage of unmated males
at each ejaculate increased as the dose treatment was increased. Sperm transfer, i.e. mating
efficiency, was reduced due to treatments. This reduction in mating efficiency reached a very low
rate of sperm transfer at 125 Gy. The effect on mating efficiency was consistent at each ejaculate
and quite pronounced on the first one, which is considered most important to lepidopterous males
(LaChance et al.(2)).
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Table (3): Mating and sperm transfer of F, male progeny of Heliothis virescens (F.), descended
from irradiated male parents.

Ejacu-
late

no.

1

2

3

4

Dose

(Gray)

0

50

100

125

0

50

100

125

0

50

100

125

0

50

\m
125

%

Unmated

00.00

4.0

28.0

48.00

8.57

24.00

64.00

52.00

17.14

36.00

56.00

58.33

22.86

44.00

54.17

52.17

Females as indicated

Mated with
abnormal
amount of
eupyrene

Sperms

8.5

40.00

56.00

50.00

8.57

28.00

28.00

44.00

20.00

24.00

36.00

33.34

14.28

20.00

45.83

39.13

Mated with
normal

amount of
eupyrene
sperms

91.43

56.00

16.00

2.00

80.00

48.00

8.00

4.00

62.86

40.00

8.00

8.33

62.86

36.00

00.00

8.70
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Table (4): Percentage of F t males Heliothis virescens, successively ejaculated during
four successive days.

Dose

(Gray)

00

50

100

125

Rate

mating

35/35

24/24

21/25

33/50

Once

100

96

76

52

% Males

Twice

91.43

79.17

42.11

69.23

successively mated:

Three
times

82.86

58.33

36.84

57.69

Four
times

60.

25.00

31.58

50.00

Table (5): Effect of irradiation and number of ejaculate on sperm transfer in the Fimales
Heliothis virescens

Dose No of %mated females of each sperm class indicated:
ejacula

te no sperm apyrene reduced normal
(Gray) only amount of amount of

eupyrene eupyrene
sperms sperms

1(35) 8.57 00.00 00.00 91.43
00

2-4(105) 8.05 00.00 9.19 82.76

1 (24) 20.83 12.50 8.33 58.33
50

2-4(51) 13.73 17.64 7.84 60.78

1 (18) 27.78 16.67 33.33 22.22

100
2-4(30) 36.67 13.33 36.67 13.33

1 (26) 42.31 30.77 23.07 3.85
125

2-4(60) 28.78 22.73 28.78 9.69

* Figures in brackets are no. of mated females in each test.
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Table (4) shows that there was an effect on mating ability, which was dose-
dependent. An effect on the sequence of mating was also detectable which did not appear to
relate to level of treatment. However, the effect on sequency may require further
clarification, especially, at high doses since it is probably insignificant

Table (5) shows the relative amounts of sperm transfer in treatments of Fj males
during 4 days. It is apparent from the untreated control that the 1st mating is the most
important, in which the highest rate of successful mating (with eupyrene sperm transfer) is
achieved; 91.4 % compared to 82.76 % achieved during the following three matings.
Applying that to the treatments in Table (5), the rate of females that achieved successful
mating (normal complement) after the first ejaculate was markedly reduced due to
irradiation of male parents. This reduction was also, directly related to the level of irradia-
tion. Consequently, the effect of the treatments extended to the following ejaculates (2-4)
during which the sperm transfer had a similar trend of reduction.

Table (6) shows the results of the first ejaculate Fi males. The rate of successful ejaculates
was decreased gradually as the dose to Pi males increased. Among successful ejaculates, the sperm
transfer was affected due to treatments. The proportion of mated females without sperms, with
apyrene only or those with reduced amount of eupyrene sperms, was generally increased as the dose
increased. In other words, the rate of normal sperm transfer (normal quantities of eupyrene sperm)
decreased directly with the increase in the dose-treatment (79.17% normal sperm transfer in the
control was reduced to 11.43 at 12.5 Gray dose-treatment).

Table (6) also presents the number of eupyrene sperm bundles descended in the duplex of F]
males on the next day after they were allowed one ejaculate. The number of eupyrene sperm
bundles in the untreated males was also presented for comparison.

DISCUSSION

The majority of H. virescens mated several times in the laboratory (present results as well as
previous reports, Flint and Kressin (5); Proshold and Bartell(6), Proshold(7). But the occurrence of
spermatophores is not always a positive evidence of an effective mating since sperms may not reach
the spermatheca of the" female to be available for fertilizing eggs (Flint and Kressin (5>). //. virescens
female moths not receiving eupyrene sperms during mating were more receptive to second mating
than those successfully mated and had eupyrene sperms (Proshold and LaChance(8))

There is a general accepted phenomenon that Ftmale, often fail to transfer sperms to the
spermathecae of the females. But there are not any quantitative data available on the possible
reasons for that defect. It could be due to a reduction in; sperm production, descendence of mature
sperms to the duplex, or sperm transfer within female.
The present data show the absence of eupyrene sperm bundles in the duplex region of newly
emerged males, immediately after emergence. This agrees with Henneberry and Clayton (1984)(9)

who found only apyrene sperm in the duplex 1- 3 h after emergence, and both apyrene and eupyrene
sperm bundles within 5- 7 h after emergence. Thus, at the time of irradiation (6- 12 h after
emergence) males contained mature sperms in the duplex and immature sperms in the testes at
different developmental stages of spermiogenesis because spermatogenesis was terminated at pupal
stage.
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Table (6): The sperm transfer of Fi males Heliothis virescens, during the first ejaculate, and
sperm production following normal transfer.

Dose No. %Males %Females with %Females with
males succes- eupyrene sperm
tested sfully - Sperm

(Gray) ejacu- : apyrene reduced normal production*
lated no sperms amount amount

sperms only (+) (++,+++)

0 50 96.00 8.33 6.25 6.25 79.17 74.51

50 50 88.00 22.73 11.36 9.09 56.82 76.97

100 47 80.85 18.42 18.42 23.68 39.48 71.64

_125 50 70.00 34.29 28.57 25.71 11.43 72.38
• Number of eupyrene sperm bundles descended in the duplex of males after one normal mating.

The present results on H. virescens on the average number of eupyrene sperm bundles in the
duplex show a significant reduction which was obtained only at 125 Gy during the first dark: light
cycle of sperm descendence. This reduction was also associated with a significant reduction in the
volume of the testis. The average number of eupyrene sperm bundles accumulated in the duplex of
unmated Ft males on the 4th day of emergence was significantly reduced to 78 and 57 bundles at 100
and 12.5 Gy, respectively (150 bundles in control treatment). This reduction of about 1/3 of the
control was also observed in P. gossypiella by LaChance et_ al (2) who concluded that
spermatogenesis and spermiogenesis in the Fi males were affected and the majority of eupyrene
sperm bundles produced are abnormal at structural or functional level. These are then eliminated or
resorbed before they can descend into the duplex. The present results agree with that conclusion, in
addition, the sperm bundles that had severe genetic damage might not develop to full mature bundles
and resorbed within the testis. Therefore, at the higher dose 125 Gy there was a significant reduction
jrj fegtis volume associated with a reduction in the first cycle. According to Reimann'", it could be
some kind of selection against abnormal sperm bundles within the testis's basilar membrane that
prevent the damaged or abnormal sperm bundles.

It is not known how could chromosomal aberrations influence the process of eupyrene sperm
formatfon. Also, the basic causes leading to the impaired formation of the eupyrene sperm bundles
in FI lepidopterous male are not fully understood. The production of sperm in Lepidoptera is
affected by hormonal, nutritional and other biochemical changes (Sugi,(10); Kambysellies and
Williams (H)) . A number of unknown stresses on the F| males could affect eupyrene sperm
formation. Such stresses could be responsible for the formation of abnormal sperm. Also, Sugai and
Mirumachi (12) reported that eupyrene sperm in the F; Bombyx mori (L.) were not organized in
bundles but were dispersed and appeared in bizarre shape with less Feulgen staining.

Data on ability of males during four successive matings show that, there is a reduction in mating
ability; after the first ejaculate, even in the control. However, this reduction reached more than 50%
in treatments compared to 25 % in the control. It is evident, therefore, that the first ejaculate is the
most important from productivity point of view. LaChance et al.(2) mentioned the secretion of the
accessory gland as possible factor as relative amount of secretion transferred with sperms to female
in the first ejaculate and, thus, subsequent ejaculates would contain only the production of the gland
over 24 hours period.

From the present data it could be concluded that the reduction in daily sperm production
reduced the number of eupyrene sperm bundles accumulated in the duplex, which may be needed by
the male to encourage subsequent matings. Thus, more time lapse (more than one daily cycle) is
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required to produce enough sperm before mating. Also, Fi males transferred eupyrene sperms to
female mainly within the first ejaculate at all the tested doses. In subsequent ejaculates, the
percentage of eupyrene sperms transferred was evident at any dose-treatment.
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ABSTRACT

Factors influencing sex pheromoue production in the cotton leaf worm female
moth with emphasis on gamma radiation were investigated. To determine the effect of
age on sex pheromone production, ether extracts of the female abdominal tips were
prepared from virgin females of various ages in a concentration of 0.01 FE/uL. Each
female extract was tested against 1-2 days-old males. The obtained results indicated
that virgin females could secrete sex pheromone early at the beginning of their life.
The pheromone production increased rapidly to reach its maximum on the second
day.

To study the effect of daytime on sex pheromone production, the ether extracts of
1-2 days old virgin female abdominal tips were prepared at 3 hour-intervals,
throughout the photophase and scotophase in a concentration of 0.01 FE/uL. The
different female extracts were then tested against 1-2 days-old males. The obtained
results indicated that pheromone production showed a minimum concentration at mid-
day during the photophase. It then increased to a moderate concentration from 7:0
p.m. to 10:0 p.m. and reached its maximum titer at almost mid-night

The obtained data OH the effect of gamma irradiation indicated that irradiation of
3 and 6-day-old female pupae with doses of 60 and 120 Gy, respectively caused a
reduction of 28.1 and 27.3% m male response, respectively, to female sex pheromone
extracts. When full-grown female pupae were irradiated with 200 and 350 Gy, a
reduction of 15.6 and 75% in male response, respectively, was reached. Thus, an
irradiation dose of 350 Gy applied to full-grown female pupae could severely affect
pheromone production of the emerging female moths.

Key Words: Spodoptera Uttoralis /Pheromone Production / Gatmna Radiation.

INTRODUCTION

Among all lepidopterous species, the cotton, leafworm, Spodoptera littoralis (Boisd.) is the most
important pest of cotton and many other crops in Egypt. Several methods have been tried for its control.
Within these, the sterile insect technique and the application of sex attractant pheromones appeared to
be promising in an integrated programme for the control of this and other serious insect pests.

The high doses of gamma radiation required in such technique may affect some physiological and
biological aspects of the insect as well, specially its reproductive potential. This effect may disturb the
intraspecific communication between males and females by adversely affecting pheromone
production'1'2'3'. Sex attractants, usually released by a female to lure a male, are important, if not
essential, links in the process by which the sexes locate each other for mating.
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Trials to seek some of the factors that can prevent such communication in the cotton leafworm moth
may be of importance in its integradated control programme. This stimulated the present study to
investigate certain factors affecting female sex pheromone production with emphasis on the effect of
gamma radiation doses.

MATERIALS AND METHODS

1- Source and Rearing of the Insect:

A laboratory culture of Spodoptera littoralis (Boids.) was initiated from egg-masses collected from
an infested cotton field at Kalyoubia Governorate.

The egg-masses were surface disinfected with formaline vapour treatment as suggested by David et
al (4)

Groups of these surface disinfected egg masses were introduced into glass jars (1600 cc) each
covered with muslin cloth, and kept under laboratory conditions (22-32°C and 60-70% R.H.). The jars
were thoroughly washed and heat sterilized before use. When the enclosed egg-masses became dark-blue
in colour, enough fresh castor-oil plant leaves, Ricinus comnnmis, were introduced into the jars as food
medium for the newly hatched larvae. After the first moulting, groups of 20 larvae were daily
transferred to new clean jars provided with fresh-castor-oil plant leaves and kept under the same
previous laboratory conditions. Breeding continued in the same way until the larvae reached the 4*
instar. They were then transferred to round plastic bowls (70 cm in diameter and 15 cm in depth). The
plastic bowls were furnished with saw dust to absorb the excess humidity; and were provided with
abundant fresh castor-oil plant leaves to avoid cannibalism among the reared larvae. Larvae showing
symptoms of polyhedral virus or bacterial diseases were discarded and destroyed. When larvae reached
the last i.e. the sixth instar, these were transferred to new clean bowls furnished with moistened saw
dust to serve as pupating medium. Resulted pupae were daily collected, surface disinfected with 1%
formaline solution. They were sexed; and each sex was separately kept in waxed paper cups furnished
with moistened saw dust and covered with muslin cloth. Full grown pupae of both sexes were
transferred to adult rearing cages. Each cage consisted of a wooden frame measuring 50x35x40 cm.,
with a wooden top and floor. The sides of the cage are composed of wire screen, one of them being
movable to act as a door. The cage stands on four wooden legs, each one kept inside a water-filled zinc
container to protect the culture from ants and other crawling enemies. Each cage was supplied with
branches of tafia plant, Nerinm oleander, to serve as a suitable site for oviposition and small pots
containing pieces of cotton wool soaked with 10% sugar feeding solution which were daily renewed.
The pupae and newly emerged adults were kept under the formentioned laboratory conditions. All
rearing equipments including glass jars and handling instruments were thoroughly wahsed with water
and soap, and then soaked in 1% formaline solution or heat sterilized in order to avoid virus
contamination and bacterial infection.

2- Irradiation Technique:

Pupal treatment of S. littoralis were achieved by using a gamma cells (cobalt-60 source) Model 220,
Installed in the Physics Department, Egyptian Atomic Energy Authority, Inshas. The radiation
dosimetry of gamma-cell was about 333.3 rad per minute ±5% at the begining of the experiment and
ended by 235.3 rad per minute. The pupae were irradiated inside 100 cc ice cream cartons.

3- Experimental Methods:

(a) Sex pheromone extraction:

Sex pheromone extract was prepared from newly emerged adult females which were held under the
previous laboratory conditions. The extraction procedure was similar to that previously described by
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Sower et alP\ The last three abdominal segments were cut and soaked for one minute in a small volume
(les than 10 ml) of diethylether (99%). One hundred female abdominal tips were soaked in the solvent
for one minute and the extract was collected. An additional small amount of the solvent was added to
make a final volume of 10 ml. This extract gave 0.01 female equivalent (FE/uL). It was kept inside a
small glass vial in complete darkness at -10°C until use. A vial containing the solvent only was used as
control.

b) Biqassay procedure:

Each female extract was bioassayed against 50 males of 1-2 days-old by using an olfactometer
similar to that used by Karlson and Butenandt(6). It consists of glass jar (20x10 cm.) which is covered
by muslin cloth, through which a plastic rod can be introduced. For each extract, a small filter paper
(3x1 cm) impregnated with the tested extract was used as a bioassy disc. The bioassy disc was fixed by
masking tape at the inner end of the plastic rod and placed 12 cm above the adult males. Five males (1-2
days) were tested in ten replicates with the total of 50 males for each test. Males were exposed to female
extract for 30 seconds. A positive response was recorded if the males moved their antenna, fluttered
their wings or showed the usual courtship behaviour including intense activity of circular running and
dancing. A bioassay disc impregnated with the solvent only was used as control.

c) Factors affecting sex pheroraone production:

(i) Age :

To determine the effect of age on sex pheronione production, ether extracts of the female abdominal
tips were prepared from virgin females of various ages (0-1, 1-2, 2-3, 3-5, 5-7 days old) in
concentrations of 0.01 FE/uL. Each female extract was tested against 50 males of 1-2 days-old in ten
replicates. .

(ii) Day time:

To study the effect of the daytime on sex phenomone production, the ether extracts of 1-2 days old
virgin females abdominal tips were prepared at 3 hour-intervals, throughout the photophase and
scotophase (The concentration of extract was 0.01 FE/uL). The female extracts were then tested against
1-2 days-old males. Fifty males in ten replicates were tested for each female extract at the different
tested photophase and scotophase intervals.

(iii) Irradiation:

To investigate the effect of radiation doses on pheromone production, 3 and 6 days old female pupae
were irradiated with 60 and 120 Gy, respectively. Also, full grown female pupae (9 days-old) were
irradiated with 200 and 350 Gy. Emerged females of 1-2 days-old were extracted by ether at a
concentration of 0.01 FE/uL and bioassayed against untreated males of 1-2 days old. The response of
untreated males to extract of untreated virgin females at a concentration of 0.01 FE/uL was used as
control. Fifty males in ten replicates were tested for each treatment.

RESULTS AND DISCUSSION

Factors Affecting Sex Pheromone Production:

1- Age:

Results obtained on the response of 1-2 days-old males of S. littoralis to sex pheromone of virgin
females extracted at different female ages (1-7 days) are given in Table 1. The presented data indicated
that, virgin females of the Egyptian cotton leafworm could secrete sex pheromone early at the beginning
of their life (0-1 day old). This continued with varying titers as they became older up to 7 days old. The
highest level of pheromone production by females, however, was reached when the female was 2 days

1278



old; and then decreased until it reached its lowest titer when the females became old (5-7 days). As the
cotton leafworm moth has a short life span, it can be concluded that the sex pheromone production by
females continues at a high level during most of their life. This appears to help the insect to continue
mating and producing fertile eggs during its whole life span. The decrease in sex pheromone production
during the last few days of female life is probably attributed to old age which is usually accompanied
with much physiological disturbance and decrease or inhibition of many biological processes. Similarly,
Kuwahara et al{1) reported that the sensitivity of male moths to sex pheromone of the female almond
moths, Cadra ccnitella, (Walker) increased gradually with their age up to the seventh day from
emergence. Rafeal and Soroker(8) observed that maximum levels of pheromone production in the
American bollwonn, Heliothis armigera (Hb.), were extracted from 2 to 3 days old females. The
finding that pheromone production by the cotton leafworm moth was at high level during most of the
insect life agrees to the finding by El-Sayed(9) working on the Indian meal moth, Plodia interpunctella.,
(Hb.).

2- Day time:

Results on the effect of day time on pheromone production of 1-2 days old virgin females of 5.
Httoralis extracted at 3 hours-intervals during the photophase and scotophase and bioassayed against 1-
2 days-old males are given in table 2. Taking the percentage of male response as a criterion for
assessing pheromone production by virgin females at different periods of photophase and scotophase of
the day time, it was noticed that:

Females extracted early in the morning (at 7.0 a.m) stimulated (50%) of males. The male response,
then, decreased to reach 40% at 10:0 a.m and 26% at 1:0 p.m. The response, then started to increase
progressively to reach 32, 46 and 56% at 4:0, 7:0 and 10:0 p.m. The peak of male response (70%) was
reached at 1:0 a.m. The male response started to decrease again (64%) at 4:0 a.m. towards the
photophase.

From these results it is clear that pheromone production by virgin females of S. littoralis showed
significant variation over the photophase and scotophase periods. The pheromone production started at
low concentration at almost mid-day, and increased progressively and significantly to reach a peak of
pheromone production at almost mid-night; and then decreased gradually towards the photophase. This
coincides with Holsten and Gara(10), who reported that pheromone extracted from virgin females of
HypipMa grandelfa (Zeller) during the scotophase proved to be more attractive to males than
pheromone extracted at the photophase. Rafeal and Soroker(S) indicated that females of Heliothis
armigera produced a sex pheromone during scotophase, and the maximum level of pheromone was
extracted during 4-5 hours of scotophase. Similar results were obtained by El-Sayed(9) working on
Plodia interpunctella.

3- Irradiation:

The data given in Table (3) show that when 3 days-old female pupae were irradiated with 60 Gy, the
percentage of males that responded to sex pheromone extracts of the resulting females was 46.0
indicating a reduction of 28.1% from the control. The percentage of male response to sex pheromone
extracts of females resulting from 6 days old pupae irradiated with 120 Gy was 48.0 indicating an
almost similar reduction as above (27.3%) from the control. This result indicates that a dose of 60 Gy
applied to young pupae (3 days-old) and a dose of 120 Gy (double dose) applied to double aged pupae
(6 days-old) had approximatly the same slight effect on sex pheromone production by the resulting adult
females.

On the other hand, when full-grown female pupae (9 days-old) were irradiated with 200 Gy and 350
Gy; the percentage of males responded to sex pheromones extracts of the resulting females were 54 and
16, respectively indicating 15.6 and 75% reduction, respectively, from the control. It was evident, thus,
that a radiation dose of 350 Gy applied to full-grown pupae could greatly affect the pheromone
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Table (1): Response of 1-2 days old males of S. Httoralis to female sex pheromone
extracted at different ages.

Female age

(days)

0-1
1-2
2-3
3-5
5-7

Percentage of male response to 0.01 FE/jiL

Experiment
70
74
72
64
30

Control
6
6
4
4
4

Corrected Exp.
68.58 a
72.34 a
70.83 a
62.5 a
27.08 b

50 males were used in ten replicates
In vertical columns, similar letters indicate
no significant difference (P < 0.05).

Table (2): Response of 1-2 days old males of S. Uttoralis to virgin female sex
pheromone extracted at different day times.

day time

7:0
10:0
13:0
16:0
19:0
22:0
1:0
4:0

Percentage of male response

Experiment
50
40
26
32
46
56
70
64

Control
10
8
6
6
6
8
10
8

Corrected Exp.
44 bed
34 cdef
21 defg
27 defg
42 cde
52abc
66 a
60 ab

50 males in ten replicates were used for each period.
In vertical columns, similar letters indicate
no significant difference (P < 0.05).

Table (3): Male response to sex pheromone production by Spodoptera littoralis
females (1-2 days old) emerged from irradiated pupae.

Pupal
age

(days)

3
6
9
9

Radiation
dose
(Gy)

60
120
200
350

Percentage of male response

Experiment
46 a
48 a
54 a
16 b

Control
64
66
64
64

% reduction

in response

28.1
27.3
15.6
75.0

Unirradiated males against extracts of unirradiated females
In vertical columns, similar letters indicate
no significant difference (P < 0.05).
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production which evidently decreased the male response to emerged females. Lower doses were
significantly less effective (P < 0.05).

Pheroinone production by the cotton leafworm adult female was considerably affected by gamma
irradiation applied during the pupal stage. The effect was dose dependent; as almost complete inhibition
of pheromone production was reached at a dose of 350 Gy applied to full grown pupae. This finding
generally coincides with the results reported by Stimman et alPx\ who found that irradiated females of
the cabbage looper, Trichoplusia ni, (Hb.) became less attractive to males as the radiation dose
increased. Hendrichs (ll> showed that females of the tobaco budworm moth, Heliothns virescem (¥.),
irradiated as 4lh day pupae before eclosin have reduced attractiveness with a dose of 10 Krad, and
considerably greater reduction with a dose of 50 Krad. Also, El-Degwi(3) reported that sex pheromone
production by female beetles resulted from irradiated pupae of Callosobrruchus macitlatus (F.)
decreased as the irradiation dose increased.

Finally, it could be concluded that adult females of the cotton leafworm emit sex pheromone during
their entire life-span beginning at the time of emergence. The mating in this insect normally occurs
during the hours of dankness and the female extractable pheromone titers appear to follow a daily
rhythm of production and release. . /

The effect of gamma radiation on sex pheromone production is an important factor in the control
programme of S. littoralis. The radiation dose should not affect the pheromone production since it is
preferable that the released irradiated female proportionally attract the normal native male and hence
this help and act in suppression of native population of the cotton leafworm.
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ABSTRACT EG0100123

The effects of y-irradiation treatments (0, 2.5, 5 and, 10 kGy) and microwaves
generated from an oven at low and defrost settings for 0.5 , 1 and 2 min on the
chemical composition and microbiological aspects of beef liver samples were studied .
The chemical and microbiological analyses were performed on the non-treated and
treated beef liver immediately after treatments and during frozen storage (-18°C) for
3 months. The chemical analyses of beef liver Hpids showed that acid, peroxide and
TBA(Thiobarbituric acid ) values were slightly increased after irradiation treatments
and also during frozen storage (-18°C). On the contrary, iodine value of the treated
beef liver was decreased.

Irradiation treatments remarkably reduced the total bacterial counts in beef liver.
The percent reduction of bacterial load for beef liver exposed to microwaves
generated from an oven at defrost mode for 2 min and after 3 months at - 18°C was
62% . The bacterial load for beef liver exposed to y-irradiation at 10 kGy after 3
months at - 18°C was decreased by 98%. Hence, y-irradiation treatment was far
better than microwave treatment for inhibiting the multiplication of the associated
microorganisms with beef liver. Sahnonellae was not detected in non-irradiated and
irradiated beef liver throughout the storage period.

Key words: y-Irradiation /Microwaves /Frozen storage - Beef liver /Lipids/
Microorgan isms

INTRODUCTION

Generally, there are two common methods for food processing and preservation, i.e., microwave
radiation and gamma radiation. These methods require special equipment to generate and focus this
energy, as well as to prevent potentially harmful effects to humans (1). Most doses used in food y-
radiation are between 0.1 to 3 kGy, but there are some microorganisms highly resistant to radiation.
Therefore, doses above 3 kGy up to 10 kGy are needed in these cases. Also, doses up to 10 kGy were
suggested for shelf life extension of some foods .It have been reported that doses up to 10 kGy had no
health problems and no toxicoiogical hazard and induced no special nutritional or microbiological
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problem (2). Increasing doses above 10 kGy decreased the sensory quality and induced many changes in
the chemical constituents.

Microwaves have many applications in food processing. In general, the first step is conversion
of microwave energy into thermal energy and the degradation of the energy into thermal vibrations of
the molecules of the absorbed matter will occur (3). It is worthy to mention that the chemical
composition of oils, fats and food rich lipids are obviously changed upon exposure to microwaves at
moderate and high oven power settings (4,5,6),whilst, the heating at low oven power setting did not alter
the chemical composition of the lipid materials.

There are some factors such as storage temperature, gaseous environment, pH, water activity,
light, endogenous enzymes and the associated microorganisms influence the shelf life and keeping
quality of meat and liver (7,8). After slaughter, animal carcasses are transported without refrigeration to
local retail shops where they are offered for sale over a period of 10 - 12 hr a day. Hence, the safety of
beef liver for consumption can become questionable. It is worth mentioning that, losses up to 20 million
pounds of meat due to microbial spoilage have been reported in USA and 90 % of those losses would be
accounted for slaughter, fabrication, and the retail area (9). As already mentioned liver progressively
undergoes spoilage from the time of slaughtering, preservation and consumption even if kept under
refrigeration. Bacterial contamination has a pronounced effect on the liver quality under the
aforementioned steps. Therefore, control of microbial spoilage in meat and meat products are highly
desirable. Ionizing radiation has been applied on several products to improve food safety and to extend
shelf life. The purpose of the present investigation was, first, to evaluate the influence of y-irradiation
and microwaves at different doses on some fat constants of the extracted lipids and on the microbial
growth on beef liver and, second, to examine the differences between the two irradiation methods on the
aforementioned parameters of beef liver.

MATERIALS AND METHODS

Source of beef liver
Fresh beef liver samples were purchased from the central slaughter house in Cairo. Liver

samples were sliced (ca. 3.0 mm thickness), separately packaged in polyethylene bags and then sealed.
The treated (exposed to radiation) and untreated sliced liver were stored at - 18 °C in a deep freezer till
analyses. The selected frozen temperature (-18°C) is the common temperature for meat and liver
preservation and in line with the legalisation of Egyptian Organization for Standarization (10).

Irradiation processes
Sliced beef liver samples were placed in a presterilised polyethylene bags (15x25 cm; sterilized

by y-rays), then sealed and considered as a control. Portions of beef liver samples were exposed to y-
adiation (2.5, 5 and 10 kGy). Irradiation was conducted at the National Center for Radiation Research
and Technology, Nasr City, Cairo, using a Mega Gamma - I, Model AECL J S 6500 irradiator. The
irradiation source was Cobalt 60 and the average dose rate was 2.4kGy / hr.

Another portions of sliced beef liver were exposed to microwaves generated from an oven
(Samsung MX 145) at low (30%, 225W) and defrost (10%, HOW) power settings for 0.5,1 and 2 min
The microwave oven temperatures at various heating times and power settings were determined by
inserting a calibrated glass thermometer into the beef liver samples immediately after removed from the
microwave oven. Table 1 shows the internal temperatures of beef samples heated by microwaves.

The non-irradiated and irradiated beef liver samples were kept at -18°C. At monthly intervals
up to 3 months, triplicate samples of treated and non-treated sliced beef liver were removed from the
storage and used for chemical and microbiological analyses .
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TABLE. 1.Internal temperatures (°C)of beef liver samples heated by microwave oven.

Power setting

Low microwave, 110W oven output.
Defrost microwave,225W oven output.

Exposure time (min)
0.5 1 2

23.5 39.0 46.5
66.5 78.5 82.0

* Internal temperature for the fresh beef liver samples was 20± 1°C.

Lipid extraction
The lipids were extracted from liver samples using a mixture of chloroform: methanol (2 :1, v / v)

(ID-

Quality assurance methods
Chemical measurements of the following were determined using standard American Oil

Chemists Society Methods (12) indicated in the parentheses, acid value (Cd 3a - 63), peroxide value
(Cd 8-53), iodine value (Cd 1-25) and TBAtest (Cd 19-90).

Acid value
A known weight 0.5g of the extracted lipids dissolved in a neutralized alcohol (25ml) and

titrated with postassium hydroxide (0. lN).The results were expressed as miligrams KOH per gram fat.

Peroxide value
A known weight (0.5g) of the extracted lipids was dissolved in mixture of acetic acid:

chloroform (3 :2,v/v) then saturated solution of potassium iodide (1ml) was added after exactly 5 min
the liberated iodine was titrated with sodium thiosuphate solution (0.1N) in the presence of starch
solution (0.5ml ,1 %) as an indicator. The results are expressed as milliequivalent peroxides per
kilogram fat.

Iodine value
A known weight (0.5g) of the extracted lipids was transferred to a dry ground glass stoppered

bottle and dissolved in chloroforni (lOml).Hanus reagent (I2/Br2,25ml) was added and the bottle was
stoppered and left in the dark for 30 min .At the end of the requiste time .potassium iodide solution
(15ml,10%) was added followed by about 100 ml disitilled water . The librated iodine was titrated with
sodium thiosulphate (0.1N) using stratch as an indicator. A blank experiment was carried out with the
main experiment containing all reagents. The iodine value is expressed as grams of absorbed iodine /100
gram lipids.

Thiobarbituric acid value (TBA)
The TBA reagent (0.2%) was prepared by dissolving 2 thiobarbituric (200mg) in 1-butanol

(100ml) overnight. A known weight of liver lipids (200mg) was dissolved in 1-butand (25ml) and mixed
with TBA reagent (5ml). The mixture was in a boiling water both for 120min ,after cooling ,the
intenisty of the developed colour was determined at 530 nm using Unicam 8625 series UV /visible
spectrophotometer.

Microbiological analyses
Ten grams of the non-irradiated and irradiated beef liver were placed in a blender cup

containing sterile peptone water (90 ml, 0.01 %) and blended for 3 min at a high speed. Consecutive
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serial dilutions were prepared in peptone water and used for the estimation of total plate counts (13),
total coliform and fecal coliform count (14) and detection of salmonellae (15).

Statistical analysis
The influence of -/-irradiation and microwave treatments on the beef liver lipid stability tests

and microbial examinations were statistically analyzed using the micro computer statistical package "
Statgraphics " Statistical system (vers 2.6 serial No. 1357673 copyright USA), Statistical Graphics
corporation. A two-way analysis of variance of the data was conducted to envisage the significant
effects of radiation dose and storage time on the lipid stability and microbial tests parameters.

RESULTS AND DISCUSSION

Effect of y- irradiation on the lipids of beef liver
Table 2 shows the changes in the acid value of y-irradiated sliced beef liver and stored at - 18°C

over 3 month's period. The acid values of the non-irradiated and y-irradiated beef liver samples were
slightly and steadily increased with time. It is worth mentioning that the acid values significantly
increased after exposure to y-radiation and also with increasing the irradiation dose. The A-acid values
were0.15, 0.15 and 0.15 for the y-irradiated beef liver samples stored at-18°C for 3 months at doses of
2.5, 5 and 10 kGy, respectively. A-values was calculated by subtracting the acid value at zero time and
that after three months storage period. This means that the rate of lipid hydrolysis was the same while
the content of free acids varied according to y-irradiation dose.

TABLE 2: Changes in the acid ,peroxide ,iodine and TBA values of y-irradiated beef
liver stored at -18°C over time.

y-dose

Control
2.5
5
10

Control
2.5
5
10

Control
2.5
5
10

Control
2.5
5
10

0

2.28
2.50
2.80
3.00

3.40
3 . 8 0 ••

4.10
4.39

43.50
37.50
34.00
30.00

0.04
0.04
0.07
0.09

Storage

1
Acid value

2.36
2.55
2.85
3.05

period (month)

2
(mg KOH /g lipid )

2.43
2.60
2.90
3.10

Peroxide value (meq. Peroxide /kg lipids)
3.55
3.92
4.22
4.52

3.60
4.01
4.35
4.63

Iodine value (gl2 /100g lipids)
42.50
37.00
33.50
29.50

41.50
36.50
33.20
29.00

TBA (Absorbance at 234 nm)
0.06
0.06
0.09
0.10

0.07
0.07
0.10
0.11

3

2.51
2.65
2.95
3.15

3.65
4.14
4.40
4.72

41.10
36.00
32.50
28.50

0.08
0.08
0.10
0.12

LSD (0.05) values of the aformentioned parameters were 0.03 ,0.10,2.03 and 0.01 between
storage periods and treatments .respectively.
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The peroxide value of the non-irradiated beef liver was significantly increased with time. After
treatment with y-radiation, the peroxide value of the beef liver samples was increased and this increase
was dependent upon the intensity of the irradiation. During storage, there was another gradual increase
in the peroxide value of the irradiated beef liver. The A- peroxide values for the irradiated beef liver
lipids were 0.34, 0.30 and 0.33 at doses of 2.5, 5 and 10 kGy, respectively. The A-values was
calculated by subtracting the peroxide value at zero time from the peroxide value after 3 months storage
period. This indicates that the rate of hydroperoxide formation was approximately the same, irrespective
of the peroxide content of the beef liver samples at the beginning of the storage stage. It was reported
that irradiation in the presence of oxygen initiated the production of free radicals and hence increased
the formation of hydroperoxides (16).

Table 2 demonstrates the changes in the iodine value of y-irradiated sliced beef liver and stored
at - 18 °C for 3 months. During storage, the iodine value of the non-irradiated sliced beef liver was
slightly decreased. The exposure of beef liver samples to y-radiation at 2.5 and 10 kGy resulted in an
immediate decrease in the iodine value and slightly decreased over time compared with the iodine value
of the non-irradiated beef samples. Generally speaking, the iodine value of the beef liver lipids decreased
linearly with the increased irradiation dose over time. The A-iodine values of the y-treated beef samples
during frozen storage were - 1.5, - 1.5 and - 1.5 for 2.5, 5 and 10 kGy, respectively. The A-values was
calculated by subtracting the iodine value at zero time from the iodine value after 3 months storage
period. These results, demonstrated that the decrease in iodine values for beef liver lipids was
approximately the same and the degree of unsaturation varied according to the y-irradiation treatments.

In this respect , the oxidation of lipids in Chinese style sausage in vacuum packaging and
modified atmosphere packaging stored at 4°C and 15°C, respectively, for 5 months were investigated by
Feng- Sheng et a]. (17). They reported that the content of polyunsaturated fatty acids in sausage
decreased with storage for both treatments . In addition, oxidative rancidity affects the more un saturated
fatty acids and as it progresses, polyunsaturated fatty acids polymerize or breakdown to smaller
molecules with fewer double bonds. These findings lend weight to the results of this work where the
iodine values of the non-and irradiated sliced beef liver samples were decreased during frozen storage.

TBA values of the non-irradiated beef liver samples were very low and gradually increased
with storage (Table 2). The same conclusion can be laid down for the irradiated beef liver samples. Here
again, there was an increase in TBA values directly after exposure to y- radiation (5 and 10 kGy) and
this increase was entirely dependent upon the intensity of the y-radiation. In this respect, Caldironi and
Bazan (18) found that the TBA values increased in ground raw beef stored at refrigerated temperatures
indicating more oxidation.

Effect of microwaves on the lipids of beef liver

It has been reported that microwaves generated from the microwave oven at high and moderate
power settings up to 6 min caused detrimental effects on various food components (4). On the other
hand, the exposure of foods to microwaves generated from low oven power setting exhibited non-
desirable changes. Therefore, microwaves generated from an oven at low and defrost power settings for
up to 2 min were selected to avoid the detrimental effects on beef liver components and to decrease the
multiplication of the associated microorganisms in a reasonable time.
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TABLE 3 : Changes in the acid, peroxide ,iodine ,TBA
- 1 8

Exposure
time (min).

Control
0.5
1.0
2.0

Control
0.5
1.0
2.0

Control
0.5
1.0
2.0

Control
0.5
1.0
2.0

°C over time.
Low microwave,! 10W

0

2.25
2.40
2.60
2.65

3.20
3.30
3.40
3.50

44.00
43.00
41.00
38.00

0.04
0.05
0.06
0.07

1

2.30
2.45
2.60
2.70

3.30
3.40
3.50
3.60

43.00
42.00
39.50
37.00

0.06
0.07
0.07
0.08

oven output

value of microwaved

Deforst
Storage period (month)

2 I 3
Acid value (nig

2.35
2.50
2.65
2.72

2.40
2.50
2.65
2.74

0

beef liver •stored at

microwave,225 W oven

1
KOH /g lipid)

2.25
2.40
2.50
2.87

2.30
2.50
2.60
2.88

Peroxide value (m eq.Peroxide /Kg lipids)
3.40
3.50
3.60
3.70

Iodine
42.00
41.50
38.50
36.50

3.50
3.60
3.70
3.80
value (g
40.50
40.00
37.00
35.50

3.20
4.30
4.60
5.00

3.30
4.45
4.80
5.10

12 /100 lipids)
44.00
38.00
34.00
33.00

TBA value (Absorbance at 234
0.07
0.08
0.08
0.09

0.07
0.08
0.09
0.09

0.04
0.09

0.10
0.11

43.00
37.00
33.00
32.00

nm)
0.06
0.10
0.10
0.11

2 1

2.35
2.60
2.72
2.90

3.40
4.55
4.85
5.15

42.00
36.00
32.00
31.50

0.07
0 11
0.11
0.12

output

3

2.40
2.70
2.80
2.90

3.50
4.60
4.90
5.20

40.50
35.00
31.00
30.50

0.07
0.11
0.12
0.12

LSD (0.05) values for acid ,peroxide ,iodine and TBA values were 0.02 ,0.06 ,1.83 and 0.01
between storage periods and were 0.03 , 0.08 , 2.42 , and 0.01 between treatments respectively.

Table 3 shows the changes in the acid values of microwaved beef liver and stored at -18°C for 3
months. The beef liver samples were exposed to microwaves generated from an oven at low and defrost
power settings for 0.5, 1 and 2 min The acid values for the non-microwaved beef liver samples
demonstrated that very little changes have taken place during storage up to 3 months. The same
observation can be seen with microwaved beef liver samples at different oven power settings and
exposure time. However, the exposure to microwaves immediately induced significant increase in the
acid value and this increase was dependent on oven power setting and exposure time .In this respect, the
acid values of the microwaved beef liver at low oven power setting (HOW) was slightly lower than that
found at defrost oven power setting (225W). These data are in line with the recorded internal
temperatures of beef liver samples heated by microwaves, i.e., the temperature generated from defrost
oven setting was much higher than that produced from low oven setting (Table 1).

The peroxide values for the extracted lipids from non-microwaved beef liver samples at the
beginning of the experiment and after 3 months storage periods were 3.2 and 3.5 (Table 3). In other
words, significant increase in peroxide value occurred during storage. The exposure to microwaves at
different oven power settings and exposure time also induced significant increase in the peroxide value.
Here again, a significant increase in peroxide value was noticed after immediate exposure to
microwaves which was largely dependent upon the oven power setting and exposure time. The
calculated A-peroxide values for non-microwaved at low and defrost oven settings for 0.5, 1 and 2 min
after 3 months storage period were 0.3, 0.3, 0.3 and 0.3, 0.3,0.3, respectively. These values indicate
that the rate of hydroperoxide formation during frozen storage was approximately the same.
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The changes in the iodine values of non-microwaved and microwaved beef liver samples and
stored at -18°C for 3 months are shown in Table 3. The data for the non-microwaved and microwaved
beef liver show a significant decrease in the iodine value occurred during storage at -18°C for 3 months
.It is worth noting that a decrease in iodine value occurred at once after exposure to microwaves and
this decrease was evidently dependent upon the oven power setting and exposure time.

The changes in TBA values of the lipids extracted from non-microwaved and microwaved beef
liver samples and stored at -18°C for 3 months are shown in Table 3. The TBA values of the fresh (
non-microwaved) and stored beef liver for 3 months were very low ( 0.04 and 0.07 , respectively ) .
Also, the changes in TBA values for the microwaved beef liver samples during storage were very low.
This means that there were very low amounts of hydroperoxides which decompose to give TBA
secondary oxidation products. In general, the increases with both radiation dose and storage period led
to an increase in TBA values.

Up to this point, one would suggest to store the beef liver at - 18°C to maintain its quality
without exposure to any radiation since the values of acid, peroxide and TBA (criteria of lipid stability)
after 3 months of storage at - 18°C are within the recommended levels for human consumption.

Effect of y-irradiation on the microbial flora of beef liver
The total microbial count of fresh beef liver was 2.8 x 103 (Table 4). This value is generally in

accordance with the permissible number ( 105) for human being consumption (10). The total microbial
counts at the beginning and after 3 months storage period were 2.8 x 105 and 2.6x 10s , respectively.
These data demonstrate that storage at - 18°C had little effect on reduction (10.7 %) of total bacterial
counts. After exposing the beef liver to 2.5, 5 and 10 kGy immediately caused a reduction in the total
microbial counts reached 85%, 96 % and 98 %, respectively compared with the control. After 3 months
storage period, the percent reductions were 94 %, 99 % and 99 % for the irradiated beef liver at 2.5, 5
and 10 kGy, respectively.

TABLE 4 ; Effect of y-irradiation on the microbial flora of beef liver stored at -18 °C.
Storage
period
(month)

0

1

3

INon- irradiated

Total
count

2.8xl05

2.7xlO5

2.6x10'

Total
coliform

4.5xlO4

0.9x10

2.5

Total
count

4.2xlO4

2.5xlO4

1.5xlO4

Total
coliform

Irradition

t

Total
count

9.0xl03

4.3xl03

2.0xl03

dose (kGy)

Total
coliform

10

Total
count

4.9 xlO3

2.8 xlO2

1.6 xlO2

Total
coliform

LSD values at 5 % levels between treatments and storage periods were 1 OxlO4 .

These values show that the microbial counts for the fresh beef liver (non-irradiated) were higher
than that of irradiated beef liver. As a general trend, the total bacterial counts decreased with the
increase of the y-irradiation dose (Table 4). The irradiation dose of 10 kGy (the recommended
application dose) reduced the microbial counts immediately after exposure to about 98 %. At the same
dose (10 kGy) after 3- month storage at -18°C possessed a reduction of 99%. These results clearly
demonstrate that y-irradiation was the main factor for inhibition of microbial multiplication whilst
frozen storage (-18 °C) had a minor effect on prevention of microbial growth. At irradiation dose of 5
kGy, the reduction percentage of total bacterial counts reached 99 % after 3-month storage period.
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Hence, from the safety point of view one would suggest to apply 5 kGy for inhibiting the multiplication
of the associated microorganisms with beef liver.

The counts of coliform bacteria of the un-irradiated beef liver were 450 and became 90 after
one month storage at - I8°C (Table 4). Frozen storage (- 18°C) for 3 months completely inhibited the
multiplication of coliform bacteria associated with beef liver, These results indicate that coliform
bacteria are susceptible to frozen storage. The exposure to y-irradiation at various doses immediately
inhibited the growth of coliform. Here again, the y-irradiation treatment was superior to that of frozen
storage for inhibiting the coliform multiplication.

Effect of microwave treatment on the bacterial flora of beef liver
Table 5 shows the total bacterial load of untreated and microwaved beef liver at -18°C for 1, 2

and 3 months. The total bacterial counts at the beginning and at the end of the experiments for the non-
microwaved beef liver were 3.7 x 105and 3.4 x 105, respectively. Hence, the percent reduction of total
bacterial count of beef liver was 8 % during this period. This means that frozen storage (-18°C) had
very little influence on inhibition of bacterial growth .hi this respect, statistical analysis of the total
bactarical count for non-treated beef liver samples demonstrated that there was no significant difference
during frozen storage periods.

The exposure of beef liver samples to low microwave power setting for 0.5, 1 and 2 min at the
beginning of the experiment induced a reduction in the total bacterial counts amounted to 35 %, 45 %
and 54 %, respectively. This means that microwave treatment immediately after exposure to
microwaves at low power setting had an obvious effect towards the reduction of bacterial multiplication.
It is of interest to note that the bacterial load after exposure to microwaves at low power setting
decreased with increase of exposure time. During frozen storage (-18 °C), the reduction percentages of
total bacterial counts for 1, 2 and 3 months were 8 %, 16 % and 25 %, respectively. Similar figures
were obtained for beef liver samples exposed to low microwave setting for 1 and 2 min and stored for 1,
2 and 3 months. These results demonstrate that microwave treatment was more effective in lowering the
bacterial load than frozen storage taking into account the value of the control experiment. In addition,
statistical analysis of the total bacterial counts showed significant decrease due to the exposure to
microwaves for various periods generated from low oven power setting.

The exposure of fresh beef liver to microwaves generated from defrost power mode for 0.5, 1
and 2 min resulted in lowering the bacterial load by 48 %, 51 % and 62 % compared with the non-
irradiated sample. These values elucidate that the total bacterial count decreased with the increase of
exposure time. Also, the percent reduction of bacterial load using the oven at defrost setting mode was
higher than that achieved from oven of low setting mode. This is due to the microwave oven output of
the defrost setting (225W) was higher than that at low microwave output setting (110W). Dealing with
the influence of frozen storage (-18°C) on the total bacteria! count, as a general trend further reduction
in the bacterial load was noticed irrespective of exposure time. However, this reduction in bacterial load
was much lower than that resulted from exposure to microwaves. One would consider that frozen
storage played a minor role whilst microwaves had the major effect on lowering the bacteria associated
with beef liver.

The total coliform bacteria accompanied by fresh beef liver was 3.3 xlO5. After one month
storage at - 18°C the total coliform bacteria was reduced by 99%. In addition, the coliform bacteria did
not present after 2 and 3 months of frozen storage in the beef liver. This means that coliform bacteria is
very sensitive to cooling (-18°C) and prevent its multiplication. It is worth mentioning that microwaves
generated from an oven at both low and defrost modes completely inhibited the coliform multiplication.

It is of interest to note that the bacterial load reduction for beef liver exposed to microwaves
generated from an oven at defrost mode for 2 min and after 3 months frozen storage was 62 %. The
percent reduction of bacterial load for beef liver exposed to y-irradiation at the recommended dose(10
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TABLE 5 :Effect of microwaves on the microbial flora ofjjeef liver stored at -18 °C.

to
O

Storage
periode
(month)

0

1

2

3

Non microwaved

Total
count

3.7xlO:>

3.6xlO5

3.5 xlO5

3.4 xlO5

Total
coliform

3.3 xlO1

3.3 xlO3

Low microwave power setting
0.5 min

Total count

2.4xlOi

2.2xlO5

2.0xl05

1.8xlO5

Total
coliform

1 min

Total count

2.0 xlO5

1.8xlO5

1.5xlO5

' 1.4xlO5

Total
coliform

2 min

Total count

1.7 xlO'

1.5xlO5

1.3xl05

1.2xlO5

Total
colifonn

_

Defrost microwave power setting
0.5 min

Total count

1.9 xlO*

1.8xlO5

1.7xlO5

1.6xlO5

Total
coliform

— —

1 min

Total count

1.8 xlO*

1.7 xlO5

1.6 xlO5

1.5 xlO5

Total
colifonn

_

2 tnin

Total count

1.4 XlO5

1.3 XlO5

1.2 xlO5

1.1 xlO5

Total
coliform

.

LSD values at 5 % levels between treatment and storage periode were 3.4xl04and 4.0 xlO4 .respectively



kGy) after 3 months storage was 98 %, Looking at these figures, one can deduce that y-radiation
treatment was more efficient than microwave treatment in inhibiting the multiplication of the associated
microorganisms with beef liver.

Salmonellae culture did not produce an alkaline slants with acid butts with or without
production of H2S gas. Hence, Salmonellae was not detected in irradiated (y-and microwave irradiation)
or non-irradiated beef liver samples throughout the storage period. The microbiological examination
data, of the present work, were in accordance with the microbiological safety data of shrimp and pork
chops treated microwaves (19,20).
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ABSTRACT
EG0100124

A rapid biochemical method for the determination of the sterility
in males of the fruit fly, Ceratitis capitata (Wied.) was established
utilizing testosterone as a biomarker. Pupae (2 days before emergence)
were irradiated at 90 Gy using a 60Co-gamma-cell, unit. Testosterone
level, measured by radioimunoassay (RIA), in addition to sterility in
irradiated male flies were compared to their corresponding values of the
untreated control group.

The data obtained revealed a highly significant decrease in the
testosterone level associated with a highly significant decrease in sterility.
The decrease in the hormone level was recognized during the different
time intervals (24-120 hours after adult emergence).

This biomarker (testosterone) could be adopted as a rapid monitor
for measurements of medfly male sterility before release in the field in a
sterile insect technique (SIT) program.

Key Words: Ceratitis capitata / Gamma Irradiation/Testosterone/
Biomarker/ Sterile Insect Technique /Mediterranean Fruit Fly.

INTRODUCTION

The Mediterranean fruit fly (medfly), Ceratitis capitata (Wied.) is one of the most
important agricultural pests. Sterile insect technique, (SIT) is highly effective method for
suppressing or eradicating insect population0'2'3'4'5'6*. The whole basis of SIT is directed
towards infertility of the wild females by the release of sterile males in the field. This
process involves a massive release of sterile flies which requires much time consuming
laboratory tests to determine the degree of sterility and performance of the male fly before
their release to the field.

To address this problem, this study presents a trial for a rapid biochemical way to
determine male sterility by evaluating the testosterone level in their whole body measured
by the radioimmunoassay (RIA) technique.

MATERIALS AND METHODS

The medfly larvae were reared following the technique described by Tanaka et o/.<7>

Pupae (2 days before adult emergence) were irradiated (90 Gy) using a 60Co-gamma cell of
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the Middle Eastern Radioisotope Center for the Arab Countries with a dose rate of 4.58 to
4.14 rad/sec during the experimental study. After irradiation, the pupae were transferred to
the adult rearing cage. Adults were offered water and enzymatic yeast hydrolyzate and kept
for egg oviposition.

Male Sterility

Equal numbers of irradiated (or unirradiated) adult males of different five ages (24,
48, 72, 96 and 120 h. old) were caged with newly emerged virgin females. The percent egg
hatch of each of the 5 groups were recorded.

Estimation of Total Testosterone by RIA

Total testosterone was determined by radioimmunoassy by the method of Coat-A-
Count from Diagnostic Products Corporation (DPC) LA, CA(8).

Several trials were conducted to evaluate the sensitivity of the testosterone kit for
the hormone determination in the whole body of male fly until a procedure was established
to give undoughtful results where it was found that not less then 10 males were enough for
evaluation.

At 24, 48, 72, 96 dnd 120 h. post adult emergence, 10 males (normal or irradiated)
were homogenized in 0.5 ml saline (0.9%) and the soluble fraction was transferred to a
clean test tube. One hundred ml of the soluble fraction were poured into a polypropylene-
coated tube (testosterone specific antibody immobilized to its walls). One ml of(125) I-
labelled testosterone was added. The mixture was incubated for 3 hours at 37°C. During the
incubation, labelled I25I-testosterone competed for a fixed time in the sample with antibody-
sites. The tube was then decanted to separate the bounded from the free compound. The
bounded amount was counted in a computerized y-scintillation counter (Nuclear Enterprises
NEL 612, England).

Results obtained were subjected to statistical analysis by using analysis of variance
(F-test) to determine significant differences between and/or within variables. When F value
was significant, t-test was calculated to separate between means.

RESULTS AND DISCUSSION

Figure (1) represents the egg hatchabilty in irradiated and unirradiated male groups,
while figure (2) represents the testosterone levels in both groups, and figure (3) shows the
percent reduction in egg hatchabilty and testosterone level of irradiated males compared to
those in the unirradiated group. Table (1) shows the obtained data, numerically and
analyzed stastically.

From Table (1) and Figure (1) it was observed that the percentages egg hatchobility
were highly significantly affected in the irradiatd group compared to those of the
unirradiated ones at different male groups. However, the differences in egg hatchabilites of
the irradiated and unirradiated males in significantly increased with increasing the male age
up to the 72-h. age then decreased slightly at the 96-and 120-h. age. The percent of egg
hatchability ranged between 3.63-9.70 in the irradiated group compared to in 83.30-92.42 in
the control group.
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Table (1): Correlation between testosterone level (ng./dl) and egg hatchability (%)when
male Ceratitis captiata Wied. was irradiated in the pupal stage two days before
emergence with 90 Gy.

Male
age

(hours)

24

48

72

96

120

Mean egg hatchability ± S.e

Control

83.3 ± 0.83

88.5 ± 1.56

92.42 ± 0.69

91.7 ±0.85

87.62 ±0.87

Irradiated

7.8 ±0.37

6.71 ±0.72

3.72 ±0.52

3.63 ±0.43

4.07 + 0.54

Reduction
from

control (%)

88.35%

92.41%

95.97 %

96.04%

95.35%

Mean testosterone level (ng./d!) ± S.e

Control

19.05 ±0.89

20.56 ±0.87

18.40 ±2.62

16.02+ 1.16

9.56 ±0.86

Irradiated

12.99 ±0.62

13.10± 0.88

7.94 + 0.96

8.16 ±0.34

5.88 ±0.48

Reduction
from

control (%)

31.81%

36.28 %

56.84 %

49.06 %

38.49 %
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Fig (1): Effect of Gamma irradiation (90 Gy) of the Mediterranean fruit fly, Ceratitis
capitata Wied. at different ages on egg hatchability.
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As represented in Table (1) and Figure (2), testosterone level in the whole male body
showed a highly significant decrease in the testosterone level associated with time in both
normal and irradiated males. The testosterone level in the irradiated males ranged between
5.88 and 13.10 ng./dl., while it ranged between 9.56 and 20,56 ng/dl in the unirradiated
group. It was observed that the difference between the testasterone levels of irradiated and
unirradiated males highly significant increased with increasing the male age up to 72-h. age
where the difference was the highest, then decreased again essecially in the 120-h. ages
where the difference was the lowest. This trend was observed in Figure (1) when percent
egg hatchablity was studied in the different ages of normal or irradiated male.
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0 24

- » ̂
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a.
• • .

96

" • ' • - •

120

Fig (2): Effect of Gamma irradiation (90 Gy) of the Mediterranean fruit fly, Ceratitis
capitata Wied. a+A152t different ages on testosterone level.

The testosterone levels in several insect species were mentioned in many records.
For examples partially purified extracts from a wide range of insects (Periplanetct
americana, Acheto domesticus, schistocerca gregaria, Ischnura elegans, oncopeltus
fasiatus), when analyzed by RIA showed a detected levels of testosterone and other
vertebrate type steroid in all extracts'9'. Furthermore, He-SI et al.im and Reddy et al.(ll>l2),
showed that the vertebrate type steroid (testosterone equivalent) plays a role in sexual
differentiation, growth and reproduction of the silk worm Bombyx mori. The authors came
to the conclusion that the occurrence of testosterone and its potential physiological
importantance should not be ruled out. In the current study, it was observed that,
testosterone was highly affected by the sterilizing dose (90 Gy).
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Table (I) and Figure: (3) showed that the percent reduction (from control) in egg
hatchability ranged between 88.35 and 96.04 while the perentage reduction in testosterone
levels ranged between 31.8! and 56.84.

It is worthy to mention that while the percent reduction in eggs hatchability due to
irradiation was almost steady at all male ages, the reduction in testosterone level due to
irradiation increased through the youngest 3 male ages (24, 48 and 72 haurs) then decreased
at the 96 and 120-hours age (the oldest ages)

5 120 -
D> no -
£ ioo -
1 »<
JB 70 -;
<u 60 -i
S 40
£ 30
w 20
2 10
8 0

-% reduction (from control) in egg
hatchability

• % reduction (from control) in
testosterone level

24 48 72 96 120
Male age (hours)

Fig (3): Correlation between testosterone level and egg hatchability when male
Ceratitis capitata Wied. was irradiated in the pupal stage (2 days before emergence)
with 90 Gy.

From the forgoing results it could be concluded that testosterone level in the male
medfly was reduced by the sterilizing dose of the fly (90 Gy) and the reduction was
associated with male sterility. In other words, the reduction in testosterone level could be
used as a biomarker for monitoring sterilization of the irradiated male before its release in
the field for a SIT program. Moreover this biomarker can be also used in quarantine
measurements to differentiate between the imported, irradiated and unirradiated, food
infested by the medfly.
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The present investigation included the isolation and identification of

rennin like enzyme fungal producer from different Egyptian food and

soil samples. Only six out of three hundred and ninety five fungal

cultures isolated from cheese, yogurt and soil samples collected from

different localities of Egypt were found to be positive for the

production of clotting enzymes, The six positive isolates were

identified as : 1'aecilomyces variolii, Mucor circinelloides, Aspergillus

niger, Aspergillus flavus, Emericella variecolor and Cochlioholus

specifier.

All isolates were found to be negative for mycotoxin but Mucor

lamprosporus isolate obtained from the CBS, Baam, Netherlands was

the best in the production of the crude enzyme. The highest growth and

production of the crude enzyme were obtained from wheat bran

medium after an incubation period for 7-9 days at 25°C and pH 5.0.

Wheat bran medium could also be used several times to produce the

enzyme. Mucor lamprospours spores were found to be sensitive to

gamma rays since 2.5 kGy completely inactivated the germination of

the spore sand D]o value of the spores was calculated to be only 0.36
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kGy and very low doses of gamma irradiation did not affect the ability

of the isolates to produce the milk clotting enzyme till 100 Gy.

INTRODUCTION

Milk clotting enzymes have been reported to be produced by several

Mucor spp, i n c l u d i n g Mucor miehei (28), M. p u s i l l u s ( ] 1 ) a n d M racemosus (l8).

Also Rhizopus oligosporus and Mucor miehei isolate No. (3169) produced the

most active milk clotting enzyme (MCE) as compared with the other fungal

cultures (4).

M. pusillus at 30°C for 92 hours was grown in a medium containing

different sources(1). The most favorable medium for the production of enzyme

with rennet activity was 3% com steep liquor containing 1% glucose. The

conditions of milk clotting enzymes production by M. pusillus isolates No.

(I17&113) was studied (2) and found that both strains showed better enzyme

production on 5% wheat bran medium at pH 5. Me also reported that the optimum

milk temperature for the Milk Clotting Activity (MCA) was 60°C in both

proteases produced by M. pusillus CIAM 171 andM. pusi/lus CAIM 113. He

added that their maximal stability was at a pH range of 6.0-6.5 and the MCA

tended to decrease with the increase of the pH of the milk.

The chymosin was inactivated in gelled milk at pH 6.5 at 33°C (3). The

maximum relative MCA for crude MCE was at 45°C for calf rennet, 55°C for M.

miehei rennet enzymes, 60°C for R. oligosporus and 65 °C for B. subtil is and B.

mego(erium^A\ He added that milk clotting enzyme preparation showed a

decrease in their MCA with increasing pH values and become inactive at a pH

value of 7.0 or higher in case, of calf, M. miechei and R. oligosporus rennet, while

in case of bacterial rennet, they lost their activity at a pH value of 8. or higher.
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It was found that the enzyme activity of AspergiI'lus ochraceus rennet was

improved greatly by increasing the calcium ion concentration in the standard

assay mixture(5).

MATERIALS AND METHODS

1-Source of samples :

Sixteen samples of milk, cheese, yogurt and soil collected from different

localities of Egypt were used for the isolation of fungi producing rennin-like

enzyme.

2- Source of rennin-like enzyme producer fungi :

Three hundred and ninety five fungal isolates isolated from the above

samples were examined for their milk collecting activities according to Sidney (6).

The milk-clotting activity rate was determined by the tube method technique

described by Berridge (7) and by the slide method according to Edclsten (K), Six

out of the 395 isolates were found to be producers of rennin like enzyme, beside

Mucuor lamprosporus slant obtained from culture collection from the Nerthelane

CBS 11808. The fungi producing rennin-like enzymes were examined for the

possible production of mycotoxins by the methods described by Horwitz(9).

Culture media :

Eleven media were chosen in order to find the optimum medium for the

growth and production of milk clotting enzyme of the selected microorganisms.

The composition of these media were as follows : •

- Heat bran medium (g/L): lOOg wheat bran and one gram yeast extract.

- Barley medium (g/L) : lOOg crushed barely and one gram yeast extract.

- Barley broth (g/L) lOOg barely .

- Com broth (g/L): 50g grind shed-corn.
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- Whey broth : 50 ml whey and 0.05/inl or 0.1 /ml NaCI,

- Malt extraction broth (g/L): lOg malt, and 20 g glucose.

- Yeast malt extract broth (g/L): 4g yeast extracted, lOg.malt and 4g dextrose.

- Starch nitrate broth : (g/L). Oxoid(l0).

- Czapke's Dox (g/L): Oxoid.

- Sabourand-dextrose broth (g/L): Oxoid.

The pH of all the above media was adjusted to 5.0-5.4.

Factors affecting growth and enzyme production :
i

Each of the following experiments was carried out in triplicates.

1- Effect of temperature :

Cultivation was carried out in 250 ml capacity conical flasks, each

containing 50 ml of sterile Czapek's Dox medium and Petti dishes containing 50g

moist wheat bran medium. Flask and Pelri dishes were inoculated with 0.5 ml of

standard spore suspension and incubated at different temperatures ranging from

10 to 35°C for 9 days.

2- Effect of incubation period :

Conical flasks containing 50 ml Czapek's Dox liquid medium and Pelri

dishes containing 50g wheat bran medium were inoculated with standard inocula

and incubated at 25°C for 2, 4, 5, 7, 9 and 10 days.

3- Effect of initial pH days :

Petri dishes containing 50g wheat bran medium adjusted at pH 4.0, 4.5,

5.0, 5.5, 6.0, 7:0, 7.5 and 8.0 before sterilization were incubated with the tested

organisms and incubated for 9 days at 25°C.

4- Effect of gamma irradiation :
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Cobalt-60 gamma cell 220 located at National Center for Radiation

Research and Technology, Nasr City, Cairo, Egypt was used to irradiate the

selected isolates. The dose rate was 5.5 rad/sec. during the experimental time.

a- Determination of D l 0 value :

Heavy spore suspension of selected fungal isolate was prepared and

divided into several sterile test tubes, then exposed to increasing doses of gamma

irradiation. Viable counts of each suspension was determined. Dose response

curves were obtained therefrom and their D ! 0 values were calculated.

b- Effect on the enzyme production :

Spore suspensions were exposed to increasing doses of gamma irradiation

up to 2.5 kGy and then were used for detecting the production of the enzyme at

each irradiation dose.

RESULTS AND DISCUSSION

1- Isolation of rennin-like enzyme producer fungi:

Sixteen samples of milk, cheese, yogurt (curdled milk) and soils collected

from different localities of Egypt were used for isolation of fungi producing

rennin-like enzyme. A total of 395 fungal isolates from the mentioned samples

were screened for their ability to produce milk clotting enzyme by growing on

wheat bran medium for 9 days at 25°C. The results indicated that six out of 395

isolates were able to produce rennin-like enzyme representing only 1.5% of the

total isolates. Of these isolates two were isolated from milk samples and four

from soil samples. The selected isolates were also tested for mycotoxin producing

but were found to be negative on Czapek's Dox broth medium. In a previous

study ( l l ) it was reported that out of 48 fungal isolates only, 28 (including one

1'enicillium and three Aspcrgillus) secreted milk clotting enzymes. Also, it was
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reported that out of 21 strains of genus Bacillus and 56 strains of fungi only 9

fungal strains were found to produce milk clotting enzymes(2),

Mucor lamprosporus was chosen for further studies because of its high

productivity of the rennin-like enzyme and negative for mycotoxins production,

beside it grows quite satisfactory and is able to produce high level of milk

clotting enzyme on wheat bran medium which is an economic and cheap raw

material.

2- Effect of different culture media :

In order to find the optimum medium for the growth and production of milk

clotting enzyme by the selected strain of Mucor lamprosporus, eleven media

where chosen. Two of the media were semi-solid, (he first consisted mainly of

wheat bran, and the second crushing barley, The other nine media were liquid.

Six of them consists mainly of natural substances which are barely, crushing corn,

com steep liquor, whey product from cheese industry, malt extract and yeast malt

extract. Three synthetic broth media were also used, starch nitrate, Czapck's Dox

and Sabouraud broth.

Heavy mycelial growth appeared on both of the semi-soiids; three of the

broth media also gave excellent growth for Mucor lamprosporus namely barley

broth, yeast malt extract broth and starch-nitrate broth. The fungus could not

grow on whey broth and poor growth were obtained on the other broth media.

Regarding to the production of rennin-like enzyme, the chosen fungus

produced the enzyme on three of the selected media, two of them were the semi-

solid media i.e. wheat bran and barley media. The enzyme was extracted only

from barley broth. It is clear from the data in Table (2) that wheat bran medium

was the best medium which gave the highest amount of the protein and also
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showed the highest value of enzyme activity. Hence, this medium was chosen in

all the proceeding experiments. It was reported that the best milk clotting enzyme

production by M pusillus isolates No. (117 and 113) was obtained on 5% wheat

bran medium^ and the powerful milk clotting activities were obtained in culture

supernatants of A. ochraceus grown on salted whey (up to 10% ) ( l 2 ) .

The inability of the tested fungus to produce rennin-like enzyme on other

media, especially natural media, may be due to the unfavorable nature of

components of the media and/or the presence of some inhibitors in these natural

media which might have retarded enzyme activity as previously found in other

enzymes (13).

3- Effect of different environmental factors on the production of enzymes

Studies have been carried out in an attempt to increase and optimize the

activities and yield of rennen-like enzyme produced cxtracellularly by the

selected isolate M. lamprosporus. For achieving this object, the effect of some

environmental conditions on growth and production of the clotting enzyme by M.

lamprosporus were examined. The investigated factors included incubation

period, incubation temperature and the initial pH of the medium. The data in

Table (3) indicated that the highest growth and production of crude enzyme by M.

lamprosporus were obtained after an incubation period ranging between 7-9 days

at 25°C, thereafter, both the mycelial dry weight and the enzyme production

sharply decreased. In the meantime the highest activity of the obtained enzymes

was observed after 9 days of incubation. It is worth to mention that the tested

fungus could not produce any amount of the enzyme till the fifth day of the

incubation. At the sixth day, small amount of the crude enzyme was obtained, but

its activity was negative and failed to curd the milk. This pattern of rennin-like
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enzyme production is in commitment to that of M. muccdo and A. flavids, where

maximum activities were recorded after 8 days of growth (l4>15).

The relationship between cell growth and production of milk clotting

enzyme in submerged cultures of Ehdothia parasitica. was investigated*l6). They

found that the enzyme production rate increased in the exponential and constant

growth phases and continued to increase even when the growth rate entered the

declining phase and thereafter decreased rapidly. Rennin-like enzyme produced

by M. lamrosporus wds markedly affected by the incubation temperature of the

culture medium. Maximal production was obtained with cultures incubated at

25°C. Temperature above or below 25°C decreased productivity. The present

results are in harmony with that results recorded(l7). But for other fungal species

(Mucor spp.). It is well known that hydrogen ion concentration has an important

effect on the growth and production of enzymes by microorganisms, Many

extracellular enzymes are mostly produced in the range of pH 6 to 7, However,

intracellular enzymes show maximum production in the acid or alkaline range

according to the microbial species. In the present study the maximum growth of

M lamprosporus was obtained at pH 5.5 while the maximum crude enzyme were

obtained at pH 5.0. Below pH 5.0 the growth and consequently the production of

the enzymes of the tested organism were completely inhibited. Above pH 6.5 the

dry weight of M. lamprosporus and rennin-like enzyme sharply decreased and

the growth was completely inhibited above pH 7.5. The data indicated that the

selected organism can grow and produce rennin-like enzyme in a pH range from 5

to 7.5. It was reported that the milk clotting enzyme by a mutant of M. racemosus

No. 50 was rapidly produced in wheat bran semi-soild culture but its activity

rapidly decreased after reaching maximum enzyme production*18). They added

that the decrease in enzyme activity was prevented by adjusting the initial pH of
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the medium to 5.0 with Macllvian buffer and keeping the pH below 6.4 during

incubation at 20°C.

4- Effect of gamma radiation on the production of enzyme.

Among the methods which can be used for changing the metabolic activity

of living cells is ionizing radiation. The response of microorganisms to radiation

is dependent upon many factors as type of radiation, kind of microorganism,

atmosphere in which irradiation takes place, physical and chemical properties of

the medium etc.It is worth to note that molds are relatively sensitive to radiation

as compare to the other microorganisms especially spore former bacteria(1'J).

In the present study, data in Table (4) show that gamma rays greatly

affected the viable counts of M, lamprosporus spores where 0.5 kGy was enough

to decrease the viable spores more than one log cycle. Exposure of fungal spores

to 2.5 kGy completely inactivated all the spores indicating the highly sensitive of

the tested fungus to gamma radiation and its calculated D ] o value was 0.36 kGy

indicating the sensitive of M. lamprosporus to gamma rays. Molds were reported

to be an intermediate resistance, the dose required to inhibit most molds was

investigated to be less than 10 kGy(20>21). The effect of radiation on living cells

was described (22) by the summation of the direct effect of radiation on the vital

centers in the cells plus the indirect effect on the same centers caused by chemical

changes outside these centers.

It was difficult to find in the literature any review about the effect of

ionizing radiation on the production of the rennin-like enzyme by microorganism.

However, it was reported that low doses of gamma radiation enhanced the

activities of microorganisms and may be stimulative for their growth(23). In the

meantime, increase doses of gamma radiation exerted an inhibitory effect on the

enzymatic activities of microorganisms. Gamma irradiation mutant ofAlternaria
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alternata was investigated to produce high levels of Cx-cellulose and (5-

glucosidase enzymes when grown on cellulose medium(24). Also, it was recorded

that the maximum production of cellulase enzymes and metabolic activity of

Trichoderma koningu and Aspergi/lus niger were obtained after exposure to

irradiation doses of 0.1 and 0.25 kGy and at the higher irradiation doses reduced

the production of cellulase enzyme of both tested organisms were reduced(25).

It was investigated that, uricase enzyme produced by Streptococcus

orientalis was completely inhibited by all irradiation doses used (0.1-4.0 kGy)

while for Strep, alboniger and Strep, citreus were gradually inhibited by low

irradiation doses(26). In another study it was reported that irradiation of

Kmarxianus nwrxianus EMCC 75 strain before milk permeate inoculation caused

an increase in lactose utilization, ethanol yield and cthnnol conversion coefficient

and the increase was proportional to irradiation dose up to 1.5 kGy, above which,

the strain productivity decreased. The present study revealed that gamma

irradiation at very low doses (0.05-0.15 kGy) has almost no effect on the

production of rennin-like enzyme reduced by M. lamprosporus, above which

gradual decreases in the enzyme production was observed as the radiation dose

increased. This revealed the highly sensitivity of M. lamprosporus starin to

gamma radiation (27).

5- Competence of reusing wheat bran medium :

This experiment was carried out to investigate the ability of reusage of

wheat bran medium to grow and produce the enzyme by the same fungus

compared with grinding barley medium. After the enzyme had been obtained the

media were sterilized again, inoculated with the fungus and incubated for another

9 days at 25°C and pH 5.0. The results in Table (5) show that a slight decrease in

the quantity of the enzyme occuned after reusing wheat bran medium for the third
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time, but the activity of the enzyme decreased from 85 su/ml to 50 su/ml. The

fungus could not grow on wheat bran medium after five times of inoculum.

Meanwhile, the fungus failed to grow on the barley medium at the third time of

reusing. The results revealed that wheat bran medium beside its ability to produce

high amount of active milk clotting enzyme by hi. lamprosporium may be reused

for more than one time supplemented with some nutrient elements.
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ABSTRAC EG0100126

The biochemical changes induced by salinity in two economic plants (Barley and
Pea) and the probable counteraction of gamma irradiation for enhancement of growth
were studied. The data obtained revealed that the reduction in pigments content due to
salinity treatment was more pronounced in pea plants than barley. However, gamma
irradiation caused a significant increase in pigment content of both plants. The
interaction effect of salinity and radiation varied from an increase in case of barley to a
reduction in peas. In both plants, soluble sugars content increased due to salinity and/ or
y -radiation. Moreover, total carbohydrates increased due to the combined treatment. A
matched increase in free proline content was recorded with increase of salinity. While, y -
irradiation showed a different trend. Protein and nucleic acids contents were
proportionally decreased with increase of salinity levels, whereas gamma radiation
induced an increase in both protein and nucleic acids content. A progressive reduction in
the yield by increasing salinity was observed, while y- irradiation increased the yield of
both plants. 14CC»2 fixation was reduced by salinity treatment while y- radiation increased
it. Contrary to I4CO2 fixation, salinity enhanced respiration, while radiation retarded it.

Key Words: Salinity / /-radiation /Barley /Pea /Biochemical analysis.

INTRODUCTION

Salinity limits the growth of agricultural soil in large areas of the world, especially in countries like
Egypt. Soils from Nile delta have different chemical property(1) of different degrees of salinity, and hence
such soils are unfavorable for normal growth of plants. Thus, the restriction of plant growth and
productivity caused by salinity is especially acute in arid and semi arid regions (2). Because of the high cost
of soil reclamation, research has been carried out for the development of plants that are salt tolerant
representing the adapted strategies to minimize the impact of drought and salinity on rural community and
on the stability of land resources (3). The use of gamma radiation for the induction of such plants was
reported by Abrifarine &Neil Rutager(4).

The aim of this work was to investigate the possible existence of biochemical changes induced by
salinity in two economic plants (Barley v. Giza 124 and Pea v. lincoln) and the probable counteraction of y-
irradiation for the enhancement of growth.

MATERIALS AND METHODS

Plant material and condition for growth:
Plant: Grains of barley (Hordeum vulgahs,var. Gizal24 ) and seeds of pea ( Pisum

sativnm,var,linclon) were purchased from the Crop Institute Agriculture Research Center, Giza, Egypt.
Salt solution: Salt treatments were made according to the method described by Palmer(5). The NaCl

concentration was adjusted to give 1.55 bar, which is almost similar to that found in Sidi Salem region
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(Kafer El-Sheikh Governorate, Egypt). Another two solutions were prepared by changing onlyNaCl
cocentration to obtain 0.50 and 2.50 bar.

Gamma irradiation:
Irradiation of either seeds or grains was carried out at the Middle Eastern Regional Radioisotope

Center, Dokki, Egypt, using60 Co source with a dose rate 6.18 rad/sec. (3.7 Gy/ min).

Pots experiment:
Depending on the results of a preliminary laboratory experiment, plants were cultivated in pots under

the effect of selected levels of salinity and/or selected doses of gamma radiation (10&50 Gy for barley and
10 Gy for pea). Four pots (0 25 cm) for each treatment were used, each pot contained a plastic bag filled
with 7 Kg clay soil. The pots were irrigated depending on the water capacity with different saline solution
to maintain the required levels of soil salinity C6).Grains of barley (10) and seeds of pea (10) were sown in
each pot, after germination seedlings thinned to four plants. The irrigation was carried out according to AI-
Akied,(7) maintaining the water holding capacity of the soil at 70%.

Sampling, yield and biochemical measurement:
Measurements were carried out at the onset of flowering. After sampling, all plants were dried at 80

°C for the biochemical determination except for yield and pigment determination where fresh samples were
taken. For the biochemical analysis, sampling of plants was carried out at the onset of flowering, whereas
some plants yield (plant productivity) was calculated depending on the number of spikes or fruit/plant,
number of grains or seeds/spike or fruit and weight of grains or seeds/plant.

Biochemical analysis:
The method of Metzznur1 et al (8) was used for the quantitative determination of pigments of plant

leaves (chlorophyll" a", phlorophylP'b "and carotenoids. Soluble sugar was determined according to the
method of Ycmme and Willis (9). The non-soluble sugars were determined according to the method of
Abdel-Ghany (10). Free proline was estimated according to the method of Singh etal(11) where protein
determination was performed according to Naguib <12) and Lawery et al(13). Nucleic acids determination
was carried out according to Ashwell(14).

Carbon dioxide fixation, photosynthesis and respiration:
The plants were cultivated in plastic pots (0 7cm) under the effect of 1.55 bar salinity and/or y-

irradiation (50 Gy in case of barley and 10 Gy in case of pea) and the interaction of 1.55 bar and either 10
or 50 Gy. After 30 days, the plants were used to compare their activity for MCO2 assimilation using sodium
bicarbonate (NaH 14CO3) of original specific activity 23.2 MBq/mg, purchased from Radiochemical
Laboratory, Amersham, England.

RESULTS AND DISCUSSION

The results presented in table (1) show that, chlorophyH"a",chlorophyll"b" and total pigments detected
at different levels of salinity were reduced below those of the control plants. The reduction was observed to
increase with increase in salinity levels up to 2.5 bar, the reduction in pigments content was more
pronounced in pea plants where a salinity level of 2.5 bar led to incomplete growth of the plant. Contrary to
the effect of salinity, gamma irradiation caused a significant increase in pigment content of both plants.
Regarding the interaction of salinity and radiation, it was observed that the results varied from an increase
in the case of barley to a reduction in peas. It has been found that salinity induced some increase in the
concentration of chlorophyll and other photosynthetic pigments/unit area in barley grown in nutrient
solution (15). On the other hand, chlorophyll floresence, an analytical technique that monitors the function of
the photosynthetic apparatus, has been suggested to change in response to water stress and salinity (16-l7>18).
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Table (1): The effect of different levels of salinity (bar) and/or different doses of gamma
radiation (Gy) on pigments (mg/g f.wt.) of barley and pea plants.

Treatmen t

Control
Salinity
(bar)

Radiation
(Gy)

Salinity
+

Radiation

Treatmeni

0.5
1.55
2.5

10
50

0.5+10
1.55+50
2.5+50

Control
Salinity
(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5

10

0.5+10
1.55+10
2.5+10

Barley
Chl."a"

0.78+0.01
0.71+0.02
0.60+0.01
0.52+0.01

0.80±0.06
0.85+0.06

0.81±0.01
0.75+0.01
0.70±0.03

%
100
91.0
76.9
66.7

102.6
108.9

103.8
96.2
89.7

Chl."b"
0.50±0.00
0.46± 0.02
0.42±0.01
0.37+0.11

0.51±0.01
0.58±0.66

0.54+0.01
0.52±0.02
0.50+0.05

%
100
92.0
84.0
74.0

102.0
116.0

108.0
104.0
100.0

Carot.
0.29+0.01
0.28±0.01
0.27±0.01.
0.13+0.01

O.34±O.O3
0.39±0.01

0.31+0.01
0.31±0.01
0.29±0.01

%
100
96.6
93.1
44.8

117.2
134.5

106.9
106.9
100.0

Total
1.57
1.45
1.29
1.02

1.65
1.82

1.66
1.58
1.49

%
100
92.4
82.2
64.9

105.1
115.9

105.7
100.6
94.9

Peas
Chl."a"

0.89+0.00
0.80+0.02
0.65+0.00

Ig

1.03+0.05

0.88+0.03
0.80+0.01

Ig

%
100
89.9
73.0
Ig

115.7

98.9
89.9
Ig

Clil."b"
0.68+0.00
0.61+0.03
0.54+0.02

Ig

0.80+0.03

0.62+0.00
0.63+0.02

Ig

%
100

89.7
79.4
Ig

117.6

91.2
92.6
Ig

Carot.
0.24+0.00
0.21+0.00
0.13+0.00

Ig

0.30+0.04

0.23+0.01
0.20+0.00

Ig

%
100
87.5
54.2
Ig

125.0

95.8
83.3
Ig

Total
1.81
1.62
1.32
Ig

2.13

1.73
1.63
Ig

%
100
89.5
72.9
Ig

117.7

95.6
90.1
Ig

±. Standard error.
Data are mean of three replicates.
Ig incomplete growth.

The data presented in table (2) illustrate that salinity decreased the total carbohydrates in barley plants,
which might be due to the reduction in polysaccharides. On the other hand, soluble sugars fraction was
found to increase by the increase in salinity levels up to 2.5 bar in case of barley. However, the same
salinity level (2.5 bar) led to incomplete growth in peas. The effect of gamma irradiation showed an
increase in soluble fraction from 10 to50 Gy, but the total carbohydrate values were lower than those of the
corresponding controls. On the other hand, 50 Gy significantly increased the polysaccharides. The
increment in total carbohydrates caused by radiation treatment was due to the net effect on both soluble
sugars & polysaccharides. All combined treatments led to an increase in total carbohydrates, which was
more obvious as the salinity and gamma dose increased.

In case of peas, salinity caused a significant increase in soluble sugars & a reduction in
polysaccharidcs and total carbohydrates contents, the increment of radiation being parallel to salinity level
(tab!e2). A gamma dose of 10 Gy caused a remarkable increase in soluble sugar whereas polysaccharides
were constantly reduced during the three growth stages. The combined effect of 10 Gy with cither 0.5 or
1.55 bar salinity increased the total carbohydrates due to a significant increase in soluble sugars, while (2.5
bar + lOGy) led to incomplete growth. In this connection, Turner eta! (l9) have suggested that the
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accumulation of soluble sugars may produce significant change in the osmotic pressure and the
accumulation of soluble sugars could be a result of greater degree of conversion of starch into soluble sugar
and/or to low sugar utilization. Yenkatesworh etal(20) proposed that high soluble sugars content may lower
the soluble (solute) potential of ground nut nodule cells which could help them maintaing turgidity in a
stress environment.

Table (2): The effect of different levels of salinity (bar) and/or different doses of gamma radiation
(Gy) on carbohydrates content (mg/g. d.wt.) of barley and pea plants.

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5

10
25
0.5+10
1.55+10
2.5+50

Treatment

Control

Salinity
(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5
10

0.5+10
1.55+10
2.5+10

Barley
Soluble.

97.71± 1.40
88.35+0.48
96.85+0.44
110.60±0.54
82.33± 1.23
91.06+ 0.97
96.71±0.96
101.50±0.10
104.30+0.39

%
100

110.8
121.5
138.8

103.3
114.2
121.3
127.3
130.8

Poly.
113.21+ 0.40
79.50+0.33
85.09±0.37
64.92±0.28
64.14±0.99
66.23± 1.35
89.94+0.51
91.59±0.39
94.59±0.36

%
100
70.2
75.2
57.3

56.7
58.5
79.4
80.9
83.6

Total
192.92
185.85
181.94
175.52

146.49
157.29
186.55
193.09
198.89

%
100
96.3
94.3
90.9

75.9
81.5
96.7
100.1
103.1

Pea
Soluble.

32.36+0.46

35.47±0.06
41.09+0.06

lg
48.31+0.23

41.16+0.08
50.16+0.15

Ig

%
100

109.6
126.9

149.3

127.7
155.0

Poly.
63.96+0.47

49.92+0.15
41.38+0.26

Ig
48.55±1.21

56.77+0.52
43.24+0.11

Ig

%
100

78.0
64.7

75.9

88.4
67.6

Total
96.32

85.39
82.47

Ig
96.86

97.93
93.40

%
100

88.7
85.6

100.6

101.7
96.9

Data are mean of three replicates.
+ Standard error.
Ig Incomplete growth.

Table (3) illustrates the effect of salinity and/or gamma doses on free proline content in barley and pea
plants. Under he effect of different salinity levels there was a parallel increase in proline content with the
increase in salinity. The influence of gamma radiation showed a different trend, in case of pea plants,
whereas an increase of 122% was recorded in case of pea plants (10 Gy).

In barley, treatment of 0.5 bar+10 Gy, 1.55 bar+ 50 Gy and 2.5 bar+ 50 Gy decreased proline content
if compared with the effect of. salinity, but the values were still higher than the corresponding control
values. In peas, a combination of 10 Gy radiation dose with salinity of either 0.5 or 1.55 bar resulted also in
a non- significant increase of proline than the control. However, the values were still lower than those
obtained with salinity of either 0.50 orl.55 bar alone.
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Table (3): The effect of different levels of salinity (bar) and/or different doses of gamma radiation
(Gy) on proline content (jiMol/g. f.wt.) of barley and pea plants.

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5

10
25

0.5+10
1.55+10
2.5+50

Barley
Proline

144+18.03
151+9.59
286±4.05
345±9.45
137+11.10
142±15.34
144+6.50
242±2.91

275±12.88

%
100

104.0
198.0
239.0

95.0
98.0
100.0
168.0
190.0

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5

10

0.5+10
1.55+10
2.5+10

Pea
Proline
90+2.00
95+0.88

130±10.53
Ig

110+2.26

91±3.88
99+2.40

Ig

%
100

105.0
144.0

122.0

101.0
110.0

Data are mean of three replicates.
+ Standard error.
Ig Incomplete growth.

The results obtained seem to agree with those of Iqbal & Abobaker (2I>22)
; who worked on Cucumber

and Zea respectively. Total sugar and proline accumulation could provide the plant an osmotic pressure to
prevent excessive water loss. In addition, proline concentration can also protect cell metabolism by
avoiding protein denaturation and/or by controlling the cell pH(23). Several possible functions have been
ascribed to such imino acid accumulation induced by water shortage such as, osmoregulation,a sink for
energy and nitrogen and an indicator of drought resistances(23).
Venekamp et al (24', related drought increase proline synthesis in Vicia faba with organic acid. They
suggested that the sharp increase in leaf free proline accumulation did concide with the decline insoluble
protein.

Data obtained in table (4) show that protein content was proportionally decreased with increase in
salinity levels in both plant species.

Table (4): The effect of different levels of salinity (bar) and/or different doses of gamma radiation
(Gy) on protein content (mg/g. d.wt.) of barley and pea plants.

Treatment

Control
Salinity

(bar)'

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5

10
25
0.5+10
1.55+10
2.5+50

Barley
Protein

21.9±0.02
17.410.05
14.410.02
11.810.02
22.910.03
24.0+0.01
19.4+0.07
20.110.02
15.3+0.02

%
100
79.0
66.0
54.0

104.0
110.0
89.0
92.0
70.0

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5
10

0.5+10
1.55+10
2.5+10

Pea
Protein

27.710.03
24.3+0.01
18.7+0.03

Ig
29.5+0.03

24.910.09
24.1+0.03

%
100
89.0
69.0

106.5

89.9
87.0

Data are mean of three replicates.
+ Standard error.
Ig Incomplete growth.
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The 10 Gy dose used with barley did not cause any measurable increase while it recorded the highest
value with peas. Yankulov etal <26), Chauban etal (27) and Farg (28) reported similar observations. The
interaction effect of gamma radiation & salinity on protein content showed a remarkable increase when
compared with the effect of different salinity levels alone, and a decrease when compared with the control
samples.

Table (5) demonstrates the effect of salinity and/or y radiation on the nucleic acids of barley & pea.
Progressive reduction in DNA, RNA and total nucleic acids was observed with increasing salinity levels
where the highest reduction was at 2.5 bar in barley and 1.55 bar in peas. On the other hand, a noticeable
increase in DNA, RNA and total nucleic acids was related to gamma radiation.

Table (5): The effect of different levels of salinity (bar) and/or different doses of gamma radiation
(Gy) on nucleic acids content (mg/g. d.wt.) of barley and pea plants.

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+ .

Radiation

0.5
1.55
2.5

10
25
0.5+10
1.55+10
2.5+50

Treatment

Control
Salinity

(bar)

Radiation
(Gy)

Salinity
+

Radiation

0.5
1.55
2.5
10

0.5+10
1.55+10
2.5+10

Barley
RNA

17.07± 0.26
17.01+0.08
14.92+0.05
14.55+0.12
18.77±0.03
19.43±0.03

17.31+0.012
17.25+0.02
15.35±0.03

%
100
99.6
87.4
85.2

109.9
113.8
101.4
101.1
89.9

DNA
1.35+0.06
1.09+0.10
0.97± 0.04
0.82+ 0.06
1.41+0.03
1.45+0.05
1.31+0.06
1.16+0.04
1.05+0.04

%
100
80.7
71.9
60.7

104.4
107.4
97.0
85.9
77.8

Total
18.42
18.10
15.89
15.37

20.18
20.87
18.62
18.41
16.40

%
100
98.3
86.2
83.4

109.6
1.3

101.1
99.9
89.0

Peas
RNA

15.63+0.07
13.92+0.26
11.78+0.24

Ig
19.04+0.03

14.87+0.27
14.89+0.08

is

1 %
100
89.1
75.4

121.8

95.1
85.2
Ig

DNA
3.07±0.08
2.89±0.02
2.59±0.10

Ig
3.18±O.O3

3.07+0.05
3.15±0.07

Ig

%
100
94.1
84.4

103.6

100.0.
102..6

Total
18.69
16.82
14.38

Ig
22.22

17.94
18.04

Ig

%
100
89.9
76.9

118.9

95.9
96.5

Data are mean of three replicates.
± Standard error.
Ig Incomplete growth.

The combined treatment of salinity with radiation caused different degrees of reduction in DNA, RNA
and total nucleic acids of both plants when compared with their controls. However, the values were higher
when compared with the effect of corresponding salinity levels alone. Earlier results obtained in the
literature showed some pattern of increase in nucleic acids of different plant species as affected by X- ray
ory irradiation00*30.

The effect of different levels of salinity (bar) and/or different doses of y irradiation (Gy) on the yield
(g/plant) of barley and peas is demonstrated in tables (6). It can be seen that there was a progressive
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reduction in the yield by increasing salinity, which may be attributed to the reduction in photosynthetic
capacity or altered metabolism of all cell expansion(32&33).

Table (6): The effect of different levels of salinity (bar) and/or different doses of gamma radiation
(Gy) on the yield (g/plant) of barley (A) and pea (B) plants.

(A)

(B)

Yield

g/plant

%

Control

9.81
±1.54

100

Salinity (bar)
0.5

8.67
±1.10
88.4

1.55
7.55

±1.56
76.9

2.5
5.24

±0.95
53.4

Radiation (Gy)
10

11.69
±1.32
119.2

50
12.71
±1.71
129.6

Salinity + Radiation
0.5+10
10.69
±0.93
108.9

1.55+50
11.49
±1.01
117.1

2.5+50
8.95

±0.95
91.2

Yield

g/plant

%

Control

8.83
±1.23

100

Salinity (bar)

0.5
5.64

±0.91
63.9

1.55
2.92
±0.09
33.1

2.5

Ig

-

Radiation
(Gy)

10
12.20
±1.52
138.2

Salinity + Radiation

0.5+10
8.91

±0.91
100.9

1.55+10
9.12

±1.01
103.0

2.5+10
Ig

-

Data are mean of 12 replicates
± standard error
Ig Incomplete growth

The results of 14CO2 fixation( table 7) show that the capacity of pea plants for MCO2 fixation was
higher (46.9%) than that of barley. Salinity treatment resulted in a reduction of MCO2 fixed by both plants.
However, 1.55 bar was more suppressive on pea plants by (39.4%) of the controls than on barley (19.5%).
On the other hand, gamma radiation treatment increased the capacity of both plants foreMCo2 fixation, the
increment of 14.9% and 11.2% was recorded in case of pea and barley plants respectively.

Table (7) the effect of soil salinity (1.5 bar) and/or gamma radiation (Gy) on the photosynthetic
activity as indicated by^CC^fixation for 30 min. (dpm/mg f.wt) of barley and pea plants.

Plants
Barley
Pea

Control
1144000
1680000

Salinity(1.5 bar)
932000
1018000

•Radiation (Gy)
1272000
1930000

Salinity + radiation
1177000
1782000

*50 Gy in barley & lOGy in pea

The interaction effect of salinity and radiation showed a recovery of the inhibitory effect of salinity as
indicated by a slight increase than the control values. The results are in agreement with those obtained by
(36 & 37) y^e lesser suppressive effect of salinity on barley plants may be attributed to their relative tolerance
to grow in saline soils.

The rate of respiration under salinity of 1.55 bar was much higher than all other treatment. No
noticeable effect was observed between radiation and combined treatment of radiation and salinity although
the rate of respiration was slightly inhibited than control by both treatments. It can be concluded that an
increase in respiration rate was decreased in this study due to y-irradiation of barley and pea plants. It is
worth to mention that, potato(39) apple(40) and cucumber(41) showed an increase of photosynthctic capacity
when the plants were exposed to different levels of irradiation.
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In summary it can be seen that y- irradiation can, to some extent, counteract the inhibitory effect of
salinity on cultivation and productivity of barley and pea plants and this treatment can be adopted for
cultivation of vast regions in Egypt.
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ABSTRACT EG0100127

Field experiment was conducted at the Wadi Sudr area, South Sinai, Egypt. Two
types of residual animal farm (i.e., goat and camel) used wheat crop, beside control
(no manure). The neutron scattering method and tensiometers were used to
calculate the components of soil moisture depletion, evapotranspiration (ET) and
drainage rate (DR).

Evapotranspiration (ET) was determined by four methods, i.e. Soil Moisture
Depletion (SMD), Active Rooting Depth (ARD) at 80% SMD, Active Rooting Depth
(ARD) at zero hydraulic potential gradient (dII/dZ=0) and Blaney- d idd l e formula
(climatically data) using published crop coefficient (Kc)

ET values for goat and camel residuals and control treatments were found to be
5.59, 5.54 and 6.80; 4.48, 4.43 and 5.44; 5.01,4.11 and 11.66 and 4.5 mm day'for all
treatments using the previous four methods respectively. The data obtained also
showed that ET values under organic manure treatments were lower than control
treatment, while the dry weight of wheat crop was higher in the manure-treated
plots relative to the control. These less irrigation water requirements are needed to
be applied to manure-treated plots and this should reduce the opportunity of soil
deterioration if saline water is used.

Key Words: Water Consumptive Use /Soil Moisture Depletion /Active Rooting Depth /Hydraulic
Potential Gradient / Organic manuring.

INTRODUTION

Evapotranspiration (ET) under field conditions can be determined by measuring soil moisture
content before and after irrigation. These measurements are used to calculate the rate of soil moisture
depletion (SMD) between irrigation events. Soil moisture content can be determined gravimetrically
but this is a very time consuming method. While, the use of the neutron scattering method (neutron
probe) in combination with tensiometers was adopted to overcome this problem. Moreover,
tensiometers are used to define the direction of soil water movement (up and down). Also, combined
use of tensiometers and neutron probe enables the calculation of the active root depth (ARD).

ARD is the soil depth, which separates the effect of evapotranspiration and gravity (drainage). In
order to increase the efficiency of irrigation water resources (limited or saline), it is important to know
the ARD, which will vary with the age of crop.
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ARD is calculated at the hydraulic potential gradient equals zero (dH/dZ = 0) within the soil
profile. De Boodt et al.(!) classified the direction of soil water movement within the soil profile as
follow:

Up ward movement at dH/dZ > 0,

Down ward movement dH/dZ < 0, and

No movement at dH/dZ = 0

Levin et ai.(2), Stone et al.(3) and Castle and Krezdorm<4) determined ARD at 80% soil moisture
depletion (SMD) from the whole soil profile. Also Fathi(5) used the SMD method to determine ARD
for wheat, apple and peach in West Nubaria, Egypt.

The aim of this work is to compare the ET values determined by different methods and study the
effect of manuring Wadi Suder soils by two animal residuals on ET values. In addition this work aims
also to determine the components of soil moisture depletion (ET & DR) with respect to the direction
of soil moisture movement.

MATRIALS AND METHODS

Field experiment was conducted at Wadi Sudr Research station, south Sinai. The soil of
experimental area was saline (EC = 9.52 dS/m at the surface) and highly calcareous (CaCo3 > 48.8%).
Two animal residuals, i.e., goat and camel were applied to the soil at the rate of 40 m3 / fed (16 nvVha),
in addition to control treatment (no manure). The animal residuals were corporated in the surface, soil
layer (0-30 cm) and superphosphate was added at the rate of 200 Kg/fed (80 Kg/ha) before wheat
cultivation by 15 days. Wheat (Hordium sativumsakha 8) was sown at last of November 1997. The
plot area was 9 m2 and each treatment was replicated four times in a complete randomized block
design. An access tube for the neutron probe was installed in the centre of each plot to determine the
soil moisture content at 30,45, and 60-cm soil depths. For the 0-15 cm depth, soil samples were
collected for gravimetric determination of soil moisture content. Five mercury tensiometers were
installed at 15, 30, 45, 60, and 75-cm depths to determine the hydraulic potential (H) after irrigation
and before the next irrigation. ET values were calculated according to following methods, a: soil
moisture depletion (SMD) of the soil profile divide on the number of days between irrigations, b:
calculation of active root depth at 80% of SMD by divide 80% of soil moisture depletion of all profile
on the number of days between irrigations, c: calculations of active root depth (ARD) at zero
hydraulic potential gradient by divide the soil moisture depletion above zero water flux on the number
of days between irrigations and D: by using calculations of Blaney - Criddle(6) formula according to
climatic data.

The active root distribution (ARD) was determined at the end of wheat growth season to study the
effect of manuring on root distribution. Soil moisture flux (SMF) at 60-cm depth was determined from
the following empirical equation (1) (IAEA' project^):

SMF = 3.8472 EXP (2.2017 8v), mm day1, r = 0.8126 (1)

Where, SMF is unsaturated hydraulic conductivity at potential gradient unity (-1) (Hillel et al.(8)

Neutron calibration curves for 30, 45 and 60-cm depths were carried out according to IAEA(9)

as shown in Table (1).
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Some soil physical properties were determined according to Black(10) and saturated hydraulic
conductivity (Ks) was calculated according to Sisson et al. (II), Table (2). Some soil chemical
properties are shown In Table (3) (according to IAEA Report(7).

Table (1) Neutron calibration equations for determining moisture content in the soil under study.

Soil

30

45

60

depth (cm) Neutron calibration Equation

9v = 0.2225

9v = 0.1653

8v = 0.2009

C.R*-

C.R-

C.R-

-0.0234

0.0093

0.0970

Correlation coefficient

0.97

0.98

0.95

(r)

# CR = neutron count ratio

Table (2) Some physical and hydrophysical properties for the soil under study

Soil
depth
cm

0-15

10-40

40-70

Particle size distribution

Coarse fine silt cla

Sand Sand

12.1

6.90

14.12

51.7

42.1

85.88

20.0

24.1

16.2

26.9

y Texture

class

Sandy loam

Sandy clay loam

sandy

Sat

Hyd.Cond
.(Ks)

Cm/hr

0.616

2.400

2.543

Bulk
density

g/cm3

1.6600

1.6845

1.7161

Total

Porosity

37.36

36.43

33.02

F.C*

30.43

32.24

14.30

* F.C is Soil water field capacity

Table (3) * Some chemical properties of the studied soil

Soil
depth
cm

0-10

10-40

40-70

46.80

47.70

52.70

PH#

7.6

7.7

8.3

ECe

dS/m

9.52

3.82

1.46

Soluble ions

Na+

43.47

12.96

8.00

in saturation extract (mea/L)

Cations

r
0.76

0.39

0.23

Ca^

32.65

20.20

4.50

Anione

Mg4^ C03" HCO3" CL"

21.63

6.73

3.00

-

0.96

0.86

1.44

60.20

14.19

7.53

SO4"

37.35

25.23

6.76

# in the soil paste cited from IAEA project (1997)

RESULTS AND DISSCUSSION

Table (4) shows the values of soil moisture content (0V) after irrigation and before the next
irrigation. These values were used to calculate soil moisture depletion at each layer of soil profile, as
well as for monitoring the total hydraulic potential value (H) after irrigation and before the next
irrigation. Mean of the total hydraulic potential (H*) is also shown in the same table. Thus, the soil
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depth which separates the effects of evapotranspiration and drainage arc defined to occur at hydraulic
potential gradient equals zero (dH/dZ=o). Drainage rate (DR) was calculated by using the direction of
soil water down ward movement (Figure 1,2 and3)

Fig(1)direction of soil water movement under Goat manure
treatment.
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Table (4) Calculations of ARD
treatments at Wadi Sudr area

Soil
depth
Cm Aft.

9v

Bef. Aft.

for wheat crop

^(mm bar)

Bef. Ave.

by different methods under differeni

Soil
layer
Cm

SMD

Cm

Soil
layer
Cm

Ace.
SMD
Cm

. organic manure

Ace.
SMD

Ratio %

ARD

Cm

Goat manure treatment

0-15

30

45

60

75

Total

0-15

30

45

60

75

Total

0-15

30

45

60

75

Total

0.2292

0.3221

0.2217

0.1617

0.3090

0.3083

0.2151

0.1258

0.3258

0.2897

0.2050

0.1217

0.0909

0.2108

0.1725

0.0908

0.1482

0.2433

0.1658

0.0867

0.1080

0.2108

0.1725

0.908

-82

-92

-100

-125

-145

-71

-80

-111

-115

-110

-83

-95

-101

-114

-78

-310

-162

-139

-146

-165

-167

-148

-148

-153

-160

-156

-149

-146

-158

-164

-196

-126

-120

-136

-155

0-15

15-30

3045

45-60

2.0745

1.8278

1.1093

0.5880

5.5996

Goat manure treatment

-119

-114

-130

-134

-135

Control

-120

-122

-124

-130

-121

0-15

15-30

30-45

45-60

treatment

0-15

15-30

30-45

45-60

2.4120

1.6935

0.8565

0.5768

5.5388

3.2670

2.2253

0.8355

0.4755

6.8033

0-15

15-30

30-45

45-60

0-15

15-30

3045

45-60

0-15

15-30

30-45

45-60

2.0745

2.9023

5.0116

5.5996

2.4120

4.1055

4.9620

5.5388

3.2670

5.4923

6.78

6.8033

37.05

69.69

89.50

100.00

45#

37*

43.55

74.12

89.59

100.00

30#

36*

48.02

80.73

93.01

100.00

60#

30*

•Rooting Depth at dH/dZ = 0 # Active Rooting Depth at 80 %SMD

Table (5) shows that the drainage rates were 0.588, 1.437, and zero mm day"1 in goat, camel and
control treatments, respectively. These results indicate the superiority of camel residual on improving
drainage rates. Increasing drainage should improve prospects for soil reclamation, where the irrigation
water is high saline (ECe= 13.8 dS/m) and the excess of these saline water must be removed. Data in
the same table also, show the values of (ET) calculated from the data in Figures 4,5 and 6 for the four
different methods. It is obvious that the ET values calculated by the soil moisture depletion method
(SMD up to 60 cm depth) were almost the same in the two organic manure treatments i.e. 5.59 and
5.54 mm day"1 for goat and camel manure treatments, respectively. Whenever ETconlroi was 6.8-mm
day'1 ET values for (ARD) at dH/dZ=0 method were 5.01, 4.11 and 11.66 mm day"'for the goat,
camel and control treatments, respectively. ET for control treatment was high where there was feeding
from deeper layer (>60 cm) to the root zone. It is worthy to mention that the roots of wheat plant
expand to 60-cm depth to look for the water and nutrients (no manure), as a result of high water uptake
by roots, the hydraulic potential values decreased (at 60-cm depth). So, there was upward and
downward movement of water around the 60 cm depth. As for organic manure treatments, the manure
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has high water holding and nutrients, so, the distribution of roots was at the surface layers (0-45). The
upward, rate of 4.88-mm day"1 at 60-cm depth (control treatment) was calculated from SWF equation
(IAEA, project 1997). The averages of hydraulic potential values (H*) at zero water flux (dH/dZ =0)
were -120, -1 Hand -130 m bar in the three treatments, respectively (Table 3)

The soil depths of 45, 30 and > 60 cm (figure 1,2&3) represent the active rooting depth (ARD) in
goat, camel and control treatments, respectively. The method of ARD at 80% SMD (levin et aj., 1973)
gives ET values of 4.48, 4.43 and 5.44 mm day"1 at 37, 36 and 30 cm depths in goat, camel and control
treatments, respectively. It is worthy to mention that, the differences between the two methods (ARD
at dH/dZ= 0 and 80% SMD) are in the redistribution of water in the soil profile in the ARD at dH/dZ=
0 method. Whenever, ARD at within 80% SMD method neglects the direction of soil water movement
and supposes that the drainage rate is equal to 20% SMD for all soils (Levin et al(2)).

Table (5) Comparison between ET values (mm day-1) calculated by different methods and
Drainage ratio for ARD at dH /dZ =0

ET, mm /day ET, Ave DR

mm /day mm /day

SMD ARDat80%SMD ARDatdH/dZ=0 Blaney-Criddle

Goat manure treatment

5.59 4.48 5.01 4.50 4.9 0.5880

Camel manure treatment

5.54 4.43 4.11 4.50 4.65 1.433

Control treatment

6.80 5.44 11.66 4.50 7.1 0.000

Table (5) show that the ET value determined by different methods, are approximately the same for
the two organic manure treatments. The difference between these methods is nonsignificant (F is
0.8630 and tabulated F at degrees of freedom (3&6) at 0.05 equals 4.76). Also the difference between
the two organic manure treatments is nonsignificant calculated F= 1.0860 and tabulated F at degrees of
freedom (2&. 6) at 0.05 equals 5.14). So, these methods can be used to calculate ET. The average
values of ET were 4.90 and 4.15 mm day "' in goat and camel manure treatments, respectively. As for
the control treatment the ET values were high by using all the methods but nonsignificant, except the.
ETcorp computed by Blaney- Criddle equation. This is because the other three methods depend on soil
measurements whereas the Blaney- Criddle equation depends on climatic data only. Concerning
control treatment, ET values were 6.80, 11.66 and 5.44 mm day "' for SMD, ARD at dH/dZ=0 and
ARD at 80% SD methods, respectively, while ETcrop was 4.5mm day'1 by using Blaney- Criddle
equation. It is obvious that ET value determined by the ARD (dH/dZ= 0) method under control
treatment was much high (11.66 mm day"1) because it consists of two components ET= 6.8 mm day ~!

which was calculated from soil moisture depletion up to ARD within the period between irrigation as
well as 4.86 mm day'1 from up word movement below ARD as a result of decrease in the hydraulic
potential values in ARD due to the activity of roots) The values of 4.86 mm day"1 was calculated from
soil moisture flux (SMF) by using the following empirical formula:-
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SMF= 3.8472 e220t7ev mm day1

Where: SMF was calculated at 60-cm depth.

9 v is the average of soil moisture content after irrigation and before the next irrigation (0.1217
+ 0.0908)/ 2= 0.1063, and substitution in the SMF formula, The SMF equals 4.86 mm day1

The obtained results show that wheat plants consumed less water in manured plots as compared
with control, due to that the ARD was closer to soil surface when organic menures were added. On
other words, the distribution of wheat roots differs where organic manure is located, and therefore
water use by wheat is lowered, while in the control treatment, plant roots extend vertically to the
deeper layers in order to look for the water and nutrients, so, the water use is higher.

Table (6) shows that the addition of superphosphate with either goat or camel residuals under saline
condition, highly increased the dry weight yield of wheat plant comparing with control where only
superphophate was added. The dry weights of 20 plants were 41.60, 47.04 and 28.75 g for goat, camel
and control treatments, respectively.

Fig(4)Soi! moisture distribution under Goat manure treatment.
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Fig(5) Soil moisture distribution under Camel manure
treatment.
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Fig(6) Soil moisture distribution umder Control treatment

20 30 40

Soil depth, cm

Paliwal(12) showed the importance of using manure under saline conditions. He found that the
growth and yield of barley irrigated by saline water (EC= 13.6 dS/m) and were treated with organic
and inorganic fertilizers (N,P,K and manures) increased by 25%, whenever the increase was 20% for
manure addition only, but it was 8% without organic manure addition. So, addition of organic manure
improves the plant growth especially under using saline irrigation water rather than the addition of
inorganic fertilizers, as well as inorganic fertilizers rises the osmotic potential of the soil water which
makes the soil water stress high

Table (6) Dry matter weight of wheat (g/20 plants) in the studied treatments

Treatment Dry weight (g/20 plants )

Goat manure

Camel manure

Control

41.10

47.04

28.75

Conclusion

Organic manures must be added under saline conditions to increase plant production

The ARD at dH/dZ=0 methods proved to be the best for determining ET values because it takes in
consideration water uptake from deeper layers to root zone and calculation the drainage rate.

On other words it declares the behavior of soil water redistribution and the direction of soil water
movement through soil profile.
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ABSTBACT EG0100128
The effect of gamma radiation, microwave radiation, interaction between them;

and storage of radiated soybean seeds were investigated to find out the best treatment
which had to the maximum reduction of antinutrional factors (Trypsin inhibitor and
lipoxygenase activities) without significant effect on the chemical constituents. The
gamma rays was used at three doses of 2.5, 5.0 and 8.0 kGy, microwave radiation was
at 70 level power for 2 and 4 min; and the storage of seeds was at room temperature,
R.H. 50-55% for six months. The data revealed that, the effects of interaction
treatments were more effective than the treatment with microwave or gamma
radiation alone

Key Words: Gamma Radiation /Microwave Radiation /Storage / Chemical Composition /Soybean

INTRODUCTION

Legumes are a potential source of proteins, as dry legumes are considered a major and less
expensive source of dietary protein, particularly in countries that have inadequate animal protein or
where vegetarian diets are common (l \ Soybeans are considered one of the most important sources of
high quality plant protein. Protein content of soybean seeds ranged between 34.4 to 50.6% <2\ and
remained stable in soybean during storage (3). While (4), recorded a decrease in protein contents in
soybean seeds against the time of storage. Soybean contained an excellent balance of essential amino
acids required for both humans and animals (5), and comparatively small in amount(6). It's lipid content
ranged from 14.33% to 25.76%(7), carbohydrate between 23 and 34% (7's). While, percentage of total
soluble sugars of was between 1.6 and 9.8 according to variety (9\

Legume seeds contain a wide range of chemical constituents, which act as antinutritional
factors such as trypsin inhibitor, phytic acid, tannins, phenols, lipoxygenase enzymes and other
substances. They have adverse effects on enzyme activity, digestibility and this in turn, have nasty
effects on nutrition and health of mankind.(10' " \ Usually all legumes are consumed after they have been
subjected to some forms of processing i.e., heating, roasting, which improve palatability and
digestibility, reduce antinutritional factors (1°-l2). The trypsin inhibitor units (TIU) of soybean ranged
from 14.1 to 29 T.I.U/mg according to variety type Oi\ It's content of protease inhibitors and
lipoxygenase is responsible for the development of off-flavor, and thus is the factor that has limited the
acceptability of soybeans and their products (14).

Soybean contained 0.63-0.68% tannin expressed as tannin index (I5); Heat treatment
significantly reduced the tannins (l6). Phytic acid as an antinutritional factor, ranged from 0.32 and
0.43%, which influences the bioavailability of trace metals (l7\ Beans stored at 2°C did not change
significantly phytic acid phosphorus content during 9 months of storage (18).

Treatment of food, including seeds, by ionizing radiation called "food radiation". It is a physical
process, which is applied to food for a specific purpose. The effect of low, moderate and high levels of
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gamma radiation on legume plant growth by the dose from 0.5 to 2.5 M.rad increased the content of
SH-group (thiol) of protein in soybean as reported by ( l9 ): but it iiad no significant effect on the total
protein content of many kind of legumes(I0'20>. Gamma radiation at low doses had no significant effect
on chemical components such as protein, fat, carbohydrates and total amino acids of five varieties of
soybean (2L " '2 j ) . While, it caused a slight decrease in carbohydrate content of the seeds,(7); and a slight
increase in the total soluble sugar of seeds treated with 5 kGy, but it decreased using 10 and 15 kGy
gamma radiation ands storage (24).

Removing or inactivation of antinutrients could be achieved by radiation treatments such as
microwave or gamma radiation. (l0). Trypsin inhibitor activity (T.I. A) of soybean was decreased by
increasing radiation levels ( 9 2 5 2 6 ) Th e same trend was found in lipoxygenase activity (27). Moreover, as
the time of storage passed, lipoxygenase activity was absolutely inhibited after 6 months when soybean
seeds were radiated with 5 kGy (28).

The tannin content of sorghum grains did not show any detectable changes by exposing grains
to gamma-radiation(7). While, phytic acid was decreased with increasing the gamma-radiation dose and
storage period for unradiated and radiated seeds of soybean <7' 29); and significantly decreased the
phenolic compounds ("'"\

Microwave are type of electromagnetic wave the energy content or power of microwaves is
sufficient to heat, but not break chemical bonds ( 'K l2). No quantitative differences in the composition
between raw and microwave treated soybean seeds were found (24 '"' iA). While, microwave treatment of
soybean for 4.0 and 6.0 min reduced the total soluble proteins (^). The amino acids composition did not
change by microwave heating (j3ij6). Treatment of soybean with microwave for 4-6 min is beneficial to
the stability of oil during soybean storage: while, longer periods such as 8-10 min may cause oil damage
(37). Insignificant difference was mentioned in total hydrolyzable carbohydrate in soybean seeds treated
with 4.0 and 6.0 min microwave (*'\ While, (3 j i 'S) reported a little decrease in carbohydrate content of
soybean. On the other hand, microwave heating increased the total soluble sugar in soybean with
increasing heating time from 0.0 to 10 minutes (24). So microwave treatment increased the hydrolysis of
polysaccharides and transformed it to simple sugars.

Microwave radiation has a considerable inhibitory effect on both lipoxygenase and trypsin
inhibitors activity in whole soybeans as microwave time increased up to 5 min ( 1 0 > 3 J ' 2 S ' J 9 ) . Microwave
heating for less than 1 minute had insignificant changes in tannins content of dates (40); while phytic acid
and phytate P were gradually decreased by microwave heating of soybean (41).

The present study aims to investigate the effect of ionizing radiation (gamma radiation), non-
ionizing radiation (microwave radiation) and their combination as well as the storage of six on the
chemical constituents and antinutritional factors of soybean seeds.

MATERIALS AND METHODS

1- Materials:
Soybean seeds (Glycine max. L. Var. Crawford) was obtained from the Agriculture Research

Center, Giza, Egypt, during season 1994.

2- Experimental Design:
About 12 Kg of soybean seeds were cleaned from dirt impurities and other strange seeds, then

were divided into four major parts as follows: The first part (1 Kg) was left without any treatment
(control). The second part was sub-divided into three parts and exposed to ionizing radiation (gamma
radiation) at levels of 2.5, 5.0 and 8.0 kGy. The third part (2 Kg) was sub-divided into two parts,
imbibed to increase the moisture content from 8% to 14% using distilled water at room temperature,
then were exposed to non-ionizing radiation (microwave) for 2 and 4 minutes at power level 70 using
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Samsong oven MX145 28L of 2450 MHz(42). The fourth part was sub-divided into three parts and
exposed to gamma radiation at levels 2.5, 5.0 and 8.0 kGy, then were imbibed to increase the moisture
content to 14% followed by microwave treatment using different times (2 and 4 min.) at power level 70
using Samsong oven MX 145 28L of 2450 MHz. radiation process was achieved at National Center for
Radiation Research and Technology, Nasr City, Cairo, Egypt. The ionizing radiation used in this
experiment was Cobalt-60 Gamma Cell 220. The dose rate of this source was 27.7 rad/second.

3- Methods:

3-1- Chemical Composition:-
Total protein content and Total lipid were determined as described in the(43). Total free amino

acids were extracted and determined according to the method of(44). Total hydrolyzable carbohydrates
and total soluble sugars were determined as described by (45). Reducing sugars were determined as
reported by (46).

3-2- Antinutritional Factors:
Trypsin inhibitor activity was determined according to the method described by(47). Tannins

content were determined as described by <48). Phytates were extracted according to the procedure
described by (49) and determined as mentioned in the modified method by (50). Phenolic compounds were
determined as described by (5 'l The lipoxygenase activity was determined according to the described
method of(52).

4- Statistical Analysis:
The analysis of variance was carried out to test the degree of significance of each treatment

effect. Having a significant effect. Fisher's least significant difference (LSD at 0.05), as described by
(53), was used to perform all possible pair comparisons between means of different treatments.

RESULTS AND DISCUSSION

Many published information are available on the use of radiation to extend the shelf-life of
perishable food time and ensure their hygienic quality. However, little is known about the effect of
gamma radiation, microwave and their combination as well as storage on soy bean seeds.

Effect of Gamma Radiation and Storage:

The results in Table (1) presents the effect of treated soybean by the abovementioned gamma
rays doses, on crude protein content (T.P.), total lipids (T.L.) and total free amino acids (T.FAA).

The presented data did not show any significant effect of gamma radiation (2.5, 5.0 and 8.0
kGy) on crude protein content (T.P.), where, the control sample was 40.36%. While in the radiated
seeds were ranged between 39.13 and 40.53%, at initial time, this data indicated that gamma radiation
has a slight decreasing effect on T.P., which may be due to some degradation of the protein. The present
findings agree with those obtained by (9> l0'2"'28), who reported that total protein contents of the different
treated legumes, was not affected by gamma radiation. This is quite explainable on basis that, even if
radiation doses caused some breakdown in the legume proteins, yet the total protein determination
(which is actually a total nitrogen), should not be consequently affected. Meanwhile, the results in
Table (1) indicated that, T.P. values were gradually decreased with increasing storage time; i.e. from
40.36 to 37.72% for control, and from 40.53, 39.13 and 39.56% to 37.85, 36.75 and 38.50% at 2.5,
5.0 and 8.0 kGy, respectively, at the end of storage time. These finding are in agreement with results
obtained by (23'24''28).
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Table (1): Effect of gamma radiation (G.R.), microwave (M.W.) and their interaction
(G.R.+M.W.); as well as storage on total protein, total lipid and total free amino
acids contents of soybean seeds.

Treatment

Control
Gamma rad. 2.5 kGy

5.0 kGy
8.0 kGy

Microwave rad. 2 min
,, 4 min

G.R. + M.W. Interaction
2.5 kGy + M.W 2 min
5.0 kGy + M.W. 2 min
8.0 kGv + M.W. 2 min
2.5 kGv + M.W. 4 min
5.0 kGv + M.W. 4 min
8.0 kGy + M.W. 4 min

Storage time (months)

0
T.P.

40.36

40.53

39.13

39.56

40.36

39.60

40.10

40.10

41.45

39.19

38.92

35.40

T.L.

21.15

21.08

21.05

20.91

20.89

20.91

20.77

20.53

20.26

19.93

19.83

18.89

T.FAA

213.90

194.00

190.30

189.00

200.30

196.20

178.40

165.60

159.00

178.40

152.20

131.50

2
T.P.

38.12

39.31

35.93

38.93

40.01

40.03

40.03

40.00

39.43

39.19

37.80

35.13

T.L.

20.94

20.43

20.85

19.98

20.84

19.95

20.52

20.39

20.03

19.60

18.91

18.66

T.FAA

210.30

175.3

181.20

180.40

197.40

181.50

153.90

141.50

148.10

161.70

148.10

123.00

4
T.P.

37.87

38.93

38.68

38.44

39.65

38.35

38.35

39.01

39.01

37.16

36.49

34.36

T.L.

19.26

19.96

19.53

19.05

19.99

19.83

19.89

19.95

19.84

19.56

18.49

18.06

T.FAA

207.60

161.20

150.10

170.30

185.00

173.80

134.60

128.90

136.10

150.90

140.20

112.10

6
T.P.

37.72

37.85

36.75

38.50

38.39

37.61

37.11

38.05

37.95

37.91

36.62

36.62

T.L.

19.08

19.39

19.08

18.89

19.67

19.65

19.53

19.79

19.70

19.40

18.23

17.73

T.FAA

201.00

145.30

139.20

151.70

176.30

163.20

122.40

119.60

121.90

144.50

132.00

109.30

T.P.= Total protein (g/lOOg D.W.); T.L..= Total lipids (s
acids (mg/lOOg D.W.). LSD o.os: T.P. _> 0.0273;

;/100gD.W.); T.FAA =
T.L._> 0.0247; T.FAA

Total free amino
> 0.2143.

The data revealed that, total free amino acid contents (T.FAA) were decreased as influenced
by gamma radiation and storage (Table 1). These decreases were observed during all periods of storage,
i.e. the values were changed from 213.9 (control) to 194.0, 190.3 and 189.0 nig/100 g D.W. in radiated
seeds at 2.5, 5.0 and 8.0 kGy at zero time, respectively. In addition, T.FAA were changed from 213.9
(control) to 194.0, 190.3 and 189.0 (radiated seeds) at initial time to 201.0, 145.3, 139.2 and 151.7
mg/100 g D.W., respectively at the end of storage. It was observed that, the high dose of gamma
radiation (8.0 kGy) had the most lowering effect, it may be due to the energy of gamma radiation, which
led to loss the T.FAA of seeds. The obtained data are in accordance with those obtained by (2j-54). who
mentioned that, the decrease in T.FAA as affected by storage and gamma radiation may be due to
energy effects of the radiation which were increased parallel with the increasing of their doses.

Gamma radiation resulted in a slight decrease in total lipid (T.L.) (Table 1). Its values at
initial time were 21.08, 21.05 and 20.91% as affected by radiation doses 2.05, 5.0 and 8.0 kGy,
respectively, relative to control (21.15%). On the other hand, the data revealed that, storage resulted in a
slight decrease in T.L. to be ranged from 18.89 to 19.39% after 6 months of storage. Any how, T.L.
were gradually decreased parallel to the increasing both radiation dose and storage time. These data are
in agreement with those of (4), who reported that gamma rays at different doses and storage had
insignificant effect on T.L. of soybean seeds.

The influences of gamma radiation and storage time on total carbohydrate (T.C.), reducing
sugar (R.S.) and total soluble sugars (T.S.S) are presented in Table (2).

Gamma radiation had insignificant effect on T.C., where it was ranged from 25.37 to 25.80%
tinder the effect of different radiation doses in comparison to control value (25.93%). Whiie, storage for
six months caused a significant decrease in T.C. of radiated seeds (ranged from 24.00 to 24.21%) and
control (24.43%); relative to the values at initial time. These findings are in the line of (9'26) who
mentioned that, storage led to a decrease in carbohydrate content.
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Table (2): Effect of gamma radiation (G.R.), microwave (M.W.) and their interaction
(G.R.+M.W.); as well as storage on total carbohydrates, total soluble sugars and
reducing sugars contents of soybean seeds.

Treatment

Control

Gamma rad. 2.5 kGy
5.0 kGy
8.0 kGy

Microwave rad. 2 min
„ „ 4 min

G.R. + M.W. Interaction:
2.5 kGy + M.W 2 min
5.0 kGy + M.W. 2 min
8.0 kGy + M.W. 2 min

2.5 kGy + M.W. 4 min

5.0 kGy + M.W. 4 min
8.0 kGy + M.W. 4 min

Storage time (months)

0

T.C.
25.93

25.43^

25.37

25.80

25.6!

25.82

25.60

25.52

25.44

25.79

25.27

25.01

T.S.S
5.25

5.03

5.41

4.63

5.19

5.17

5.23

5.19

5.13

5.59

4.69

5.03

R.S.
0.81

0.59

0.99

0.68

0.54

0.58

0.79

0.61

0.73

0.64

0.50

0.54

2

T.C.
25.31

25.31

25.01

25.65

25.24

25.C3

25.33

25.40

25.35

25.38

25.13

24.89

T.S.S
5.05

4.96

5.32

4.51

5.00

5.01

5.17

5.09

5.03

5.38

4.41

4.92

R.S.
0.79

057

0.98

0.67

0.53

0.55

0.78

0.59

0.72

0.62

0.44

0.53

4

T.C.
24.73

24.11

24.36

24.32

24.77

25.09

25.11

25.20

24.91

24.97

24.90

23.76

T.S.S
5.00

4.89

5.14

4.33

4.91

4.91

5.07

4.89

4.81

5.15

4.30

4.79

R.S.
0.77

0.65

0.94

0.6

0.53

0.54

0.77

0.57

0.70

0.61

0.48

0.51

6

T.C.
24.43

24.00

24.21

24.01

24.00

24.21

24.89

24.39

22.80

24.56

24.36

24.29

T.S.S
4.91

4.61

5.01

4.20

4.77

4.83

4.94

4.71

4.63

5.03

4.23

4.60

R.S.
0.76

0.53

0.92

0.63

0.51

0.52

0.74

0.56

0.69

0.60

0.45

0.50

T.C.= Total carbohydrates; T.S.S.=

LSD o.os : T.C..> 0.0242; T.S.S._>

Total soluble sugars; R.S.= Reducing sugars;

0.0172 ; R.S..> 0.0174; Values: g/lOOg D.W.

Concerning the total soluble sugars contents (T.S.S.). the data in Table (2) showed that, at
initial time, gamma radiation slightly decreased T.S.S. at doses of 2.5 and 8.0 kGy (5.03 and 4.63%).
While, it was slightly increased in the seeds treated with 5.0 kGy (5.41%), when compared to the
control (5.25%). In the same manner, the reducing sugar (R.S.) was affected by gamma radiation,
where it was decreased by the doses of 2.0 and 8.0 kGy and increased by the dose of 5.0 kGy in
comparison to the control. This increase in T.S.S and R.S. due to gamma radiation at 5.0 kGy may be
attributed to some partial hydrolysis of the polysaccharides resulting in simple sugars. It is worthy to
mention that, T.S.S. and R.S. were slightly decreased through out storage time up to six months when
compared to initial time values. But still keeping the same trend of changes i.e. the values of T.S.S.
were 4.91, 4.61, 5.01 and 4.20%; and R.S. were 0.76, 0.53, 0.92 and 0.63% for control, 2.5, 5.0 and
8.0 kGy, respectively at the end of storage time (Table 2). The obtained data are in agreement of those
obtained by (7> 24\ who reported that, the decrease in T.S.S. which affected by gamma rays and storage
may be due to millard reaction and gamma radiation.

Effect of gamma radiation and storage on trypsin inhibitor activity is presented in Table (3).
The data showed that, the trypsin inhibitor activity (T.I.A.) was significantly decreased with increasing
the close level of radiation from 45.1 (control) to 44.8, 42.1 and 41.7% under the doses of 2.5, 5.0 and
8.0 kGy, respectively. The results also showed that, after storage period of 6 months, a significant
decrease in the T.I.A. of soybean seeds, from 45.10 to 30.30% and from 44.80 to 28.00%; from 42.10
to 22.60%, and from 41.70 to 18.10% in control and radiated samples at treatment of 2.5, 5.0 and 8.0
kGy, respectively. However, it can be concluded that gamma radiation treatments and storage led to
decrease T.I.A. in seeds. These results are in accordance with the data reported by (9-2(i) who found that,
trypsin inhibitor activity of soybean was decreased by increasing radiation levels.
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Table (3): Effect of gamma radiation (G.R.), microwave (M.W.) and their interaction
(G.R.+M.W.); as well as storage on trypsin inhibitor and lipoxygenase
activities of soybean seeds.

Treatment

Control

Gamma rad. 2.5 kGy

5.0 kGy

„ „ 8.0 kGy

Microwave rad. 2 min
„ 4 min

G.R. + M.W. Interaction:

2.5 kGy + M.W 2 min

5.0 kGy + M.W. 2 min

8.0 kGy + M.W. 2 min

2.5 kGy + M.W. 4 min

5.0 kGy + M.W. 4 min

8.0 kGy + M.W. 4 min

Storage time (months)

0

T.I.A.

45.10

44.80

42.10

41.70

41.80
30.50

40.00

39.20

37.70

28.70

26.70

20.80

L.A.

253.20

206.00

200.80

126.00

210.20
200.40

189.00

118.20

43.20

144.00

105.60

84.40

T.I.A.

40.30

43.10

41.30

35.70

40.13
29.20

38.20

36.90

34.4

25.80

23.90

21.80

i

L.A.

142.80

53.80

39.40

23.60

97.60

133.00

71.20

43.60

31.40

92.20

51.40

26.20

4

T.I.A.

39.60

32.90

25.30

18.60

38.50

28.10

29.00

24.70

19.70

21.90

18.40

13.60

L.A.

64.20

20.00

18.80

11.80

27.80
50.20

24.00

22.00

18.80

25.40

19.60

10.80

(

T.I. A.

30.30

28.00

22.60

18.10

29.80
27.60

26.70

22.40

11.30

20.10

12.70

9.30

L.A.

31.40

23.40

11.80

5.40

22.40
22.80

10.40

3.00

0.00

10.80

3.60

0.00

T.I.A.= Trypsin inhibitor activity (values: T,

LSD o.o5: T.I.A. >

I.U.); L.A.= lipoxygenase activity (values: A.U.)

0.2315; LA. > 0.0174

The data obtained from lipoxygenase activity (L. A.) of soybean seeds (Table 3) indicated a
significant decrease in its values, either as affected by gamma radiation or through storage period up to
six months. The values were i.e. 141.00, 131.80 and 126.00 A.U. for the doses of 2.5, 5.0 and 8.0 kGy,
respectively, in comparison to control value (153.2 A.U.) at initial time. While they were significantly
decreased to reach 23.4, 11.8 and 5.4 A.U. for the doses of 2.5, 5.0 and 8.0 kGy, respectively in
comparison to control value (31.4 A.U.) at the end of storage time. These values indicated that,
there was a high loss of L. A. in all samples during storage, but the loss of lipoxygenase activity was
relatively very high in the seeds radiated with 8.0 kGy and stored for six months in comparison with the
other treatments. The present results are in agreement with those of (28'29) who found that, the
lipoxygenase activity was inhibited in oilseeds by gamma radiation treatments.

Increasing both radiation dose and storage time slightly and gradually decreased tannin
contents (Table 4). Where, it was reached 0.59% compared to control (0.70%) under the dose of 8.0
kGy at initial time. While, after 6 months of storage, it was reached 0.51% compared to control (0.61%)
under the same dose. The present results are confirmed by 0 ) who found that, the tannic acid of sorghum
grains did not show any significant changes by exposing to gamma radiation.

Phytic acid content was insignificantly decreased by gamma rays and significantly decreased
during storage (Table 4). It was reached 2.44 mg/100 g compared to control (2.46 mg/100 g) under the
dose of 8.0 kGy at initial time. While, after 6 months of storage, it was reached 1.56 mg/100 g
compared to control (2.00 mg/100 g) under the same dose. This reduction in phytic acid might be due to
the effect of gamma rays in destruction complex of organic and inorganic components as well as phytic
acid(7'22).

Radiation of seeds caused increase in phenol content compared with control (0.67 mg/100 g).
Meanwhile, the treatment 5.0 kGy led to remarkable increase (1.30 mg/100 g) than other treatments.
Storage led to decrease in phenol contents. The contents of the phenol at the end of storage period were

1334



0.49, 0.47, 0.67 and 0.50% in control and radiated seeds at treatments of 2.5, 5.0 and 8.0 kGy,,
respectively. Gamma radiation elevated the phenol contents of soybean seeds. This results are not in
agreement with those obtained by (30) who reported that, the radiation significantly decreased the
phenolic compounds in the olive oil cake.

Table (4): Effect of gamma radiation (G.R.), microwave (M.W.) and their interaction
(G.R.+M.W.); as well as storage on phenols, tannins and phytic acid contents of
soybean seeds.

Treatment

Control

Gamma rad. 2.5 kGy

„ 5.0 kGy

8.0 kGy

Microwave rad. 2 min

„ 4 min

G.R. + M.W. Interaction:

2.5 kGy + M.W 2 min

5.0kGv + M.W. 2 min

8.0kGv+M.W. 2 min

2.5 kGy + M.W. 4 min

5.0 kGy + M.W. 4 min

8.0 kGy + M.W. 4 min

Storage time (months)

0
Phen.

0.67

0.90

1.30

0.97

0.95

0.96

1.30

1.25

0.93

0.78

0.99

1.10

Tann.

0.70

0.69

0.67

0.59

0.67

0.53

0.69

0.68

0.68

0.51

0.47

0.44

Phy.A.

2.46

2.42

2.45

2.44

2.46

2.41

2.44

2.42

2.44

2.44

2.43

2.43

2
Phen.

0.53

0.78

0.89

0.84

0.81

0.85

0.96

0.99

0.81

0.86

0.84

0.96

Tann.

0.66

0.66

0.75

0.56

0.66

0.50

0.68

0.65

0.66

0.48

0.46

0.41

Phy.A.

2.25

2.24

2.16

1.93

2.32

2.25

2.14

1.96

2.06

1.97

2.08

2.12

4
Phen.

0.49

0.65

0.77

0.71

0.69

0.70

0.78

0.77

0.66

0.69

0.72

0.77

Tann.

0.64

0.64

0.64

0.53

0.64

0.49

0.65

0.62

0.3

0.46

0.44

0.38

Phy.A.

2.14

2.12

2.17

1.56

2.06

2.09

2.00

1.78

1.79

1.99

1.93

1.27

6
Phen.

0.49

0.47

0.67

0.50

0.47

0.50

0.52

0.53

0.48

0.50

0.51

0.52

Tann.

0.61

0.63

0.61

0.51

0.61

0.46

0.61

0.58

0.59

0.45

0.44

0.36

Phy.A.

2.00

1.98

1.79

1.56

1.99

1.99

1.68

1.54

0.28

1.60

1.68

0.95

Phen.= Phenols; Tann.= Tannins; Phy.A.=
LSD o.os •' Phenols > 0.0021; Tannins > 0.0017 ; Phytic acid >

Phytic acid;
0.0280; Values: mg/lOOgD.W.

Effect of Microwave Radiation and Storage:

The results in Table (1) presents the effect of treated soybean by the microwave for 2 and 4
min on crude protein content (T.P.), total lipids (T.L.) and total free ammo acids (T.FAA). The data
revealed that, microwave radiation (either 2 or 4 min) insignificantly decreased both T.P. (40.36 and
39.60%) and T.L. (20.89 and 20.91%) relative to their controls (40.36 and 21.15%, respectively) at
initial time. While the T.FAA. was significantly decreased under the same microwave treatment (200.30
and 196.20 mg/100 g) relative to control (213.90 mg/100 g). On the other hand, storage caused a
gradually decrease with the same trend of significance up to six months in all of T.P., T.L. and T. FAA.
for both microwave treatments. These results are in agreement with those of (24'33) who found that
microwave led to a slight decrease in protein solubilit3', but did not affect on total protein. Also, are
confirmed by the data of ^ who reported that microwave treatments decreased the total free amino
acids relative to control. And, in accordance with results of (14'24'37) who observed insignificant effect on
total lipid content in soybean seeds at the low time of microwave heating and after the storage period of
six months.

The influences of microwave radiation and storage time on total carbohydrate (T.C.), reducing
sugar (R.D.) and total soluble sugars (T.S.S) are presents in Table (2). The data indicated that,
microwave radiation (either for 2 or 4 min) insignificantly decreased both T.C. (25.61 and 25.82%) and
T.S.S. (5.19 and 5.17%) relative to their controls (25.93 and 5.25%), respectively at initial time. While
the R.S. was significantly decreased under the same microwave treatment (0.54 and 0.58%), relative to
control (0.81%). On the other hand, storage caused a gradually decrease with the same trend of

1335



significance up to six months in all of T.C., T.S.S. and R.S. for both microwave treatments. The
obtained results are in accordance with those of t33> 38) who found that, the carbohydrate contents of
seeds was slightly changed by storage and microwave radiation. But, not completely in the line of <-24\
who found insignificant changes in total soluble sugar and reducing sugar of soybean seeds either
between microwave or six months storage samples.

Trypsin inhibitor activity (T.I.A.) was significantly decreased from 45.10 T.I. U. of control
sample to 41.80 and 30.50 T.I.U. in microwave heated seeds after 2 and 4 minutes, respectively, at
initial time (Table 3). Moreover, T.I.A. was gradually and significantly decreased. During storage up to
six months under both times of microwave treatments, compared to the initial time. These data are in
agreement with (I0> M| 33) who revealed that, the microwave treatment and storage highly inhibited the
T.I.A., and this may be due to the effect of microwave on the protein structure that led to denaturation
of the soy protein.

lipoxygenase activity (L.A.) was significantly decreased from 253.20 A.U. of control sample
to 210.20 and 200.40 A.U. in microwave heated seeds after 2 and 4 minutes, respectively at initial time
(Table 3). In addition, LA. was gradually and highly significant decreased during storage up to six
months under both times of microwave treatments, compared to the initial time. These data are in
accordance with (28' 39) who observed that, microwave radiation inhibited the L.A. which was gradually
decreased parallel with the increase of storage periods of soybean seeds.

The effect of microwave radiation and storage on tannin, phytic acid and phenols contents (as
mg/100 g D.W.) are present in Table (4). The data showed insignificant decreases in both tannin (0.67
and 0.53 relative to control"0.70") and phytic acid (2:46 and 2.41 relative to control "2.46") contents
for seeds treated for 2 and 4 min with microwave, respectively. Also, storage of microwaved seeds for 2
min insignificantly decreased the tannin contents, but significantly decreased its content at 4 min
treatment (0.46), compared to control, after six months of the storage. Meanwhile, phytic acid was
significantly decreased for both treatment 2 and 4 min (1.99 and 1.99) after six months of the storage.
Concerning phenol content, the data showed a significant increase (P>0.05) for the seeds microwaved
for 2 and 4 min (0.95 and 0.96) relative to control (0.67) at initial time. While, phenol content was
gradually and significantly decreased with increasing storage period up to six months to reach 0.47 and
0.50 for 2 and 4 min microwaved seeds, respectively. The obtained results are in agreement with that
obtained by (40) who found that tannin content was insignificantly changed by microwave heating.
Concerning phenol contents. And with the data of(41'55) who stated that, microwave and storage led to
remarkable changes in phytic acid content of soybean seeds.

Effect of Interaction Between the Gamma and Microwave Radiation, and Storage:

It should be emphasized that no or very little data are available in the literature about this
influence of interaction between gamma and microwave radiation as well as storage on different plant
seed.

The data concerning the contents on total protein (T.P.), total lipid (T.L.) and total free amino
acids (T.FAA.) of soybean seeds as affected by interaction between gamma radiation, microwave
radiation and storage are present in Table (1). The data revealed that, interaction treatments at initial
time insignificantly reduced both T.P. (ranged between 35.40 and 40.10%) and T.L. (ranged between
18.89 and 20.77%) relative to their controls (40.36 and 21.15%), respectively. While the T.FAA. was
significantly decreased under the same treatments (ranged between 131.50 and 178.40 mg/100 g)
relative to control (213.90 mg/100 g). On the other hand, storage caused a gradually decrease with the
same trend of significance up to six months in all of T.P., T.L. and T. FAA. for interaction treatments.
Where T.P. ranged between 36.2 and 38.05%; T.L. ranged between 17.73 and 19.79%; and T.FAA.
ranged between 109.30 and 144.50 mg/100 g. It is worthy to mention that, the treatment of gamma
radiation 8.0 kGy + microwave for 4 min was the most effective one either at initial time or through
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storage period, in comparison to the other treatments. Also, the treatments including microwave for 4
min were more effective than the treatments including the microwave for 2 min.

The data of the effect of interaction between gamma radiation, microwave heating and storage
on carbohydrate contents (T.C.), reducing sugars (R.D. and total soluble sugars (T.S.S.) are present in
Table (2). The results showed a little decrease in T.C., it was ranged from 25.01 to 25.79% relative to
the control value (25.93%), under the effect of interaction treatments. These values were decreased
during storage up to six months to reach the range of 24.29-24.89% However, in general, it could be
concluded that interaction between the two radiation treatment and storage led to lowering carbohydrate
contents in seeds less than those of only radiated seeds. The data showed slight decrease in T.S.S. for all
treated samples except that increase in sample treated with 2.5 kGy+M.W. 4 min comparing with
control, storage for 6 months caused a decrease in T.S.S in samples under investigation in comparison
with control. This decrease in T.S.S. may be attributed to millard reaction. The lowering effect
was also noticed in R.S. among all treatments and during storage periods.

Trypsin inhibitor activity (T.I.A.) was significantly reduced from 45.10 T.I. U. of the control
sample to be ranged from 20.80 to 40.00 T.I.U, under the effect of interaction treatments, at initial time
(Table 3). Moreover, T.I. A. was gradually and significantly reduced during storage up to six months
under the same treatments, compared to the initial time. It also observed that, the treatments including 4
min microwave were more effective than the treatments including 2 min microwave. Further more, all
interaction treatments were more significantly effective than the effect of either gamma radiation or
microwave alone, even through out storage period. Also, the interaction treatments including 8.0 kGy.
were the most significant ones in their reduction effect of T.I. A. This may be due to the effect of gamma
radiation and microwave on the protein structure that led to denaturation of the soy protein.

The same trends of effects and observation were noticed on the lipoxygenase activity (L.A.) as
affected by the interaction between gamma radiation and microwave, and also through out storage
period of six months (Table 3). In addition, L.A. was completely inhibited (0.00 A.U.) under the effect
of treatments including 8.0 kGy. gamma radiation, either with 2 or 4 min microwave.

The data of the effect of interaction between gamma radiation, microwave heating and storage
on tannin, phytic acid and phenols contents (as mg/100 g D.W.) are present in Table (4).

The data showed slightly decreases in both tannin (treatments including gamma radiation
doses and 2 min microwave, relative to control) and phytic acid (all interaction treatments, relative to
control) at initial time. Also, storage of all treated samples significantly decreased both of the tannin and
phytic acid contents, contents, compared to their initial time control, after six months of the storage.
Meanwhile the reduction of tannin content was higher in the treatments including 4 min microwave, than
the others including 2 min microwave. Concerning phenol content, the data showed a significant
increase under the effect of all interaction treatments (ranged between 0.78 and 1.30, relative to control
"0.67") at initial time. While, phenol content was gradually and significantly decreased with increasing
storage period up to six months to reach the range between 0.48 and 0.53, relative to initial control. No
big variations were observed between the effect of either gamma radiation or microwave alone and the
interaction between them at the end of storage period.

It is concluded that, the effects of interaction treatments were more effective than the treatment
with microwave or gamma radiation alone. These may be due to the synergetic system between gamma
and microwave radiation (more energy of both of each other). It can be recommended that the
interaction treatments (gamma radiation + microwave radiation) can be used in case of small amounts
of seeds, but at the large amounts of seed, gamma rays can be used alone.
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ABSTRACT

The present study was established in the experimental farm belonging to plant
Research Department, Nuclear Research Center, Inchas to study the effect of
gamma ray (0. 200 and 300 Gy) on means of yield and yield attributes for irradiated
populations of Giza 164 and Sakha 92, varieties in comparison with untreated
control, Moreover, genetic variation was studied by estimate phenotypic, genotypic,
coefficient of variation, heritability and genetic advance under selection of bread
wheat varieties (Giza 164 and Sakha 92).

1- In-Mi- generation: (1995-1996) one plant with morphological change (dwarfness)
was identified in 300 Gy dose of Giza 164 variety. Moreover, this varient was
confirmed and segregated in M2 generation into three types of segregants
(dwarf-semidwarf and tall stem)..

2- Results showed that mean values of yield and yield attributes of irradiated
populations in M2 of Giza 164 and Sakha 92 varieties were insignificantly
increased.

High magnitudes of G.C-V.%, Hb% and Gs% for number of spike/plant and
number of grain/spike were obtained, however moderate magnitude was found for
the weight of grains spike. The high values of heritability and genetic gains from
selection indicated the effectiveness of selection for these triaits in the next
generations.

The correlation between grain yield and each of number of spike/plant and
number of grain/spike were positive and highly significant however, it was positive
and significant for weight grain/spike.

Some variants with morphological changes i.e. dwarf, semidwarf, tall stem,
earlly maturity and brown spike were selected in M2 generations.

These variants surpassed their mother varieties for one or more of yield
attributes suggesting the importance of further evaluation and confirmation of this
variants in the next generations.

Key Words: Heritability / Genetic Advance /Morphological Changes.

INTRODUCTION

Bread wheat (Triticum aestivum) is one of the most important cereal crops. It is considered the
main source of food crops in the world and in Egypt. Raising wheat production through improving the
local varieties productivity of wheat using conventional and mutation breeding methods is the most
important national target to minimize the gab between the production and consumption in Egypt,
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Induced mutations can play an important role in the genetic improvement of wheat plants(I>2).
Mutation induction has become an effective way of supplementing existing germplasm and improving
cultivars(3).

Mutations for quantitatively inherited traits cause differences of degree (e.g. in yield or plant
height) rather than of kind; Quantitatively inherited traits express themselves as a continuous
spectrum and can be assessed only in populations instead of individual plants. Therefore,
improvements can be identified and confirmed only-with various degrees of difficulty depending on
the trait-by statistical methods. Moreover, as the phenotypic value for quantitative traits is more
variable by the interaction between genotypes and environmental factors. Theoretize that the reaction
of such quantitatively inherited traits to mutagenic treatment depends on (4'6): a) the relative number of
genes involved in the trait, b) the relative proportion of genes with positive and negative contribution
to the trait, c) to what extent the involved genes in the parental genome act as a balanced set, and d)
correlations due to linkage or pleiotropic effects.

Mutagentic treatments were found to result in increased variation for such traits, both towards
higher and lower values and at the same time, particularly in M2 and M3 in a shift of the mean away
from the direction of previuos selection. Mutation breeding may have chances if the aforementioned
shift of the mean goes in the direction of the breeding objectives as is the case when short straw
mutants are favoured in an originally tall cultivar(7). Many investigators obtained useful mutants in
wheat (8-10).

The objective of this work was to study the induced variation by gamma irradiation in two bread
wheat cultivars and to select some mutants with desired characters.

MATERIAL AND METHODS

Grain lots of the two bread wheat varieties; Giza 164 and Sakha 92 were irradiated with gamma-
rays doses (0, 200 and 300 Gy). The source of irradiation installed at the Middle Eastern Regional
Radioisotope Center for the Arab Countries, Dokki, Cairo.

Irradiated and unirradiated grains were sown in November 27, 1995 at the experimental farm
belonging to Plant Research Department, Nuclear Research Center at Inshas.

To raise M2-generation, random grain samples main spikes were taken from bulked Ml-generation
grains for each irradiation dose. These samples were sown in December 1.

Asplit plot design with four replications was used, varieties were assigned to the main plots and
gamma rays doses devoted in the sub plot consisted of 15 rows, 3 meters and 20 cm apart.

Thirty individual plants per treatment were used to record data in M2 generations for the following
characters:
1-Plant height. 2-Spike length
3- Number of spikes/plant. 4- Number of spikelets/spike.
5- Number of grains/spike. 6- Grain weight /spike
7- Grain yield / plant.

Phenotypic (P.C.V. %) and genotypic (G.C.V.%) coefficient of variation and broad sense
heritability (h%) estimates were computed for the studied characters. The expected gains from
selection (Gs) was also calculated as follows (11l

Gs = (K) (Ga) (h2)

where K = selection differential (5%)
Ga = phenotypic standard deviation.
h2 = heritability coefficient(12).
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phenotypic correlation coefficient (r) between yield and each of yield attributs was calculated (13l

Statistical analysis:

The obtained data were subjected to the statistical analysis of variance for split plot design(I4). The
L.S.D. test was used to verify the differences between means(l5).

RESULTS AND DISCUSSION

1. M( generation:

The field observations were recorded on the different irradiated poopulations of the two bread
wheat in the Mi generation. One plant with morphological change (dwarfness) was identified in 300
Gy dose of Giza 164 variety (Fig. 1). Moreover, this varient was confirmed and segregated in M2

generation into three types of segregants (Tall stem - semidwarf and dwarf) as shown in Fig.2.

Similar results were obtained by(16) who reported that mutation in plant breeding may be attributed
as the direct effect of mutagens in Mi generation, as due to gene mutation (point mutation),
chromosome aberration and physicological effects. However, it was found that percentage of wheat
mutants in the Mi was 1.8% and 5.7% after exposure to X and gamma irradiation, respectively(17).

It is noteworthy to mention that selected mutant with short-straw or semi-dwarf stature,
particularly in wheat, barley and rice has become a highly favoured trait because of a lower
susceptibility to lodging, higher tillering and better harvest index (grain yield versus straw).

M2 Populations:

1. Yield and yield components:

Mean values of yield and yield attributes of Giza 164 and Sakha 92 irradiated populations in M2

generation are shown in Table (1). The analysis of variance revealed that significant differences
between varieties were only obtained for plant height and grain weight /spike. However, insignificant
difference was observed for the remainder characters. Moreover, no significant difference was found
between inadiation doses and for the interaction between varieties and irradiation doses for all traits.

Although the differences between means of yield and yield attributes in the treated and untreated
populations were insignificant except for plant height and grains weight /spike, slight increase was
obtained for number of spikes/plant and number of grains/spike for Giza 164 and Sakha 92
populations exposed to 200 and 300 Gy doses.

Mentioned that after mutagenic treatments, the populations mean initially may show lower values
for instance for yield should not make the breeders believe that their efforts are in vain and that the
experiments should be cut short pre maturely. Plants with genetically improved genotypes may
become revealed in later generations^.

It is noteworthy to mention that selection in the irradiated populations must lead to families that
during a range of years surpass the most outstanding families selected from the control populations
which, lack genetic variation for improvement.

2. Phenotypic coefficient of variability P.C.V.%):

Data presented in Table (1) shows effect of gamma irradiation on phenotypic coefficient of
variability for two bread wheat varieties Giza 164 and Sakha 92.
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Figure(1)
(1) control plant Giza 164
(2) dwarf plant derived dose

300 Gy irradiated
Mi generation.

Figure (2)
(1) tall stem plant
(2) semidwarf plant
(3) dwarf plant derived

dose 300 Gy irradiated
M2 generation.
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Table (1): Means, P.C.V.%, Vg and G.C.V.% values of yield and its attributes for two wheat varieties (Giza 164 and Sakha 92) in M2

generation.

Characters

Treatments

Control

i 200 Gy

! 300 Gy

Parameters

mean
P.C.V.%

v g
G.C.V.

mean
P.C.V.%

Vg
G.C.V.%

mean
P.C.V.%

Vg
G.C.V.%

Plant

Giza
164

100.4
5.05

-

104.3
6.62

21.97
4.49

108.1
6.68

26.57
4.77

height

Sakha
92

87.67
6.98

-

91.6
9.62

40.19
6.92

85.2
8.70
17.41
4.90

Spike

Giza
164

10.53
13.49

-

10.60
8.01

—
—

10.93
18.02
1.88
12.54

length

Sakha
92

8.7
13.33

-

9.13
16.21
0.85
10.10

9.67
15.51
0.90
9.81

No. of spikes /
plant

Giza
164

4.40
26.82

"

4.40
37.05
1.51

27.93

Sakha
92

6.0
14.08

-

6.60
17.88
0.686
12.55

5.93 7.67
46.2!
6.33

42.43

24.5!
2.82

21. SS

No. of
spikelets /spike

Giza
164

18.80
9.26

-

18.73
10.36
0.75
4.62

19.53
11.42
1.92
7.15

Sakha 92

18.60
11.08

-

18.67
15.43
4.09
10.80

19.60
12.12
1.31
5.88

No. of grain/
spike

Giza
164

61.13
25.50

-

62.20
9.34
18.33
6.88

66.20
11.57
43.27
9.94

Sakha 92

52.53
15.78

-

55.13
9.40
18.55
7.S1

54.6
9.12
7.45
16.54

Weight
grain/spike

Giza
164

3.07
4.30

-

3.14
6.24
0.02
4.50

3.26
6.99

0.034
5.66

Sakha
92

2.18
0.056

-

2.35
17.71
0.016
5.38

2.18
7.84

0.014
5.43

Grain yield /
plant

Giza
164

13.69
18.34

-

15.46
22.78
6.04
15.91

17.05
21.82
7.55
16.12

Sakha
92

12.71
22.96

-

17.07
23.93
8.11
16.70

16.43
24.54
7.78
16.95



Results indicated that P.C.V.% values for all studied traits of M2 irradiated and non-irradiated
populations had low estimates in both Giza 164 and Sakha 92 wheat varieties except for number of
spikes/plant for Giza 164 variety exposed to 300 Gy dose which showed moderate estimate for
P.C.V.%. Ingeneral, P.C.V.% estimates for all studied traits were high in irradiated treatments than
that of the control. Similar results were obtained by (18|19).

It may be useful to report here that not all phenotypically observed variation refers to genetic
changes. At the same time one showed be a ware of the fact that not all changes within the DNA,
ultimatley do result in permanent changes of the DNA. Moreover, even if such changes in the DNA be
permanent i.e. refer to real mutations, they may not always result in visible detectable-effects.

3. Genotypic variance (cr2g) and genetic coefficient of variation (G.C.V.%):

Data are given in Table (1) showed that all radiation treatments increased the amount of genetic
variability (a2g) and genetic coefficient of variation (G.C.V.%) for all studied traits in Giza 164 and
Sakha 92 varieties.

For Giza 164 variety, highest values of (a2g) and (G.C.V.%) were noticed for 300 Gy dose for
plant height, spike length, No. of spikes/plant, no of spikeletes/spike, No. of grains/spike, and grain
weight/spike. Lower values for erg and G.C.V.% were obtained for spike length which showed
negative value (it could considered zero).

For Sakha 92 variety, highest values of cr2g) and (G.C.V.%) were obtained for irradiation treatment
of 200 Gy for plant height, No. of spikelets/spike and grain yield/plant. Lower amounts of genetic
variability and genetic coefficient of variation were found for number of spikes/plant trait.

It is obvious from the obtained results that the 300 Gy dose was more effective for inducing
genetic variation for all studied characters expect of spike length trait for local variety Giza 164.
However, the obtained results revealed that the 200 Gy dose was more effective for inducing genetic
variation for most studied characters for local variety Sakha 92 indicating that the local variety Sakha
92 was more sensetive to gamma irradiation than local variety Giza 164. Similar results were obtained
by(l9-22).

4. Heritability in broad sense (Hb%):

Estimates of heritability (Hb%) in broad sense are shown in Table (2). For Giza 164 variety,
hertability values ranged from negative value (it could be considered zero) for spike length to 52.63%
for weight of grains/ spike for irradiation dose 200 Gy, however, it ranged from 39.16% for number of
spikelets/spike to 84.29% number of spikes/plant for irradiation dose 300 Gy.

Concerning Sakha 92 variety, heritability values ranged from 38.64% for spike length trait to
69.11% for number of grains/spike for irradiation dose 200 Gy, however, it differed from 23.52% for
number of spikelets/spike to 79.89% for number of spikes/plant for irradiation dose 300 Gy.

Results indicated that highest values of heritability in broad sense were found for number of
spikes/plant and number of grains/spike for both Giza 164 and Sakha varieties. Moderate values of
hertability (Hb) were observed for weight of grains/spike and Grain yield/plant for Giza 164 and
Sakha 92, for both irradiation doses (200 and 300 Gy). Lowest values of heritability were obtained for
spike length, number of spikelets/spike for two doses (200 and 300 Gy) for Giza 164 and Sakha 92.

It was noticed that the increase in heritability estimates of irradiated populations in M2 generation
showed that the used doses of gamma ray may be of value as a tool for increasing genetic variation
which would be necessary for selection practice to improve the economic characters. This results are
in harmony with that obtained by (~" '" .
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Table (2): Estimates of heritability (Hb)%, genetic advance (Gs)% for two wheat varieties (Giza 164 and Sakha 92) in M2 generation as well as
the phenotypic correlation ( r ) between seed yield and its attributes.

Characters

Treatment

Control

200 Gy

300 Gy

j Parameter

H b %
G s %

r

H b %
G s %

r

H b %
Gs%

r

Plant

Giza
164

-

-
0.418

46.09
5.09

0.543*

50.83

5.67

0.590*

height

Sakha
92

-

-
0.067

43.88
7.05

0.552*

31.71

4.61

0.392

Spike length

Giza
164

-

-

0.586*

—

—
0.060

48.32

14.55
0.641**

Sakha
92
-

-

0.246

38.64

10.46
0.620*

40.0

10.34

0.605*

No. of spikes /
plant

Giza
164
-

-

0.674**

56.13

34.73
0.862**

84.29

65.09

0.908**

Sakha
92
-

-

0.616*

49.0
14.64

0.714**

79.89

32.72

0.920**

No. of spikelets/
spike

Giza
164
-

-

0.389

19.84

3.43
0.456

39.16

7.48

0.545*

Sakha
92
-

-

0.384

48.98
12.6

0.667**

23.52

4.76

0.435

No. of grain /
spike

Giza
164
-

-

0.541*

8.47
62.2

768**

73.74

14.25

0.806**

Sakha
92
-

-

0.511

69.11
4.35

0.752**

66.61

10.15

0.763**

Weight of
grain

Giza
164

-

-

0.433

52.63

5.48

0.607*

65.38

7.64

0.654**

/spike
Sakha

92

-

-
0.487

51.61
6.42

0.656**

48.28

6.32

0.594*

Grain yield /
plant

Giza
164

-

-

-

51.69

2.93
—

53.42

3.06

—

Sakha
92

-

-

-

48.71

19.47
—

47.67

19.56
—



5. Genetic advance from selection (G.S.%):

Estimates of genetic advance from selection are shown in Table (2). Concerning Giza 164 variety,
for irradiation dose 200 Gy, estimate values of G.S.% ranged from negative value for spike length to
62.2 for number of grains/spike however, for 300 Gy dose, it ranged from 5.67 for plant height to
65.09 for number of spike/plant.

Regarding to Sakha 92 variety, for irradiation dose 200 Gy, values of G.S.% ranged from 4.35 for
number of grains/spike to 19.47 for grain yield/plant, however, for 300 Gy dose, it ranged from 4.61
for plant height to 32.72 for number of spikes/plant.

Resuts indicated that highest values were obtained for number of spike/plant (65.09%) and number
of grains/spike (62.2%) for Giza 164 variety. However, for Sakha 92 variety, the highest values were
observed for number of spikes/plant (32.72%) and grain yield/plant (19.56%)

It is noteworthy that a knowledge of additive genetic variance obtained from broad sense
heritability estimates will provide a basis for real gain from selection. These results are in agreement
with those obtained by(2>H25).

6. Phenotypic correlation (r):

As shown in Table (2) results showed that phenotypic correlation (r) values of Giza 164 variety
ranged from 0.06 for spike length to 0.862 for number of spikes/plant for 200 Gy dose and from 0.545
for number of spikelets/spike to 0.908 for number of spikes/plant of 300 Gy dose in comparison with
the values of control which ranged from 0.389 for number of spikelets/spike to 0.674 for number of
spikes/plant.

Concerning Sakha 92 variety (r) values of 200 Gy dose ranged from 0.552 for plant height to 0.752
for number of grain/spike, however, (r) values of 300 Gy dose differed from 0.392 for plant height to
0.920 for number of spikes/plant in comparison with the values of the control which ranged from
0.067 for spikelets/spike to 0.511 for number of grains/spike.

It is clear from results that Grain yield/plant trait was significantly correlated with weight of
grain/spike, number of grain/spike and number of spikes/plant in the irradiated populations of the two
varieties Giza 164 and Sakha 92 suggesting that grain yield/plant could be improved through
improving one or more of the yield components traits. Similar results were obtained by(21>26).

7. Induced morphological changes:

In M2 generation of irradiated populations with 300 Gy, some segregants with morphological
changes were selected. Thes'e changes are dwarf, semidwarf, tall stem, ea?ly maturity and brown
spike. Moreover, these variants surpassed their mother variety (Giza 164) for one or more of yield
attributes suggesting the importance of further evaluation and confirmation of these variants in the
next generations.
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ABSTRACT

Field experiment were performed at the Atomic Energy Authority,
Experimental farm, Inshas, Egypt. During 1998 growing season. In tafia and sand
mixture soil (1 : 7 Wt./Wt.). The treatments were laid out using a single line source
sprinkler irrigation system which allows a gradual variation of irrigation from
excess to little irrigation in which the calculated amount of irrigation water levels
were 2231, 1562 and 1093 m3 / feddan (Wt , W2 and W3). The obtained results
indicated that, there was a clear relationship between adequate amount of irrigation
water and both total seed yield and total green pods / plot as well as there were
significant increase in both characters due to irrigation Wi and W2 compared with
W3. The results also indicated that W2 irrigation level could be used in irrigation
under the same conditions.

Water use efficiency was significantly increased with middle irrigation level
than with other two irrigation treatments. The result concerned fertilizer use
efficiency using N l s labeled fertilizers and total seed protein content were increased
with decreasing irrigation level.

Key words : Sandy Soil / Tafia / Irrigation Levels / N25/ Mungbean.

INTRODUCTION

Reclamation of sandy soil in Egypt is considered as a national objective. In this respect several
workers have studied the use of natural and synthetic soil conditioners . Among these soil
conditioners, tafia as a natural conditioner could enhance or improve soil water retention, reduce the
leaching out of fertilizers and consequently provides the growing plants with their requirements ^ ' ' 6 \

It is well known that water stress affects practically every aspect of plant growth and yield
modifying the anatomy, morphology, physiology and biochemistry. Tawdros found a positive yield
response on faba beans to the number of irrigation. Plants irrigated three times were taller than those
irrigated two times ( . It has been also reported that faba bean seeds yield increased with increasing
irrigation frequency ( \

Legumes such as mungbean are important food legumes in the tropic and subtropic regions.
Therefore the objective of these experiments was to study the irrigation water requirement in new
reclaimed soil using Tafia, in sandy soil Egyptian field condition.
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MATERIALS AND METHODS

Field experiments were conducted at the Atomic Energy Authority (AEA) in Inshas, Egypt.
The soil was sandy reclaimed by mixing 30 cm depth from the soil surface with Tafia as a natural soil
conditioner in a 7:1 ratio (Wt. / Wt.) (Sand : Tafia) ^'. The simulated soil is classified as sandy loam
texture, and the characteristics are presented else where . The experiments layout was done using a
single line sprinkler irrigation system (9) which allows a gradual variation of water in direction at right
and left angle to the line source.

The experimental area divided into each with three irrigation treatments [Wi, W2 and W3 ].
Water applied to each individual irrigation treatment, with in each plot, was measured using
cylindrical water collection can placed at the soil surface. The timing of irrigation applications was
decided using soil water content data measured gravimetricaly when the available water content within
30 cm soil depth of the full irrigation treatment (Wi) was depleted down to 60% available water
content, the irrigation was started and continued until enough water was applied to increase available
water to 100 % level. (Total irrigation levels for plot and feddan are show in Table 1).

Table (1): Total irrigation levels for plot and feddan.

Irrigation levels

w2

w3

m3 / plot

4.250

2.975

2.081

m3 / fed.

2231

1562

1093

Mungbean seeds were planted in May, 30. The experiment was arranged in a randomized
complete block design with six replicates. Each plot area was the centered 8 square meter in each
irrigation treatment.

Fifty days after planting (DAP), ammonium sulphate (21.2 % N) enriched to 5 atom % excess
N'5 at the rate of 20 kg N ha"1 was added.

Two samples (Si , S2) were harvested at 70 and 100 (DAP) besides harvest time 135 (DAP).
Fresh and dry weight of plant total fresh and dry pods and total seed yield were recorded.

Plant shoots samples were analyzed for total N and N-isotope ratio analysis using emission
spectrometer VEB Stntron model No. 1-5, as described by ( 0). Crude protein in seed was determined
by multiplying total nitrogen values by 6.25.
unit water applied was estimated.

The water use efficiency as total seed yield produced per

The observed data were statistically analyzed using micro-computer statistical program M.
STAT (Michigan State University) whereas the LSD 0.05 was recovered according to ( i i )
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RESULTS AND DISCUSSION

Plant Growth as Affected by Moisture Levels :

Mungbean growth characters i.e., plant fresh weight, plant dry weight besides total fresh and
pods dry weight were increased with increasing total irrigation water in both two harvesting samples.
Except in case of total dry pods in first harvest sample, The effect was found to be insignificant in all
parameters.

Regarding to second sample, the highest values of all data were obtained by irrigation plants
with level W2 compared to those irrigated with higher level Wi beside low level W3. as shown in
Table (3).

This indicated that pods dry mater expressed as absolute amount or percentages were increased
at the abovementioned irrigation treatment (W2) as compared to the another irrigation treatments in
both first and second sample (70 and 100 DAP).

Table (2): Some growth characters of Mungbean grown in Tafla sand mixture as affected by
irrigation levels.

Irrigation
levels

w,
w2
w3

Av.

LSD (0.05)

Plant fresh Wt.
(gm / plant)

Si

66.20

73.28

24.22

54.57

N.S.

s2
50.52

59.74

42.78

51.01

N.S.

plant dry Wt.
(gm / plant)

s,
24.02

22.43

7.51

18.00

N.S.

s2
11.98

15.61

11.02

12.87

N.S.

Total green pods
(gm / plant)

Si

2.50

1.89

-

2.20

N.S.

s2

5.63

6.16

3.26

5.02

N.S.

Total dry pods
(gm / plant)

Si

0.73

0.59

-

0.66

0.41

s2

3.85

3.60

2.12

F 3.19

N.S.

Table (3): Total seed yield, total green pods and WUE of Mungbean plant grown in Tafia sand
mixture as affected by irrigation levels.

Irrigation levels

W i :

w2

w3

Av.

LSD (0.05)

Total seed yield
(kg / plot)

1.56

1.25

0.63

1.15

0.39

Total green pods
(kg / plot)

2.08

1.83

0.92

1.61

0.48

WUE
(kg seed / m3)

0.37

0.42

0.30

0.36

0.13
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Yield and Yield Components :

Data in Table (3) and Fig. (1) show that there was a direct relationship between amount of
irrigation water and both total seed yield and total green pods / plot. There was significant increase in
both characters attributed irrigation with high and medium levels i.e., (Wj , W2) comparing with low
levels (W3)

The corresponding increments in these traits were 59.60 , 49.60 % for seed yield respectively.
On the other hand, the abovementioned data indicated that effect of high moisture level (Wi)
comparing with middle treatment (W2) have a slight effect on total seed yield. Therefor this treatment
i.e., (W2) could be applied under the same condition of this experiment.

Water Use Efficiency (WUE):

Data presented in Table (3) and Fig. (2) show that water use efficiency (WUE) expressed as
total seed yield / plot was significantly higher with the medium level of irrigation (W2) than with the
other two irrigation treatments. That means that the increase of water input (Wj) was uneffective
through absorption by the crop, even though both the yield and WUE showed a clear response to
medium irrigation level (W2).

As mentioned before that (W2) could be applied under the same conditions of experiment.

Total Nitrogen and Protein Content :

Total nitrogen in growth of mungbean plant in two samples (Si , S2) has been affected with
irrigation levels. There were significantly effect of irrigation levels on total nitrogen in the vegetative
plant in (Si , S2). While (Si) were higher increase in total nitrogen than (S2) with 22.5 % as shown in
Table (4).

Table (4): Total N , N15 atom excess and N-utilized by mungbean plant growth grown in tafia
sand mixture as affected by irrigation levels.

Irrigation levels

w,
w2

w3

Av. ~1
LSD (0.05) |

Sample 1
15N %
atom

excess

0.165

0.127

0.264

0.185

0.005

Total N

(%)

3.40

3.80

4.80

4.00

0.70

N-utilized

(%)

33.62

27.06

23.79

28.16

8.70

I
Sample 2 1

15N %
atom

excess

0.074

0.057

0.010

0.047

0.036

Total N

(%)

3.50

2.60

3.20

3.10
1 0.72

N-utilized 1

(%)

7.75 I
5.05 |

0.89 j

4.56

N.S.
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Fig. (1): Total seed yield of mung bean plant grown in Tafia sand mixture as

affected by irrigation levels.
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Fig. (2): Water use efficiency (WUE) of mung bean plant grown in Tafia sand

mixture as affected by irrigation levels.
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Regarding to total nitrogen and protein seed content, as shown in Table (5) declare that
decreasing of irrigation level increased both total nitrogen and protein seed content that is mean total
nitrogen and protein of seed content increased by increasing water stress. It is know that protein
content has a negative correlation with yield. In other words, all favorable condition for high yield
decreased protein content.

The higher of seed nitrogen and protein content with the low irrigation level (W3) may be
lie root svstem which ahsnrheH more Nthe big root system which absorbed more N.

due to

Table (5) : Total N , N1S atom excess, N-utilized and protein content of mungbean seed yield
grown in tafia sand mixture as affected by irrigation levels.

Irrigation levels

W,

W2

w3

Av.

LSD (0.05)

15N % atom
excess ;

0.349

0.522

1.310

0.727

0.036

Total N

(%)

3.77

3.84

4.52

4.04

N.S.

N-utilized

(%)

25.65

31.32

46.65

34.54

N.S.

Total Protein

(%)

23.56

24.05

27.60

25.00

N.S.

15N % Atom Excess :

I5N % atom excess in growth stages i.e., sample 1 and sample 2 (70 and 100 DAB) respectively.
Was significantly effect in both two sampling stages. While sample 1 recorded highest dilution in I5N
% atom excess comparing with sample 2. The obtained results were in agreement with those reported
by 12 found that in mungbean shoots 15N % atom excess were 0.225 and 0.049 after 40 and 80 (DAP)
respectively.

Concerning the 15N % atom excess in seeds should significant effect with all irrigation levels.
While the highest dilution was recorded with W3 irrigation level as shown in Tables (4, 5).

Total N Utilized :

Regarding to N utilized for both two samples stages. Sample 1 (70 DAP) as shown in Table (4),
nitrogen in use efficiency in shoots were significantly increased with increasing irrigation level. These
increment ranged were 29.24 , 12.08 % for Wi and W2 respectively comparing with W3. Sample 2
(100 DAP) showed the same trend of sample 1 with significant effect. That is mean, in growth stage
of mungbean plant, increasing irrigation level play a clear role in increasing nitrogen use efficiency.
While the decreasing in N utilized in shoots as shown in sample 2 comparing with sample 1. This may
be due to beginning of fruiting and seeds content in this stage of sample 2.
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Nitrogen utilized percentage for seed yield showed insignificant effect with irrigation levels as
shown in Table (5). Increasing of irrigation levels decreased N utilized percentage of seed yield. The
highest value were recorded with W3 then W2 comparing with Wi. These result was agreement with
the result of total protein content as mentioned before.
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ABSTRACT

This work was conducted to study effect of soil type and application method on
absorption, translocation and utilization of Mn by grape plants. One year old rooted
cuttings of grape "Cv. Ruby seedless" were transplanted in plastic containers filled
with 15 kg of three different soils, i.e. clay loam soil, sandy soil and calcareous soil.
Fertilization treatments were as follows: Tap water "control" (Tl); soil application
of N,P,K&Mg (T2); T2 plus soil application of Fe, Mn&Zn (T4).

Also, pot experiment was carried out using Mn SO4 at 5ppm for soil application
and at 0.5% for foliar application and Mn-54 was used for labelling both solutions.

Manganese contents in different organs of grape plant were significantly
increased by the three fertilization treatments as compared to those of control.
Moreover, highest Mn level was obtained due to foliar application of micro elements
and soil application of macro elements "T4" followed by soil application of both
macro-and micro elements "T3", soil application of macro elements only "T2" and
by control "Tl".

Regarding with soil types, clay loam soil produced plants characterized with
highest Mn level comparing with those of sandy and calcareous soils.

Highest values of all fractions of foliar absorption and t rans la t ion of Mn-54
were observed in grape plants grown in clay loam soil followed by calcareous and
sandy soils. Similar trend was also observed with utilization of Mn-54 which was
12.9,11.1 and 10.5% for clay loam, calcareous and sandy soils, respectively.

In the case of soil application, the previous trend was changed where highest
values of Mn-54 activity in plants were found with clay loam soil followed by sandy
soil and by calcareous soil.

Moreover, utilization percent of Mn-54 applied to grape leaves "foliar
application" was markedly higher than that of soil application where it was ranged
from 8.7 to 11.9 times as much as that of soil application. It could be concluded that
foliar application of Mn to grape plas.is was more effective than soil application
particularly in calcareous soil.

Key words: Absorption, Translocation, Utilization percent.

INTRODUCTION

Calcareous conditions and Cu contaminations from fungicide treatments lessened the ability of
vines to take tip (Mn. Fe. Zn. P and K) in five vineyards at Nubaria regions'1'. The manganese content
of Shamouti orange leaves was tended to be declined with increasing the proportion of sand in the soil.
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which favoured aeration and oxidative transition of manganese to the tetravalent form(2). El-Gazzar et
al.(M) found that mixing CaCo3 with the soil significantly reduced P,K,Na, Fe, Mn and Zn. As for N
effect, N enhanced the Ca, Mg and Mn contents in the petiole(5). On communis pear and Nemagaurd
peach rootstocks Kandil Eman(6) found that leaf Mg and Mn was notaffected with the rates of K
fertilizer.

Khetawat and Vashishtha(7) found that all Mn spray increased the leaf Mn content significantly,
while spraying with Zn, Fe or Zn+Fe significantly decreased their Mn content. Treated Thompson
seedless grape vines with chelated Fe, Zn and Mn as foliar sprays showed high values for leaves
content from the three elements when applied either alone or in mixture(4'8'. Romi red grape-vines were
sprayied with chelated Mn either alone or in combination with Fe and Zn, the only treatment that
significantly increased Mn content in petioles was Mn spray treatment^'.

Regarding the efficiency of application methods, foliar application of a fifth or a quarter of the
usual quantity of nutrients was as effective as the full dose applied to the soil(10l Mohamed(n:> noticed
also that foliar application of P-32 was more efficient than soil application in particular with calcareous
or clay loam soil.

Translocation of the absorbed Mn-54 within the orange shoot, either in an upward or in down ward
direction, was highly related to its absorption through the treated leaves. In addition the rate of upward
was more pronounced than downward translocation0:).

The present work was carried out to stud}- the effect of soil tjpe and application method of
nurtients on absorption and utilization of Mn by grape plants Cv. Ruby seedless. In addition,
absorption, translocation and percentage use of Mn-54 by grape plants were estimated in order to study
the possibility of using MnSO4 as a source for supplying grape vines with Mn in particular under the
conditions of new reclaimed soil such as sandy and calcareous soils.

MATERIALS AND METHODS

Two pot experiments were conducted under greenhouse conditions, Plant Res. Dept. NRC, Inshas.
One year old rooted cuttings of an imported grape cultivar "Ruby seedless" and three soil types,
namely, clay loam, sandy and calcareous soils were used to study:

I - Manganese content in plant organs in relation to soil type and some meniral nutrition

treatments.

Mineral nutrition treatments were as follows:

( a ) Tap water "control".

( b ) NPK Mg elements were applied to soil (6.0 g. NH4 NO3 + 1.5g. K2HPO4 + 1.5g. K2SO4 +
1,0g. MgSO4 per pot contained 15 Kg air dried soil.

( c ) NPKMg as (b) + Fe Mn Zn soil application (0.373g. FeSO4+ 0.33g. ZnSO4 + 0.23lg. MnSO4
per pot.

( d ) NPK Mg as (b) + Fe Mn Zn foliar application at 500 ppm in sulphate forms, pH adjusted to
6.0 and Tween-20 at 0.5% (v/v) as surfactantant was added'u>.

Twelve combinations (3 soil t}-pes X 4 mineral nutrition treatments) were arranged using the
complete randomized block design an factorial experiment with five replicates and two plants (2 pots)
per replicate. Rooted cuttings were transplanted on Is'March of two successive seasons, thereafter,
mineral nutrition treatments were started on the Is1 of May and the experiment was terminate at the end
of October of both seasons.
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Treated plants were divided into roots, stems and leaves, then leaf petioles and blades were
seperated. Plant samples were washed with tap water and distilled water, air dried and over dried at
70°C. Plant materials were finelly ground using a stainless-steel knife mill.

Manganese was determined in digesting solutions using Atomic Absorption Spectrophotometer
""Model Pcrkin Elmer-3300" according to chapman and Pratt(U).

II - Absorption, translocation and utilization of manganese by vines as affected by soil type and

application method using Mn-54,

For soil application, MnS04 at 5 ppm and labelled with Mn-54 carrier-free was added to pots
containing 2kg soil each. Whreas, MnSO4 at 0.5% was prepared. pH was adjusted to 6.0, Tween-20 at
0.5% (v/v) was added, solutions were labelled with Mn-54 carrier-free and 1.0 ml was added in small
droplets onto the treated leaves.

Sampling and preparation of samples were done according to Wallace et al.<15) and Mohamed(ll).

Radioactive samples were assayed using single channel Anah'zer "Model P-2000 scientillationr\

The obtained results of soil and foliar application of labelled manganese (Mn-54) were calculated
as mentioned by Mohamed01'.

Statistical Analysis:

Analysis of variance and New L.S.D. were done according to Snedecor and Cochran(I6) and Waller
and duncan"7'. respectively.

RESULTS AND DISCUSSION

I - Effect of soil type and some nutrients on Mn content in different organs of grape plant:

Manganese content in leaf blade:

Concerning the effect of soil type and mineral fertilization treatments on leaf blade Mn content,
differences between treatments within each factor were significant in both seasons (Table, 1).

The highest Mn level was closely related to plants grown in clay loam soil, followed by those
grown in sandy soil and the lowest level with calcareous soil. Al! fertilized grape plants showed
significant increase in their leaf blade Mn content as compared to those of control. Moreover. T4
(NPKMg + FeMnZn foliar appl.) was the most effective treatment, followed statistically by T3, by T2
and then by Tl (control).

For interaction effect. Mn level in leaf blade was significantly affected by different combinations of
soil type and fertilization treatments. Highest value of leaf blade Mn content was found with plants
grown in clay loam soil and supplied with T4 whereas the lowest Mn content was obtained in control
plants grown in calcareous soil. Other combinations had intermediate values of Mn content.

Manganese content in leaf petiole:

With regard to the effect of soil type and fertilization treatments, table (1), revealed that leaf petiole
Mn level followed typically the same trend previously mentioned with leaf blade during two seasons of
study.

In addition. Mn level in leaf blade and leaf petiole of both seasons followed generally the same
pattern of response to the interaction effect induced by different combinations of soil type and nutrition
treatments but with an exception for sandy soil where leaf petiole Mn level was higher with T4 than
with T3 and the reverse was occurred with leaf blade.
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These trends are in general agreement with earlier findings of El-Gazzar et al.(4).

Table (1) Manganese content (ppm) in leaf blade and leaf petiole of grape plants as affected by

soil type and nutrition treatments.

- - - - ^ ^ ^ Soil type

Nutrition treatments ""-—~.

Tl (control)
T2 (NPK Mg)
Tl(T2+Fe.Mn.Zn.soil appl)
T2(T2+Fe,Mn.Zn.foliar appl)
Mean*

Leaf blade
Clay
loam

Sandy Calcar
eous

Mean*"
Leaf

Clay
loam

Sandy
>etiole
Calcar
eous Mean"

First season
71.0e
74.3d
88.3b
91.8a
81.3A

53.0fg
55.3f
84.3c
74.8d
66.8B

40.8h
43.3h
52.3g
73.3de
52.4C

54.9D
57.6C
74.9B
79.9A

69.8d
72.0c
88.8b
92.8a
80.8A

49.3g
52.3f
68.3d
72.0c
60.4B

38.8h
40.0h
52.8f
61.3e
48.2C

52.6D
54.8C
69.9B
75.3A

Second season
Tl (control)
T2(NPK Mg)
T3(T2+Fe,Mn.Zn.soil appl.)
T4(T2+Fe,Mn.Zn.foIiar appl)
Mean*

74.8e
77.0de
94.8b
103.3a
87.8A

56.8g
57.8g
89.8c
79.0d
70.8B

43.8h
45.8h
55.0g
66.5f
52.8C

58.4C
60.2C
79.8B
82.9A

71.3c
73.5d
88.0b
92.0a
81.2A

52.31
54.8h
68.8f
75.8c
62.9B

40.3k
42.8j
53.0hi
60.0g
49.0C

54.6D
57.0C
69.9B
75.9A

Mean* and Mean** reffer to rows and columns indicating specific effect of soil type and nutritional
treatments, respectively in ever}' season, whereas values of each followed by the same capital letter/s
are significantly the same. While small letters were used with the interaction effect.

Manganese content in stem:

Data in Table (2) clearly revealed that stems of plants grown in clay loam soil contained significant
the highest Mn level followed by those grown in sandy soil, meanwhile the lowest level was found
with calcareous soil. For nutrition treatments, T4 and T3 significantly increased stem Mn level,
whereas T2 had no significant effect comparing to control (Tl) of both seasons. Moreover, Mn level in
stems of T4-plants was significantly higher than that of T3-plants.

Interaction effect on stem Mn level exhibited trends similar to those of Mn level in leaf blade and
lead petiole.

Table (2) Manganese content (ppm) in stem and roots of grape plants as affected by

soil type and nutrition treatments.

——-~^_^^ Soil type

Nutrition treatinents~"""-——.

Tl (control)
T2 (NPK Mg)
Tl(T2+Fe.Mn.Zn.soil appl)
T2(T2+Fe,Mn.Zn.lbliar appl)
Mean*

Stem
Clay
loam

Sandy Calcar
eous

Mean**
Root

Clay
loam

Sandy Calcar
eous Mean"

First season
48.8d
49.3d
55.3b
60.0a
53.3A

36.0g
37.0g
49.3d
53.0c
43.8B

31.8h
32.0h
41.0f
46.8e
37.9C

38.8C
39.4C
48.5B
53.3A

70.0d
72.3c
88.0a
78.8b
77.3A

51.3f
53 .Of
68.8d
57.0f
57.5B

38.3i
40.8h
52.8f
46.0g
44.4C

53.2D
55.3C
69.8A
60.6B

Second season
Tl (control)
T2(NPK Mg)
T3(T2+Fe.Mn.Zn.soiI appl.)
T4(T2+Fe.Mn.Zn.lbliarapp!)
Mean*

50.3e
51.Ode
60.0b
61.8a
55.8A

40. Oh
41.0gh
52.3d
58.3c
47.9B

33.8i
34.8i
42.0g
46.8f
39.3C

41.3C
42.3C
51.4B
55.6A

73.3c
74.8c
88.8a
80.8b
79.4A

54.3f
56.3e
73.8c
60.3d
61.IB

41.3h
41.0h
57.3e
49.3g
47.2C

56.3D
57.3C
73.3A
63.4B

Mean* and Mean** reffer to rows and columns indicating specific effect of soil type and nutritional
treatments, respectively in ever}' season, whereas values of each followed by the same capital letter/s
are significantly the same. While small letters were used with the interaction effect.
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Manganese content in roots:

Roots Mn level as affected by soil type exhibited the same pattern of its in other organs (Table, 2).
Also, the three fertilization treatment significantly increased roots Mn level as compared to that of
control. However, highest Mn level if roots was obtained by T3 followed by T4 and by T2.

Regarding the interaction, combinations of T3 with the three used soils resulted in highest Mn level
in roots comparing to other fertilization treatments.

The previous trends could be observed in the two seasons of study.

2 - Effect of soil type and application method on absorption, translocation and utilization of Mn-

54 by grape plants:

Fpliar absorption translocation and utilization of Mn-54 by grape plants:

Foliar absorption translocation and utilization of labelled Mn by grape plants were significantly
affected by soil type as shown from data in Table (3). In this concern, highest values of total absorption
of Mn-54 as well as its retained in the treated leaves were accored with clay loam soil, followed by
calcareous soil and the lowest value with sandy soil.

Translocation of absorbed Mn-54 was some what changed where highest activity was obtained in
shoots, either above or below treated leaves, of clay loam soil followed by sandy soil then by
calcareous soil.

Utilization percent of foliar application of Mn-54 followed to great extent the same trend of total
absorption of it. highest percentage of Mn-54 utilization was obtained by plants grown in clay loam
soil, meanwhile the lowest value of it was found in sandy soil, but calcareous soil had intermediate
value.

In general, the variation in total absorption, retained in the treated leaves, mobility and utilization
of Mn-54 by grape plants grown in different three soil types could be attributed to the differences in
growth rate, physiological and biochemical activities as well as nutritional status of plants.

Similar results were also obtained by Mohamed and Ragab'n) using Mn-54 on olive plants and
Mohamed et al.'1"' using Mn-54 on orange plants.

Table (3): Foliar absorption, translocation and utilization of labelled Mn by grape

plants grown in different soil types.

"""——____ Soil type
~ ~ ~ — • — _ _ _ _

Fractions of plant Mn """--—_.
Mn-54. cpm/Plant:

Treated leaves
Upward trans.

Down ward Trans.
Shoots
Roots
Whole plant

Utilization percent •

Clay
loam

20472
5064

4766
411

30713
12.93

Sandy

17933
3575

3006
350

24864
10.47

Calcareous

19682
3146

3045
388

26261
11.06

New LSD P-
0.05

578
125.4

72.91
19.09
545

0.481
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Absorption, translocation and utilization of Mn-54 by grape plants after soil application:

Data in Table (4) clearly show that absorption of Mn-54 by grape roots was greatly varied
according to the soil type used for growing grape plants. In this connection, highest value of Mn-54
was absorbed by plants grown in clay loam soil followed by plants grown in sandy soil and then by
those grown in calcareous soil. Total absorption or uptake of Mn-54 by grape plants grown in sandy
soil and calcareous soil was decreased by 29 and 37% of that of clay loam soil, respectively.

Moreover, distribution of absorbed Mn-54 in different plant organs i.e., roots, stems and leaves
followed the same pattern of its absorption and was closely related to it. this means that total absorption
and mobility of Mn-54 gave the highest values for plants grown in clay loam soil and the lowest values
for those grown in calcareous soil, whereas those of sandy soil were intermediate.

Utilization percent of soil application of Mn was affected by soil type and followed typically the
same trend of total absorption.

When total accumulation of absorbed Mn "from soil and from fertilizer" was taken into account,
the previous trend of total activity of Mn-54 in plant was changed. Highest value of total Mn in grape
plants was found with plants grown in clay loam soil followed by those grown in calcareous soil then
by those grown in sandy soil.

Generally. Mn in plant derived from fertilizer and its utilization were decreased by about 29 and
37% with sandy and calcareous soils comparing to those of clay loam soil. This decrease in absorption
and utilization of Mn-54 by grape plants may be attributed to the reduction in plant growh, in particular
roots growth and their distribution under the condition of sand}- and calcareous soils. In addition,
calcareous soil characterized with high pH value and high content of CaCO3 which in turn greatly
reduced efficiency of added micronutrients.

Table (4): Absorption, translocation and utilization of labelled Mn by grape plants

grown in different soil types, after soil application.

~~~~----____ Soil type

Fractions ofplant Mn ~""--̂ —__

Mn-54. cpm/Plant: •
Leaves
Stems.
Roots
Whole plant

Total Mn ug/pJant
Y %

Mn in plant d.f.f. (ug/plant)
Utilization percent

Clay
loam

1463
1636
2212
5311
485

30.48
148
1.48

Sandy

826
1210
1724
3760
145

72.34
105
1.05

Calcareous

736
964
1650
3350
228

40.91
93

0.93

New LSD P-
0.05

19.36
83.40
117.7
137.2
30.33
6.36
2.37
0.01

According to data in tables (1.2.3 & 4) it can be reported that foliar application ofMn was more
effective for supplying grape plants with Mn than soil application of it in particular with calcareous
soils.

These results fairly agreed with those obtained by Mohamed'" who stated that soil type markedly
affected nutrients absorption and utilization by olive plants.
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