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GENERAL INFORMATION

GENERAL INFORMATION
The Institute of Nuclear Chemistry and Technology (INCT) is one of the successors of
the Institute of Nuclear Research (INR) which was established in 1955. The latter
Institute, once the biggest Institute in Poland, has exerted a great influence on the
scientific and intelectual life in this country.
The INCT came into being as one of the independent units established after the
dissolution of the INR in 1983.
The fundamental research on radiobiology, radio- and coordination chemistry and
radiation chemistry is continued.
The Institute offers academic and research programmes for Ph.D. and D.Sc. thesis in
chemistry.
Institute is one of the most advanced science and technology centres working on
development of technologies and methods in the field of:
radiation chemistry and technology,
application of nuclear methods in material and process engineering,
design and manufacturing of instruments based on nuclear techniques,
trace analysis and radioanalytical techniques,
environmental research.
At this moment, with its nine electron accelerators in operation and with the staff
experienced in the field of electron beam applications, the Institute is one of the most
advanced centres of science and technology in this domain. The following activity should
here be mentioned:
• experimental pilot plant for food irradiation,
• pilot plant for radiation sterilization of medical devices and transplantations,
• pilot plant for radiation modification of polymers,
• pilot plant for removal of SO2 and NOX from flue gases.
In 1999 the Institute organized:
• International Symposium entitled "Creative electrons" concerning radiation chemistry
and technology in research and industrial applications;
• Technical Review Meeting on industrial demonstration plant for electron beam flue
gas (in cooperation with the IAEA);
• Training Course on radiation sterilization of medical devices, implant materials,
pharmaceutical and cosmetics.
Common research projects were performed in the frames of grants from the
European Union:
• Accreditation for high dose measurement (INCO-Copernicus);
• Development of heavy duty reactor window for industrial scale removal of NOX and
SO2 from flue gas by electron beam treatment (INCO-Copernicus).
The INCT participates in IAEA technical cooperation programmes. The employees
of the Institute undertake many expert missions for the IAEA.
Since the end of 1997 the INCT has been participating in Government Strategic
Programme (SPR-4) "Treatment of radiactive wastes and burnt nuclear fuel". In the
frame of this programme the following topics were realized:
• Elaboration and studies on novel engineered barriers preventing migration of most
toxic radionuclides from nuclear waste repositories;
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• Concentration of liquid low- and medium-level radioactive wastes by membrane
methods.
The INCT, in cooperation with the Institute of Atomic Energy and with the National
Museum in Warsaw, has elaborated and implemented a nondistructive method instrumental neutron acitvation analysis - to determine the time of origin and the
provenience of some old paintings. The study allowed to prepare an exhibition entitled
"Serenissima. Light of Venice" in the National Museum. The works of Venetian masters
from the XlVth to XVIIth centuries, from the Museum's collection, have been exhibited.
In the evaluation of scientific and implementation results achieved by academic,
scientific and research institutions in the field of chemistry, chemical technology and
environmental protection in the years 1995-1997, the Institute, as one of the only two
research development units, was classified to group I, to the best thirteen scientific units,
beside such institutions as universities, technical universities and institutes of the Polish
Academy of Sciences. The evaluation was carried out by the Polish State Committee for
Scientific Research (KBN) and the total number of the evaluated institutions in the
chemistry section was 62.
In the year 1999 the Laboratory for Detection of Irradiated Foods has obtained a
"Certificate of testing laboratory accreditation".
At the Second International Fair of Inventions "Innovation'99" (Gdynia, Poland) the
Institute has been awarded with a silver medal for the industrial waste water clarifier.
Two students from Ecole de Mines de Nantes (France), eight fellowship holders from
the IAEA were trained at the Institute.
A distinction for the Institute's employees was an invitation to contribute to a special
issue of the Radiation Physics and Chemistry dedicated to Professor Joseph Silverman on
the occasion of his 75th birthday.
The Institute is the editor of NUKLEONIKA - a world wide recognized journal for
nuclear research.

MANAGEMENT OF THE INSTITUTE
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GENERATION OF RADICAL CATIONS FROM PHENYL, VINYL, AND ALLYL
CONTAINING THIOETHERS IN ORGANIC SOLVENTS
Anna Korzeniowska-Sobczuk, Paweł Wiśniowski, Krzysztof Bobrowski, Lothar Richter ', Ortwin Brede»1/
1

11

University of Leipzig, Germany

Radical cations derived from organic sulphides containing aromatic and unsaturated substituents have
been the subject of recent studies [1-4] as they play
an important role in a variety of chemical processes
extending from those of industrial importance (or-

BuCI

BuCi

region) is affected by the character of the second
substituent at the thioether function: 760 nm for
(la), 640 nm for (2a) and 810 nm for (3a), respectively. For the case of the diphenyl sulphide, the
resulting spectra showed the absorption bands at
e"

^
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Bu' + CI

e" + BuCI

-CH=CH,
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BuCI + ' +
IP =10.67eV
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ganic synthesis) to the enzymatic oxidations in biological species. Although a certain amount of information on the nature of the transient species and
kinetic parameters formed from the aryl-substituted
sulphides are available, no similar studies have been
performed for the sulphides with unsaturated substituents. Quantitative information on these systems would be of interest since the nature of the
species is expected to be influenced by the degree of
spin delocalization in the aromatic ring and the
double bond. The last feature, as it has already been
shown in aryl¡ substituted- sulphides, should affect
the propensity of the radical cations to form dimers.
Due to the high ionization potential of halocarbons the radical cations derived from organic sulphides are generated as a result of the charge transfer from the parental radical cations of the solvent
(n-butyl chloride) to the solute (organic sulphides)
(Scheme). The objective of the present study is to
provide basic spectral and kinetic behaviour of the
radical cations derived from the corresponding
organic sulphides with the aromatic and the unsaturated substituents.
When diphenyl sulphide (1), phenylvinyl sulphide (2), and allylphenyl sulphide (3) were irradiated in N2- and 02-saturated n-butyl chloride
three transient absorption bands were formed and
assigned to the radical cation-type species (Chart).
These radical cations exhibit very similar UV
spectra, with the strong absorption bands between
320-350 nm and the weaker absorption bands
between 490-510 nm. However, the location of the
third strong absorption band (in the near ÏR

340, 500, and 760 nm (Fig.). In contrast to phenyl-containing sulphides irradiation of diallyl sulphide
-S-CH=CH 2

(2a)

(3a)

CH,=CH-CH,-¥-CH,-CH= CH2

(4a)

Chart.

(4) (in the same experimental conditions) led to the
formation of only two strong transient absorption
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Fig. Transient absorption spectra recorded after pulse irradiation
of an N2-saturated n-butyl chloride solution containing 2
mM diphenyl sulphide ( • ) 50 ns and ( • ) 750 ns after the
pulse (50 Gy).
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bands with Amax=360 and 550 nm. The kinetic
features at the absorption maxima were found different suggesting existence of two types of radical
cation species.
Preliminary data with higher concentrations (up
to 50 mM) of sulphides (1, 2, and 3) suggest the
existence of dimer radical cations. Further experiments are in progress.
This part of work was presented at the International Workshop on Reactive Intermediates
IWRI'99, August 22-27, 1999, Szczyrk, Poland. This
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work was supported within the scientific and technological cooperation between Poland and Germany.
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EPR STUDIES OF RADICALS INDUCED BY IONISING RADIATION
IN FLUTAMIDE
Hanna B. Ambroż, Ewa Kornacka, Grażyna Przybytniak

¡8
! O

Flutamide (2-methyl-N-[4-nitro-3(trifluoromethyl)
phenyl] propanamide, FA) is known as non-steroidal antiandrogen. We have estimated that it is
moderate sensitive on ionising radiation [1], as
comparing to other 15 drugs, and the population of
paramagnetic species in FA determined 4 and 8
weeks following irradiation was average. We now
report suggestions concerning a possible structure
of the radicals generated in flutamide and the
agents influenced on their formation and stabilisation.
All treatments and measurements were conducted
at ambient temperature. Ionising radiation of a dose
of 25 kGy induces in the polycrystalline powder of
flutamide two kinds of radicals, which were identified
by EPR spectroscopy. A peptide group is probably
involved in production of the detected transients. A
dominant singlet, partly saturated at microwave
power of 20 mW and characterised by g=2.0043, was
assigned to third order carbon centre radical (I),
Scheme. Second component of EPR spectrum is
anisotropic triplet of g factors equal gj=2.0081,
g2=2.0046 and g3=2.0000. It seems to be justified to
interpret the signal as absorption exhibited by aryl
radical (II) since the values of hyperfine splitting
Ai(2Horto)=2.2mT, A2(2Horto)=1.6mT, A 3 (2H o r t ü )
= 1.5mT, Ai(lH meta )=0.6mT, A2(lHmeta)=0.6mT
and A3(lHmeta)=0.6mT are near hfs postulated by
Kasai for phenyl radical [2].
As the area under the absorption curve is proportional to the number of unpaired spins, the results of double integration of first derivative EPR
signals were compared with those of standard
(DPPH) and the number of free radicals per gram
was determined. The sample was stored for 5
months at room temperature. Kinetics of radical
decay during first 6 days upon irradiation is presented in Fig. The initial fast reduction of radical
concentrations lasts no longer than 1 day. After this
period of time, the amount of substance (I) slightly
increases, probably due to reaction (iii), Scheme.
This indicates that in the beginning formation of
radical (I) from transient (II) is faster than its
decay. However, after first a few days, population of
a aryl radical is becoming low and more molecules

of radical (I) decays than is formed following process (II)-»(I). A total concentration of radicals measured directly after irradiation is 1.32xlO17 spins/g
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Fig. Kinetics of radical decay; ( • ) concentration of all radicals,
( • ) radical (I), ( • ) radical (II), see Scheme.

and decreases of about 40% after 5 months of storage.
The population of radicals in flutamide results
from the rate of radical conversion (II)-»(I), stability of the later product and the efficiency of
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Scheme.

microcrystalline matrices for trapping paramagnetic
species.
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THE ROLE OF Cu(I) AND Cu(II) IN DNA DAMAGES
Hanna B. Ambroz, Ewa Kornacka, Grazyna Przybytniak
The presence of copper ions in the vicinity of DNA
is important, as they are able to create site-specific
damages. Relatively long ago it was established that
a favourite position for copper binding is guanine
base. On the other hand it was confirmed that the
reduction of the square planar Cu(II)-DNA complex to the tetrahedral Cu(I)-DNA complex strongly influences on DNA strands conformation [1].
In DNA radiolysis several effects resulting from
the presence of Cu(I)/Cu(II) ions are expected:
1. Cu(II) efficiently scavenges electrons that protect
DNA against reductive damages [2]. This process is
especially important in a direct effect of ionising
radiation as in this case half (or more) damages is
caused by electrons. However, at higher concentrations of Cu(II), binuclear complexes are formed
that modify copper influence.
2. Cu(I) induces DNA cleavage if in the system is
present hydrogen peroxide originated either from a
purposely-added reagent or from recombination of
hydroxyl radicals generated upon water radiolysis.
The Cu(I) specific chelating agents might completely inhibit such a process [3]. H2O2 molecules, following spontaneous decomposition, cause scissions
of DNA strands, even without participation of transient metal ions. However an admixture of Cu(I)
considerably intensify damages, as seen in Fig.l.
The results indicate that stoichiometric amount of
hydrogen peroxide is not enough for distinct enhancement of damages and the bulk of H2O2 is
needed to shift the equilibrium towards formation

bound to DNA are necessary to react with hydrogen
peroxide as relationship between Cu(II) concentration and strand breaks has been observed. Never70-,
60-
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Fig.2. Ssb as a function of Cu(II) and H2O2 concentrations for
air-saturated solutions of DNA plasmid.

theless the process is slow and needs an excess of
H2O2. UV radiation significantly prompts the reaction, which eventually leads to generation of dsb,
Fig.3.
Copper ions on the lower state of oxidation
bound to DNA could lead to the site-specific damages in combination with cleavages resulting from
irradiation. The Cu(I) and Cu(II) ions might initiate reactions leading to continuous and danger-
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of the hydroperoxo-copper (or dicopper) complex
that is probably responsible for DNA breaks.
3. Cu(II) also might increase the yield of OH' (or
other oxidising agent) due to initiation of catalytic
decomposition of H2O2 [4]. In order to determine
efficiency of this process the influence of Cu(II) and
H2O2 concentrations on the level of plasmid ssb
was studied (Fig.2). Probably two copper ions

1

2

H2O2

r

—1—>

3

mM

Fig.3. The influence of H2O2 and Cu(II) on strand breaks of
DNA upon 3 min UV radiation.

ous, for DNA, formation of oxidising agents due to
the reproduction of Cu(I) ions from Cu(II) until
the exhaustion of hydrogen peroxide in the system.
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TEMPERATURE COEFFICIENT OF THE RADIATION YIELD
OF THE RADICAL CH3 CH CO2 IN CRYSTALLINE ALANINE

is

is
o

Zbigniew P. Zagorski
A popular chemical solid state dosimeter, based on
the formation of the CH3CH CO2 radical anion by
radiation induced deamination of alanine, has been
investigated in hundreds of projects. The deamination
of alanine has been investigated not only from the
point of view of dosimetry but also as a basic investigation of paramagnetic (EPR) and optical (UV-Viz
absorption spectrum) properties of the radical.
The present project deals with one specific feature
of the alanine deamination i.e. the role of the temperature at irradiation on the yield. One of the feature
of the alanine dosimetric system, in any form (L enantiomere or DL racemate, crystals alone, or in a
matrix of a polymer) is a comparatively high temperature coefficient of the radical yield, stated in the
standard for alanine dosimetry as +0.24% K"1 at
room temperature.
The high temperature coefficient of alanine deamination, generally accepted as above is constant
in a wide range of temperatures of irradiation occurring in the routine dosimetric practice in radiation processing. It is introduced as a correction in
the dose calculation and therefore the temperature
at which dosimeter has been irradiated must be
known. The value of the temperature coefficient is
not influenced by the physical form of alanine, size
of crystals and whether it is pure (alone) or present
in the shape of a composite with polymers like polystyrene or polyethylene, convenient for a particular
dosimetric application. The temperature coefficient
is the same for the L-alanine and DL-alanine racemate, indicating that mutual arrangement of neighbouring molecules does not influence the temperature coefficient, which represents the intramolecular property.
The temperature coefficient of alanine deamination i.e. the alanine dosimeter differs in comparison
to temperature coefficients of other dosimeters of
wide application. The classic reference dosimeter, the
Fricke dosimeter, shows reported values between nil
and +0.09%/K [1]. In the conclusion, in the case of
the Fricke dosimeter, the irradiation temperature
from +10 to +50°C is considered to be without practical importance. The same refers to the Fricke system containing copper, to eerie dosimeter (no correction needed between +7 and +35°C), benzene-water
dosimeter and other aqueous systems. However, nonaqueous and solid dosimeters were not investigated
for temperature dependence as carefully as the alanine dosimeter and therefore comparisons are difficult.
The necessity of measuring the temperature at
which the dosimeter is irradiated complicates the

application. The temperature of irradiation is introduced as a correction factor to the value of radical
concentration measured by electron paramagnetic
resonance or by spectrophotometry in UV. The
temperature of irradiation is sometimes difficult to
measure and therefore the dependability of the
alanine dosimeter is lowered. The situation is especially difficult in the case of a high dose rate irradiation in electron beam processing where the energy
is deposited adiabatically without the possibility of
cooling [2]. The starting temperature is often unstable and the estimate of the temperature increase,
by calculation from the assumed dose and the specific heat is not of much help. On the other hand,
irradiation in gamma radiation installations proceeds with the heat exchange between the sample
and the environment, allowing more constant (stable) equilibrium.
The influence of temperature during irradiation
has nothing to do with the role of the temperature
at which the concentration of the radical anion is
measured. The measurement is usually performed
at the so called room temperature without precise
specification, because the difference in the result
between, e.g. temperature of 20 and 28°C in the
case of the EPR and UV-Viz is negligible. Non-dosimetric investigations of the alanine system, directed towards much lower and much higher temperatures, than the range of usual dosimetry have
shown a similar change of response, i.e. much lower
yields at lower temperatures, reaching dramatically
low level at cryogenic temperatures.
As the programme for the present investigation
was concentrating on untypical conditions of irradiation, special approaches have been chosen for
irradiations in conditions far from room temperature irradiations. All samples were sealed in glass
ampoules, excellent for both cryogenic and high
temperature irradiations in any thermostating media, by 7 and 10 MeV electron beam.
Thermostating media were chosen from the
point of view of similar density to minimize the correction for dose determination:
- liquid nitrogen, at 77 K, methanol at 295 K (due
to similar density to liquid nitrogen, used for simulation in gamma fields);
- acetone/CO2, 223 K, silicone oil at 253, 295, 373,
423 K.
As there is no need to investigate alanine radiation chemistry at room temperature, sufficiently explored for dosimetric purposes, experiments were
concentrated on conditions of irradiation far from
dosimetric routine. They were performed, as deep
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as possible, at low and high temperatures of irradiations and extreme dose rates reachable with
electron beam. A new analytical approach has been
tried, using the study of racemization of irradiated
alanine discovered by Professor Tilquin and Dr.
Pronce at the University of Louvain. They have
found that during the irradiation to the sterilisation
dose, part of the deaminated alanine molecules is
reconstructed back to the alanine, as the D,L racemate. A dramatic drop of radical yields at low temperatures of irradiation has suggested, that such a
phenomenon may be partly explained by increasing
reconstruction of alanine molecules. This would be
proved by the increased yield of D-alanine, providing that the radical can accept an ammonia molecule after some resting period. Unpaired electron
on the asymmetric carbon atom may attach the reagent statistically 50:50 D or L positions. The working hypothesis was that the lower yield of the
radical after deamination could be accompanied by
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increased yield of D,L alanine reconstructed during
deamination and back-amination processes. Experimental results did not confirm that. The racemization at liquid nitrogen temperature and at high
temperatures is similar to the racemization at room
temperature. Apparently the temperature coefficient of turning of the molecule is low, and the reconstruction of alanine molecule runs independently of temperature.
The project was started during the period of collaboration with the IAEA under the Contract No.
8533/RB, closed in the year 1999.
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COMPETITION BETWEEN INTRAMOLECULAR TWO-CENTERED
THREE-ELECTRON BONDED (S. .S) + AND (S. .N) + FORMATION
DURING PHOTOOXIDATION OF METHIONINE-CONTAINING PEPTIDES
BY THE 4-CARBOXYBENZOPHENONE TRIPLET STATE
IN AQUEOUS SOLUTION
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The one-electron oxidation of methionine to the
methionine sulfur radical cation, Met(>S + ) , plays
an important role in protein oxidation under conditions of oxidative stress and biological aging [1]. In
recent years, considerable data have been accumulated indicating that the brain in Alzheimer's disease
is under increased oxidative stress, and this may play
a role in the pathogenesis of neuron degeneration
and death in Alzheimer's patients [2]. Moreover, it
was shown that oxidation of methionine might be
crucial for the aggregation and neurotoxicity of amyloid /3-peptide which is a major component in the
core of senile plaques associated with Alzheimer's
disease [3]. Because of their high susceptibility to oxidation, methionine residues have also been postuo
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lated to function as a "last chance" antioxidant in the
defense system of proteins [4,5].
The present work is a continuation of our previous interests relating to one-electron photooxidation of methionine derivatives by the 4-carboxybenzophenone triplet [6-9]. In this work we report
on the mechanism of photooxidation of small
N-methionyl oligopeptides (Chart) as a function of
pH, peptide concentration and sequence, as well as
the number and position of the methionine residues
with respect to the terminal functions. It is also of
interest whether the presence of various optical
isomers (L- and D-) of methionine residues might
affect the primary reaction pathways following photooxidation.
The quenching rate constants were of the order
of 2xl(r M'1 s"1. There were small, but significant,
differences in the triplet-quenching rate constants,
and these trends indicate the existence of multiple
sulfur targets in the peptides. The absorption of the
transient products was followed in detail by using
spectral-resolution analysis (Fig.). From the absorption data, quantum yields were estimated for
the formation of the various transients: ketyl radicals (CBH), ketyl radical anions (CB'~), and
various sulfur radical cations (S.-.S) + and (S.-.N) +
(Table). The presence of these intermediates indicated that the triplet-quenching mechanism can be
characterized as being mainly electron-transfer in
nature. There were differences found in the yields
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Fig. Resolution of the spectral components in the transient absorption spectra following the quenching of the CB triplet by
L-Met-Gly-L-Met-L-Met (0.5 mM) in aqueous solutions taken at 2^s after the flash: a - at pH 5.6, and b - at pH 9.8.

of the transients products between the experiments
where the quenchers were the "mixed" stereoisomers of methionyl-methionine (L,D and D,L) and
experiments where the quenchers were L,L and
D,D, stereoisomers. Triplet-quenching data from
several other methionine-containing small oligopeptides were analyzed in an analogous manner.

Systematic variations were observed, and these
patterns were discussed in terms of competitive
donation of protons to the C B ~ within the charge-transfer complex. The competition was between
protons on carbons adjacent to the sulfur-radical
center and protons on the protonated amino groups
of the radical cation (Scheme). In addition, there

Table. Quantum yields of transients and CO2 for CB-sensilized photooxidation of methionine-containing peptides in aqueous solution
([CB]=2mM, [peptide]=0.5 mM).

pH

Peptide
L-Met-L-Met

L-Met-D-Met

D-Met-L-Met

c-(L-Met-L-Met)
L-Met-L-Met-L-Ala

L-Met-Gly-L-Met

L-Met-L-Met-L-Met

L-Met-Gly-L-Met-L-Met

a

±10%,

b

*S.-.S+b
0.07

OS.-.N + b
0.19

0.29
0.13
0.34
0.24
0.09
0.24d
0.17
0.08
0.26
-

0.10
0.01
0.10
0.06
0.02
0.18
0.15
0.06
0.21
-

0.23
0.43
0.30d
0.27
0.41
0.23d
0.18
0.34
0.16
-

*CBHa

-

5.7
5.85
5.85e
9.99
11.0
5.85e
6.07
9.85
5.85e
6.07
9.8
5.81 e
5.9

D-Met-D-Met

Estimated errors:

*CB'~ a
0.15
O.!7
0.41
0.16
0.18
0.40
0.25
0.23
0.37
0.24

0.23

6.01
9.8
9.9
5.45
6.91
5.65
5.9

0.25
0.38
0.12
0.19
0.09

0.15
0.10
0.23
0.17
0.32
-

0.16
0.06
0.10
0.14
0.02
-

0.15
0.36
0
0
0.25
-

9.6
11.2

0.37
-

0.15
-

0
-

0.39
-

5.75
5.8
9.87
11.5
5.5
5.65*
9.76*
11.3
5.63
5.9
9.8

0.18

0.13
0.17

0.16
0.02
-

0.04
0.22
-

0.17
0.13
0.16
0.13

0.08
0.03
-

0.21
0.32
-

0.16
0.02

0.09
0.25

±20%, c ±50%, d ±30%,

0.43
0.22
0.32
0.18
0.41
e

[peptide] = 10 mM, f [peptide]=0.25 mM.

*CO2C
<0.01
£0.01
<0.01
<0.01
<0.01
0.016
0.01
0.015
0.01
0.02
<0.01
0.01
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was a competition between the two intramolecular
two-centered, three-electron bonded species
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of the primary processes, which lead to the conversion
of peptide-bound Met(>S~) into Met-(S.-.S)+ and

low pH
CBH'...

H2N

s

CO,"

c /

CB'"...

H

co 2 /
\

kc

\ r

"
CBH'+ a—S

CBH'+ a—S

(S.'.Nf

Scheme.

(S.-.S)+ and (S.-.N) + that play roles in the secondary kinetics. There are significant yields of
(S. • .N)+-bonded species at low pH where there are
no electron pairs immediately available on the amino groups to form intramolecular three-electron
S-N bonds. This observation confirms a previous
report [6] that the (S.-.N)+ is formed at low pH
following a proton transfer (within the CT complex) from the protonated amino group of the radical
cation to the CB ketyl radical anion (Scheme). The
relatively high primary quantum yields of (S.-.N)+
both at low and high pH (Table) show that
(S. • .N) + formation can be a competitive process to
intramolecular formation of (S. • .S) + .
The results of this work are relevant to the work
[10], where one-electron photooxidation of N-methionyl peptides yields competitively sulfoxide (MetSO)
and azasulfonium (AS) derivatives through the reaction of superoxide (C>2~) with Met-(S.-.S)+ and
Met-(S.-.Ny radical intermediates, respectively, in
that it provides quantitative primary yields. The work
can also form a basis for modelling analogous systems
of oxidants. In addition, a mechanistic understanding

Met-(S.-.N)+ radical intermediates is of relevance to
the oxidation of recombinant protein Pharmaceuticals
since most of them contain an N-terminal methionine
residue.
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Trp[NH + ] -* Tyr[O ] RADICAL TRANSFORMATION
IN H-Trp-(Pro)n-Tyr-OH, n=3-5, SERIES OF PEPTIDES
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v

Institute of Biochemistry and Biophysics, Polish Academy of Sciences, Warszawa, Poland
2/
Ristf National Laboratory, Denmark

Intramolecular one-electron oxidation of tyrosine,
Tyr[OH], to phenoxyl radical Tyr[O ], by tryptophan

indolyl radical, Trp[N], involving long-range electron transfer (LRET), has been intensively studied by
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pulse radiolysis in model peptides [1-7] and proteins
[8-11] because of the importance of the mechanism
of free-radical damage to proteins for understanding
of free-radical-induced cell injury [12] and growing
evidence for participation of Trp[N] and Tyr[O]
radicals in functioning of photosystem II and redox
proteins [13-14].
Table. Kinetic parameters of LRET in H-Trp-(Pro)n-Tyr-OH
peptides.
3

ki[s-l)
1500

4

510

k2[10 4 s~ 1 ]
2.67
3.04

5

300

1.87

Peptide n

k2/kl

61

18
59

The kinetics of intramolecular long-range electron transfer (LRET) between protonated trypto2.0

phan indolyl radical cation Trp[NH + ], remaining
in equilibrium with its neutral Trp[N] form, and
tyrosine in aqueous H-Trp-(Pro)n-Tyr-OH, n=3-5,
peptides (abbreviated 3, 4, and 5) has been studied
by pulse radiolysis as a function of pH 2-8 at 298 K,
and at pH 4 over the temperature range 288-328 K
[15]. LRET has been found to occur down to pH 2
with an intrinsic rate constant 20-60 fold higher
than that characteristic of reaction Trp[N']-*
Tyr[O ] in corresponding peptides (Table). It is
contrary to expectations based on the electrochemical redox potentials for Trp and Tyr in the
form of free amino acids and indicates that the
electrochemical driving potential AG° for this
reaction in the systems studied is negative in the
whole pH range of occurrence of TrpJNH + ] radical cation. The first-order rate constants of LRET,
kobs, varied sigmoidally with pH allowing evaluation of pKa's for deprotonation of Trp[NH + ] : 3.7,
4.1 and 4.3 for 3, 4, and 5 respectively, as well as the
intrinsic rate constants of LRET involving solely
Trp[NH + ] radical cation (Fig.l). It was argued
that variation of pKa and consequently also of AG°,
with the length of the -(Pro)n- bridge may result
from electrostatic perturbation of the electronic
wave function of indolyl radicals by the terminal
COO" group of tyrosine. This effect in 3 seems to
be particularly enhanced by the postulated occurrence of the/3-»a transition at the ^(Pro3) dihedral
angle during the life time of indolyl radicals, leading to formation of a hydrogen between NH (indole) and OC (carboxyl) groups (Fig.2) which could
bring these groups into a close contact.
—
. 2

time, [ps]

Fig.l. Dependence of kobs on pH at 298 IC for peptides 3, 4, and
5. The solid symbols represent values of kobs (from three
to five independent decay experiments, individual rate constants were obtained by a nonlinear fit of a single-exponential decay function to the experimental A58O (0 data).
The solid lines are theoretical curves obtained by a nonlinear fit of function kobs=(l-f) k 2+fkl where f=10"P K a /
(10'P K a +10"P H ) to mean kobs(pH) data with standard
errors as statistical weights. The rate constants kj were
taken from our previous work [6] and kept constant during
fitting.

Fig.2. Evolution in time of the NH(indole)-CO(carboxyl)
distance from the transition-state conformer of
H-Trp-(Pro)3-Tyr-OH, obtained by 100 ns MD simulation
at 300 K: (solid line) conformers with y(Pro)3 angle in the
a region where the NH . . . . OC bond was broken at 18 ns
and reconstructed at 60 ns; (broken line) conformers with
V(Pro) dihefral in the /? region where the NH
OC hydrogen bond was broken at 3 ns and the separation distance between NH (indoie) and CO (carboxyl) fluctuated
in a broad range of 0.5-2 nm.

The observed variation of pKa for Trp[NH' + ]
dissociation and its interpretation in terms of the
electrostatic field effect should be a subject to
further investigations in view of the expected im-
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portance of electrostatic control over LRET involving Trp indolyl radicals in redox proteins and
protein-membrane systems.
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Introduction

The recently developed mesoporous molecular
sieves represent the first thermally stable, highly
ordered, truly mesoporous (>20 Â pores) solid
available. MCM-41 has hexagonal pores controllable variable from about 20 to 100 Ä. There is an
interest in these materials as catalysts and catalyst
supports to process larger molecules that cannot
penetrate microporous zeolites.
In the last three years several studies of metal
and metal oxide catalysts in mesoporous MCM-41
materials have been reported and it seems that the
larger pores of these materials do confer higher
activity compared with analogous microporous supports. Platinium catalysts have been generated as
stable small particles (2 nm) in MCM-41 and the
catalyst has shown higher activities towards ethane
hydrogenolysis [1] and CO oxidation [2] than equivalent catalysts supported in zeolites.
The objective of the proposed work was to study
the formation of Ag, Pd and Pt metallic particles in
MCM-41 matrices and to characterize them in
terms of magnetic resonance of conduction electrons (CESR) spectroscopy in order to prove experimentally a theory of Kawabata [3] according to
which the linewidth of CESR signal depends on
particle size.

Experimental Section
Synthesis

Mesoporous MCM-41 aluminosilicate materials
with high structural integrity and improved textural
uniformity have been synthesized according to the
modification of synthetic methods of Ryoo et al.
[1]. A surfactant source was obtained by dissolving
dodecyltrimethylammonium (DTA) bromide (from
Aldrich) and tetrapropylammonium (TPA) bro-

mide (from Aldrich) in a mixture of aqueous
solution of hexadecyltrimethylammonium chloride
(HTAC1), aqueous NH3 solution and doubly distilled water. A clear solution of sodium silicate was
prepared by combining aqueous NaOH solution
with colloidal silica, Ludox HS40 (39.5 wt% SiO2)
0.4 wt% Na2O and 60.1 wt% H 2 O, from Aldrich)
and heating the resulting gel mixture with stirring
for 2 h at 353 K. Alumina source was a solution of
sodium alumínate dissolved in doubly distilled
water.
The silicate solution was dropwise added to the
surfactant source with vigorous stirring at room
temperature. Then the resulting surfactant-silicate
gel mixture was stirred for 1 h at room temperature,
the sodium alumínate solution was dropwise added
with vigorous stirring. The resulting surfactant-aluminosilicate gel mixture (A1-M41-40) had a bulk
molar composition of 6.00 SÍO2: XAI2O3: 1.00
HTAC1: 0.25 DTABr: 0.25 TPABr: 0.16(NH4)2O:
1.50 Na2O: 302 H 2 O with x ranging from 0.3 to 0.05
so that theoretical Si/Al ratios (6/2x) become 10 to
60. The gel mixture was stirred for 30 min more to
form a homogeneous mixture before heating in
oven at 373 K for 1 day. The HTA-aluminosilicate
mixture was then cooled to room temperature. Subsequently, pH of the reaction mixture was adjusted
to 10.2 by dropwise addition of 30 wt% acetic acid
with vigorous stirring. After the pH adjustment the
reaction mixture was heated again to 373 K for 1
day. This procedure for pH adjustment to 10.2 and
subsequent heating for 1 day was repeated twice.
The precipitated product, MCM-41 with HTA
template, was filtered, washed with doubly distilled
water, and dried at room temperature. The dried
MCM-41 aluminosilicate product was stirred in an
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ethanol-hydrochloric acid mixture (0.1 mol of HC1
per one dm 3 of ethanol) for 1 h under reflux conditions. Subsequently, the product was washed with
ethanol at room temperature and dried. Calcination
of the product was carried out in O2 flow while the
sample was gradually heated to 813 K over 10 h and
then kept at this temperature for 10 h. Elemental
analysis for the Si/Al ratios was performed with
inductively coupled plasma (ICP) emission spectroscopy. The d(001) spacings of the channels were
around 3.5-4.0 nm by powder X-ray diffraction.
Sample Preparations and Measurements
Three types of MCM-41 molecular sieves with
Si/Al ratio 10, 30 and 50 were exchanged for 24 h at
RT with 0.1 mol-dirr 3 AgNO 3 , Pd(NH3) 4 Cl 2 and
Pt(NH 3 ) 4 Cl 2 to obtain Ag-MCM-41, Pd-MCM-41
and Pt-MCM-41 samples with different Si/Al ratios.
After drying the samples were dehydrated on a
vacuum line gradually increasing temperature to
400°C. The temperature of 100°C was reached after
6 hours, and 400°C after 3 additional hours. After
dehydratation the samples were reduced with 300
Torr of hydrogen in the temperature range
50-600°C depending on transition metal loaded to
MCM-41 material.
The EPR measurements have been carried out
with an ESP 300 Bruker X-band spectrometer at
room temperature. The EPR spectra were measured after dehydratation and in the course of hydrogen reduction. When the reduction temperature
reached the level at which a CESR signal appeared,
the sample was kept at this temperature untill
signal intensity reached a maximum. Some samples
after evacuation of hydrogen were exposed to the
air or water vapour at room temperature.
Results and Discussion
Hydrated MCM-41 samples in sodium form are
EPR silent. However, in the course of dehydratation

a week isotopic singlet at g=2.0033 and Hpp=10.1 G
is developing. It appears at relatively low temperaure
of 50°C and its intensity does not change much after
heating at higher temperatures. After dehydratation
at 400°C its intensity is higher by a factor of about 8
than noise level. This signal is stable at room temperature for months and does not decay in the presence of air. The nature of this signal is unknown but
it seems resonable to assume that it represents paramagnetic centers induced in aluminosilica framework
during dehydration. MCM-41 molecular sieves loaded with Ag + , Pd 2 + and Pd 2 + show the same type of
EPR signal on dehydration.
The effective temperature of hydrogen reduction to
produce CESR signal depends distinctly on the type
of exchangeable cation. The lowest temperature is
required for Pd-MCM-41. For sample with Si/Al=10
the strong CESR singlet at g=2.0029 and Hpp=4.5 G
was recorded after hydrogen reduction at 70°C for 12
h (Fig.1.1). In Pd-MCM-41 (Si/Al=30) reduced at
7()°C the CESR signal with similar EPR parameters
was also recorded. Its intensity, however was much
lower than for sample with Si/Al=10 (Fig.1.2). After
evacuation of hydrogen the EPR spectra are stable for
months at room temperature as far as samples are
degassed. In the presence of air the signals with
Hpp=4.5 G quickly decay and after 30 min from air
admission only the low intensity singlet (Hpp=10 G)
of framework paramagnetic centers is recorded
(Fig.lb). The narrow singlet with Hpp=4.5 G is not
observed in Pd-MCM-41 (Si/Al=50) reduced with H 2
neither at 70°C nor at higher temperatures. The EPR
measurements show only the signal of framework
centers with Hpp=10 G.
For effective reduction of Ag-MCM-41 much
higher temperature is required: 480 and 650°C for
samples with Si/Al equal 10 and 30, respectively.
The CESR signals of silver cluster are narrower
2.
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Fig.l. EPR spectra of Pd-MCM-41 with Si/Al = 10 (1) and Si/Al=30 (2) reduced by hydrogen at 70°C: a - after evacuation of hydrogen,
b - after exposition to air.
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327.5
Fig.2.EPR spectra of Ag-MCM-41 with Si/Al = 10 (a) and
Si/Al=30 (b) reduced by hydrogen at 480°C.

(Hpp=3 G) and recorded at lower magnetic field
(g=2.0065). The intensity of CESR singlet for
Ag-MCM-41 (Si/Al=10) is nearly twice of that for
palladium molecular sieve with the same Si/Al
ratio. For samples with Si/Al=30 the parameters of
CESR signal are the same but again signal intensity
is lower about one order of magnitude (Fig.2). In
Ag-MCM-41 with Si/Al=50 CESR signal is not

Fig.3. The maximum of CESR signals was obtained
after reduction for 1 h at 350°C the temperature
much higher than for MCM-41 loaded with Pd 2+
but lower than for Ag-MCM-41. For temperatures
below 330°C EPR measurements reveal only weak
singlet A of framework paramagnetic centers
(Fig.3). At 330°C the singlet starts growing and
shows some deviations from EPR parameters of
framework centers indicating that a new signal is
overlapped with singlet A. At 350°C the new singlet
B: g=2.0029, Hpp=5.8 G reaches the maximum
intensity. For Pt-MCM-41 with Si/Al=30 the spectral changes with reduction temperature are similar.
The only difference is the intensity of CESR signal,
which after reduction at 350°C is smaller by a factor
of about 5. This is consistent with the results for
Pd-MCM-41 and Ag-MCM-41 molecular sieves.
The Pt-MCM-41 (Si/Al=50) sample reduced with
hydrogen under similar conditions also does not
show CESR signal at all.
We assigned singlet B to CESR signal of small
platinum metallic clusters showing quantum size
effects. Increasing reduction temperature leads to
decay of signal B. We believe that the decay of
CESR signal at temperatures higher than 350°C
results from the mobility of metallic clusters to the
surface of crystallites where bigger metallic particles are formed. For bigger particles, like for bulk
metals, the spin relaxation mechanism is dominated
by spin-orbit coupling which is extremely efficient
and relaxation times are very short. As a result the
spectra are extremely broad at 77 K and even at 4 K
they are observed only occasionally. When the
metal crystallites are sufficiently small the average

348"
'
350
SF
348
350
mx
Fig.3. EPR spectra of Pt-MCM-41 with Si/Al = 10 (1) and Si/A) = 30 (2) reduced by hydrogen at various temperatures.

observed at all. The EPR spectra for Pt-MCM-41
samples with Si/Al=10 and 30 exposed to hydrogen
reduction at different temperatures are shown in

mT

energy spacing 6 between the adjacent levels becomes larger than the Zeeman energy fta>z and the
relaxation processes are quenched by these quan-
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turn size effects resulting in the narrowing of resonance line. According to Kawabata's theory the
linewidth of CESR signal of small metal particles is
given by:
)

tico-,

(v

where: Vp - the Fermi velocity, Ag«, - the bulk metal conduction electron spin resonance g - shift, rTwz
- the Zeeman energy, & - the mean energy spacing,
Ye - the electron-spin gyromagnetic ratio, d particle diameter.
Since <5 is reversely proportional to the volume
of particles, so it varies as d"3, one finds from
equation (1) that linewidth is proportional to the
square of particle size.

where: M=Vp-Agco - a factor depending on the
type of metal, E - the experimental resonance frequency.
Putting to the equation (2) the physical constans
Vp and Ag» for Ag, Pd and Pt metals and experimental value of resonance frequency we were able
to calculate the metal particle diameters stabilized
in the MCM-41 materials. They are 3.1 nm for Ag,
3.3 nm for Pd and 3.4 nm for Pt very close to the
average size of MCM-41 channels.
Conclusions
The linewidths of CESR signals for the particles of
the same metal are exactly the same for different cat-

ion loading in MCM-41. It strongly suggests that
metal clusters are located inside MCM-41 channels
and their size is limited to channel diameter. If metal
agglomeration proceeded on the surfaces of MCM-41
crystallites one would expect that bigger clusters
would form in MCM-41 materials with higher metal
loadings. However, the calculated diameters of silver,
palladium and platinum clusters show only small
differences. According to our opinion these differences result from the fact that numerical values of g«,
are not known precisely and various authors publish
quite different values. As a result we conclude that the
CESR linewidth can be a measure of the size of small
metallic particles.
In hydrogen reduced MCM-41 molecular sieves
with Si/Al=10 and 30 loaded with Ag + , Pd 2 + and
Pt 2 + the metal particles of the same size, close to the
dimension of MCM-41 channels, are formed independently of the cation concentration. This indicates
that metal clusters of the same size are located inside
channels and only the cluster density is higher in the
samples with Si/Al=10 than with Si/Al=30. The
cation capacity of MCM-41 (Si/Al=50) is so small
that the clusters characterized by CESR signals are
not formed at all.
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Irradiation of polymers with electron beam from
linear accelerators initiates a complex process
named the radiolysis, which produces different
types of free radicals. The radiation-induced radical
reactions are responsible for chemical changes in
polymers. The cross-linking and degradation are
the two major radiation effects changing the morphological structure and properties of polymers. By
applying modern radiation technologies one can
modify polymeric materials introducing new, specific properties. The radiation modification of polymers is described in details in many books and review articles [1-4].
Although the radiation modification of polymers
nowadays is industrial technology still the mechanism of radical reactions induced by irradiation
is not completely known even for homopolymers.
The major aim of our studies was to compare the
mechanism of radical reactions in irradiated homopolymers and composite polymers. As a model system we chose poly(ethylene terephtalate) - composite with polypropylene (PET/PP).
Because radical processes are supposed to determine the properties of radiation modified polymers we undertook the studies to check if there is a

correlation between the results of Electron Spin
Resonance (ESR) studies of radiation-induced radicals and the changes of physical properties of
polymer composites, namely the viscosity in melting
state.
Two homopolymers: poly(ethylene terephthalate) - PET with crystallinity 25-60% and polypropylene - PP with crystallinity in the range 35-80%
were used. In the composite materials prepared in
the Industrial Chemistry Research Institute in Warszawa PET was a basic component with a 10 and
20% admixture of PP: PET/PP ( 90 / 10 ) and PET/PP
(80/20)-

In ESR studies the polymers in the shape of
cylinder, 2x30 mm, were irradiated at 77 K by
gamma-rays in a Co-60 source at a dose of 36 kGy
and at room temperature by a 10 MeV electron
beam from a linear accelerator LAE 13/9 with a
dose of 50 kGy.
The ESR measurements were carried out at 77 K
and at room temperature with a Bruker ESP-300
ESR spectrometer operating at X-band frequency.
The Zwick plastometer has been used to measure
polymer viscosity in melting state and to determine
Melt mass-Flow Rate (MFR) index.
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Results and discussion
The ESR spectra of PET, PP and PET/PP (8O/2o)
irradiated at room temperature are shown in Fig.l.
In PET just after irradiation the multiplet F of alkyl radical is seen besides the broad singlet B of
radical with unpaired electron located in the aro-

composite material after the 72 hour storage is a
superposition of aromatic and peroxy radical signals (Fig.lb). However, the total radical concentration in the composite PET/PP polymer after 72 h is
higher than the concentration resulting from the
additive relationship. The changes of total radical
W\ B
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Fig.l. ESR spectra of the PET and PP homopolymers and of PET/PP ( /20) composite irradiated at RT with 10 MeV electron beam:
a - just after irradiation b - 72 h after irradiation.

matic ring (Fig.la). Although the spectrum F is not
resolved enough for the simulation and radical
identification we tentatively assigned it to the
secondary radical center in the alkyl chain. Two
types of radicals are stabilized in PP: peroxy radicals ROO" represented by anisotropic singlet:
g|| =2.034 and g|=2.004 and alkyl radicals showing
multiplet G (Fig.la). The composite polymer
PET/PP (80/20) shows complex ESR spectrum
which reveals all the lines seen in pure PET and PP.
The alkyl radicals in PET and PP are not stable at
room temperature and after 72 h the PET sample
shows only a weak singlet B of aromatic radicals,
whereas in PP a strong signal of peroxy radicals is
observed in Fig.lb. The ESR signal recorded in a
PET
PP
PET/PP (90/10)
PET/PP (80/20)

concentration for pure PET, PP and two composites: PET/PP (^°/io) and PET/PP (8o/2o) are
presented in Fig.2. The concentration of radicals
just after radiation in pure PP is about two times
higher than in pure PET. This factor increases to six
after the 72 hour storage at room temperature indicating that radicals in PP are much more stable
than in PET. Interestingly, the stability of radicals
in the composite polymers increases dramatically
and the numbers of radicals recorded after 72 h in
PET/PP (9O/io) and PET/PP (80/20) are respectively
4 and 4.5 times higher than in pure PET. The
kinetic results clearly indicates that even small percentage of PP units in PET/PP composite affect
substantially the radical processes. In PET the
transfer of radical centers along the polymer chain
leads to radical decay, whereas in PET/PP composite the migrating radical center can be stabilized
at PP unit with subsequent peroxy radical formation. Owing to this mechanism total concentration
Table. MFR index before and after irradiation.
Polymer/composite

40

80

Time [h]

Fig.2. Changes in the total radical concentration in the irradiated
PET, PP and PET/PE/T composite at room temperature.

MFR [g/10 min)
OkGy

50kGy

PET
PP

3.45
2.52

5.40
17.83

PET/PP (90/10)
PET/PP (80/20)

4.00
4.3

7.86
8.16

of radicals in composite PET/PP polymers does not
show the additive relationship.
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Besides the ESR studies the viscosity of PET
composites was measured before and after y-irradiation at a dose of 50 kGy. The changes of MFR
index are shown in Table. The MFR index increases
substantially after irradiation for PET/PP (90/i0)
proving that in these materials polymer degradation
is a major process.
Conclusions
The ESR results show that the ability of PET
and PP polymers for the stabilization of radicals
differs very much. At room temperature the radicals
in PET are not stable at all, whereas in PP peroxy
radicals are recorded even few days after irradiation
with relatively high concentration. It is postulated
that the PP ability for peroxy radical formation is
associated with the structure and chemical properties of polymer. Interestingly, in PET/PP composites even a small amount of PP (10-20%) improves
the polymer ability for radical stabilization indicating that the radical processes in PET/PP composites
have no additive character. This can be understood

if PP units are able to stabilize also the radical centers primarily formed in PET units and migrating
along the polymer chain.
The changes of MFR index indicate that irradiation of PET and PP polymers as well as of
PET/PP composites causes polymer degradation.
The degree of polymer degradation seems to correlate with peroxy radicals concentration stabilized
at room temperature.
This work was supported by the Polish State
Committee for Scientific Research under grant 3
T09B104 11.
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Although numerous different technologies are being developed parallel, a radiation technology in
environmental cleanup has found already several
advantageous practical applications [1, 2]. Economical analysis has been reported for ozone/electron
beam process for groundwater remediation, where
addition of ozone improves the efficiency by elimination of the reducing species formed simultaneously with the OH free radicals [3]. A practical
usefulness of several routinely utilized technologies
such as air stripping, biological degradation, or adsorption on activated carbon has various limitations
for different organic compounds present, for instance, in effluents from petrochemical industry [4].
Numerous research groups have reported recently studies on radiation decomposition of organic
pollutants such as mono-, di-, and trichlorophenols
[5], pentachlorophenol [6], chlorinated benzaldehydes [7], trichloroethane and perchloroethylene
[8], hydroxybenzoate and hydroxybenzoic ethyl
ester [9], EDTA [10] and atrazine [11]. New data
have been reported on electron beam treatment of
municipal waste water in the aerosol flow [12], on
irradiation of industrial effluents [13] and waste
water from a molasses processing [14],
This work is a continuation of our earlier research
on the radiolytic degradation of chlorophenols [15]
and on effect of selected scavengers on the radiolytic
degradation of 2,4-dichlorophenol (2,4-DCP) [16],
one of the most frequently occurring chlorophenolic

pollutant in the environment and product of decomposition of numerous organic biocides.
Irradiation of 100 ml solutions of 2,4-DCP was
carried out with a Russian y-irradiation source
Issledovatel with ^Co, dose rate 4 kGy h"1 and
mean energy 1.25 MeV in glass conical flasks of 150
ml volume. In part of the studies a cobalt source
Gammacell (Canada) at a dose rate 6.85 kGy rf1
was employed with irradiation of 50 ml samples in
glass vials. Reversed-phase HPLC and ion-chromatography measurements were carried out in experimental conditions described earlier [16]. Bioindicative measurements of toxicity based on bioluminescence of bacteria Vibro fisherii [17] were carried
out using a Microtox M500 Toxicity Analyser
MICROTOX from Azur Environment (Berkshire,
Great Britain). The determination of total organic
content (TOC) were performed in the Institute of
Energy and Nuclear Research IPEN in Sao Paulo,
Brazil, using Shimadzu TOC-5000 analyzer.
The reversed-phase chromatographic measurements provided new information about the effectiveness and mechanism of radiolytic degradation of
2,4-DCP in various experimental conditions. At
doses not exceeding 1 kGy the yield of decomposition essentially depends on the initial concentration of 2,4-DCP. For 50 ppm 2,4-DCP only 40% has
been decomposed, and a dose of 10 kGy is needed
for complete decomposition. The efficiency of radiolytic degradation is additionally decreased in the
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presence of scavengers such as nitrate. The presence of 20 ppm nitrate at a 1 kGy dose results in a
decrease of degradation yield of 20 ppm 2,4-DCP by
as much as 60%, and a complete degradation in
such conditions requires a 20 kGy dose.
The results of total organic carbon (TOC) measurements indicate, however, that even such a large
dose does not lead to complete mineralization of
the irradiated 20 ppm solutions of 2,4-DCP (Fig.l).
For aqueous solutions of 2,4-DCP without any
addition only about a 20% decrease of TOC was
found. The presence of 50 ppm humic acid practically does not affect the degree of mineralization,
while the presence of 20 ppm nitrate decrease this
efficiency of complete mineralization to 10%.

2,4-DCP and the presence of several carboxylic
acids was found in this study in ion-chromatography
measurements of irradiated 2,4-DCP solutions. At
doses above 0.5 kGy the presence of formic and
acetic acids was observed in irradiated samples. In
the presence of 50 ppm bicarbonate a 4-fold increase of the concentration of propionate and the
presence of acetate were found at a dose increase
from 1 kGy to 10 kGy (Fig.2).
Several additional processes have been observed
during irradiation of 2,4-DCP solutions containing
12345-
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Fig.2. lon-chromatogram obtained for solution containing 20
ppm 2,4-DCP in the presence of 50 ppm bicarbonate at pH
7.0 after irradiation to dose 10 kGy. See text for chromatographic conditions.
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Fig.l.Relative changes of total organic carbon content in irradiated 20 ppm solution of 2,4-DCP at pH 7.0.

The high-performance ion-chromatography measurements provide more information about the
mechanism of 2,4-DCP degradation and other side
processes. An example chromatogram shown in
Fig.2 was recorded for 20 ppm solution of 2,4-DCP
in the presence of bicarbonate irradiated to a dose
of 10 kGy. The determination of chloride indicates
that at doses of 1 kGy only 50% of chlorine is
released from organic compounds as inorganic
chloride ion. At 10 kGy, however, only 10 to 15%
chlorine, depending on the initial concentration of
2,4-DCP, is converted into chloride. In the presence
of 50 ppm nitrate about 70% of dehalogenation of
organic species was observed for 20 ppm 2,4-DCP
solution at 10 kGy, while complete degradation has
been observed at 20 kGy (Fig.3). The presence of 10
to 50 ppm of humic acid practically does not influence the release of inorganic chloride.
It was already shown that even a 20 kGy dose
does not cause total mineralization of 2,4-DCP at a
20 ppm level. According to earlier suggestions of
Getoff and Solar [18] dehalogenation of 4-chlorophenol leads to the formation of di- and trihydroxybenzenes, and then to the opening of aromatic
ring and formation of various carboxylic acids. A
similar mechanism can be expected in case of

nitrate. At its content 10 to 20 ppm and a 1 kGy
dose, about 50% of the nitrate undergoes radiolysis
and 0.5 to 1.6 ppm nitrite is formed. At higher
doses the nitrite is decomposed, however, in the
nitrate presence of 50 ppm its radiolysis leads to the
formation of about 10 ppm of nitrite even at a 20
kGy dose (Fig.3). At this initial level of nitrate
cation-chromatography allows to detect 13 to 16
ppm ammonium in 2,4-DCP solutions irradiated to
1-5 kGy doses.
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Fig.3. Ion-chromatographic determination of chloride, nitrate and
nitrite in 20 ppm solution of 2,4-DCP at pH 7.0 containing
50 ppm nitrate during irradiation to different doses.
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The fundamental purpose of radiation treatment
of polluted waters or wastes is not only decompo-

treatment. Because of side effects of various scavengers and a different toxicity of various compounds
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Fig.4. Changes of toxicity measured with bioluminescence test Microtox for solutions irradiated to various doses: A - solutions of
2,4-DCP in the presence of various compounds, B - solutions of 2,4-DCP, C - 20 ppm solutions of 2,4-DCP in the presence of

nitrate.

sition of particular species, but first of all a decrease
of total toxicity of these solutions. In this stage of
the study additional investigations were initiated to
examine toxicity using widely used bioluminescence
test Microtox®, which was already employed for the
determination of toxicity of numerous chemical
compounds [19]. As a function of applied dose up
to 20 kGy, the changes of toxicity of 2,4-DCP solutions were examined without and with addition of
other substances or laboratory wastes from this Institute spiked with 20 ppm 2,4-DCP (Fig.4). At a 20
ppm 2,4-DCP level a complete reduction of toxicity
has been obtained at 10 kGy dose, while for 50 ppm
2,4-DCP solution a certain residual level of toxicity
was found even at a 20 kGy dose (Fig.4B). The
presence of nitrate decreases the reduction of loxicity with increasing dose (Fig.4C). Both in the absence of nitrate, and especially in its presence at a
low radiation dose up to 1 kGy a certain initial increase of toxicity has been found (at 50 ppm nitrate
even about 60%). This can be explained by the formation at low doses of polyhydroxybenzenes, much
more toxic against bacteria used in Microtox than
2,4-DCP. For instance, the toxicity of hydroquinone
is about two orders of magnitude higher than
2,4-DCP [19]. Also inorganic nitrogen compounds
with reducing properties formed in the radiolysis of
nitrate are also highly toxic. A substantial increase
of toxicity at a 1 kGy dose is favoured by the
presence of excess of chloride as well as humic acid
(Fig.4A). Changes of toxicity of non-radioactive
laboratory waste containing 500 ppm chloride and
5.0 ppm nitrate and spiked with 20 ppm 2,4-DCP
were also examined. The irradiation to dose 20 kGy
has reduced its toxicity only by 50% (Fig.4A).
The broadening of chromatographic diagnostics
of radiolytic degradation of 2,4-DCP with TOC and
toxicity measurements allows to make additional
conclusions on this method of water and waste

formed during radiolysis, doses estimated for effective radiolytic degradation of given pure chemical
species usually require a significant increase in
practical applications. Further studies should be
focused on the determination of doses for complete
mineralization of wastes, or at least for sufficient
reduction of their toxicity.
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Electron beams (EB) from the accelerators LAE
Introduction
Chemically initiated polymerization of some alkyl 13/9 and UELV-10-10-70-1, used on a large scale
acrylates is widely used in manufacturing of pressure for sterilization and polymer cross-linking, were casensitives adhesives (sticking plasters), useful for me- librated using graphite and polystyrene calorimedical and technical applications [1, 2]. Such plasters ters.
are usually prepared by deposition of suitable glue
Parallel to absolute calorimetric measurement
layer on cotton textile subgrades or sometime on also routine evaluations of dose were performed in
polyester films. Traditionally manufactured adhesives the range of 10-40 kGy (using polymeric films).
employ some vinyl compounds, usually selected alkyl
The ESR measurements were performend using
acrylates with an addition of acrylic acid (AA) poly- a Bruker ESP-300 spectrometer operating in the X
merized by a chemically initiated process. As it is well band (9.56 Hz) equippeed with a variable tempeknown, the quality of adhesives depends on the fol- rature unit. The ESR spectra were recorded over
lowing parameters (according to International Stand- temperature range 77-273 K. The samples were irards PSTC): adhesion (PSTC-1), cohesion (PSTC-7) radiated at liquid nitrogen temperature in dose
and tack (PSTC-6).
range 10-25 kGy.
The motivation to the present work on the radi- Results and discussion
ation induced copolymerization was a considerable
Electron beam (EB) irradiations of water microindustrial interest in emulsion polymerization sti- emulsions of 2HEA with additions of AA and VA
mulated by the high yield of free radicals, from the permitted to obtain good properties of adhesive
radiolysis of water, which exhibit strong oxidation samples. The effects of radiation - induced emuleffects. Moreover, ionizing radiation attacks the sion polymerization of the above mentioned vinyl
Table 1. Main properties of vinyl adhesive as a function of EB dose, For comparison a non-irradiated, chemically polymerized sample
is mentioned.
Dose [kGy]

Viscosity
[mPs]

Basis weight
[g/m2]

Tack
[cm]

Adhesion
[N/2.5 cm]

Cohesion
[min]

0

158

-

-

-

-

Resistance to water
[h]
-

5

600

24.5

7.8

0.5-2.3

13

1
2

15

2 800

37.9

9.5

2.5-3.9

96

30

2 600

41.3

10.9

4.0-5.9

>1440

4

non-irradiated, chemically polymerized

550

31.5

14.0

3.4-5.5

300

0.5

surfactants and also reduces residual monomers
ensuring chemically cleaner products.
Experimental

Monomers used in these experiments were as
follows:
- 2-ethylhexyl acrylate, stabilized with 100 ppm hydroquinone, monomethyl ether, 98%, 2HEA;
- acrylic acid, inhibited with 200 ppm hydroquinone, monomethyl ether, 99%, AA;
- vinyl acetate, inhibited with 0.5% hydroquinone,
monomethyl ether, 99%, VA.
Two Russian production electron linacs with an
electron energy of 10 MeV and power of 6-10 kW

monomers are shown in Table 1. There are some
further differences between radiation - induced and
chemical initiated polymerization: among others
velocities (Table 2).
We observe significant differences of relationship between adhesive properties vs. their molecular masses which depend on radiation and chemically initiated polymerization.
It is worth pointing out the importance of micelles in emulsion which provide the polymerization centers for both radiation induced and chemical initiated processes [3]. The liquid monomer (in
our case HEA with additives), is emulsified in water

Table 2. Approximate time scale for radiation and chemically induced polymerization processes for vinyl adhesives.
Polymerization method

Time

Remarks

Radiation induced, water microemulsion, EB irradiation
(10 MeV electron)
Chemical initiation, water microemulsion heating
(about 90°C), mixing

several seconds

chemically initiated oligomerization improve
final properties

Chemical initiation, in organic solvents
(benzine or ethyl acetate)

over 30 h

were employed for the radiation. For comparing irradiation EB vs. gamma rays, two laboratory Co-60
sources at a dose rate of about 4 kGy/h were used.

8-10h
traditional technology

by the use of ionic and non ionic surface active
agents. Using additionally mechanical homogenizators it is possible to obtain minute spherical mi-
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celles of diameter of several nanometers. Some
comparative experiments with the application of
ultrasound dispersing without surfactants were not
successful, because the obtained in this way radiation polymerized products exhibits rather poor glue
properties.
Instead, the best results were received when
monomer aqueous microemulsions were chemically
oligomerized and next fully polymerized using electron irradiation at a dose of 25 to 35 kGy. Radiation induced polymerization of 2HEA without
previous chemical prepolymerization is too a fast
process and the obtained products reveal insufficient cohesion and adhesion. Summarising, it seems
to be clear that micelles are necessary to ensure
more regular polymerization conditions for better
properties of adhesives.
Radiation induced polymerization of acrylic acid
and also of vinyl acetate was investigated as early as
in the fifties [4]. However, we do not know available papers devoted to radiation polymerization of
2-ethylhexyl acrylate (2HEA). On the other hand,
2HEA is produced on a large scale in the USA and
in Western Europe for industrial applications such
as adhesives and lackers. For this reason we investigate the radiation induced polymerization of aqueous emulsion of 2HEA and try to interpret its mechanism. Our work is under progress and we focus
on elaboration of new generation of adhesives for
medical application.
Primary radical products of irradiated monomers
and adhesive composites were studied by EPR spectroscopy.
EPR spectra recorded after irradiation for the
acrylic glue adhesive composite at 77 K are presented in Fig. 1.
3,53,02.52,01,51.0s

0.5-
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IrrafltaUon dose,

Fig.l.EPR spectra recorded at 77 K after irradiation for acrylic
glue adhesive composite.

The ESR spectrum of radicals for 2-ethylhexyl
acrylate, which are stable at 77 K, seems to be very
similar to that obtained by Kumar and Rao [5].
The ESR spectrum for the adhesive composite
represents superposition of ESR spectra assigned
to two various radicals. The main component of
that spectrum is probably due to the presence of
radicals derived from 2-ethylhexyl acrylate. Samples
of the adhesive composite investigated in either

aqueous emulsion or in dry solid state exhibit similar ESR spectra. Pimary radicals generated in acrylic acid and the adhesive composite samples have
disappeared upon warning to 180 K. Only peroxy
radicals ROO' represented by anisotropic singlet
with gn=2.034 and gi=2.004 have been observed
over the temperature range 180-250 K.
Dependence of the intensity of ESR signals in
adhesive composite on irradiation dose has been
studied at 77 K (Fig.2). Fortunately, the linear
dependence of radiation induced generation of free
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Fig.2. Dependence of the intensity of ESR signals in adhesive
composite vs. irradiation dose.

radicals is in the range of sterilization dose (25
kGy). The attained value of correlation coefficient
of linear regression equation, R, is equal to 0.99909,
i.e. very close to its maximum possible level. The
detailed mechanism of radiation induced reactions
in adhesive composites is still in progress.
Conclusion
From the results it can be concluded that EB
radiation processing of 2-ethylhexyl acrylate with
some additives in the form of aqueous microemulsion enables preparation of new generation of improved adhesives for medical applications.
Radiation induced free radicals are long living at
77 K and disappear on warming both of irradiated
monomers and adhesive composites at 250 K. Over
the temperature 250 K only peroxy radicals have
been observed in acrylic acid and adhesive composite. The mechanical properties of adhesive composite are optimal in the range of sterilization doses
(25-30 kGy).
This work was supported by the Polish State
Committee for Scientific Research, under grant No
TO9B101 11.
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EXPERIMENTAL SIMULATION OF SPECTRA OF PEROXIDES
ON CHAINS OF POLYPROPYLENE
Andrzej Rafalski, Zbigniew P. Zagtirski

Ionizing radiation causes in polypropylene (PP)
primarly single ionized sites situated in random
places in the polymer chain. In the next stage a
hydrogen atom is detached, not always from the
primary ionized site, usually it is the weakest
bonded hydrogen atom in the surroundings of the
ionized site and the alkyl radical is formed:
R-H^R +H
(1)
Part of the energy of ionising radiation (ca 20%
in the case of low linear energy transfer (LET)
radiations like y and electron beams) is deposited in
large spurs, i.e. more than one ionisation close one
to another. This large spurs cause the break of the
chain, due to hundreds of eV energy deposited
almost in one place. Debris of the chain are hydrogen and hydrocarbons, but two new loose ends
of fragments of the chain contain also new radical
sites.
If the oxygen is dissolved in the polymer, it reacts
immediately with the radicals creating peroxyl radicals:
R +O2-*ROO
(2)
These radicals react then by detaching and joining hydrogen atoms from another place of the same
or another polymer chain, form hydroperoxide and
remake alkyl radicals:
ROO + Ri-H -* ROOH + Ri
(3)
The new alkyl radicals react again with oxygen
(reaction 2) and with a new place in polymer chain
(reaction 3) starting a chain reaction. The chain reaction lasts as long as oxygen is present in the
polymer or till the meeting of two radicals (which
however is very unlikely) which forms a peroxide:
ROO + Ri -»ROORj
(4)
A better chance for the radical to react is the
oxygen which diffuses from the surrounding air.
The hydroperoxide eventually creates a ketone.
Fig.l shows the optical absorption spectrum of irradiated PP obtained by the diffuse reflectance spec-
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Fig.2. Absorption spectra of t-butylhydroperoxide (1) and t-butyl
peroxide (2).

60, 196 and 525 days after irradiation, measured
always against the unirradiated sample of the polypropylene powder from the same batch. The spectra
consist of three absorption bands: the first one with
the maximum wavelenght 210 nm, that disappeared
totaly in 2 months, the second band with the maxi-

200

Fig.3. Comparison of spectra of t-butyl peroxide and irradiated
polypropylene.

mum 230 nm and the third band with the maximum
260-^280 nm. The two last bands rose steadily during
the investigations.
To identify the absorption bands we have obtained absorption spectra of several compounds.
They were: t-butyl hydroperoxide, t-butyl peroxide,
di-isopropylketone (DIPK) and di-isobutylketone

196 days
.BO days

350

Fig.l.DRS spectra of polypropylene after indicated times after
irradiation.

troscopy (DRS) method. The irradiation was done by
10 MeV electrons to the dose of 40 kGy. The picture
shows also the spectra of the same PP sample after 1,

o.o
Fig.4. DRS spectra of di-isopropylketone and di-isobutylketone.
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(DIBK). Spectra of two first compounds were obtained by classical spectrophotometry of a 1% solution in water or hexane vs. pure solvent. The spectra are shown in Fig.2. Comparison of spectra of
t-butyl peroxide and irradiated PP shows (Fig.3)
that the absorption band 210 nm is caused by the
peroxide bond (-O-O-) connected to two carbon
atoms.
The spectra of two other compounds mentioned
above and suspected of the absorption were obtain-

ed in another way. Non-irradiated PP was impregnated with a 1% solution of DIPK or DIBK in methanol. As a reference served PP impregnated with
pure methanol. Fig.4 shows the spectra obtained by
the DRS method. In both cases the maximum lies at
288 nm, which corresponds with the absorption
band 260-^280 nm in irradiated PP. This agreement
is the evidence that this band is caused by the
ketone group (>C=O), which is formed during
oxidation of PP.

ELECTRON PARAMAGNETIC RESONANCE SPECTROMETRY (EPR)
FOR DATING OF PALEOANTHROPOLOGICAL NURAGHI SKELETAL TISSUES
Waclaw Stachowicz, Jarosiaw Sadfo, Grazyna Strzelczak, Jacek Michalik
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In a close co-operation with the University of Sassari,
Italy and the Medical Academy in Warsaw the dating
of skeletons of Nuraghi population living in Sardinia,
Italy, centuries BC, based on the quantitative evaluation of the concentration of stable paramagnetic species produced by ionising radiation in tooth enamel,
was performed by quantitative EPR spectrometry [1].
The nuragic culture was developed from 1600 to 500
BC and is characterised by the appearance of absolutely original megalithic monument, the so called
"Nuraghi". The remains of bones and teeth, the object
of the study, were found in the "Tombs of the Giants"
assigned to this culture and discovered in La Testa, St.
Teresa di Gallura, Sardinia in 1990 after the fire that
burned the surrounding thicket.
The purpose of the study was dating of the
Nuraghi skeletal tissue with the use of electron
paramagnetic resonance technique based on the
phenomenon of the interaction of both cosmic rays
and natural radioactivity of the soil surrounding the
remains with bone mineral. The interaction results
in the formation of a very stable radical ion COf"1
(time constant at 37°C equal to 1.9xlO5 years)
giving a rise in EPR to a very specific asymmetric
singlet. The intensity of the signal is proportional to
the absorbed dose. The advantage of the present
dating procedure was that in the close vicinity of
Nuraghi tomb the Roman skeletons of the known
age were also discovered. Thus, it was possible by
applying the additive dose method (successive irradiation of samples at the same dose of 60Co gamma
rays) to Nuraghi and Roman remains to construct

plots, which by extrapolation gave values of the
total cumulated doses in both samples. The dose
cumulated in the Nuraghi remains was found to be
equal to 31.0 Gy, while that cumulated in the
Roman skeleton - 16.7 Gy. By a rather simple comparative calculation based on the assumption that
the age of the Roman remains was, as established
by archaeologists equal to 1700 years, the age of
nuragic remains was evaluated as being equal to
3200 years (1200 years BC). The total error of the
EPR measurements, EPR signal analyses and dose
extrapolation was estimated to be 12-15%.
The crystallinity of the bone mineral in Nuraghi
skeletons evaluated by the EPR technique, the
method adapted earlier by some of the authors for
biomedical studies on mineralised tissues, is only
little changed after centuries of the deposition of
Nuraghi remains in tombs, as compared with contemporary bone samples. This is an additional argument for the correctness of the EPR method adapted for the dating.
Comparison of the chemical composition of
Nuraghi skeletons contaminated through percolation by rain or floods with that of contemporary
bone shows an increase in the concentration of Fe,
SiC>2, Al and Ca. As expected, the contamination is
minimal in tooth enamel. More details on the
subject one can find elsewhere [1].
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THE CELLULOSE MEMBRANE - WATER INTERACTION STUDIED
BY DIFFERENTIAL SCANNING CALORIMETRY
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Membrane processes are involved in nuclear technologies and other industries. Separation of various
media on cellulose membranes is possible due to an
interaction of the material of these dense membranes with solvents.

At present, the preliminary studies of cellulose
membrane - water interaction were carried out applying differential scanning calorimetry (DSC). The
processes like melting and crystallization of water
as well as melting of the polymer phase containing
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water were examined. The studies were performed
with an initial membrane material tomofan (regenerated cellulose, product of Poland). The water
content, equal to 8.82% (as related to dry polymer
mass), in the film kept in air was found by thermogravimetry. Besides, two parts of the tomofan
membrane, used before as a filtration material in
experiments with water, were examined. These two
samples were cut from the central part of the membrane or from its edge. The first sample was exposed to the action of water at a temperature of up
to 90°C and a transmembrane pressure of ca. 0.1
MPa, while the second one was subjected to the
temperature treatment (up to 90°C). Moreover,
some DSC measurements of initial tomofan exposed to D2O were performed.
Melting-crystallization processes in the temperature range from -40 to +10°C were examined in
heating-cooling-heating cycles at a heating-cooling
rate of 1 °C/min (2 or 3 heating cycles were applied)
for the moisture containing films closed in standard
DSC pans. Moreover, DSC measurements for the
hermetically closed samples were carried out in the

m

One to three thermal effects of water melting were
observed during the first, second and third heating of
various samples, depending on the water content,
treatment time and sample history. These phenomena occur at lower temperatures than the pure
water melting (Fig.l). This is due to the presence of
various types of water, connected to the films with
different forces. Moreover, a large amount of nonfreezeable water was detected, amounting to 30-50%
of dry mass content. Although an extremely rapid
swelling was detected by the DMTA method immediately after the sample was placed into water, the
structural changes occurring in membranes as a result of the prolonged water treatment may be still
concluded on the basis of both the differences between water melting occurring in particular samples,
and on the appearance of the endothermal effect of
melting of the crystallised polymer fraction in the
temperature region 65-135°C. This effect was ob-
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Fig.l. Examples of the DSC curves, obtained during first heating:
pure H2O (as calculated per 0.112 mg, while 0.670 mg was
used in experiment) as well as the tomofan film kept in water
for 1 min (recorded after cooling at a rate of 1 °C/min) and
for 15 min (recorded after fast cooling at a rate of 100
°C/min). Both films were dried with a paper before closing
in DSC pans. The measurements were done directly after
preparation. The values of the enthalpy of water melting,
equal to 32.23 and 44.24 J/g, were found in the case of film
exposed to water for 1 and 15 min, corresponding to ca.
10.74 and 14.76% of freezable water content, respectively.
The enthalpy of pure water melting is equal to ca. 300 J/g.

temperature range 10-250°C at a heating rate of 5
°C/min. A Perkin-Elmer DSC instrument (Pyris)
installed in VUB was used.

Fig.2. Examples of the DSC curves recorded during first heating
of the tomofan sample closed in a DSC pan with the following amount of water: 91.78 (curve 1) and 107.43%
(curve 2) (ca. 75% and ca. 90% of the initial film mass,
respectively). Both measurements were done after 15 h. In
the case of the first sample the determined enthalpy of
water melting was equal to 136.44 J/g. 45.48 and 46.30% of
the freezable and nonfreezable water, respectively, was
found on the basis of the above result.

served for the sample exposed to water for as long as
18 h, while no such effect was noticed after a short
treatment time of 15 min.
Beside the influence of sample history on the
further polymer-water interaction, the differences
may be deduced between the H2O and D2O effect
on the tomofan membrane on the basis of the preliminary data.
Examples of the DSC curves are presented in
Figs. 1 and 2. All the values of enthalpy and water
content given in the captions were calculated in the
term of dry mass content.
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DIFFERENTIAL SCANNING CALORIMETRY STUDIES
OF MELTING AND GLASS TRANSITION PROCESSES IN FOOD
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A recent trend to explain the behaviour of food ma- heating at a rate of 5 °C/min in the temperature
terials during processing and storage is based on an range from -25 to 18°C, with a peak temperature at
interpretation which considers food materials as 0.6°C. No glass transition was observed even in the
systems of water elasticised natural polymers [1, 2]. wide temperature range starting from -120°C. Glass
Differential scanning calorimetry (DSC) became transition of dried onion was observed in the temrecently widely applied in food testing, in particular perature range from -34.0 to -14.3°C. An attempt
in the studies of water interaction with a solid poly- was made to study the crystallization of water during
mer matrix. Glass transition temperature is treated cooling at a rate of 2°C/min.
as a parameter informing about the possible food
Four stages of sunflower oil melting were obstability during storage at various temperatures. Be- served in the temperature range from -45.5 to -1.5°C.
side, the course of several processes like melting Two endothermal minima at -36.0 and -25.9°C and
and thermal decomposition of fats connected to two shoulders at -20.2 and - 9.5°C were detected
food quality and freshness, are studied applying the during heating at a rate of 5 °C/min. Glass transition
above method.
was noticed in the range from -79.6 to -71.2°C.
At present, the processes like glass transition
and melting occurring in vegetables (onion) and
fats (sunflower oil, butter) were examined by differential scanning calorimetry. Besides, the preliminary studies dealing with the influence of the
former gamma irradiation at a relatively high dose
on the above processes was initiated.
Onion, sunflower oil and butter were commercial products. The irradiation was carried out in a
gamma cell Issledovatel in the Department of Radiation Chemistry, INCT at a dose of 30 kGy applying a dose rate of 3.28 kGy/h. Each onion was
cut into two pieces. One piece was a reference and
the second one was irradiated. One of the irradiated
temperature, *C
onions was afterwards dried at ambient temperature in vacuum for 24 h simultaneously with an ap- Fig.l. DSC curves recorded at a heating rate of 2 °C/min for the
initial (curve 1) and irradiated (cuive 2) samples of butter.
propriate reference sample.
The measurements were done after deep freezing.
A Shimadzu Mod. DSC50 differential scanning
calorimeter equipped with a LTC50 cooling unit,
Several thermal effects of melting were noticed on
enabling cooling of DSC chamber with liquid DSC curves of butter, consisting of a mixture of sevenitrogen, was used. The instrument is installed in ral fat fractions and water (Fig.l). The effects are prothe University of Porto. The measurements were bably connected to melting of water (-17.5+5.5°C), of
performed in the temperature range from -130 to the emulsion created by fat and water (0.0^-21.5°C)
+50°C, applying a heating rate 5 and 2 °C/min.
and by fat fractions (21.5-=-43.1oC). When DSC meaMelting of the bound water in fresh onion was ob- surements were performed after deep freezing to a
served at a temperature lower than that of free water temperature as low as -40-^-60°C, a large effect of
melting. The endothermal effect was noticed during water melting was observed. It was, however, possible
-i.xo
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Fig.2. The change in heat capacity connected to glass transition in irradiated onion powder, recorded during heating at a rate of 5 °C/min.
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to avoid water crystallization during cooling to a temperature ca. -6 to -8°C. In such cases, water melting
was not observed during heating.
Comparison of the results obtained for the nonirradiated reference and irradiated samples of
butter, remaining a solid at ambient temperature,
have shown significant differences between melting
of fat and emulsion fractions in the initial and the
irradiated samples. These melting processes were
observed after irradiation at a higher temperature.
The effect is caused by a change in the fat structure.
In the case of sunflower oil and water contained in
onion and in butter only a small decrease in the
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melting temperatures were noticed after irradiation. The beginning of exothermal crystallization of
water in the irradiated onion was noticed, however,
at a temperature lower (-14.2°C) than in the case of
the initial sample (-13.5°C). Glass transition of the
powdered irradiated onion was detected also at
lower temperatures (from -37.2 to -14.0°C; Fig.2) as
compared with the initial reference sample.
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EFFECT OF ANNEALING AND IRRADIATION ON THE OPTICAL PROPERTIES
OF OXIDE CRYSTAL
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Optical characteristics of the optoelectronic elements and devices based on oxide crystals changes
during their staying inside radiation field. Common
methods of characterization of oxide crystals may
not give a precise answer to the question what is the
performance of devices under a strong external radiation field.
The aim of this paper is to determine the ability of
the method of ionizing radiation treatment of optoelectronic materials to characterize the compounds
and, may be, to change their optical properties.
The following crystals were investigated: Y3AI5O12,
YAIO3, SrLaGa3O7, LiNbO3, Gd3Ga5Oi2, LaGaO3,
ZnSe and LiF.
Using various 60Co sources the crystals were
irradiated by y-rays in this Institute and in the
Institute of Atomic Energy at Swierk. For electron
irradiation 300 keV or 1 MeV beams from a Van de
Graaf accelerator of this Institute were used, while
for irradiation with 21 MeV protons a beam from a
compact isochronous proton cyclotron installed in
the Soltan Institute of Nuclear Studies, Swierk, was
applied.
The dose of y-irradiation was varied from 102 to
7
10 Gy; the fluency of electrons was varied from 1014
to 5xlO16 particles/cm2, and the protons fluences
from 5xlO12 to 1016 particles/cm2 were applied. Annealing was performed in the three regimes:
(i) thermal relaxation by annealing in air at 400°C
for Y3A15O12 and at 800°C for LiNbO3, for 3 h in
order to remove radiation defects;
(ii) annealing at 1400°C (or 1100°C) for 3 h in air
(an oxidizing atmosphere) in order to change the
defect structure of a crystal;
(iii) annealing in a mixture of hydrogen and nitrogen (a reducing atmosphere) at 1200°C for 0.5 h.
Optical transmission spectra were recorded before and after each irradiation or thermal treatment

of the samples using LAMBDA-2 Perkin-Elmer,
ACTA VII Beckman and FTIR 1725 Perkin-Elmer
spectrophotometers.
The level of crystal defecting after irradiation
depends strongly on its initial quality and also on
the concentration of active dopant. The quantity of
point defects, which may be recharged due to ionizing irradiation, is for the investigated crystals of the
order of 1017 cm"3 [1]. Also annealing at too low
temperatures can create new defects.
For y-rays with energies =1.25 MeV recharging
processes, due to the Compton effect and ionization of active ions, were mainly observed.
For electrons with energies <1 MeV (doses
1014-1016 cm'2) ionizing processes of active ions
were dominant.
For dose of protons < 1014 cm"2 mainly recombination with delta electrons takes place, while for
doses of protons >10 14 cm'2 Frenkel defects also
arise (whose quantity increases linearly with dose
[2]. The latter effect is caused by nuclear scattering
of protons.
Changes in luminescence spectrum after gamma
irradiation were observed in LiF, Co:LaGaO3, and
Mn:ZnSe single crystals. Such a behavior indicates
that y-irradiation can dramatically change emission
properties of the crystals. Thus, irradiation and annealing treatments appear to be the effective tools
for characterization and alteration of properties of
oxide single crystals [3].
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CHANGES IN LUMINESCENCE OF Ce: YAG CRYSTALS
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Ce 3+ : YAG crystals have some features highly desirable for an active material of the tuned solid state
lasers [1] as well as for scintillator materials (e.g. in
medical imaging, tomography, gamma cameras) [2].
Parameters of the Ce: YAG crystals as scintillators depend, to a large extent, on its optical properties as well as on the kind of structural and radiation defects [3].
The main goal of this work was a study of such
defects in cerium doped YAG crystals which in-

radiation (=50%), due to the Ce 4+ -*Ce 3+ recharging reaction. For highly doped Ce: YAG crystals
(0.1 and 0.2 at.%) also an increase, but much
smaller (4%), for the Mg codoped crystals (0.1
at.%) was observed. After 1 MeV electron irradiation in the over-threshold type interaction a decrease in luminescence is observed due to the domination of the Ce 3+ -*Ce 4+ ionization process. In
the case of proton irradiation, for small fluencies
(=10 13 particles/cm2) an increase in luminescence
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Fig. Additional absorption bands for S4 sample (a) after y, electron and proton (relative fluencies) and (b) after proton (absolute
fluencies) irradiations.

fluence the crystal properties qualifying them as
scintillators or active laser materials.
Radiation induced changes in the luminescence
spectrum under influence of UV light, y-rays, electrons and protons for several concentrations of
Ce 3+ ions as well as Mg 3+ ions in yttrium-aluminum garnet crystals were investigated. To irradiate
with y and electrons grown crystals were used while
for proton irradiations the crystals were thermally
annealed. For small concentrations of cerium ions
(=0.01 at.%) an increase in the luminescence
(about 100%) was observed after gamma irradiation with a dose of 105 Gy. This increase was due to
the growth in Ce 3+ ions concentration after y-ir-
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is observed due to the domination of the recharging
processes of Ce 4+ ions. For larger fluencies (MO1"
particles/cm2) a decrease takes place due to a high
level of radiation defects.
As an example, in Fig. the influence of all applied
kinds of radiation on Ce: YAG crystals is shown.
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LABORATORY FOR MEASUREMENTS OF TECHNOLOGICAL DOSES STATE-OF-THE-ART
Zofia Stuglik
Metrological Laboratory for Measurements of Technological Doses (LMTD) was appointed in Septem-

ber 1998 to develope accurate high dose dosimetry
methods, consistent with international standards.
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The main stress has been laid on a high dose
electron beam dosimetry, however dosimeters for
other kind of radiation were also within the scope
of LMTD interest.
Two radiation sources were used in our experiments:
- a 60Co y-source Issledovatel with dose rates at six
standard positions ~50 Gy/min (December
1999) and reproducibility of consecutive measurements better than ±0.5%;
- a 10 MeV linear electron accelerator LAE 13/9
with electron beam stability from 0.3 to 2% and
stability of the conveyer speed from 2 to 5%.
Both ionizing radiation sources operate in the Department of Radiation Chemistry and Technology
of this Institute.
At the moment we offer two liquid y-ray dosimeters consistent with international standards:
Fricke dosimeter (40-400 Gy) [1]; low dose dichromate dosimeter (2-10 kGy) [2], high dose dichromate dosimeter (5-50 kGy) [2].
A foil dosimeter produced by Sunna Company
(LiF in polyethylene, foil thickness - 0.25 mm,
range - 5-^-50 kGy, a UV spectrophotometer as analytical device) - is still under investigation. Until
now there are no standards dealing with Sunna dosimeters. However, on the basis of the experiments
done so far [3] we suppose that they can be suitable
for routine use.
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According the electron beam dosimetry we have at
our disposal 6 polystyrene and 3 graphite calorimeters produced at the High Dose Reference Laboratory, Risqr, Denmark and dedicated to the measurements of mean doses delivered by 10 MeV electron
accelerators. Polystyrene calorimeters can be used in
the range 3-J-40 kGy and graphite ones -1.5^-15 kGy.
According to the certificates, all calorimeters are
traceable to NPL primary dosimetry standards and
their accuracy for Ris0 conditions are: 2.9% for polystyrene dosimeters at doses higher than 10 kGy and
4.3% - for a graphite calorimeter.
In the near future we plan to verify the calibration for the LAE 13/9 conditions. Following the
producer recommendation, the calibration should
be carried out annually or after accumulated doses
of 2000 kGy.
The foil dosimeters for electron beams: PVC and
Sunna are still under investigation.
In the next year we plan to concentrate our
attention on foil dosimeters and the so called EPR
dosimeters.
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Foil dosimeters, only slightly disturbing the radiation field, are very useful for energy and dose control at the electron beam radiation processing. In
this Insitute we traditionally use non-plasticized
polyvinyl chloride foils (PVC, producer Staufen,
Germany) with good signal-to-dose characteristics
in the range 5-60 kGy [1]. Visual information about
dose distribution given just after the irradiation is
one of the advantages of PVC films. A colour develops and becomes more stable after heating to
about 70°C. Optical absorbance at 398-396 nm is
commonly used as dosimetric signal. The main
shortcoming is a substantial decay of the signal
after irradiation. Its kinetics depends on the batch
of the foil and also on irradiation and heating
conditions. Because of that, the PVC dosimeter is
frequently considered as unreliable.
Recently we started to re-investigate dosimetric
properties of PVC and also to investigate a new foil
dosimeter offered by Sunna Systems Corporation,
USA. Sunna dosimeters consist of LiF microcrystals incorporated into a polymer. The thickness of
the foil (0.25 mm) is nearly the same as the thickness of PVC foils, used by us (0.26 mm). The concentration of F centers generated in LiF by ionizing
radiation can be used for dose determination and
the high quality UV/VIS spectrophotometers with

an absorption scale up to 4 or more are recommended for signal measurements. All measurements presented here were done on a CINTRA 40
UV/VIS spectrophotometer (GBC, Australia, absorbance scale from 0 to 4.5) obtained as technical
assistance of the IAEA.
Five pieces of the PVC foil and five Sunna dosimeters (batch Fll) were irradiated with 10 MeV
electrons from linear accelerator LAE 13/9. Doses
were measured by means of polystyrene (Riser, Denmark) calorimeters. The PVC foil was heated after
the irradiation at 70°C (30 min) and then measured
SUNNA dosimeters irradiated with 10 MeV electrons
D = 10,2 kGy
0,40

0.20

0,00

Fig.l. A dosimetric response of Sunna foil dosimeter (mean value
for 5 foils, batch Fll) during the 4 months after the irradiation with 10 MeV electron beam from LAE 13/9 linear
accelerator.
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at 398 nm. The Sunna dosimeters were measured at
240 nm without any post-irradiation treatment. The
measurements started about 1 hour after the irradiation and lasted 4 months. The results (mean
values for five samples) are presented in Figs. 1 and
2. On the Y axis there are the differences between
PVC foils irradiated with 10 MeV electrons,
D=9.6 kGy
0,150

0,143

0,101

°'104

0,103

0,100

0.050 •

0,000

Fig.2. A dosimetric response of PVC foil (Staufen, Germany,
mean value for 5 foils) during the 4 months after (he irradiation with 10 MeV electron beam from LAE 13/9 linear
accelerator.

the optical absorbance of irradiated and non-irradiated samples and on the X axis - consecutive
numbers of measurements. Preliminary conclusions
from the experiments are as follows:
- The Sunna dosimeter with 4-month signal fluctuations at a level of ±6% and standard devia-
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tion for 5 samples in the range 1.6-3% seems to
be acceptable for both the routine dose measurements during the radiation processing and also
for the documentation purposes.
- We cannot recommend the use of PVC foil as
routine dosimeter during the first day after irradiation.
- PVC foils can be used for dose documentation
starting from the next day after irradiation
(4-months signal fluctuation - ±4%, standard
deviation for 5 samples - 4-7%). However with
one reservation: our previous investigation [2]
showed a much more complicated PVC signal
decay than observed in this experiment. We suppose that the more positive results presented
here, which emerged from a little different post-irradiation treatment, improved the characteristics of PVC signal decay. Study in this direction
will be continued.
We appreciate technical support of the IAEA
(Project POL/8/016) which enable us to perform
this work.
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INFLUENCE OF BUTADIENE/STYRENE COPOLYMERS
ON THE STABILISATION OF POLYPROPYLENE
IN ELECTRON BEAM IRRADIATION
Danuta Zuchowska1', Zbigniew P. Zagorski, Grazyna Przybytniak, Andrzej Rafalski
Institute of Organic and Polymer Technology, Wroclaw University of Technology, Poland
The basic radiation induced reaction in polymers,
originating in single- and multi-ionization spurs is
dehydrogenation (abstraction of hydrogen), causing
the formation of unsaturated moieties in the polymer, but with very different secondary consequences, from crosslinking to degradation. Both reactions run parallel, but in polyethylene the final
crosslinking dominates, being the basis of production of heat-shrinkable polymers, whereas in polypropylene radiation leads to degradation. The latter
phenomenon spoils the application of polypropylene (PP), undergoing radiation processing, if proper
additives are not applied. Ethylene-polypropylene
copolymers have a comparatively good radiation
resistance because negative effects of polypropylene
degradation are counterbalanced by crosslinking of
polyethylene.
Aromatic compounds are more resistant towards
ionising radiation because of mechanisms directing the dissipation of energy straightforward into
heat. This property of aromatics, also of polymers
with aromatic moieties, partially protects aliphatic
blocks present in the material from radiolysis.
Therefore butadiene-styrene elastomer (SBS) is
more resistant towards the ionising radiation than
polybutadiene rubber what can be expressed e.g. by

radiation yield of hydrogen. In our previous papers, effects of radiation on PE-linear SBS [1] have
been described. In another investigation, the elongation at break of PE-SBS blend (50-50) increased
twice after the dose of 100 kGy as a result of crosslinking (gel content in the blend after irradiation
was 73%). The conclusion was supported by the
results of EPR experiments. Processes in PE-SBS
blends with 25, 50 and 75% of SBS were not the
simple sum of processes observed in neat PE and
neat SBS polymer, which indicates the interactions
between two components of the blend.
The aim of the present study was an investigation
of the absorption of ionising energy in thermoplastic elastomer-PP blends in a full range of proportions, helping to propose the mechanisms of energy transfer. The investigation on microscopic and
mechanical properties will be described in next
papers.
Polymers used were styrene-butadiene-styrene
triblock copolymer, SBS of linear structure (Cariflex
1102), styrene content 29%; styrene-butadiene-styrene triblock copolymer (SB)X, of radial structure
(Cariflex 1184), styrene content 30%; hydrogenated
SBS triblock copolymer-styrene-ethylene/butylene-styrene block copolymer, SEBS (Kraton G1652),
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styrene content 30%; isotactic polypropylene, iPP for
injection moulding (Malen J400).
Polypropylene-SBS copolymer blends (0-100%)
were obtained by double melt mixing in a single-screw extruder. Samples for mechanical tests, as
well as for diffuse reflectance spectrophotometry
(DRS) and electron paramagnetic resonance (EPR)
were prepared by compression moulding at 180°C.
Irradiation was made with the scanned beam of 10
MeV (high monochromacity) electrons from a linac
LAE 13/9 in this Institute. Samples were irradiated
with doses of 30, 60 and 100 kGy, whereas only the
30 kGy dose was applied in one irradiation act, resulting in a tolerable adiabatic increase of temperature [2]. Higher doses were applied by a split dose
technique, with the separation of irradiations by
cooling periods, at room temperature.
Gel content was determined by the extraction
with boiling xylene, melt flow index was determine
in Zwick Plastometer; crystallinity of polypropylene
was determined by a differential scanning calorimeter (DSC), from Polymer Laboratories, in a nitrogen atmosphere, at a warming rate of 10
deg/min, assuming the enthalpy of the fully crystalline polymer AH&=290 J/g; EPR spectra were
measured on a Bruker ESP-300-Spectrometer for
parameters indicated at diagrams; spectra were
recorded 3 hours after irradiation and those irradiated with a dose of 60 kGy were investigated additionally 3 days and 3 weeks after the irradiation, as
well as 7 months after. Diffuse reflectance absorption spectra (DRS) were recorded on a Perkin-Elmer Lambda 9 spectrophotometer with the light integration sphere.
SBS copolymers, both linear and radial, show
identical EPR spectra after doses of 30 and 60 kGy.
As it was proved earlier, the EPR signals can be
ascribed to one type of paramagnetic product. Spectra recorded at a wide range of microwave power
(0.02-20 mW) as well as those taken after few weeks
from irradiation do not change the shape. It seems
that this type of signal can origin from anisotropic
interactions of two equivalent protons of hyperfine
splitting equal Aiso=1.10 mT and gy =2.0006 and
g£=2.0065. In hydrogenated SEBS, the number of
radicals decreases sharply in comparison to the SBS
polymer containing double bonds. Although the
hyperfine splitting in that case is also ca. 1.10 mT,
the number of lines is reduced to two.
The EPR spectrum of polypropylene is composed in 7% from the peroxide radical signal and in
93% from the spectrum of alkyl radical. The conversion of alkyl radicals into peroxide radicals is
explained by easiness, with which oxygen molecules
penetrate intermolecular spaces in polypropylene.
In the PP-SBS mixtures, this process fastens dramatically, because, as it is seen from the analysis of
EPR spectra, 80% of primary products after the
dose of 30 kGy and 61% after the dose of 60 kGy is
oxidised to peroxide radicals; the rest of the
composed spectra are alkyl radicals from PP and
6% of SBS radicals. It is remarkable that in irradiated copolymers composed of chains of PS and
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PB, the paramagnetic product decays slowly, without conversion to peroxide radical, visible in the
EPR spectrum. The presence of SBS in the mixture
with PP creates conditions which allow an easier
access of oxidising agent to alkyl radicals in polypropylene. The relative participation of peroxide
radicals in mixtures irradiated to 30 kGy is higher,
which indicates the increasing effect of interaction
of elastomer on the radiolysis of PP with the diminishing dose of radiation.
Oxidation of PP in the mixture with SEBS (hydrogenated copolymer SBS) is observed after irradiation to the dose of 30 kGy, with the 15% participation of peroxide radicals. One can conclude,
that copolymers SBS and SEBS modify radiation
induced changes in PP in different degree. The influence of copolymer SBS (unsaturated) on oxidation is much higher than originated from copolymer
SEBS. In the SEBS copolymer the central chain is
composed from meres of ethylene and butylene
(poly[ethylene-co-butylene]), which causes a better
miscibility with polypropylene and formation of a
structure of smaller inhomogeneity in comparison
to the copolymer SBS. That phenomenon may influence the rate of oxygen diffusion and creation of
radicals which fate is the same as in the case of
homopolypropylene.
The concentration of radicals in all investigated
polymers and their mixtures, after 7 months of storage at room temperature is on the limits of detection by EPR: their concentration is not higher than
1-2% of the initial concentration. In this case for
the samples in which PP is present (PP, PP-SBS,
PP-SEBS), the shape of the signal indicates the
trace amount of peroxide radical, but signal of paramagnetic products in copolymers SBS and SEBS
preserve the character of spectra recorded immediately after the irradiation.
Changes of peroxide radicals concentrations observed by EPR correspond with changes in the
crystalline structure in the investigated mixtures.
The presence of 50% of copolymer SBS causes the
increase of concentration of the crystalline phase in
the PP matrix, which may suggest, that the presence
of copolymer increases the concentration of crystalline nucleation. That view is supported by the fact
of lower melting temperature of crystallites, both in
the case of homo-polypropylene as in polypropylene mixed with elastomer. After the dose of 60
kGy, the concentration of crystalline phase in the
PP as in the PP matrix in the mixtures PP-SBS is
similar to that before irradiation - there is no
reason to assume otherwise.
Fig.la,b,c shows the EPR spectra of PP-SBS
blends in the function of time elapsed after 60 kGy
irradiation at room temperature and the same temperature storage time. All spectra are shown without deconvolution and separation of particular signals. Fig.2 shows the decay of radicals in the same
signal, but expressed as concentration of spins,
which is important for the hypothetical explanation of the mechanism of phenomena. Discussion of
EPR results in comparison with investigations on
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Fig.l. EPR spectra of PP and PP-SBS blends after 60 kGy dose of 10 MeV electron beam irradiation, in the function of time elapsed
after irradiation: a - immediately after irradiation, b - 3 hours after irradiation, c - 3 days after irradiation.

crystallinity of blends and results of mechanical investigation on irradiated material will be described
in the next paper.
The spectroscopic investigations (diffuse reflectance spectrophotometry, DRS, [3]) were performed on samples of the same composition. The method allows to record optical absorption spectra in
polymer blends of poor transparency. Fig.3 shows
the spectra of products absorbing in UV, in irradiated blends of polypropylene containing no SBS,
10, 25 and 75% of SBS and the SBS alone. The
products exhibit absorption band at 312 nm and are
more stable than free radical products (except peroxides) observed by the EPR method. Although a
precise identification of these semi-stable products
is not possible at the time being, the most probable
explanation of the UV absorption is that it is due to
unsaturated moieties (UM) in the polypropylene
chain. However, there is a striking difference between the dependence of the concentration of unsaturated species on the composition of aliphatic-aromatic composition. In our case, the fact of dramatic
reduction of formation of UM already by 10% addition of SBS is a remainder of the classic concave
curve of radiolysis of a aliphatic-aromatic mixture
in radiation chemistry. The radiolysis of aromatic
component is not only less extensive in comparison
with the aliphatic participant, but also a protection

effect is exhibited by the aromatic participant. The
phenomenon is explained by energy transfer of
single-ionisation spurs to the energy dissipating
constituent. The same PP-SBS systems show opposite picture in the EPR investigation. In Fig.2,
which shows the yield of spins in irradiated
samples, there is no diminishment of radical concentration in the blend containing 10% of SBS but
even a slight increase, immediately after irradiation,
3 hours after irradiation and 3 days after! This
strange difference can be explained by a different
hypothesis, but the most probable is in terms of the
different role of single- and multi-ionisation spurs.
As it is of importance in all irradiated materials,
including polymers, it will be discussed in a separate paper.
0.4
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Fig.3. Diffuse reflectance absorption spectra of PP, PP-SBS
blends and SBS after the 60 kGy dose of 10 MeV electrons.
All spectra are measured against unirradiated sample,
therefore they show only species formed in the result of
radiolysis.

This project was supported by the Polish State
Committee for Scientific Research, under grant No
1197/T08/97/12.
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Fig.2. Concentration of spins in PP and PP-SBS blends, after 60
kGy dose of 10 MeV electrons in the function of elapsed
time.
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The subject of the work is a study on the influence
of irradiation on defect level of U2B4O7 obtained
in the form of single crystals and glasses. In order to
obtain U2B4O7 monocrystals the Czochralski method was adapted. The substrates were H3BO3 and
U2CO3 both of high level of purity (4N). L12B4O7
was synthesised according to the following equation:
4H3BO3+Li2CO3 -* U2B4O7+6H2O+CO2 (1)
From bigger monocrystals and pieces of glasses
small plates were cut out of the shapes appropriate
to conduct further measurements. The plates were
polished and then investigated by microscope and
conescope observations. Optical transmission of
plates at room temperature has been measured as
well with a Lambda-2 Perkin Elmer spectrophotometer within the range 200-1100 nm, while with a
FTIR Perkin Elmer apparatus within the range
1400-25000 nm. Optical transmission of monocrystals was measured also after radiation treatment
(60Co gamma source Issledovatel, doses from 10 to
1000 kGy) at room temperature and after warming
of plates at 450°C. Numerical values of the changes

of optical absorption were estimated according to
the equation:

where: K - coefficient of absorption; Ti, T2 - transmission of plate before and after irradiation; d thickness of the plate.
The defect level related to the changes of absorption in 026407 single crystals and glasses were
determined before and after the irradiation at the
doses from 10 to 1000 kGy.
On the basis of the obtained results it can be
concluded that in the case of monocrystals the irradiation at highest doses of 1000 kGy seems very advantageous from the point of view of their optical
quality. It is because monocrystals after the irradiation at high doses become more transparent within
the range 190-1100 nm. In other words their optical
quality becomes much better.
On the contrary, in the case of glasses the effect
of better transparency is achieved by warming them
in air at a temperature of 450°C.

ANALYTICAL METHODS FOR THE DETECTION OF IRRADIATION
IN FOOD COMMODITIES ACCREDITED IN THE INCT LABORATORY
FOR DETECTION OF IRRADIATED FOODS
Waclaw Stachowicz, Kazimiera Malec-Czechowska, Antoni M. Dancewicz, Zbigniew Szot
During the past two years the Laboratory for Detection of Irradiated Foods of this Institute was involved in the implementation of the quality assurance system according to the PN-EN 45001 standard
and the ISO/IEC 25 guide for the methods applied in
testing foodstuffs for irradiation. The following documentation of the Quality Assurance System implemented in the Laboratory has been prepared: General Book of Quality Assurance, General Procedures
for Quality Assurance and the set of appropriate
executive instructions.
For detection of irradiation in foods the following analytical procedures have been adapted and
tested for their consistence with appropriate CEN
European Standards:
1) the EPR method of detection of irradiated foods
containing bone (related to BS-EN 1786),
2) the EPR method of detection of irradiated foods
containing cellulose (related to BS-EN 1787),

3) the thermoluminescence method for the detection of irradiation in food from which silicate minerals can be isolated (related to BS-EN 1788).
Upon completion of required actions and procedures (organisation, methodology, documentation) and their preliminary approval, the Laboratory was subjected to the audit executed by the
experts from the Polish Centre for Testing and Certification. After introducing all the suggested corrections accepted by the decisive body of the Centre
the Certificate of Testing, Laboratory Accreditation
for the above mentioned methods has been issued
on 25th October 1999.
The scope of accreditation compiles the following categories of foods in which earlier irradiation
treatment can be detected:
- food containing bones (poultry, pork, beef, fish,
eggs): Qualitative analysis for the presence of the
specific radiation induced paramagnetic sub-
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stances by the EPR spectroscopy method (Documented testing procedure PB SLINZ 01 edition
i);
- food containing cellulose (nuts, spices, fruits):
Qualitative analysis for the presence of the specific radiation induced paramagnetic substances
by the EPR spectroscopy method (Documented
testing procedure PB SLINZ 02 edition 1);
- food containing silicate minerals (spices, herbs,
fruits, vegetables): Qualitative analysis of silicate
minerals for the presence of radiation induced
centres detected by the thermoluminescence
measurement method (Documented testing procedure PB SLINZ 03 edition 1).
The accredited methods as well as other methods
for the detection of irradiated food presently adapted in our Laboratory have been described in earlier
publications [1]. Here, we would like to point out to
the highlights of the methods which have been accredited. Food, containing paramagnetic species,
characterised by the presence of unpaired electrons is
detected by electron paramagnetic resonance spectrometry (EPR/ESR). Many years of investigations
have shown that unpaired electrons are present in
many stable components of irradiated foodstuffs such
as bones, stones, dried fruits, spices etc. The high
sensitivity of the method allowing the detection of
10"12 mol/sample and its reproducibility enables to
detect efficaciously a small concentration of paramagnetic centres in irradiated foodstuffs, being in the
order of 10"8 mol per sample isolated for measurement. Detection of irradiation by EPR in all
kinds of meat containing bones, eggshells, fishbones
and scales is based on finding in the analysed sample
a characteristic singlet ga=2.003, g2=1.997 and
AhpP=0.85 mT. In food containing cellulose, in turn,
as, for example, nuts (husks), strawberries and some
spices, detection of irradiation is based on finding in
the EPR signal a symmetrical triplet which has its
centre at about gb=2.004-2.006 and the distance between the outer satellite peaks (ga=2.020, gc=1.983)
of 6.0 mT. The presence of these outer peaks in an
EPR signal is taken as evidence that food has been
irradiated. Such peaks have never been found in
non-irradiated samples.
In foodstuffs containing silicate minerals (as inherent components or admixtures) irradiation can
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be detected by measuring the intensity of luminescence of isolated minerals subjected to heating
(thermoluminescence-TL). Irradiation produces
free electrons which are trapped in the crystalline
lattice of minerals. During heating electrons absorb
thermal energy and pass from the excited to basic
state emitting photons. The intensity of luminescence at a chosen temperature interval is compared
with the luminescence of the same sample subjected to reirradiation with a standard dose of gamma
radiation (usually 1 kGy). The value obtained from
relation of these two TL measurements is taken as
indication of irradiation, when it is higher than 0.5.
When this value is lower than 0.1 the foodstuff has
not been irradiated. When the intermediate values
are obtained an additional evaluation, taking into
consideration the shape of luminescence curve is to
be made. Glow curves for unirradiated samples
have peaks at higher temperature interval while
that for irradiated ones have their peaks around
150-200°C. Before accreditation a comprehensive
investigation of thermoluminescence of irradiated
various herbs and spices has been made in this Laboratory [2).
In the course of certification procedure the testing analyses of unirradiated and irradiated foodstuffs have been performed according to the procedures indicated above. The results obtained fully
confirmed the reliability of these methods and their
applicability for detecting whether a given food has
been irradiated or not.
Recently in the Laboratory a new EPR spectrometer MINI-10 has been installed addressed exclusively to the accredited methods of the detection
of irradiated foods based on the EPR spectroscopy.
The purchase of the instrument was financed by the
Foundation for Polish Science under the Agreement "SUBIN" No 13/99.
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DETECTION OF IRRADIATED FOODS
WITH THE USE OF GAS CHROMATOGRAPHY - EXPERIMENTS
WITH POULTRY CARCASSES
Katarzyna Lehner, Wadaw Stachowicz, Kazimiera Malec-Czechowska, Antoni M. Dancewicz, Zbigniew Szot
The treatment of foodstuffs, which contain fats, with
ionising radiation induces a series of chemical changes. These changes cannot be classified as radiation-specific since they also appear in oxidation processes. There is, however, a preferential cleavage of
certain chemical bonds in triglycerides when treated
with ionising radiation. Among others two types of
volatile hydrocarbons produced in this matter can be

detected in fairly large quantities: hydrocarbons
which have one C atom less than the original fatty
acid (Cp.i) and those which have two C atoms less
and an additional double bond in 1-position (C,,.2:i).
The main fatty acids of chicken carcasses, pork and
beef are palmitic acid, stearic acid, oleic acid and linoleic acid. After the treatment, the following radiation induced hydrocarbons appear in abundance (a)
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Cn.i: 15:0,17:0,8-17:1, 6,9-17:2 and (b) 0,-2:1:1-14:1,
1-16:1, 1,7-16:2, 1,7,10-16:3. The presence in abundance of these hydrocarbons in the examined sample
is a proof of its irradiation. The best method of the
detection of hydrocarbons is gas chromatography.
However, to be detected the volatile hydrocarbons
have to be separated beforehand from the sample.
Firstly, it is necessary to separate fat from the sample
and then to extract hydrocarbons in pentane or
hexane with a Florosil column.
In the present study, the experiments were done
with chicken carcasses purchased in the market.
Each carcass was cut into four pieces. Three pieces
were irradiated with doses of 0.5, 3 and 7 kGy,
respectively, while the fourth one remained nonirradiated. All the samples were examined in parallel.
Fats were separated at 50°C from the homogenised
samples, centrifuged for 10 minutes with 900 g
(1400 rot/min). A hydrocarbon fraction was separated from the fat with hexane and then with the
Florosil column. 100 ml of each eluant was concentrated to 0.25 ml and examined by gas chromatography. As interior standard haxane eikosan so-

lution, while as exterior one the solution of 11
adequately selected hydrocarbons in hexane were
applied. The gas chromatography examination was
done with a capillary column PE-5 installed in a
Perkin Elmer Model 8700 apparatus equipped with
a flame-ionisation detector.
The results obtained show conclusively that in
the chicken carcasses irradiated with the doses of 3
and 7 kGy the irradiation treatment has been
proved with a high level of certainty while in the
samples irradiated with 0.5 kGy the detection of
irradiation was not satisfactory. All the separation
and GC examination were proceeded in agreement
with the procedures recommended in BC EN 1784
standard.
The aim of this study was to adapt the chemical
method of detection of irradiation in foods which
contain fats, based on gas chromatography as a
routine analytical method for the use in the Laboratory for Detection of Irradiated Foods. The adaptation will be proceeded by the accreditation of this
method within the frames of existing Quality Assurance System.

DSC STUDIES OF GELATINIZATION AND AMYLOSE-LIPID COMPLEX
DECOMPOSITION OCCURRING IN INITIAL AND GAMMA IRRADIATED
WHEAT AND CORN STARCHES
Krystyna Ciesla, Ann-Charlotte Eliasson
v
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Center of Chemistry and Chemical Engineering, University of Lund, Sweden

The course of gelatinization and amylose-lipid complex transition, occurring during heating of starch
and flour suspensions depends on the structure of
starch granules. Therefore, decrease in order of
starch granules [1, 2] and the possible changes in
lipids surrounding, brought about by degradation
resulting from gamma irradiation was expected to
influence these processes. Our preliminary DSC
studies of the processes occurring during the first
heating of potato starch and wheat flour suspensions [3] showed the essential differences between
gelatinization occurring in the irradiated and nonirradiated potato starch samples and of the gelatinization and amylose-lipid complex transition
taking place in the irradiated and nonirradiated
wheat flour. Significant differences between the
maximum viscosities were also detected during
heating of water suspensions of nonirradiated and
irradiated wheat and rye flour. The influence on the
results of the conditions applied in DSC experiments (concentration of suspensions, heating rate)
appeared to be essential
At present, DSC studies were continued for pure
samples of wheat and corn starches. Wheat and corn
starches (both Sigma products) were irradiated with
Co60 radiation applying a dose of 30 kGy with a dose
rate of 3.62 kGy/Ti in a gamma cell Issledovatel in the
Department of Radiation Chemistry, INCT. With
the purpose of examination of the reversible amylose-lipid complex transition, characterised by a weak

thermal effect, DSC studies were carried out during
heating-cooling-heating cycles (up to 3 heating processes). DSC measurements were carried out in the
temperature range 10-150°C at a heating and cooling
rates 10 and 2.5 °C/min for the suspensions at concentration of 20-25% (10 °/min) and 45-50% (10 and
2.5 °C/min) closed hermetically in Al pans. A Seiko
DSC 6200 calorimeter with a cooling system installed
in the University of Lund was used.
In the case of 20-25% concentrated starch suspensions a single effect of gelatinization is observed, while in the case of the suspensions at concentration of 45-50% two gelatinization processes
occur (Fig.l, curves 1, 3). The phenomenon is connected with the existence of two types of ordered
regions in starch granules. Smaller values of enthalpy were determined for gelatinization taking
place in the irradiated samples in comparison with
the process occurring in the nonirradiated sample
under the same condition, like in the case of potato
starch. Differences in the irradiation influence on
the gelatinization occurring in corn, wheat and potato starch were observed, caused by the differences
in granules ordering.
Only gelatinization was observed during the first
heating of corn starch. It was stated that gelatinization occurs always at lower temperature in the case
of the irradiated sample than in the nonirradiated
one under the same experimental conditions, contrary to the results obtained for potato starch. For

!§

II

; o

RADIATION CHEMISTRY AND PHYSICS, RADIATION TECHNOLOGIES

50

example, in the case of the suspensions at a concentration of 20-25% heated at a rate of 10 °C/min,
the peak temperature was detected at 70.8 and

the case of the irradiated sample (Fig.2). Thermal
effects were broad and had diffuse limits, while
narrow, sharp effects were recorded for the initial
sample. Differences between the initial and the irradiated samples were better visible on cooling than
150

87.2°
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200

3v

1/

« .
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r
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79.2°

«

i

Vy

0.0

-

E

I

-200 r r

-400

1.40
20.0

40.0

60.0
80.0
temperature, °C

100.0

120.C

Fig.l.The examples of DSC curves recorded for wheat starch
suspensions during the first heating of the suspensions
having concentration 20-25% (curves 1, 2) at a rate of 10
°C/min and 45-50% at a rate of 2.5 °C/min (curves 3, 4)
for the initial sample (1, 3) and the irradiated samples (2,
4). With the purpose of the clear data presentation, the
normalised heat flow values in curves 3 and 4 were multiply
by a factor of 5.5. The gelatinization enthalpies, equal to
13.7, 10.7, 13.5 and J0.1 J/g, were determined on the basis
of endothermal effects presented in curves 1, 2, 3 and 4,
respectively.

68.2°C in the case of the initial and irradiated samples, respectively. The appropriate values of gelatinization enthalpy were equal to 18.0 and 16.6 J/g.
Amylose-lipid complex transition was noticed
during the first heating and subsequent heating and
cooling cycles of wheat starch (Figs. 1 and 2), while
the gelatinization process was observed only during
the first heating (Fig.l). Decrease of gelatinization
temperature after irradiation was stated in the case
of the 20-25% of suspensions heated at a rate of 10
°C/min, while similarly to potato starch, an increase
of gelatinization temperature was observed in the
case of dense (45-50%) suspensions, both heated at
10 and 2.5 °C/min (Fig.l). However, in contrary to
potato starch, the increase of the height of thermal
effect of the first gelatinization stage accompanied
by a decrease in the second, was noticed.
The significant changes in amylose-lipid complex
structure resulting from irradiation may be concluded on the basis of the present data. Amylose-lipid complex transition accompanied by a smaller
enthalpy was observed at a lower temperature in

0.0

80.0
temperature, °C

100.0

Fig.2. Comparison of the amylose-lipid transition exothermal effect, observed during the third cooling at a rate of 10
°C/min of wheat starch suspensions: initial (21.84% of dry
matter content, curve 1), irradiated (20.40% of dry matter
content, curve 2) (curves 3 and 4 present DDSC signal for
the initial and the irradiated samples). The peak temperature equal to 87.2 and to 79.2°C and the enthalpy value
equal to -3.2 and -1.2 J/g were determined for the initial
and irradiated wheat starch, respectively.

during heating and bigger in the case of suspensions
at concentration of 20-25% than in the case of
dense suspensions. These differences were also a
little larger during the subsequent than the first
cooling, due to the resulting, from thermal treatment decrease of temperature of transition occurring in the irradiated starch and an increase of
transition temperature in the initial starch.
It was stated that retrogradation occurs in the
case of the gelatinised irradiated wheat starch
sample after 5 days. The process was not observed
in the case of reference sample of the initial wheat
starch, exposed to the same temperature treatment.
References
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The effects of irradiation on antibiotic activity
Bee honey is usually contaminated with numerous
microorganisms. Among them predominate osmo- and 5-HMF content in the decontaminated honey
phylic yeast, mainly the strains of Saccharomycetes, are given in Table 2.
Schizosaccharomyces and Torula. Bacillus and anae- It has been observed that the antibiotic value inrobic Clostridium spores and small fragments of creased from 1.8 to 2.6 on an average and the conmould fungi may also appear in honey.
tent of 5-HMF decrease from 1.34 to 0.96 mg/100 g.

is
!§

Table 1 . Effect of irradiation at a dose of 10 kGy on the number of microorganisms in honeys.
Total number of yeast and moulds

Total number of aerobic bacteria

No

Total number of Clostridium spores

before irradiation

after irradiation

before irradiation

after irradiation

before irradiation

after irradiation

1

11000

10

900

20

10

10

2

460 000

<10

<10

<10

10 000

1000

3

500

<10

<10

<10

100 000

10

4

50

10

10

<10

100

10

5

800

40

<10

<10

100

<10

6

60

<10

10

<10

100

<10

7

10

<10

10

<10

100

<10

The effect of radiatiation on microbiological decontamination of honeys is shown in Table 1.

Radiation at the dose of about 10 kGy decreases
effectively the number of microorganisms and their

Table 2. The effect of irradiation on antibiotic activity and 5-HMF content in the tested honey samples.
Antibiotic activity
Honey samples

honey dilution inhibiting growth of standard strain
S. aureus FDA 209 P

inhibine value in units

5-HMF content [mg/lOOg]

1
2
2

1.15
1.15
0.96

3
3
2

1.15
0.86
0.86

Before irradiation
1
2
3

1:4
1:8
1:8
After irradiation

1
2
3

1:16
1:16
1:8

The experiments have shown that the irradiation process decreases the number of aerobic bacteria and fungi (yeast and moulds) and anaerobic
spores of Clostridium in honeys by 98.1% on an
average.

antibiotic activity and stability (5-HMF), while does
not influence the organoleptic value of honeys. This
means that radiation treatment could be adapted in
practice for the production of honey characterized
by a high level of microbial purity.

DECONTAMINATION OF MEDICAL HERBS BY IONIZING RADIATION
Wojciech Migdat, Hanna B. Owczarczyk

A good quality of medical herbs, according to the
pharmaceutical requirements, may be achieved by
applying suitable methods of decontamination. In
the communication, results of decontamination by
irradiating medical herbs are presented. Table 1 is
presenting the effect of irradiation on a number of
microorganisms occurring in the medical herbs
tested.

The results show that the applied radiation method to microbiological decontamination allows to
achieve medical herbs of high purity.
Some of the pharmacological activities of medical herbs were investigated after irradiation (Table
2).
The diuretic action of Urogran and Betagran did
not change after irradiation. The spasmolytic action
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Table 1. Microbiological decontamination of medical herbs by irradiation at a dose of 10 kGy.
Aerobic bacteria

Materials
Urogran

Yeast and moulds

Bacillus spores

OkGy

10 kGy

OkGy

10 kGy

OkGy

10 kGy

500

10

20

<10

50

<10

Reumogran

8 500

30

40

<10

4 400

<10

Normogran

102 000

40

<10

<10

47 000

<10

Cholegran

150 000

50

3 100

<10

76 000

<10

Betagran

70 000

70

30

<10

<10

<10

of Urogran, Normogran and Cholegran was the
same in nonirradiated and irradiated medical herbs.
Irradiation of Normogran and Cholegran has no
negative effect on the cholagogic action of these

The tests carried out throughout this study have
indicated that the medical herbs show, after the exposure to ionizing radiation, identical therapeutically action as nonirradiated preparations.

Table 2. Pharmacological tests adapted to qualify medical herbs.
Pharmacological activity
Medical herbs
Urogran

diuretic

spasmolythic

+

+

cholagogic

digestion
improvement

antibacterial

anti inflammatory

+
+

Reumogran
Normogran
Cholegran
Betagran

+

+

+

+

+

+

+

fitopreparations. Urogran and Cholegran are characterized, after irradiation, by a slightly higher antibacterial activity as compared with nonirradiated
ones.

The dose of 10 kGy assured a proper purity of
the investigated medical herbs.

APPLICATION OF RADIATION TO THE PRODUCTION OF BAITS
TO CONTROL CRAWLING INSECTS IN THE URBAN AREA
Wojciech Migdai, Ilanna B. Owczarczyk, Janusz Swif tostawski , Jacek Swi^toslawski
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Best-Pest Co., Jaworzno, Poland

A bait is any substance used to entice or to allure
animals with a view to catching them. A bait formulation typically consist of an active ingredient that is
mixed with food which acts as an attractant. Pests
are killed by ingesting a lethal dose of the toxicant
(addulticide and/or insect growth regulator).
The use of baits to control the pest of vertebrates
(rodents, birds) and insects (cockroaches, ants,
termites, etc.) is a technique that is thousands of
years old. The Romans used bulbs of red squill
plant mixed with foodstuffs to control rodents. A
phosphorous paste bait was used to control cockroaches in London as early as 1858.
Baits are the fastest-growing product category in
the pest control industry, particularly baits for the
control of German cockroaches and Pharaoh's ants
- the most ubiquitous urban pest insects. Examples
of bait formulations in the USA are shown in Table
1.
Usage of food ingredients in baits requires precautions. Application of chemical substances as preservatives is very often risky because of decreasing
bait palatability for insects, especially Pharaoh's ants.
In Poland only sorbic acid is used at small concen-

trations to preserve bait from formulating period
until radiation treatment (Table 2).
Materials and Method

The baits decontamination by radiation was
carried out in this Institute.
The baits were irradiated by an electron beam
accelerator Elektronika (10 MeV, 10 kW) in the
dose range 3 to 15 kGy.
Dosimetry of the irradiation process was used to
commissioning of the facility, validation of the
treatment procedures and process control. The absorbed dose was measured by a primary standard
dosimeter, a water calorimeter, and by routine dosimeters.
The experiments were done with German cockroaches (Blattella germanica) and Pharaoh's ants
(Monomorium Pharaonis L.).
The quantity of German cockroaches in each
group (control and experimental) was 30 insects,
put into an aquarium without and with baits. The
experiments lasted for 34 hours, and deadliness of
insects was observed.
The quantity of ants in each group was: 70 worker
ants, 2 apterous females and 30 chrysalides. The
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Table 1. Commercial baits for Pharaoh's ants and German cockroaches control.
Active ingredient

Manufacturer

Propoxur 2% Bait

Propoxur

AgrEvo. Health

Arthitrol

Chloropyrifos

Avitrol Coporation

Amdro Fire Ant Bait

Hydramethylnon

American Cynamid

Siege Gel Insecticide

Hydramethylnon

American Cynamid

Siege Fire Ant Bait

Hydramethylnon

American Cynamid

Baygon 2% Bait

Propoxur

Bayer Corporation

Magnetic Roach Food 2000

Boric Acid

Blue Diamond Manuf.

Award

Fenoxycarb

Ciba Speciality Prod.

Trade name

Maxforce Small Roah Killer Bait Station

Hydramethylnon

The Clorox Company

Maxforce Large Roach Killer bBit Station

Hydramethylnon

The Clorox Company

Maxforce Roach Killer Bait Gel

Hydramethylnon

The Clorox Company

Maxforce Ant Killer Bait Station

Hydramethylnon

The Clorox Company

Maxforce Ant Killer Granular Bait

Hydramethylnon

The Clorox Company

Maxforce FC

Fipronil

The Clorox Company

Musca-Cide Bait

Methomyl

Farman Companies

Fluoro Guard Ant Control Bait

Sulfluramid

FMC Corporation

Alstar Roach Control Baits

Sulfluramid

FMC Corporation

Niban-FG

Boric Acid

Nisus Corporation

Niban Granular Bait

Boric Acid

Nisus Corporation

Prentox Diazinon 5G

Diazinon

Prentiss INC.

Prentoz Larva-Lur

Trichlorofron

Prentiss INC.

PT 300 Avert

Abamectin
Abamectin

Whitmire Micro-Gen

PT 370 Ascent

Abamectin

Whitmire Micro-Gen

Pro-Control dual Choice Ant Bait

Sulfluramid

Whitmire Micro-Gen

PT 310 Avert

Faratox-B was applied to the experimental group of
ants instead of feed. The deadliness of the ants in

Whitmire Micro-Gen

palatability of Cockroach Kill Gel was excellent
after irradiation at a dose of 12 kGy. This means

Table 2. Insecticidal baits manufactured in Poland.
Preservation

Trade name

Active ingredient [%]

Manufacturer

chemical

radiation

FARATOX-B

methoprene (0.5)

Insect Control Baits

yes

yes

COCKROACH KILL GEL

Chlorpyrifos microenc. (0.4)

Best Pest

yes

yes

both the control and experimental groups was being
observed every 7 days.

that the radiation method allows to have substances
of high purity and palatability and this method does

Table 3. Palatability of the controlled insects in baits depending on the radiation dose.
Trade name _

Controlled insect

Dose [kGy]

FARATOX-B

Pharaoh's ant

COCKROACH KILL
GEL

German cockroach

0
3
15
0
12
15

Results
In Table 3 the effect of irradiation on the palatability of baits is shown.
In conclusion, the present studies indicate that
the radiation method is excellent for the preservation of insecticidal baits. The palatability of
Faratox-B improved at a dose of 3 kGy. The

Palatability grade after
1 week
1 year
good
poor
excellent
excellent
good
good
excellent
good
excellent
excellent
good
good

not change properties of the investigated insecticides.
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RADUTION EFFECTS IN PVC AND PVC COMPOSITIONS
Barbara Swierz-Motysia1^ Zbigniew Zimek, Jerzy Bojarski, Grazyna Przybytniak, Jaroslaw Sadto
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Exposure of plasticized PVC to ionizing radiation,
e.g. gamma rays or electron beam, causes changes in
physicochemical and biological properties of material, as it is described in the literature [1-4]. The
distinctly discoloration of PVC occurs at a typical
sterilization dose of 25 kGy, the material tends to
darken or to turn yellow. This process is autocatalytic and continues after sterilization. During irradiation of PVC the conjugated double bonds as well as
the significant quantities of hydrogen chloride are
formed due to the oxidation of PVC resins. The
polyene structure is responsible for discoloration of
PVC compositions. Moreover, the cross-linking and
chain scission reactions, that lead to changes in
molecular weight and mechanical properties, are
possible [5].
Plasticized PVC requires several additives that
can greatly influence the material behaviour during
irradiation. All these ingredients, e.g. plasticizer,
stabilizer, lubricant can be decomposed and may
contaminate medical formulation with decreasing
the biocompatibility of material [6, 7]. Several different approaches have been made to improve radiation resistance of PVC compositions [8-12]. A
key idea is the creation of protective effect using
compounds which act as an energy transfer agent
without changing polymer properties such as organotin mercaptoacid esters, aromatic compounds
with poly-membered rings, some fillers, gadolinium
and lanthanum compounds. Unfortunately, the
above mentioned compounds are toxic and cannot
be used for medical formulations.
Experimental
Suspension PVC
The PVC samples were industrial grade product
powders with an average molecular weight, determined as K-70 and K-61, produced by "ANWIL"
S.A. Polanvil S-70SM medical grade, Polanvil S-70
general purpose, Polanvil S-61 general purpose and
Vinnol H-70DF, were produced by Wacker GmbH.
The radiation stability of PVC powders was coupled with thermal stability according to the Polish
Standard PN-88/C-8929/13. The following PVC formulation was used: PVC - 100 wt. parts, di-butyltin
maleate - 3 wt. parts, stearic acid - 0.5 wt. parts.
Plasticized PVC
Commercial medical grade plasticized PVC formulation contains a plasticizer - di(2-ethylhexyl
phthalate) (DEHP), and calcium and zinc stabilizers. Two series of PVC compositions containing
a modified plasticizing system (Formulation I) and
a modified stabilizing system (Formulation II) were
prepared.

Formulation I:
- PVC, Polanvil S-70MS -100 wt. parts,
- DEHP plus high molecular weight aromatic
esters - 54 wt. parts,
- Stabilizer Ca/Zn - 2.5 wt. parts.
Formulation II:
- PVC, Polanvil S-70MS -100 wt. parts,
- DEHP - 54 wt. parts,
- Stabilizer Ca/Zn plus costabilizer - 3.0 wt. parts.
Sample preparation
A Stephan mixer was used to homogenize the
PVC powder with a plasticizer, a stabilizer and
other ingredients. The blends were heated up to
100°C. The resulting compositions were granulated
using a one-screw extruder at a temperature of
150/155/160°C and then the product was extruded
into films of 0.5 mm thickness.
Irradiation of samples
The stripes of film samples made of plasticized
PVC were irradiated for evaluation of mechanical
and physical properties and for Melt Flow Rate
examination. Irradiated samples in the form of
small rods were applied in EPR measurements.
Four samples of pure PVC powder were irradiated
as well. The irradiation was performed at room
temperature using an electron beam from a linear
accelerator LAE 13/9 at a dose of 25 kGy and
gamma rays from a 60Co source Issledovatel with a
dose of 30 kGy at 77 K.
Testing methods
All tests were made simultaneously for samples
before irradiation, after irradiation, after irradiation and incubation for 120 h at 50°C.
The Melt Flow Rate test (MFR) was performed
using a Zwick plastometer model 4105 at 190°C
with a 5 kg load.
The PVC samples were investigated using a band
EPR spectrometer. The measurements were performed using the following parameters: scanned
magnetic field - 20 mT, frequency of modulation 100 kHz and modulation amplitude - 0.2 mT for
three different level of microwave power 0.02,1 and
100 m W. The measurements were performed at 77
K. The measurements were repeated after 30 and 90
s from the removal of the samples from liquid nitrogen and after reaching room temperature by the
samples.
Results and discussion
Suspension PVC
Results of the EPR study of the y-irradiated
PVC suspension samples are collected in Figs.l and
2 and Table 1. The EPR spectra of the irradiated
PVC samples have shown the presence of alkyl and
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Fig.l.EPR spectra of peroxy radical: a - Polanvil S-70SM; b
Polanvii S-70; c - Polanvil S-61; d - Vinnol H-70DF.

Fig.2. EPR spectra of PVC Polanvil S-70SM: a - 1 hour; b - 24
hours; c -148 hours after irradiation, respectively.

allyl radicals. These radicals arc not stable and, at
room temperature in the presence of atmospheric
oxygen, oxidation processes occur and two types of
peroxy radicals A and B are formed. The EPR spectra of peroxy radicals type A for all PVC samples

almost the same. The better earlier colour resistance is observed in the case of composition formulation F-2. Table 2 shows the values of MFR index
composition vs. the dose of irradiation. It can be
seen from this Table that the melt viscosity of PVC

Table 1. Peroxy radical concentration in the samples irradiated at room temperature.
Relative radical concentration after irradiation [%]
PVC samples
1 hour after irradiation

24 hours after irradiation

148 hours after
irradiation

Peroxy radical A

Peroxy radical B

Polanvil S-70MS

79

21

9.1

4.6

Polanvil S-70

74

26

9.6

4.8

Polanvil S-61

88

12

7.05

3.5

Vinnol H-70DF

78

29

8.8

5.5

are shown in Fig.l. The changes of peroxy radical
concentration in the irradiated PVC samples after
storage during 1, 24 and 148 hours, respectively are
listed in Table 1. As can be seen from this Table,
the peroxy radicals disappear in a short time. The
EPR spectra of PVC - Polanvil S-70SM (Fig.2)
after the same time of storage, also show a very
weak signal due to peroxy radicals. Moreover, it is
evident from these data that the type and intensity
of the degradation of all evaluated PVC samples are
comparable.
Plasticized PVC

The investigation of mechanical properties of
PVC compositions shows that an irradiation dose
of 25 kGy does not affect the tensile strength and
elongation of both types of PVC compositions. The
determined values before and after irradiation are

Peroxy radical B

composition does not change after the irradiation
dose of 25 kGy. The MFR index distinctly decreased when the dose of irradiation increased to 50
Table 2. MFR index of plasticized composition F-l before and
after irradiation.
Dose [kGy]

MFR 190°C/5 kg
[g/lOmin]

Storage time
[h]

0
2.5
25
25

10.8
10.1
9.33
9.50

24
120

50
75

4.24
0.18

24
24

kGy. It is evident in this case that irradiation caused
polymer degradation.
The obtained results indicate that the addition of
costabilizer leads to a better radiation resistance of
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plasticized PVC composition than the modification
of the plasticizer system using DEHP together with
a higher molecular weight plasticizer.
Conclusion
- The data obtained suggest that it is possible to
improve the ionizing radiation resistance of plasticized PVC meeting fundamental requirements
for medical material via the change of the composition formulation.
- The additional costabilizer imparted a more significantly improved radiation resistance of PVC
composition than did the modified plasticizer
system.
- No changes occur in the mechanical properties
and melt viscosity of the plasticised PVC samples
irradiated at a dose of 25 kGy
This work was supported within the Polish State
Committee for Scientific Research, grant 3 T09B
00815.
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COMPARISON OF SAMARIUM AND YTTERBIUM ISOTOPE EFFECTS
IN ACETATE/AMALGAM SEPARATION SYSTEM
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Continuing our studies on the relation between the
isotope effect and the isotope mass, we have fractionated the samarium isotopes by means of the
exchange reactions between acetate complexes of
Sm(III) in the solution and Sm(0) in the amalgam:
H
Sm(Ac) 3 + L Sm(Hg) **L Sm(Ac) 3 + H Sm(Hg)
where H and L - heavier and lighter isotopes.
The chemical procedure of the fractionation was
similar to those applied in our studies on the separation of the isotopes of ytterbium [1].
The isotopic analysis was performed using a mass
spectrometer with a multicollector system (Finnigam
MAT262). In order to eliminate the mass fractionation effect the method of total evaporation of the
sample was applied [2]. The precision of the measured isotopic ratio was 0.07%(lSD) or better.
It was found that the light isotope of samarium,
likewise the light isotopes of ytterbium, are fractionated into the amalgam phase.
The measured values of unit separation gains as
a function of the isotope mass number are shown in
Fig.l. The unit separation gain is here defined as
e= q-l«ln(q)
where q=( m (')Sm/ 149 Sm) H g)/( m(l) Sm/ 149 Sm) Ac and
m(i) - the mass numbers: 144, 146, 147, 148, 150,
152,154.

io

sumably for the same reason the even-odd and even-even effects in a series of samarium are not so exposed as in the ytterbium series; however a significant asymmetry in the position of 152 Sm and 149 Sm
can be announced.
Of interest is the difference in the behavior of the
lightest isotopes of both the elements: 168 Yb and
Sm. The value of separation gain of 168 Yb was
found to be unexpectedly high (18xlO'4) in respect to
the separation gains of the heavier isotopes (Fig.2)
while the value of separation gain of 144 Sm is close to
1.00
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Fig.2. Unit separation gains of Yb isotopes, sd is standard deviation of the mean.
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Fig.l.Unit separation gains of Sm isotopes, sd is standard deviation of the mean.

The values of separation gain of samarium counted per unit mass difference is, in general, lower than
those of ytterbium: Smeu.m. was found to be in the
range (Z.2-h3.8)xlOA while the values of Ybeu.m. for
the six isotopes from 170 Yb to 176 Yb was found to be
in the range (4.9^-6.6)xlO"4 [3]. The difference may
be taken as evidence for a strong screening effect
arising from 4f-orbital electrons of samarium. Pre-

the mean of the series (Fig.l). It is to be noticed that
the unexpectedly high value of separation gain was
recently also revealed for the lightest stable isotope
of gadolinium 152 Gd. It was discovered in the course
of isotope separation in the extraction system with
dicyclohexano-18-crown-6 [4]. The unit mass separation factor of 152 Gd was found to be three times
greater (3.15xlO3) than the mean for the heavier isotopes 154,156,158Gd ^ i.QxiO"3).
This behavior arises probably from the unstable
configuration of the neutron deficit nuclei 152 Gd
and r 6 8 Yb. This is not the case for the lightest
isotope of samarium 144 Sm because the shape and
charge distribution of this nucleus is stabilized by
the magic number of neutrons equal to 82.
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a-CRYSTALLINE POLYANTIMONIC ACID AS AN ADSORBENT
FOR RADIOSTRONTIUM AND ACTINIDES(IH), AND AS A PRIMARY BARRIER
IN WASTE REPOSITORIES
Aleksander Bilewicz, Jadwiga Krejzler, Jerzy Narbutt
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Engineered barriers filled with inorganic ion exchangers which strongly adsorb radioactive metal
ions are common components of multibarrier systems preventing migration of long-lived radionuclides from nuclear waste repositories to the environment [1]. 137 Cs, 90 Sr and long-lived actinides
belong to the most troublesome radionuclides often
met in nuclear wastes. The waste managment technology used in Poland consits in the precipitation
of radionuclides from liquid waste prior to cementation: radiocaesium with copper hexaferrocyanate
and radiostrontium with barium sulphate [2]. The
radionuclide-loaded precipitates, after being immobilized in the matrices of Portland cement, act as a
primary barrier in nuclear waste repositories.
The aim of this work was to study the possibility
of applying other potential backfill materials in this
primary barrier. Particularly required are still more
effective sorbents of radiostrontium and trivalent
actinides from liquid waste which is commonly a
neutral aqueous solution containing various inorganic salts and chelating agents. A number of multivalent metal antimonates and a-crystalline polyantimonic acid (CAA) were synthesized and studied
as adsorbents of these radionuclides; the CAA
being selected as the most promising [3], CAA is an
ion exchanger highly effective towards metal cations
which have radii in the range of about 95 to 120 pm,
i.e. Na + , Ca 2 + , Sr 2 + , Am 3 + , etc. [4]. However,
CAA is a poor adsorbent for the Cs + ions [3, 4].
Adsorption and leaching properties of CAA
towards microamounts of strontium and europium
were investigated at room temperature, using
standard grains of 0.1-0.3 mm size. The distribution
ratios (Kd, cm 3 g"1) of 85 Sr and 152 ' 154 Eu radiotracers
were calculated as the ratio of specific radioactivity of
the solid sorbent to that of solution at equilibrium.
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Fig.l.The effect of CaCl2 concentration on the adsorption of
Sr 2 + and Eu 3 + ions on CAA.

We measured the radioactivities of the original and
equilibrated solutions obtained in batch processes
[4]. Eu 3 + ions of somewhat lower affinity to CAA
than that of Am 3 + [4j were used as an appropriate
model for the latter.
The Kd values of both Sr2"1" and E u 3 + ions decrease with increasing concentrations of Na + and
Ca 2 + ions and with increasing acidity of the solution [3,4]. In the presence of Ca 2 + ions, adsorption
of Sr
is much worse than that of Eu 3 + (Fig.l),
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o
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log [H 2 C 2 O 4 ]
Fig.2. Adsorption of radionuclides of Sr 2 + and Eu 3 + on CAA
from 0.01 mol dm CaCl2 solutions after precipitating
Ca 2 + ions with oxalic acid (H2C2O4) of a given concentration.

and begining from about 10"2 mol dm"3 CaCl2 concentration it is too low to use CAA for practical
purposes. Fig.2 shows that precipitation of calcium
oxalate with an excess of oxalic acid from 0.01 mol
dm"3 CaCh solution, followed by filtering off the
precipitate, significantly enhances adsorption of
Sr 2 + ions, as well as that of E u 3 + which coprecipitate with CaC2C>4. In the absence of Ca 2 + ions,
oxalate ions at moderate concentrations only slightly affect adsorption of Sr 2 + and Eu 3 + ions on CAA
[3].
Adsorption of 8 5 Sr 2 + on CAA (0.1-0.3 mm
grains) was also studied in the column process. Because the column bed (0=4 mm, h=35 mm) clogged
in the course of normal run, we used a reverse run
with the solution passing the column from the
bottom to the top. The composition of the solution
resembled that of most common liquid radioactive
waste treated at the Department of Radioactive
Waste Management (DRWM) of the Institute of
Atomic Energy at 6wierk. The dilute aqueous solution contained the following components: EDTA (45
ppm), oxalic acid (50 ppm), citric acid (50 ppm),
CaCl2 (0.1 g dm"3), Na 2 SO 4 (1 g dm"3), KOH (1 g
dm"3) [5]. Under these conditions calcium sulphate
and oxalate precipitated and were filtered off. EDTA
and citric acid at the above concentrations exert
rather a small effect on the adsorption of Sr 2+ and
Eu 3 + ions on CAA, except for the system Eu 3 + -
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EDTA [3]. The column process was studied at two
different flow rates: 4 and 2 m h' J , i.e. 114 and 57 bed
volumes (BV) per hour. The decontamination factor
(DF) of the effluent varied between 20 and 50 until
the breakthrough of the column (DF>10%) was
reached. That was observed at more than 2000 and
4800 BV for the two flow rates, respectively. With a
longer column (h=70 mm) the DF value incresed to
about 170 (99.4% 85Sr removed). Further increase in
the column length and a decrease in the flow rate
should enhance both the decontamination and the
amount of the purified effluent. This is particularly
important in the case of Eu 3+ (Am3+) ions whose
sorption kinetics on CAA is much slower than that of
Sr 2+ [3],
To study leachability of radiostrontium from
CAA as the primary barrier in waste repositories,
the CAA samples loaded with 85Sr were encapsulated in the matrix of Portland cement (30% CAA,
70% cement) according to the technology used in
the DRWM [5] and leached for a total of 112 days
with distilled water changed at increasing time
intervals. The leaching rate and the total activity
leached from the CAA samples appeared much
lower than those found for the other system
studied. In particular, the 85Sr activity leached from
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CAA was by nine times smaller than that leached
from encapsulated barium sulphate (this technology is used in the DRWM [2]), and by 35 times
smaller than that leached from the encapsulated
mixture of the used inorganic salts and chelating
agents without any sorbent. An admixture of calcium oxalate to CAA increases the leachability of
radiostrontium from the cement matrix.
In summary, a-crystalline polyantimonic acid appears to be a very effective adsorbent for radiostrontium and trivalent actinides from common
liquid radioactive wastes. After encapsulation in the
matrix of Portland cement it can serve as an effective primary barrier in waste repositories.
The work was financed from the Polish Government Programme SPR 4-4b.
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ADSORPTION OF RADIOSTRONTIUM AND ACTINIDE(HI) IONS
ON A NOVEL ADSORBENT APATITE II
Jadwiga Krejzler, Jerzy Narbutt

Multibarrier systems which prevent migration of
long-lived radionuclides from nuclear waste repositories to the environment usually include various
inorganic ion exchangers which strongly adsorb ions
of radioactive metals [1]. The most troublesome
radionuclides often met in nuclear wastes are 137Cs,
90
Sr and very long-lived isotopes of transplutonium
elements, mainly trivalent americium and curium.
Inexpensive backfill materials of high adsorption
efficiency towards these radionuclides are strongly
desired. Natural zeolites are often used as effective
adsorbents for radiocaesium and radiostrontium
[2], however, still better sorbents are required. Recently, a novel material, Apatite II, produced from a
natural hydroxyapatite, was studied as an excellent
adsorbent for ions of toxic heavy metals [3]. This
inexpensive material, available in large amounts,
has also been suggested to be a good adsorbent for
several other metals including caesium, strontium
and actinides [4]. Apatite II is a special form of the
mineral apatite, developed by UFA Ventures [4],
that has the optimal physical and chemical properties for metal remediation. The apatite has [3]:
- as much carbonate ion substituted as possible;
- little or no fluorine substitution in the hydroxyl
position;
- little or no trace metals initially in the structure;
- a high internal microporosity.
The aim of this work was to study the possibility
of using this novel material as a backfill in engi-

neered barriers in nuclear waste repositories. Adsorption and leaching properties of Apatite II
towards microamounts of radionuclides of caesium,
strontium, europium(III) and americium (HI) were
investigated at room temperature, using the apatite
grains of size 0.1-0.3 mm. The distribution ratios
(K<i, cm3 g"1) of these radionuclides were calculated
as the ratio of specific radioactivity of the solid sorbent to that of solution at equilibrium. The radioactivities were determined by radiometric measurements of the original and equilibrated solutions obtained in batch processes [5].

Fig. 1. Adsorption of radionuclides of Sr , Am and Eu on
Apatite II from 0.01 mol dm"3 NaNO3 as a function of pH
at equilibrium.

RADIOCHEMISTRY, STABLE ISOTOPES,
NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL

62

Fig.l shows the apatite to be a very efficient sorbent for Am 3+ and Eu 3+ , particularly from neutral
and slightly acidic solutions, and a good sorbenl for
Sr 2+ ions from neutral and alkaline solutions. Cs +
was practically not adsorbed on the apatite within
the whole pH range studied. The kinetics of adsorption of Sr 2+ and Eu 3+ ions is relatively fast; at
pH 7 the equilibrium is attained within 0.5 and 5 h,
respectively.
We have studied how the adsorption efficiency of
Sr 2+ and Eu 3+ ions is affected by the concentration
of some inorganic salts and chelating agents - the
common components of nuclear wastes and leaching solutions. Adsorption of both ions slightly decreases with increasing concentration of Na + . The
slope of the straight line dependence logK<j(Eu3+)
vs. log[Na+] is equal to about -0.1 for chlorides and
nitrates, and to -0.45 for sulphates. The slope of the
dependence logK<j(Sr2+) vs. log[Na+] is equal to
about -0.3 for all these salts. Calcium ions strongly
decrease Sr 2+ adsorption but do not influence that
of Eu 3+ (Fig.2). On the other hand, the removal of
Ca 2+ ions from the solution by precipitation with
6
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Fig.2. The effect of CaCl2 concentration on the adsorption of
Sr^ + and Eu
ions on Apatite II from neutral aqueous
solutions.
large excess of oxalic acid strongly enhances Sr 2+
adsorption and only slightly affects the adsorption
of E\r+ (Fig.3). The other chelating agents present
in the solution, EDTA and citric acid, decrease the
Eu 3+ adsorption to a greater degree than that of
Sr 2+ . Nevertheless, adsorption of both Sr 2+ and
Eu 3+ from neutral solutions is still sufficiently high
(Kd>103) at 5-10"3 mol dm"3 EDTA and at 2 10 2
mol dm"3 citric acid.

[CO
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Iog[H2C204l
Fig.3. Adsorption of radionuclides of Sr^ + and Eu + on Apatite
II from 0.01 mol dm CaCl2 solutions after precipitating
C a ^ + ions with oxalic acid (H2C2O4) of a given concentration at pH 7.

This study was also carried out to determine
whether radionuclide-loaded Apatite II, encapsulated in a matrix of Portland cement, can act as a
primary engineered barrier in a nuclear waste repository. Unfortunately, leaching of radiostrontium
from the tested matrix (containing 30% apatite) was
rather high. The leaching rate is comparable with
that observed from the matrix containing a mixture
of various salts and no adsorbent, and much greater
than from those containing other strontium adsorbents, i.e. a-crystalline polyantimonic acid and/or
barium sulphate [6]. This is probably due to the high
calcium content in the cement. We expect that
matrices made of materials containing no calcium,
e.g. bitumen, sulphur cement, etc., would encapsulate Apatite II much more effectively. In any case,
Apatite II seems to be a very promising backfill for at
least outer barriers in nuclear waste repositories.
The work was financed from the Polish Government Programme SPR 4-4b. We thank Dr. James
Conca (Los Alamos National Laboratory) and Dr.
Judith Wright (UFA Ventures, Inc.) for sending us
the sample of Apatite II.
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ELECTRON CONFIGURATION AND RELATIVISTIC EFFECTS
IN d ELECTRON ELEMENTS
Slawomir Siekierski
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Unique properties of gold such as its yellow colour,
noble character and high electron affinity attract
since a long time attention of many workers and
have been discussed in a number of papers, e.g. in

[1-6]. The unique properties of gold are commonly
attributed to stabilisation of its 6s shell, but different views have been presented as to the origin of
this stabilisation. Taking into account all presented
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arguments one can presume that stabilisation of 6s
electrons in the third transition series is a result of
three factors. The first may be the direct relativistic
effect, the second the shell-structure effect, and the
third the relativistic expansion of 4/ and 5d shells.
However, Desclaux calculations [7] show that the
maximum in the ratio of relativistic to non-relativistic orbital energies at gold is not merely a culmination in a steady increase of £(rel)/£(n-rel) across the
5d series but that gold and platinum behave exceptionally. This strongly suggests that an additional
factor, not taken into account till now, is responsible for the abrupt increase in £(rel)/£(n-rel) at Au
and Pt. Therefore, the objective of this paper was to
look for other examples of a local maximum in the
e(rel)/e(n-rel) ratio for valence s electrons and to
correlate its appearance with the number of electrons in the s and d shells. The relativistic orbital
energies and the ratio £(rel)/£(n-rel) used in this
work were taken from the Desclaux Tables [7].
Fig.l shows the £(rel)/£(n-rel) ratio for 6s electrons in 5d elements. In Fig.l one can see smooth,
almost a linear increase in f(rel)/£(n-rel) from Lu
to Ir and an abrupt increase at Pt and Au, the only
elements in the third transition series with the s

Fig.l. Changes in f(rel)/£(n-rel) for 6s electrons in 5d elements.

configuration. Similar plot for 3d elements shows a
local maximum in £(rel)/£(n-rel) at Cr and at Cu
which also have the s1 configuration. In the second
transition series Ag shares the high £(rel)/£(n-rel)
ratio with Nb, Mo, Ru and Rh which all have the s*
configuration. These results could suggest that the
£(rel)/fi(n-rel) ratio may directly depend on the
number of electrons in the s shell. However, a more
plausible explanations is that the £(rel)/£(n-rel)
ratio is greater for the d n + 1 s 1 than for the dns2
configuration, i.e. when the nuclear attraction, as
seen by the s electron, is more efficiently screened
by the inner d electron than by the second s electron. This view is supported by changes in the
configuration of relativistic and non-relativistic 6s
orbital energies for 5d elements (Fig.2). We can see
in Fig.2 that both relativistic and non-relativistic
energies of the 6s electron in Pt and Au are much
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Fig.2. Relativistic and non-relativistic 6s orbital energies in 5d
elements.

less negative than the interpolated values for the
hypothetical Sd8^2 and 5d96s2 configurations. The
increase in the 6s orbital energy in Pt and Au is the
effect of two opposite tendencies. On the one hand
the lack of repulsion between electrons in the 6s
shell makes the orbital energy more negative, on
the other the increased number of d electrons results in increased shielding of the nucleus, which
makes the orbital energy of the 6s electron less negative. Apparently, the second factor predominates.
We can also see from Fig.2 that the energy difference between the 5 d n + W and the hypothetical
5dn6s2 configuration for Pt and Au is smaller in the
relativistic than in the non-relativistic case. This is
because relativistic expansion reduces the screening ability of 5d electrons, increasing thereby the
effective nuclear charge experienced by the 6s
valence electron. It is evident that the distinctly
smaller relativistic than non-relativistic difference
between the 5dn+16sl and the hypothetical 5dn6s2
configuration and the relative position of the two
plots in Fig.2 must result in a greater £(rel)/e(n-rel)
ratio for Pt and Au. Inspection of the relativistic
and non-relativistic energies of s orbitals in 3d and
Ad elements with the dn+h1 configuration shows
the same pattern as that found for 5d elements, but
with a much smaller difference between the two
energies. It is interesting to notice that according to
Desclaux data [7] the maximum at Pt and Au in the
e(rel)/e(n-rel) ratio for the 6s electron propagates
down the atom core, and can be found in 5p, 5d, 4/
orbitals (for both j values) and even in the deeply
lying 4s orbital.
References
[lj.Bagus P.S, Lee Y.S., Pitzer K.S.: Chem. Phys. Lett., 22, 408
(1975).
[2]. Pyykko P.: Adv. Quantum Chem., 11, 353 (1978).
[3]. Pyykko P., Desclaux J.P.: Ace. Chem. Res., 12, 276 (1979).
[4]. Pyykko P.: Chem. Rev., fig, 563 (1988).
[5]. Seth M., Dolg M., Fulde P., Schwerdtfeger P.: J. Am. Chem.
Soc., 112, 6597 (1995).
[6]. Kaltsoyannis N.: J. Chem. Soc., Dalton Trans., 1 (1997).
[7J. Desclaux J.P.: At. Data Nucl. Data Tables, 12, 311 (1973).

RADIOCHEMISTRY, STABLE ISOTOPES,
NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL

64

THE NEW VALUES OF IONIC RADII OF Rf 4+ , D b 5 + AND Sg 6 +
Aleksander Bilewicz
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The knowledge of accurate values of ionic radii
(IR) is necessary to determine such important thermodynamic functions of ions as enthalpy and entropy of hydration, standard electrode potentials,
etc. Ionic radii are usually obtained from X-ray diffraction data for oxides or fluorides. Unfortunately,
elements heavier than fermium are produced in
non-weighable amounts, so that the experimental
structural data for these elements are not available.
Until now, experimental ionic radii of transactinides have not been reported. In order to plan
experiments with transactinides and to interpret the
results, accurate thermodynamic functions based on
ionic radii have to be known. Some procedures
make it possible to predict ionic radii of ions in
cases where experimental measurements are difficult or impossible. Commonly used calculations of
ionic radii based on the correlation between IR and
the maximum radial charge density (Rmax,ni) for the
heaviest elements give overestimated values. The
reason for this is the decreased electron charge
density in the outermost p orbitals due to the
significant splitting olp orbitals into p\n and/>3/2.
Electrons in the p\fr orbital are more strongly
bonded than in the ^3/2 orbital and therefore R ma x
forpi/2 is smaller than R max for/73/2. As a result the
cloud of the p electrons is more diffuse and is shifted toward the nucleus. In particular, the electron
charge density at RmaxP3/2 becomes smaller than at
Rmax P in the absence of splitting, so that ligands
can penetrate deeper into the outermost shell of
the cation. As a result the metal-ligand distance decreases and the IR/R max ratio for heavy cations
becomes smaller than for their lighter analogs.
Using a linear extrapolation procedure with 2j + l
weighted expectation radii,
4<r n p 3 / 2 >

2<r n p i / 2 >

<r n p > =
instead of Rmaxn,P3/2> new values of IR for Rf4"1",
D b 5 + and Sg° + were calculated. These IR values
are 75 pm instead of 79 pm for Rf4+, 67 pm instead
of 74 pm for D b 5 + and 64 pm for Sg 6 + . Fig.

Fig. The ionic radius as a function of the 2j + l weighted expecta4<r
np3/2 > + 2 < r n p i / 2 > .
tion radius <rn
m group 4
cations.

presents, as an example, the dependence of IR on
<T np > for group 4 elements. Because the IR values
of Rf*+ and D b 5 + calculated in this work are
almost the same as those of their congeners in rows
5 and 6, one can also expect the properties of ionic
compounds e.g. oxides or fluorides to be very similar. However, there are experimental and calculation data [1,2] showing that in some cases Rf4"1" and
D b 5 + behave more like much larger pseudohomologous Th 4 + and Pa 5 + than their congeners in rows
5 and 6. This indicates that not only ionic radius is
responsible for complexation and hydrolysis of
transactinides. The promotion energy may also be
an important factor.
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STEREOCHEMICAL CHARACTER OF s2 LONE PAIR IN Bi 3 + AQUA CATION
Barbara Wtodzimirska, Aleksander Bilewicz
The inert pair effect is characteristic for the p block
elements. Lone electron pair can either be an sz pair
or occupy one of the hybrid orbitals. In the case of
Bi 3 + the lone pair character depends on the ligand.
In fluorides and oxides the lone pair is stereochemically inactive but in other complexes e.g. chlorides, bromides or tropolonates, the s2 pair occupies
the hybrid orbital [1]. According to Cotton and
Wilkinson [2] there is no evidence for the existence
of simple [Bi(H2O) n ] 3+ ion. In aqueous perchlorate
solutions, such species as Bi6Og + , [Bi6(OH)i2] 6+
and [Bi6O6(OH)3]3+ are formed as a result of asso-

ciation and hydrolysis. However, Suganuma, Ono
and Hataye [3] found only the mononuclear complexes Bi(H 2 O)^ + and Bi(OH) n (H 2 O)^T n n ) + in
aqueous solutions with ultratrace concentrations of
Bi 3 + . Radioisotope methods with 212 Bi, which have
been applied in our studies, permit to study extremely diluted Bi 3 + aqueous solutions at concentrations down to 10" 15 -10 46 mol dm"3. Under these
conditions, the probability of collisions between
Bi 3 + ions is negligible, therefore, no polynuclear
bismuth (III) ions are formed. The aim of our
studies was to explain the character of 6s2 lone pair

RADIOCHEMISTRY, STABLE ISOTOPES,
NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL

in the mononuclear aqua complexes of Bi 3 + using
the radiotracer technique. The^ T2 Bi (Ti/2=60 min)
was obtained from 2 3 2 U as one of the decay
products. Separation of 212 Bi from 2 3 2 U and other
decay products was performed in a two-step pro-
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mically inactive (6s-2 outermost shell) or when it
occupies the hybrid orbital and is stereochemically
active (5d10 outermost shell). For a comparison, the
distribution coefficient of Sb 3 + , a homolog of Bi 3 +
in the Group 15, has been determined. As shown in
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1

Fig. The distribution coefficient of 3+ cations on a strong acidic resin Dowex 50x4 as a function of the radius of the outermost shell. In
the case of Bi
and Sb
both n s 2 and (n-l)d' outermost orbitals are taken into account.

cedure. In the first step 2 2 4 Ra was eluted by 0.1 mol
dm' 3 HNO 3 from an HDEHP-teflon column loaded
with 2 3 2 U. In the second step 212 Bi was separated
from 224 Ra on a cation exchange resin by elution
with 0.1 mol dm"3 HC1 solution. The ion exchange
method with a strong acidic cation exchange resin
was used for the estimation of the ionic radius of
Bi 3 + in Bi(H2O)^ + . Using a batch technique, the
distribution coefficients (Kd) of Bi 3 + and other
trivalent cations like Nd 3 + , H o 3 + , La 3 + , Lu 3 + and
Y 3 + have been determined. Fig. presents the plot of
the K<j as a function of the outermost shell in the
M 3 + cation. The shell radii are the expectation orbital radii <r n i> calculated by Desclaux [4J. The nl
subscript denotes the outermost completely filled
shell in the cation. Two hypothetical cases have been
considered, when 6s 2 lone pair of Bi 3 + is stereoche-

Fig., the Kd value for Bi 3 + fits well to the straight
line drawn for trivalent cations only when the 6s2
shell radius is considered. In the case of Sb 3 + , K<j
value is much smaller and fits to the line only when
Ad10, not 5s2, is considered. The studies have shown
that the lone pair in Bi 3 + aqua ions is stereochemically inactive and the ionic radius is large. In the case
of Sb 3 + aqua ion the lone s 2 pair occupies the hybrid orbital and is stereochemically active.
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PECULIARITIES OF THE AQUEOUS RARE EARTH FLUORIDE SYSTEMS
Tomasz Mioduski
The aqueous solubilities of rare earth(III) fluorides,
reported in 35 source papers, have been compiled
and critically evaluated [1]. A total disagreement,
illustrated in Fig., reaching for LaF3 thirteen pKsp
units, and concerning even a general trend vs.
lanthanide atomic number (an increase, decrease,
constancy or irregular solubility variations reported),
a sign of the dissolution enthalpy, and the actual
nature of final solid phases, have been overcome. It
has been concluded that for the hemihydrate solid
phases of the normalized mode of preparation, particle size, analogous thermal and equilibration treatment, the dissolution of rare earth fluorides is endo-

thermic, and the solubility at 1=0 and at pH 5 steadily increases from 9.65xlO"6 mol • dm"3 (pK§p=20) for
LaF3xl/2H2O to 2.61xlO"5 mol •dm"3 (pK§p=16.9)
for LuF3Xl/2H2O.
A quasi-terbium behaviour of Y(III) in the
L11F3-H2O system is explained in terms of the nephelauxetic effect within the Ln(III) series. This
effect in minutely less pronounced in the fluoride
environment of the crystal lattice than in the aqua
ions for the same coordination number (CN) 8 of
heavy Ln(III) and Y(III) in both phases.
The solubility of scandium fluoride is at least
3xlO"4 moldm-3 (pK§ P =12.7). The much higher
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Fig. Plots of the pKsp values [1] vs. reciprocal ionic radius, 1/r,
which was measured in the crystal lattice of L11F3, viz, hexagonal in the La-Nd range (CN 9), and orthorhombic (CN 8)
in the Pm-Lu range and Y.

solubility of SCF3 than that of L11F3 is an indication
that the scandium aqua ion is [Sc(OH2)6]aq' of CN
6, and not 7 [2, 3]. It appears that the CN 7 is characteristic for the dimerized hydrolysis product of
Sclq* even at pH 2-3:
2[Sc(OH2)6]aq~~(CN 6)

[(H2O)5Sc^-OH)2Sc(OH2)5]aq+ (CN 7) 2H a +
In the above binuclear cation, scandium(III)
must display the d^sp3 hybridization of the empty-acceptor orbitals, related to the pentagonal bipyramid arrangement of 7 oxygen donor atoms forming
la bonds of which 5 are situated in the equatorial
plane (Csn). This somewhat exceptional for rare
earths hydrolysis of the small and highly charged
Sc 3+ ion, even in weakly acidic solutions, is a presumed reason of some controversies over the Sc|^"
aqua ion [1-3].
In a series of publications, concerning the solubility of rare earth salts, framed for the IUPAC
Commission V.8., we elaborated the respective data
on the nitrates [4], halides in nonaqueous solvents

[5], and sulphates [6-9]. From the practical viewpoint, these data are of use, e.g., for chemical processing technology of rare earths, and for treatment
of radioactive wastes containing lanthanide and
yttrium fission products (the second and first hump
of the fission yield curve, respectively), and actinides as well. From the theoretical viewpoint, of interest is, e.g., the dissolution thermodynamics [8,9],
the double-double (tetrad) effect [10, 11], CN in the
Lnfcj", A n | | [7] and Lnf^j", An|^ aqua ions [10], not
to mention the "nomadic behaviour" (a Therald
Moeller term) of the lanthanide(III) series, with
respect to Y(III) (and Sc(III)) [2, 12]. The latter
phenomenon is caused by a minute participation of
the 4f-electrons in bonding which depends on ligand surroundings. In addition, for Sc(III), which
does not always stand apart from other rare earths,
these are its CN changes vs. those for lanthanides(III) which are crucial [2,12].
This report on the paper [1] covers the aqueous
systems of rare earth trifluorides which are among
the most insoluble salts. The rare earth fluorides,
except being extensively employed as fluoride-selective electrodes, are investigated for laser, magnetic
and optical devices, and in view of an increase in Tc
of the high temperature superconductors.
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DETERMINATION OF SOME PRECIOUS METALS IN GEOLOGICAL
AND ENVIRONMENTAL SAMPLES BY RADIOCHEMICAL NEUTRON
ACTIVATION ANALYSIS USING CHELEX 100 ION EXCHANGE RESIN
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Zbigniew Samczynski, Bozena Danko, Rajmund Dybczynski
Palladium, platinum and gold together with other
precious metals belong to the group of the most difficult elements in analytical chemistry [1-7]. The
reason for this is complexity of their chemistry, possibility of existing in solution in two oxidation
states, great ability of forming complexes with many
ligands, susceptibility to hydrolysis, sorption, coprecipitation etc. [5-7]. Despite of great progress in the
field of modern analytical techniques, still only a

few methods can assure reliable determination of
noble metals at trace and ultratrace concentrations,
namely AAS, ICP-AES [1, 2, 4], NAA [1-4, 8-12]
and recently ICP-MS [12-15]. Most of these methods require preconcentration and isolation of the
analyzed elements. In the case of NAA the presence
of other elements, both macro- and microconstituents in analyzed material strongly interferes
with the quantitative determination of palladium
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and platinum by the instrumental version of NAA.
Radiochemical separation of Pd and Pt after
irradiation is difficult due to radiation hazards, so
in many cases the only possibility is the isolation of
Pd and Pt from the sample before neutron irradiation. Gold, because of much higher neutron activation cross section, as well as longer half-life and
higher y energy of its radioisotope 198Au, can be
determined by INAA. However, when performing
pre-irradiation isolation the detection limit of this
element can be distinctly improved. For this reason
the elaborated separation procedure, apart from Pd
and Pt, was also intended for Au.
Ion exchange is one the most often used separation methods in analytical chemistry [1, 3, 16-19]
and play a very important role in radiochemical
NAA [1, 3,19].
Preliminary studies on the possibility of use of
Chelex 100, a commercially available ion exchange
resin, for the separation of palladium, platinum and
gold from the elements typical for environmental
matrices were carried out in 1998. In this year, the
effort has been made to modify the ion exchange
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radioactive tracers) in the systems: hydrochloric
acid solutions (0.01-10 mol I"1), pH buffer solutions
(pH 3-9) and ammonia solutions (0.01-10 mol I"1)
and Chellex 100 resin (18]. The above investigations revealed that it should be possible to separate
palladium, platinum and gold from many accompanying elements and then from each other. Series
of column experiments were performed and their
results fully confirmed the above expectations. This
enabled devising a two ion exchange separation
procedure, based on stepwise elution. The first step
(Fig.l) is intended for the pre-irradiation isolation
of palladium, platinum and gold from the sample of
analyzed material. The second step (Fig.2) is realized after neutron activation and its aim is to separate both Pd and Pt from some accompanying trace
elements (including 199Au, a daughter of short
lived platinum isotope - 199Pt) and from each other
as well.
The final shape of the whole analytical method
for the determination of Pd, Pt and Au, in which
the separation process is an essential component, is
presented in Fig.3. The microwave technique used
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Fig.l. Isolation of Pd, Pt and Au using Chelex 100 ion exchanger resin before neutron activation. Column: 5.0 cm x 0.0707 cm 2 Chelex
1
100 (200-400 mesh); flow rate: 1.5-2.0 cm m i n " ; temperature 25°C.

procedure to be viable for the determination of Pd, for sample digestion assured effective decomposiPt and Au in geological and environmental ma- tion of the analyzed materials. The conversion into
terials by radiochemical NAA. Chelex 100 is an a fully soluble form - a very difficult analytical task organic ion exchanger containing weakly acidic was successfully achieved.
iminodiacetic functional groups of strong chelating
The use of Chelex 100 results in a very selective
properties, forming chelate complexes with numer- isolation of gold, hence the radiochemical separaous metal cations. In acidic solutions, these groups tion is not necessary and direct measurement of
(due to protonation) become weakly basic ammo- 198Au, by gamma-ray spectrometry is possible. The
nium groups capable of retaining anions. Hence, chemical yields of the separation procedure for Pd,
Chelex 100 has an amphoteric character and its ion Pt and Au, assigned on the basis of many tracer
exchange function is affected by acidity of the ex- experiments, amounted to: Pd: 99.0% ±1.0% for
ternal solution.
Pd, 95.3% ±2.2% for Pt and 94.5% ±3.1% for Au.
In order to investigate the potential separation Analytical results were accordingly corrected for
possibilities, ion exchange behaviour of palladium, the chemical yield.
platinum and gold together with other elements
The accuracy of the elaborated method was testwas studied (batch equilibration technique using ed by determining palladium, platinum and gold in
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Fig.2. Separation of Pd, Pt and Au using Chelex 100 ion exchanger resin before neutron activation. Column: 5.0 cm x 0.0707 cm*
Chelex 100 (200-400 mesh); flow rate: 1.5-2.0 cm m i n " 1 ; temperature 25°C.

two available reference materials: SARM-7 of geological and PTC-1 of industrial origin, which are

certified for noble metals content. The results of
quantitative determinations (Table) show good
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Fig.3. Flow sheet of the analytical procedure for determination of I'd, Pt and Au in geological and industrial materials by NAA.
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Table. Results of Pd, Pt and Au determination in the certified reference materials.
Element

Certified Reference
Material

Pd

SARM-7

Pt

PTC-1

12.7
(12.0-13.0)

SARM-7

3.740±0.045
(3.695-3.785)

PTC-1

Au

Certified value and its
confidence limits
(rag kg" 1 ]
1.530+0.032
(1.498-1.562)

Results of individual
determinations
[mgkg- 1 ]
1.50
1.43
1.47
1.57
12.2
12.2
11.9
11.4
3.40
3.57
3.93
4.07

Arithmetic mean* and
its confidence limits
[mgkg- 1 ]
1.49+0.09

Relative standard
deviation
[%]

11.9+0.6

3.2

3.74+0.49**

8.3

3.55
3.48
3.63
4.30
2.96
3.18
2.58
2.70

3.74±0.60"»

10.1

2.86+0.43**

9.4

2.95
3.28
2.94
2.83
0.293
0.342
0.254
0.310
0.790
0.504
0.670
0.630

3.00±0.31»"

6.5

0.300±0.058

12.2

0.649 ±0.188

18.2

3.0±0.2
(2.8-3.2)

SARM-7

0.310±0.015
(0.295-0.325)

PTC-1

0.65+0.10
(0.55-0.75)

4.0

* Results are presented as: x+to 05 "7—. where: x - arithmetic mean, s - standard deviation, to 05 - parameter of t for significance level
Vn
a=0.05.
1
*• results obtained on the basis of 'Pt radionuclide.
*** results obtained on the basis of ^ " A U radionuclide.
agreement with the certified values, which indicates
the absence of systematic errors. The standard deviations values reflect both complexity of chemical
properties of the analytes and the analyzed matrix.
The obtained detection limits (calculated according
to Rogers [20] were as follows: 0.5 fig kg"1 for Au, 9
fig kg'* for Pd, 41 fig kg"1 (via 197 Pt) and 19 jug kg"1
(via l 9 9 Au). Gamma ray spectra of palladium and
platinum fractions show a good radiochemical purity. Only minutes activities of rhenium, tungsten,
molybdenum, iridium and bromine were observed.
Gold fraction was of high radiochemical purity.
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MODIFICATION OF ARSENIC, ANTIMONY AND BISMUTH
BY PALLADIUM AND MAGNESIUM
IN ELECTROTHERMAL ATOMIC ABSORPTION SPECTROMETRY
Leon Pszonicki, Jakub Dudek
Palladium became popular as a very versatile modifier. It was applied to the determination of arsenic
[1], antimony [2] and bismuth [3]. Welz and co-workers [4-6] suggested improving activity of the
palladium modifier by using a mixture with magnesium nitrate. Qiao and Jackson [7] showed that addition of magnesium nitrate causes a homogeneous
distribution of palladium and the analyte in the
form of small droplets in the centre of the platform.
These results suggest the physical nature of the activity of magnesium used in a mixed modifier. On the
other hand, the application of magnesium nitrate
individually as modifier for the determination of
many elements in sea-water [8] and a comparison of
its activity with that of palladium and palladium-magnesium mixture suggests that its chemical activity should be also taken into account and its modifying properties should be considered.
In general, one still observes many inconsistencies
in the description of modifier effects. The mechanism
of their action is usually unknown and seldom discussed. Most observations have a purely empirical
character and concern a given element, a given type
of sample or given atomisation conditions. Therefore, they are hardly transferable to other analytical
systems. The aim of these studies was to test systematically the behaviour of arsenic, antimony and
bismuth during atomisation in a graphite tube with a
platform in the presence of palladium, magnesium
and mixed palladium-magnesium modifiers. The effect of nitric, hydrochloric and perchloric acid and
their mixtures was also tested. Although the investigated analyte elements belong to the same group of
the periodic system it was found that their behaviour
in the presence of modifiers is differentiated.
Palladium is a very good modifier for arsenic
only in nitric acid solution. In hydrochloric acid solution arsenic is present in the form of chloride and
is lost almost completely already during the drying
stage below 200°C. Addition of the palladium modifier (in the chloride form) does not improve the
situation, indicating that palladium in hydrochloric
acid is not able to form any stable compound with
arsenic at low temperatures. The situation becomes
much more complex when arsenic is in a mixed
solution of nitric and hydrochloric acid. In this
solution arsenic is partially transformed into the
chloride and lost during the evaporation and drying
of the sample below 200°C. The residue is in the
form of arsenic acid and the thermal stability of
arsenic is typical for this compound. An unexpected
phenomenon occurs when the palladium modifier is
added to the mixed solution. Instead of stabilisation
of the measured arsenic signals at higher temperatures, one observes their significant suppression.
This effect is particularly large above 400°C what
corresponds to the temperature of the decomposi-

tion of palladium chloride to elemental palladium
and free chlorine (about 500°C). This suggests that
the evolved chlorine forms with arsenic the volatile
chloride, which is lost during the pyrolysis stage.
The observed losses of arsenic can be removed by
the use of the mixed palladium-magnesium modifier or only a magnesium nitrate modifier. The fact
that magnesium alone is an equally good modifier as
the palladium-magnesium mixture indicates that it
works by itself. The suggestion of some workers that
its role is limited to supporting the palladium activity
[7] seems to be only marginally correct. The protection of arsenic against its losses during the evaporation of the sample solution containing a large excess
of hydrochloric acid indicates that magnesium forms
with arsenic a compound (probably magnesium arsenite) already in the solution. This compound is
resistant to hydrochloric acid and later, during the
pyrolysis stage, it is transformed into a more refractory form (probably mixed magnesium arsenic
oxide) that is resistant to chlorine gas evolved in the
decomposition of palladium chloride.
The behaviour of antimony is similar to that of
arsenic, with one exception. Without modifiers it is
stable at a low temperature in hydrochloric acid
medium. This suggests that antimony exists in both
media in the form of antimonous acid. In nitric acid
the addition of palladium stabilises it up to 1000°C.
Addition of palladium to hydrochloric acid solution
causes significant losses of antimony at temperatures above 400°C. The observed interferences may
be removed by the use of either magnesium nitrate
or mixed palladium-magnesium modifier.
The effect of the investigated modifiers on
bismuth is radically different from their effects on
arsenic and antimony. Bismuth without modifiers is
stable during pyrolysis up to 600°C. Palladium added to the nitric acid solution stabilises it up to
above 1100°C. Addition of palladium to hydrochloric acid solution causes losses of bismuth in the
range between 400 and 600°C, similarly as it was
observed for antimony. For bismuth, however, the
atomisation peaks are very badly shaped and irreproducible. Exactly the same phenomenon is observed for mixed nitric-hydrochloric acid solution.
Unlike arsenic and antimony, the application of the
mixed palladium-magnesium modifier or magnesium nitrate alone for bismuth does not improve the
situation. This indicates that magnesium, present in
the system,, does not work as a trap for free chlorine
atoms. It is able to protect against chlorinating only
these elements with which it forms the chemical
compounds resistant to chlorine.
The effect of perchloric acid on the investigated
system is ithe same as that of hydrochloric acid.
More exact information on the presented investigation maybe found in our publication [9].
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BEHAVIOUR OF SELENIUM AND TELLURIUM
IN THE PRESENCE OF MODIFIERS
IN ELECTROTHERMAL ATOMIC ABSORPTION SPECTROMETRY
Leon Pszonicki, Witold Skwara

Selenium and tellurium are volatile and, therefore,
their thermal stabilisation by suitable modifiers
during the pyrolysis stage of the atomization process is neccessary. Among the proposed modifiers
palladium and its mixture with magnesium belong
to those used most frequently [1-7]. Subsequent
investigations indicated, however, that palladium
applied individually may accelerate, under some
conditions, the loss of analyte during the pyrolysis
stage [8, 9]. It was also found that the effect of the
application of the mixed palladium-magnesium modifier was identical with that of magnesium alone,
at least for arsenic and antimony [9].
The above-mentioned information indicates
that, although palladium and palladium-magnesium
are very versatile modifiers, the mechanism of their
activity may be very different in various media and
in relation to various analytes, even if they belong
to the same group of the periodic table. All these
facts should always be taken into account, otherwise
a serious analytical error may result. Since very
complex effects of palladium, magnesium and their
mixture on arsenic, antimony and bismuth dissolved
in various media have been reported [9], we considered it important to investigate the behaviour of
selenium and tellurium in the presence of these
modifiers. Nitric, hydrochloric and perchloric acids
and their mixtures were chosen as the tested media
because they are mainly used for dissolution or
mineralization of analytical samples.
We found that in acid solutions, similarly as in
neutral aqueous solutions, selenium without modifiers is already volatile during the evaporation of
the sample and during the drying stage of the atomization process. At a temperature of 300°C it is
lost completely. Addition of palladium modifier, in
the form of nitrate into nitric acid solution and in
the form, of chloride into hydrochloric acid solution, stabilizes selenium up to 1200°C. This indicates that selenium in the solution of both acids is
in the form of selenious acid which forms with
palladium non-volatile palladium selenite. With an
increase of temperature it is transformed into a
more refractory form, probably mixed palladium-selenium oxides or PdxSey compounds. The fact
that selenium is stable during pyrolysis in the
presence of palladium chloride indicates that these

transformed selenium-palladium compounds are
also resistant to chlorine gas which is evolved
during the decomposition of palladium chloride at
about 450°C.
An identical effect to that of palladium is observed in the presence of mixed palladium-magnesium modifier or magnesium nitrate. There is only
one reservation for magnesium added alone as modifier to hydrochloric acid solution. It must be used
in the nitrate form, and preferably, an additional
amount of nitrate ion should be present in the solution. It works correctly only as the nitrate and this
requires the presence of a sufficient, but relatively
small in comparison with other anions, quantity of
nitrate ions. A similar observation was made recently for arsenic and antimony [9].
A much more complex situation occurs when
palladium modifier is used for selenium in the
mixed nitric-hydrochloric acid solution. Losses of
almost all the selenium are already observed during
evaporation of the sample solution below 100°C.
Since selenium forms with palladium thermally stable compounds in nitric and hydrochloric acids, the
observed losses of selenium must be caused by
reactions occurring only in the mixture of both
acids. The explanation of this phenomenon is that
in the last phase of sample evaporation the two
acids form a concentrated mixture, similar in composition to aqua regia. This mixture evolves free
chlorine atoms, which attack either selenious acid
or its compound with palladium forming very volatile selenium chloride. It should be emphasized that
even a small amount of hydrochloric acid added to
the selenium solution in nitric acid containing
palladium modifier, and vice versa, causes very
large losses of selenium. An effect, similar to that in
mixed nitric-hydrochloric acid medium, occurs
when selenium is dissolved in perchloric acid or in
its mixture with nitric acid. In both cases the losses
of selenium can be completely eliminated by the
application of magnesium or a magnesium-palladium mixture.
The behaviour of tellurium is significantly different from that of selenium and results from the
lower volatility of tellurium compounds. Tellurium
dissolved in nitric acid solution or in the mixed
nitric-hydrochloric acid medium is thermally stable
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without modifiers up to 700°C. In hydrochloric acid
solution, however, about 40% of tellurium is already lost at low temperature and the residue is
stable only up to 500°C. This results, probably,
from the fact that tellurous acid decomposes at
40°C and the formed hydrated oxide is transformed
in the hydrochloric acid medium into volatile
chlorides or oxychlorides. When nitric acid is added
to this solution, tellurium is kept in the form of a
hydrated oxide and, therefore, its thermal stability
is the same as in nitric acid.
Addition of palladium (nitrate or chloride) stabilizes tellurium, dissolved nol only in nitric acid
but also in hydrochloric and perchloric acids and in
the mixtures of these acids with nitric acid, up to
1200°C. The experiments carried out do not allow
to give a reason for the stability of tellurium in the
presence of palladium when it is evaporated from
the mixed nitric-hydrochloric acid solution. The
answer to this question, however, is not important
from the point of view of the application of palladium as a modifier.
The mixed palladium-magnesium nitrate modifier is effective in exactly the same way as palladium
alone in all the media discussed above. The be-

haviour of magnesium nitrate applied individually
is different. It stabilizes tellurium in nitric acid as
well as in all the other media mentioned only up to
800°C and it must be considered, as a modifier for
tellurium determination, much worse than palladium. It seems also that when the mixed modifier is
used, magnesium does not play any role in the stabilization of tellurium.
More exact information on the presented investigation may be found in our publication [10],
References
[1]. Garcia-Olalla C, Alter AX: Anal. Chim. Acta,25_2,295 (1992).
(2].Torgov V.G., Demidova M.G., Kosolapov A.D.: Zh. Anal.
Khim.,5J, 846(1988).
[3]. Radziuk B., Thomassen Y.: J. Anal. At. Spectrom., 7, 397
(1992).
[4]. Fox G.: At. Spectrosc, 11,13 (1990).
|5]. Ursinyova M., Hladikova M.: Chem., Listy, 22, 495 (1998).
[6], Welz B., Schlemmer G., Mudakavi J.R.: J. Anal. At.
Spectrom., 2, 1257 (1992).
[7], Shine M.Y., Chan Y.C., Mierzwa J., Yang, M.H.: J. Anal.
At. Spectrom., 14,69 (1999).
[8]. Pszonicki L., Essed A.M.: Chem. Anal., 3£, 759 (1993).
[9], Pszonicki L., Dudek J.: J. Anal. At. Spectrom., 14, 1755
(1999).
{10]. Pszonicki L., Skwara W.: J. Anal. At. Spectrom., 14, 1925
(1999).

APPLICATION OF A CHELATING 2-MERCAPTOBENZOTHIAZOLE LOADED
RESIN TO THE SEPARATION OF INORGANIC AND ALKYLMERCURY SPECIES
IN NATURAL WATERS
Jadwiga Chwastowska, Adrianna Rogowska, Elzbieta Sterliriska
Mercury belongs to the toxic, dangerous for human
health elements, whose toxicity depends to a high
degree on its chemical form. Inorganic compounds
of mercury(II) and its methyl derivatives are admitted as particularly dangerous. The admissible
concentrations of individual forms of mercury in
natural waters are usually below the determination
limit of the most commonly used analytical techniqes. Therefore mercury is usually separated from
the analysed sample and preconcentrated before
determination.
In the present work for the preliminary separation and concentration of inorganic and aikylmercury species a new chelating sorbent: 2-mercaptobenzothiazol immobilized on the acrylic resin
Bio-Beads SM-7 (MBT-BB) was applied. The investigation of Hg retention on the MBT-BB sorbent by the batch method as a function of the
acidity of solution show that in the range of pH
values 1 to 4 the efficiency of sorption is equal to
98%. The value of pH 3 was considered as optimal.
In these conditions methyl and ethylcompounds of
mercury were also adsorbed with a similar efficiency.
Desorption was carried out using a 5% thiourea
solution in 0.05M hydrochloric acid. Both the forms
of preconcentrated inorganic mercury and alkylmercury, were determined sequentially from the
same solution by cold vapour atomic absorption

spectrometry in the conditions thoroughly described previously [1,2].
The accuracy of the method was checked on the
basis of the artificially prepared test water samples
containing main components present in natural
waters and known amounts of inorganic, methyl and
ethylmercury. The accuracy of the method was found
to be correct (recovery 98.0-99.0%) and the precision
may be considered as satisfactory (Sr=7.0-8.0%).
The lower limit of determination for the elaborated method was estimated as 10 ng I"1 for the
water sample volume equal to 11.
Table. Determination of mercury in natural waters.
Sample

n

Hg^tngr1]

Sr[%l

River water

9

35.7

8.2

Ground water

4

<10

Examples of the determination of mercury in
river and ground waters are presented in Table. Tne
examples are limited to the determination of inorganic mercury only, since we could not find the
natural samples of water containing detectable
amounts of alkylmercury.
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SORPTION OF HEAVY METALS ON HYDROXYAPATITES. PART 2
Jadwiga Chwastowska Monika Sadowska-Bratek Elzbieta Sterlinska

In the previous year the sorption of Cu, Cd, Ni, Pb
and Zn on hydroxyapatite obtained by the sol-gel
method [1] was investigated [2]. In the last year the
investigations of sorption were continued. We wanted to test the possibility of sorption of the three-valuable elements and also anionic forms of elements. Then the sorption of the following metals
was investigated: Bi(III), Fe(III), Al(III), Mn(II),
Mn(VII), Cr(III), Cr(VI), Sb(III), Sb(V), As(III),
As(V) and Mo(VI).
The influence of pH on the sorption of these
elements were studied by the batch method in the
following conditions: 0.5 g of the hydroxyapatite

calculated from the difference in the amounts of
metal in the solution before and after the sorption.
The results are shown in Fig., as the depedence of
percentage of sorption on the pH of solution before
sorption. The pH of the solution after sorption increases probably owing to the partial solubility of
hydroxyapatite. It can be seen that the retention of
the most elements studied is about 94-100% in the
most suitable acidity range. Ions MnC>4~ show low
retention - a maximum about 47% from 1M H2SO4
solution. Some difficulties occurred in the tests of
aluminium sorption. It appeared that some amounts
of aluminium occur in the composition of hydroxy-

ull

Fig. Retention of elements from solution of various initial pH values.

and 100-200 ng of each element in 20 ml of solution, adjusted to a suitable acidity, was shaken for
30 min in a separatory funnel on a mechanical
shaker. Then the solution was filtred off and the
element studied was determined in the solution by
atomic absorption spectromelry or by the spectrophotometry method. The retention of metal was

apatite and in the acid solution (pH<3) this aluminium is soluble. For this reason the sorption of
aluminium could be investigated in the pH>3 range.
The results obtained confirm cation- and anion-exchange properties of hydroxyapatite. The sorption of Cr(VI), which is present in the solution as
anions and Sb(V), As(V) and Mo(VI), which have
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amphoteric character with predominance of acidic
properties, can exhibit the anion-exchange mechanism of sorption process.
The cation sorption mechanism was investigated
by determining calcium released in the sorption
process of copper and nickel. In the most published
works on the hydroxyapatite sorption the molar
ratios of calcium released lo divalent cation sorbed
is close to 1, suggesting the cation-exchange mechanism [3]. Our results confirm rather a mixed mechanism: cation-exchange with the predominance of
surface adsorption and, may be, solid diffusion,
which is suggested in some literature data [4-6].
The fraction of hydroxyapatite (~200 mesh)
separated by sedimentation was used to establish the
sorption conditions by the kinetic method. Copper
was selected as an example of metals studied and the
influence of flow rate and sample volume on the
sorption efficiency was determined. The process of
sorption was realized under pressure in a glass
column (0.5 mm i.d.) filled with 0.5-1 g of hydroxyapatite. It was found that a flow rate up to 2.5 ml
min 1 and a sample volume up to 200 ml do not
deteriorate the efficiency of copper sorption.
The sorption of group metals (Cu, Cd, Pb, Ni,
Co, Mn) from the artificially prepared test water by
the dynamic method was also studied. In the con-

ditions established (pH 5, flow rate 2 ml min"1,
sample volume 100 ml, 1 g hydroxyapatite) all the
metals studied were separated quantitatively.
In conclusion it can be stated that:
- Synthetic hydroxyapatite obtained by the sol-gel
method offers the possibility of separation of
various cations and anions.
- In contrast to the previously reported hydroxyapatites the kinetic sorption is very good (the
equilibrium of sorption is obtained in a few minutes).
- The retention capacity is rather not high (3 mg
Cu/1 g) from the viewpoint of possible application of hydroxyapatite, for instance, to sewage
treatment and as a filter material.
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DETERMINATION OF TRANSITION METALS BY ION CHROMATOGRAPHY
Krzysztof Kulisa, Ilalina Polkowska-Motrenko, Rajmund Dybczynski

Ion chromatography is a modern analytical technique for the fast determination of trace quantities
of ionic species (anions and cations) in aqueous
samples, in particular in those of environmental
origin [1-6]. The ability to analyze transition metals
by ion chromatography is a unique tool utilizing
ion-exchange resins, a post-column reactor with
PAR as a post-column complexing reagent and
UV/VIS detection. The following discussion will
focus on procedures involved in setting up the
series of Dionex 2000i ion chromatograph for transition metals analysis and selection of parameters to
achieve the best chromatographic results.
The Ion Pac CS5 analytical column is designed
specifically for rapid and sensitive determination of
transition metals in a wide variety of matrices. Separations are accomplished by interaction of the
resin with pellicular cation and/or anion-exchange
functional groups and complexing eluents via cation and/or anion-exchange mechanisms. The ion-exchange capacity of Ion Pac CS5 is ISO/ieq/col of
sulfonic acid functional groups for cation-exchange
and 70 ,ueq/col of alkanol quaternary ammonium
functional groups for anion-exchange. The versatility of the Ion Pac CS5 analytical column makes it
possible to obtain two different separations simply
by changing the eluant. The first one is a 2,6-pyridinedicarboxylic acid (PDCA) eluant which is a
strong complexing agent and separates the metal
anionic complexes by anion exchange. PDCA is

suited for separation of Cu 2+ , Ni 2+ , Zn 2+ , Co 2+ ,
Mn 2+ , Fe 3+ and also allows speciation and quantitation of Fe 3+ and Fe 2+ . Since the ferrous cation is
easily oxidized to the ferric one, oxygen must be
removed from the eluant by degassing. The second
one is an oxalic acid based eluant which is a moderate strength complexing agent and separates the
metals by a mixed mode mechanism, both as cationic and anionic complexes. The oxalate eluant
separates Pb 2+ , Cd 2+ , Cu 2+ , Ni 2+ , Zn 2+ and
Co 2+ . Cadmium and manganese coelute with this
eluant.
The possibility of transition metal cations determination has been tested using the Dionex 2000i/SP
system with an Ion Pac CS5 analytical column, an
Ion Pac CG5 guard column and a post-column Ion
Pac Membrane Reactor. The following transition
metal cations have been examined: Fe 3+ , Cu 2+ ,
Ni 2+ , Zn 2+ , Co 2+ , Mn 2+ , Fe 2 + , Pb2+and Cd2+.
The cations were separated as anionic complexes
with the PDCA (2,6-pyridinedicarboxylic acid) chelating agent. The composition of the eluent solution used was: 6 mM PDCA+50 mM CH3COOH+
50 mM CHsCOONa. Composition of the second
eluent used was: 50 mM oxalic acic+95 mM LiOH.
The eluate has been introduced to the post-column
reaction system with Ion Pac Membrane Reactor
where took place the converting to colour complexes with PAR (4-(2-pyridylazo)resorcinoI) as a
post-column complexing reagent in the following
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Fig. 1. Separation of transition metals. Column Ion Pac CS5, Fig.3. Separation of lanthanides. Column Ion Pac CS5, eluent:
mM oxalic acid + 150 mM LiOH. Peaks: 1 - La3 + (10
eluent: 50 mM oxalic acic + 95 mM LiOH. Peaks: 1 3
+
+
3+
ppm), 2 - Ce (10 ppm), 3 - Pr3 (10 ppm), 4 - Nd (10
Pb 2+ (20 ppm), 2 - Cu 2+ (0.5 ppm), 3 - Cd 2 + (4 ppm), 4 ppm).
Co 2 + (2 ppm), 5 - Zn 2 + (2 ppm), 6 - Ni 2+ (4 ppm).

solution: 0.2 mM PAR + 1 M CH3COOH + 3 M
NH4OH. Flow rate of the eluents was 1 ml min"1
and the post-column reagent flow rate was 0.7 ml
min"1. As a result of post-column reactions the
coloured complexes of determined transition metal
cations were obtained and then detected by measuring the absorbance at 520 nm applying a Dionex
UV/VIS variable wavelength detector VDM II.
To obtain the desired detection limits, it is important that the system blank, resulting from reagents,
air, water etc. is very low (below 1 ppb). Generally,
iron and zinc are the most common transition metal
contaminants, while a small amount of copper may
also be observed. Care must be taken to minimize
reagent and sample contamination during preparation and handling. Reagent purity will often dictate

the detection limits. All the eluent and standard
solutions were prepared with the use of superpure
water (18 M£2 • cm) which was obtained by a Milli - Q
RG ultra-pure water system (Millipore Co.) and degassed with helium.
Examples of chromatograms of the separated
transition metal cations are presented in Figs.l and
2. As one can see, the isocratic analytical separations of the transition metals requires about twenty
minutes using both the PDCA or oxalic acid based
eluents. Detection limits and precision of determinations of transition metals were established. Detection limits estimated, using the Small definition
[2], for the separated and determined transition
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Fig.4. Determination of transition metals in tap water sample.
Time, min
Column Ion Pac CS5, eluent: 6 mM PDCA + 50 mM
Fig.2. Separation of transition metals. Column Ion Pac CS5,
CH3COOH + 50 mM CH3COONa. Peaks: 1 - Fe 3 + , 2 eluent: 6 mM PDCA + 50 mM CH3COOH + 50 mM
Ni2+,3-Zn2+,4-Fe2+.
CHiCOONa. Peaks: 1- Fe 3 + (5 ppm), 2 - Cu 2+ (1 ppm), 3
metals in standard solutions were as follows (in
- N j 2 ^ ppm), 4 - Zn 2 + (4 ppm), 5 - Co 2 + (2 ppm), 6 Mn 2+ (10 ppm), 7 - F e 2 + (5 ppm).
ppm): Fe 3+ - 0.01, Cu 2+ - 0.008, Cd 2+ - 0.04, Co 2+
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- 0.007, Zn 2+ - 0.03, Ni 2+ - 0.02, Mn 2+ - 0.04, Pb 2+
- 0.08, Fe 2+ - 0.02.
Some rare earths (La 3+ , Ce 3+ , Pr 3+ and Nd 3+ )
were separated and determined with the use of an
oxalic acid based eluent (80 mM oxalic acid + 150
mM LiOH), an Ion Pac CS5 column and the same

and Zn 2+ were determined with the precision (relative standard deviation) better than 3% (Table).
On the basis of obtained results it can be concluded that the ion chromatograph Dionex 2000i/SP
equipped with Ion Pac CS5 analytical column and the
post-column reaction system allows the separation as

Table. Precision of chromatographic analysis of some transition cations in tap water sample.
Cation

Fe3+

Ni2+

Zn2+

Fe2+

Results of single determinations, xj

[mg-r 1 ]
0.125
0.127
0.121
0.126
0.129
0.321
0.331
0.320
0.311
0.314
1.19
1.21
1.16
1.22
1.20
0.064
0.061
0.059
0.058
0.062

Arithmetic mean.x

[mg-r1]

Standard deviation, s
[mg-1-1]

Relative standard deviation, Sr
[%]

0.126

0.006

2.38

0.319

0.014

2.66

1.196

0.023

1.92

0.060

0.002

2.50

chromatographic system as for the transition metals. In aqueous solution, lanthanide metals are present as trivalent cations. The use of strong complexing agents such as oxalate results in the formation
of anionic complexes of the lanthanide metals.
Under these conditions, the lanthanide series may
be separated by anion exchange mode. The chromatogram of separated La 3+ , Ce 3+ , Pr3"*" and Nd 3+ is
presented in Fig.3. Estimated detection limits for
the lanthanides were as follows fin ppm): La 3+ 0.18, Ce 3+ - 0.16, Pr 3+ - 0.34, Nd3^ - 0.07.
Analysis of the sample of tap water was performed and the obtained chromatogram is presented in Fig.4. The cations of Fe 3+ , Fe 2+ , Ni 2+

well as accurate and precise determination of transition and lanthanide metals with low detection
limits in aqueous samples.
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EFFECT OF THE SAMPLE MINERALIZATION METHOD ON THE ACCURACY
OF Co DETERMINATION IN PLANT MATERIALS

IS
18
O

Halina Polkowska-Motrenko, Bozena Danko, Rajmund Dybczynski
Many analytical methods for trace element determination, e.g. ICP/AES, GFAAS and electrochemical methods, require decomposition of the material
to be analyzed. Great progress, which has been
made in analytical instrumentation in the last two
decades, has been not accompanied by the development of sample preparation methods. Hence, the
sample preparation, when involved, has become the
step of analysis, which may strongly affect the uncertainty of the final result. This is especially important in the determination of trace elements in
plant materials, because plant materials are, as a
rule, not homogeneous and usually contain various
mineral fractions. The commonly used sample decomposition procedures do not always ensure com-

plete mineralization and may have an effect on both
preconcentration and measurement steps. As an
example the effect of mineralization prottdnre on
analytical result was investigated during the determination of cobalt in plant materials. Cobalt is
considered to be one of the so-called analytically
difficult elements [1, 2]. Its content in biological
materials is generally lower than 1 pg g'1 [3-5].
The following methods of mineralization were
investigated:
- classical open wet digestion procedures with
nitric, perchloric and hydrofluoric acids;
- closed-vessel microwave digestion with nitric
acid followed by open-vessel decomposition with
perchloric and hydrofluoric acids;
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- closed-vessel microwave digestion with nitric, hydrofluoric acids and hydrogen peroxide.
The studies were carried out using certified reference materials (CRMs) of plant origin, most of
them certified for Co content. The cobalt content
was determined using instrumental neutron activation analysis (INAA) and radiochemical neutron
activation analysis (RNAA), because the nuclear
properties of Co enable its determination by both
INAA and RNAA methods with excellent detection
limits (4 ng g"1 and 0.04 ng g"1 for INAA and
RNAA, respectively). Previously elaborated in our
Laboratory the "definitive" method for the determination of Co traces in biological materials was
applied [6-9]. The combination of ion exchange and
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were found. Hence, they can be considered equivalent. Good agreement of the results obtained by
the RNAA method with the microwave digestion
step and the non-destructive INAA results was
found.
Losses of Co in the case of an incomplete
decomposition are due to a failure in converting the
analyte originally present in several chemical forms
into a single form required for the applied procedure. In the case of a plant material two kinds of
compounds, mineral and organic, must be taken
into account. The mineral fraction originates mainly from soil and is characterized by a high Si
content. This fraction is, as a rule, difficult to
dissolve. For decomposition of mineral fraction and

Table. Results of Co determination by RNAA and INAA procedures.
Material

Certified or information value
[ngg'1]

open wet
digestion**
391 + 15
n = 15

Virginia Tobacco Leaves
CTA-VTL-2

429 ±26

Tomato Leaves 1573a N1ST

570±20

Oriental Tobacco Leaves
CTA-OTL-1
Bowen's Kale

879+39
63.2±10.7

Spinach Leaves 1570a NIST

390±50

363+21
n = 14

Hay Powder IAEA V-10

130
[110-140]

136+5
n=9

Orchard Leaves 1571 NBS

(200)*;;..
160±37
(90)*"

Apple Leaves 1515 NIST

490+19
n = 18
906+47
n=5
70.5±8.9
n= 9

RNAA results*
microwave plus open
digestion
425 ±38
n=4

microwave only INAA results*
digestion
424+6
420+19
n=4
n=5

571±32
n=7

570±16
n=4

-

964±17
n=14

577 ±23
n=4
967±19
n=9
71 + 12
n=3

-

-

-

-

141 ±4
n= 3

137 + 7
n = 10

-

81±6
n=8

89±13
n=2

148±6
n=5
92±7
n=6

150 ±22
n-4
91 + 11
n=6

*x+tfj.05-s-n 1 V .
** 10 ml of HNO3+2 ml of HCIO4+IO ml of HF; sample mass 100-200 mg.
*** information value.
***• consensus value by Gladney et al. [10].

extraction chromatography used in this procedure
assured a very selective and quantitative separation
of ionic cobalt from all accompanying radionuclides
present in acidic digest solution. In the case of incomplete decomposition of the sample, Co retained
on the top of the first column could be detected
using gamma ray spectrometry.
The results of Co determination are presented in
Table. The results obtained by RNAA were compared with certified (or information) values and the
results obtained by the -INAA method by means of
the Student's t-test. For some materials a distinct
effect of the mineralization method on the results
can be observed, i.e. statistically significant differences at 95% confidence level have been found
between mean results. The materials affected are
Virginia Tobacco Leaves CTA-VTL-2, Tomato
Leaves NIST 1573a, Oriental Tobacco Leaves
CTA-OTL-1, Apple Leaves NIST 1515 and also
Orchard Leaves NBS 1571. The results obtained for
open wet digestion are lower than those for two
microwave decomposition methods. For the results
obtained by the latter two methods no statistically
significant differences at the 95% confidence level

volatilization of silica HF treatment has been included into the wet digestion procedures. The effectiveness of the decomposition depending on the
amount of HF added has been examined in case of
open wet digestion. The results are summarized in
Fig. Taking into account the amount of HF necessary for complete mineralization the analyzed
materials can be grouped into three categories: A materials decomposed when 10 ml of HF were
added (for 150 mg sample), B - required 15 ml of
HF and C - materials for which even 15 ml of HF
were not sufficiently effective. As follows from the
above results (Fig.) the open wet decomposition
with HNO3, HCIO4 and HF can be applied for
some materials. However, for some plant materials
(CTA-OTL-1, 1515 NIST) it is not sufficiently
effective. The content of Si in the above CRMs was
lower than 1%. So, in all the cases the amount of
HF used significantly exceeded the stoichiometrically equivalent value. An increase in the HF
amount up to 15 ml resulted in better recoveries of
Co. However, the increase in the amount of HF
requires also a longer time of decomposition, which
might affect the Co recovery. It seems that the ne-
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Fig. Co recovery as a function of H F amount used during open
wet decomposition, sample mass - 1 5 0 mg, uncertainty of
the results ± 5 % . A - Bowen's Kale, Hay Powder IAEA V-10,
Spinach Leaves NIST 1570a; B - Tomato Leaves NIST
1573a, Virginia Tobacco Leaves CTA-VTL-2, Orchard
Leaves NBS 1571; C - Oriental Tobacco Leaves
CTA-OTL-1, Apple Leaves NIST 1515.

gative systematic error could be also connected with
the incomplete decomposition of organic compounds. It should be mentioned that the observed
losses of Co depend on the gamma-radiation dose
and temperature during irradiation. A higher dose
and temperature result in more significant changes
of organic matrix due to polymerization and dehydration and irradiated material is much more difficult for mineralization.
It follows from our results that the complete
decomposition of all the investigated materials was
reached when the closed-vessel microwave digestion with HNO3, H2O2 and HF was applied. This
method reveals a number of advantages comparing

iS
i O

with the open wet decomposition. It takes much
less time (1 h comparing with 8-16 h) and requires
less reagents. It is easy to control and almost does
not require supervision. Taking the above into
account the use of the closed-vessel microwave decomposition should be recommended as a standard
approach for plant materials.
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SOL-GEL PROCESS FOR SYNTHESIS
OF Ndi.o5Bai.95Cu30x SUPERCONDUCTORS
FROM Nd, Ba AND Cu ACETATES/AMMONIA/ASCORBIC ACID SYSTEMS
Andrzej Deptuta, Wieslawa Lada, Tadeusz Olczak, Kenneth C. Goretta1/
1/

Argonne National Laboratory, USA

The irreversibility line of NdBa2Cu3Ox (Nd-123)
superconductors is substantially above that of
YBa2Cu3Ox (Y-123) and much effort has been
expended on fabricating Nd-123 materials [1-7]. In
previous papers [8] we have described a new variant
of sol-gel process to synthesize YBa2Cu4Os having
satisfactory superconducting properties. This variant, Complex Sol-Gel Process (CSGP), utilizes
ascorbic acid as a very strong complexing agent with
strong reducing properties promoting formation of
high phase purity in powders synthesized by sol-gel
methods (INCT and ANL-USA teams patent [9]).
The goal of this work was to synthesize a phase-pure nominal composition Ndi.05Bai.95Cu3Ox
powder by the sol-gel method. We expect that this
process can in the future be adapted to production
of coated conductors. A further goal of this work
was to compare Nd-123 powders made with and
without ascorbic acid additions. A schematic diagram of the preparation of acetate (AC) and acetate-ascorbate (ASC) derived Nd-Ba cuprates is shown
in Fig.l. The thermal analyses of AC and ASC dried

Variant II
( CSGP)

Variant I.
Nd.Bo.Cu aq. owlates (pH 4.5)
EMeO.36M,
I2MNH,OHaq.

_
Bltadlng

NJ,Ba,Cu AC sol, pH 6.0

(

.
Ascorbic acid (ASC) to
molar ralio ASC: IMe=0.«
. . . . UMNH.OHaq

i Nd.Ba.Cu AC ACS sol, pH S.8

Evaporation (M'C)
wndervAcnam 2-3 tines
in volume
AC sol, vi jcosily 3.2 cSl ! ASC sol viscosity 6.2 cSt
Drying Itt'C, (2»h),~ MO'C solidification.
AC gel

i ASC gd

Final thermal treatment:
RT-450'C heating rate 2'C/min, making tine lh
450-900 °C keatlng rate S'C/rain, soaldng time 2h
with flail grinding

Irregularly

shaped powders O/NO 1 J 5 B», ^CujO,

Fig.l.Flow chart for preparation of irregularly shaped powders
Ndi.05Bai.95Cti3Ox (derived from AC gel) and
Ndi.05Bai.95Cu3O x (derived from ASC gel).
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at 250°C gels are shown in Fig.2. In the AC gels, the
thermal transformations are more distinct. The first
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It is known that Tc values of Nd-123 are strongly
affected by annealing [5, 6]. To optimize Tc, the
synthesized Nd-123 powders were first annealed for
12 h at 950°C in flowing Ar that contained ~10
ppm O2. They were then heated in flowing O2 by
the following schedule: 150°C/h to 600°C, holding
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Fig.2. Thermal analysis of AC and ASC gels dried at 250°C for
19 h 100°C.
Ndi.05Bai.95Cu3 ASC,
Ndi.05Bai.95Cu3 AC.

exotherm at approximately 400°C, is accompanied
by a drastic mass loss connected with the decomposition of acetates. After this, a maximum stabilization of weight is observed till 1000°C. Similarly,
as for YBCO 124 ASC gels, the exotherm is shifted
toward higher temperatures and accompanied by a
continuous weight loss till 800°C. The small endothermic deeps at 830°C, without weight losses,
indicate of the presence of residual BaCC>3, which
at this temperature is transformed from rhombic to
hexagonal phase. Each powder that was heated to
900°C consisted primarily of Nd-123, BaCO 3 , and
CuO (Fig.3a, XRD patterns). These three phases
were in general distributed on a submicrometer
scale within particles that were as large as =50 /um
(Fig.4a). There were no obvious differences between powders derived from AC or ASC sols.
Heating the partially synthesized powders in air at
960°C for 6 to 12 h produced a powder that
appeared to be phase pure by X-ray diffraction
(Fig.3b), and SEM (Fig.4b). Its onset of melting in
air was =1050°C. Lower heat-treatment temperatures did not induce complete reaction.
11 1 1|1 1 l l | l
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Fig.4.SEM micrographs of (a) Ndi.05Bai.95Cu3 precursor
(AC and ASC) healed at 900°C and (b) pure phase
Ndi.05Bai.95Cu3 superconductor obtained at 960°C.

for 12 h; then 150°C/h to 500°C, holding for 24 h;
and finally 150°C/h to 350°C, holding for 60 h. The
resulting powder were essentially phase pure and
exhibited a sharp T c at 94 K.
The AC and ASC variants of sol-gel processing
produced equally pure Nd-123 powders. However,
we found that the ASC sols maintained stability at
lower viscosities. This property may allow for one
to use ASC sols to produce high-quality Nd-123
films. We have begun spin coating Nd-123 ASC sols
on substrates such as Y2C>3-stabilized ZrC>2 and
MgO. Preliminary results suggest that our heat-treatment schedule must be modified to promote
well-textured films of good phase purity.
References
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Fig.3.XRD patterns of (a) Ndi.05Bai.95Cu3 precursor (AC and
ASC) heated at 900°C and (b) pure phase Ndi.05Bai.95Cu3
superconductor obtained at 960°C.
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SYNTHESIS OF LiNii-yCoyO2 POWDERS
BY COMPLEX SOL-GEL PROCESS (CSGP) AND THEIR ELECTROCHEMICAL
CHARACTERIZATION
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The layered oxides, among the wide family of intercalation compounds, have received considerable attention as positive electrode materials in high-energy density lithium and lithium ion batteries.
Within this frame LÍNÍO2 and LÍC002 oxides and
their solid solutions have been extensively studied as
they (and the LiMn2Û4 spinels) are the only known
materials able to intercalate reversibly lithium at
high cell voltage (3.5-4 V). Recently, solid solutions
such as LiNii-xC0xO2 have attracted the attention as
alternative cathodes to the state of art LÍCOO2 in
commercial rechargeable Li-ion batteries. These materials are comparable in performances to LÍC0O2,
however their cost is radically considerably lower.
The solid state reaction routes commonly utilized to
synthesize this kind of materials have the drawback
of the necessity of high temperature synthesis (HT).
However Tarascón et al. [1] and Barboux et al. [2]
demonstrated that the low temperature (LT) methods, such as the Sol-Gel process, produced finer
particles with higher cell capacity. In a previously
published work [3] we reported on the preparation
and the electrochemical characterization of the compound LiNio.5Coo.5O2 synthesized by the Complex
Sol-Gel Process (CSGP). As a continuation of this
work we have extended the study to the entire family
of the mixed oxides LiNixCoi_xO2, in which x ranges
from 1 to 0. In this work we describe the results
obtained on the preparation of some members of this
family of compounds.
It is well known [3] that during the hydrolysis
step in the Sol-Gel process there is the formation
of polymeric cationic species such as Me2(OH) 3+
and Me4(OH)^ + . It is supposed that this step is
strongly influenced by the formation of complex
species between the cations and ASC before
hydrolysis. To verify this hypothesis and in order to
evaluate the influence on the properties of the final
material of the extent of cations polymerization in
the gel we have prepared the starting sols from
Li + -(l-x)Ni 2 + -xCo 2 + acetate aqueous solution by
two different routes. Namely:
i) route A, according to which aqueous ammonia
was added to Li, Ni and Co acetates starting solution containing ascorbic acid;

ii) route B, according to which the starting Li, Ni
and Co acetate solutions were first alkalied by
ammonia and then ASC was added. The detailed
experimental procedure is shown in Fig.l. Some
properties of the intermediate and final products
are illustrated in Table.
Li Ac (5.03)->

Blending

Ni Acj (0 69M)-H

CoAc 2 (1.02M)ASCSMeMRMolar ratio=0.2
Alkalizing to pH=9
complex
solution

1

Alkalizing
topH=9

ASC
lo MR=0.2

Dissolving and
alkalizing to
pH=9 with
ammonia

complex sols
Evaporation under vacuum

I

concentrated >2M ZMe sols
viscosity >1000 cSt

Gelation and drying
60"C-12 days, 80°C -3 days.lOCC -11 days, 160"C* -1
day, 170°C - 3 days_». solidification
,,

dried gel, shard
Grinding in agate mortar
gel powders

Preliminarily heating (I °C/min) till selfignition
temperature indicated in Table. Foaming observed in
temperature range 220-250 °C. Grinding.

Final temperature treatment at temperatures 750-900°C
for various times (see Table)
Grinding in agate mortar
T
T
LiNi,Coi.,O2
Type A
Type B
*- foaming („balloon" formation 2-4 times increasing in volume)

Fig.l. Experimental procedure for preparation of LiNi x Coi- x O2
by Complex Sol-Gel Process.

RADIOCHEM1STRY, STABLE 1SOTOPBS,
NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL

We observed that the compounds with a higher
Ni content showed higher quantities of carbonates
impurities. Some low level of carbonates impurities

81

No clear correlation was found between the
cations polymerization in the gels and some macroscopic property of the samples. However all the

Table. Characterization of samples calcined at different conditions.
Sample no and
compound type

Densities g/cm , product characterization: Shard - yery hard (sintered), Shard - hard
SIT*,
(partially sintered), Pwd - powder. Structure classification: yery good, good; % CO3 in ( )
°C of xerogel
800°C, 18 h
900°C, 18 h
170°C, xerogel
750°C, 24 h
800°C, 8 h
1.67

lALiNiO2

380

2B LiNiO2

400

7A LiNioo.75Coo.25O2

390

1.62

5A LiNioo.5Coo.5O2

390

1.62

6B LiNioo.5Coo.5O2

440

1.64

8A LiNioo.25Coo.75O2

460

1.61

3A LiCoO2

420

1.63

4B LiCoO2

440

1.63

4.55 g
(1.2)

4.97 v.g.
(4)
4.97 g.
(1.7)

4.00

Sh.v.h.
(11)

4.82

4.00

Sh.h.
(15)
Sh.h.
(?)
Sh.h.
(3.5)

4.81

4.19
4.46
4.70

5.26 v.g.
(0)
5.17 V.g.
(0)

4.99
4.91

(1.3)
(0)

Sh.h.
(2.5)

(°)

Sh.h.
(0.9)

(0)

Pwd
(0)
Pwd
(1)

* SIT - self-ignition temperature.

is not surprising in samples prepared by organic
precursors. It has been previously reported in the
literature that they can hinder the spinels phase
formation and retard the formation of High Temperature Superconductors [4, 5].
All the xerogels show similar densities. Furthermore, the samples with higher Co content and lower
level of carbonates impurities have higher densities.

(a)

samples prepared, following the route A, show
higher densities and well defined XRD patterns,
implying the possibility of more homogeneous precursors.
The XRD pattern, showed in Fig.2a, confirms that
the final structure of LiNio.75Coo.25O2 is obtained
even after the relatively mild heat treatment for 24
hours at 750°C. The pattern shows the formation of a

i i i i i

0188

36BB
Z5BB
16BB
988
488

iae
**1^M«W

a

(b)

Fig.2. XRD patterns (a) and SEM (b) micrograph of LiNio.75Coo.25O2.
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unique phase having the expected layered (R3m)
structure. No XRD detectable trace impurities seem
to be present and, in particular, no carbonates peaks
have been found. The SEM image reported in Fig.2b
reveals a very fine grained morphology. The powders
consist of small agglomerates, having a mean diameter ranging from 1 micron to 5 microns, which in
turn are formed by sub-micrometer grains.
The electrochemical properties of the compound
LiNio.75Coo.25O2 prepared by route A were evaluated by: galvanostatic measurements, cyclic voltammetry measurements and galvanostatic cycling.
This material has shown an interesting high reversibility for the electrochemical Li + intercalation/de-intercalation process and a good periodicity even if
the anodic potential is extended up to 4.4 V, where
degradation processes usually occur. Furthermore,
the material has shown a quite interesting value of
charge retention upon cycling. In fact the specific
capacity remains in the range of 2/3 (= 120 rnAh/g) of
the theoretical value after more than 100 cycles. The
results here obtained confirm the satisfactory
electrochemical response of our material when operating as cathode in Li-ion systems. Besides, it can be
regarded as a starting point considering that still
many variables in the Sol-Gel synthesis can be fine

CO

o
O

8

tuned to optimise both the purity and, even more
important, the morphology of the powders. With
regards to this latter point, in fact, powders having
higher surface area and smaller grain size are
expected to lead to improved cell performances in
terms of better capacity, electrode polarisation and
periodicity. The Sol-Gel process, as a member of the
wide family of Homogeneous-Precursors Low-Temperature Synthesis processes, is well suited for the
production of very fine sub-micrometer powders.
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In this most recent review paper Johnson [1] underlines that tritium, the principal fuel for future fusion power reactors, can be produced only through
transformation of lithium. According to Johnson,
Li-based ceramics, especially Li2TiC>3, can be recognized as the most promising tritium-breeding
materials for fusion reactor blankets due to its inherent thermal stability and chemical inertness. Tritium formation and release from a blanket is a very
complex process and according to [2] consists of 18
steps. Some of them are strictly connected with the
microstructure and morphology of a ceramic blanket. Generally, blankets are formed in the shape of
solid ceramics made from ceramic powders.
The ENEA team was the first who proposed in
1982 the application of microspheres for their
production. Proposed LiAlC>2 spherical powders
(diameters < 100 fim) were produced by the IChTJ
sol-gel process described in [3], The authors expected strong improvement of tritium release from
pellets prepared from microspheres. It seems obvious that open interconnected pores formed in a
blanket can improve tritium release from it. For
this reason, the recently proposed [4] applications
of ceramic pebbles for tritium breeding ceramic
blanket, are generally of 1 mm diameter. Generally,
they are prepared by various routine agglomeration

processes of a just prepared Li2TiO3 powder. Lithium titanate powders are prepared by a solid-state
reaction of titania with L12CO3.
The objective of the present work was the preparation of lithium titanate microspheres (diameters <100 /urn) by this process which has been
developed till the level of a pilot plan scale (1 kg/h).
We expect that spherical powders of this diameter
can be used in a mixture with larger pebbles in
order to increase blanket density. In the so called
gel-sphere-process, spheres of nuclear ceramic materials [5], preferably of three sizes with a diameter
ratio of about 40:10:1 were loaded directly into rods
and packed to achieve a smear density of 88% TD
only by low energy vibration. Also compaction of
polydispersed spherical particles results in higher
compacts density than monosized [6].
We prepared Li-Ti sols directly by neutralization
a TiCl4 aqueous solution with 4.5M LiOH. The resulting sol concentration of ~ lMTi has a relatively
low viscosity 2 cSt, too low for the next step, being
the gelation to microspheres [3]. Consequently, the
sols were concentrated under vacuum approximately 4 times to a volume of viscosity lOcSt. The sols
were then gelled to spherical particles (Fig.l).
Unfortunately, after the process, the molar ratio of
Li:Ti decreased to a value of - 0.3, presumably due
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Gel, 50°C

Gel after impregnation, 50°C

750°C, 24 h

1200°C, 2 h

Fig.l. SEM micrographs of spherical particles of Li2TiO3 obtained in various steps from T1CI4 solution.
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to the extraction of Li chloride, together with water
by EH. In order to prepare a stoichiometric gel, we
applied an impregnation process used for spherical
powders. The desired quantity of LiOH solution
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Fig.2. Thermal decomposition of Li-Ti gel before and after impregnation.

product. Evidently, chlorides content in a final
ceramic blanket is not allowed. Further experiments confirmed that the removing of chlorides by
thermal treatment of Li-Ti-OH-Cl gels is a relatively serious problem.
Further thermal analysis of this material, shown
in Fig.3, confirmed this conclusion. Final weight
stabilization with an endothermic effect is observed
at 1200°C with a weight loss corresponding with
losses of chlorides. This temperature is significantly
lower than the temperature of sublimation of LiCl
(1383°C). X-ray diffraction results confirmed that
at 1200°C lithium titanate is present and the chlorides content is very low (<0.03%) comparable
with the quantities (0.02%) introduced to the synthesis with LiOH (Fluka p.a. 0.01% Cl) applied in
our work.
In order to lower the temperature of formation
we carried out the following experiments to remove
chlorides in various stages of the process:
- (I) A gel precursor fired at 750°C with aq. ammonia and slurry were evaporated to a solid. After
thermal treatment at 750 C only small quantities
of Cl (~1%) were found. This confirmed that
during heating NH4CI sublimes (T.s. 338°C).
Thermal analysis (Fig.3) of dechlorinated material
is similar as in the ENEA product prepared in
absence of Cl. A particularly strong weight loss in
the temperature range 900-1200 C is not ob-

was introduced into gel microsphers located in a
Rotavapor. It was observed (Fig.l) that after water
evaporation the shape of microspheres remained
unchanged.
The thermal decomposition of both gels is shown
in Fig.2. It can be seen that the weight loss is lower
for the impregnated gel. After a similar exothermic
effect also the weight stabilization after 700°C is
more effective for the impregnated gels. Unfortunately, after calcination at 750°C considerable
quantities (~20%) of chlorides remained in the

1100 """" 1300
temperature, °c

• •>

T,i!TiO, (Cl) precursor, 750°C, lh
LijTiOj ENEA production
Li 2 Ti0 3 precursor treated with N H 4 O H , 750°C, 24h
. Li 2 Ti0 3 precursor treated with HNO 3 , 75O°C, 24h
LijTiO] precursor from HNO 3 stabilized titania sol, 75O°C, 24h

Fig.3. Thermal decomposition of various Li2TiO3 precursors.

Fig.4. SEM micrographs of Li2TiO3 spherical particles prepared
from Li-Ti-NO3 sol in various steps of production.
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served. X-ray diffraction data confirmed a lithium
titanates structure.
- (II) A gel precursor fired at 750°C was treated in
the Rotavapor with concentrated HNO3 and evaporated under vacuum. The process was repeated
several times (generally 4) until chlorides were
not observed in the evaporated solution. Chemi1M of TiCU. joiwion in HCI nq.
or TiO-NOj solution (~200g Ti/1)
2M LiOH. aq. solution,
(concentration ~4. 5M)

rV-1

«-*« I
Li-Ti-CI (01 MOj) sol, viscosity - 2 cSt

I

Conceatraden ander vacuum
(Appro*. 4 tinea in volume)
j Viscous sol, viscosity? 10 c
I

2-ctyiohexiirol 1 + SPAN 80 (EH) _ J

FoniuHra of «ol
emuUon in EH

I
I

Emulsion of sol in EH

Suspension of gel microsplieres in EH

Gelled mktospheres, Li:Ti motor ratio
, p.3-0.4
M
Impregnation
I and evaporation
I «nler vacuwn*
Gelled micraspheres, Li:Ti molar ratio 2:1
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- (Ill) Starting aqueous solution of TiCU was treated with concentrated HNO3 in a similar way as
described above in (II). A concentrated solution of
TiO nitrate ( - 200 g Ti/1), white in color, was prepared. To this solution LiOH can be introduced
easily to MR Li:Ti=3, pH=0.4. At higher pH,
precipitation takes place. A stoichiometric 2Li-Ti
nitrate sol, after concentration in the Rotavapor,
the concentrated sol (230 g/1, viscosity 15 cSt) was
gelled to microspheres and then supplied routinely to impregnation. Thermal analysis of the fired at
750°C precursor (Fig.3), as well as the content of
chloride are similar as for the former material.
Micrographs of microspheres in various stages of
fabrication are shown in Fig.4.
The elaborated processes of fabrication of
Li2TiC>3 of medium size microspheres (with diameters below 100 fxm) are shown in Fig.5. These
results indicate that the effective possibility of chemical, low temperature removal of chlorides from
Ti-Li-Cl systems is feasible. All the described procedures do not change the spherical shape of particles. It is necessary to underline that the formation
of medium sized microspheres is practically not
possible by powder agglomeration processes routinely used for the fabrication of pebbles.
References
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Fig.5. Flow-chart for preparation of spherical powders of Li2TiO3
by the sol-gel process.

cal analysis (Cl<0.04) as well as thermal analysis
(Fig.3) indicated that this procedure is more
effective than (I).
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Thermodynamic studies on hydration of oxaalkanes
in aqueous solution fl] put two questions: 1) whether
hydrophilic properties of the oxygen atom in monoether molecules depend on the inductive effect of alkyl groups; and 2) how does the second oxygen atom
in dioxaalkane molecules affect the hydrophilic properties of the first oxygen atom. Because the effects
of hydrophilic hydration of amphiphilic solutes in
aqueous solution are obscured by those of hydrophobic hydration, the answer could be obtained when
studying hydration of oxaalkanes in non-aqueous solution. rH-NMR is a proper method for such a study.
We studied the formation of hydrogen bonds between water molecules and ethereal oxygen atoms
[2] in a [2H]6-benzene solution containing ca 0.01

mol dm"3 water and a varying excess concentration
of some oxaalkanes (given in Table) either commercial or synthesized according to Williamson
reaction [3]. A Varian Gemini 2000-200 MHz spectrometer was used to collect XH-NMR data at 25°C
(thermostated), using TMS as an internal standard.
At the low water concentration used in this study it
can be safely assumed that the proton chemical
shift of about 0.4 ppm downfield of TMS is due to
water monomers [4]. Upon progressively adding a
large excess of oxaalkanes (up to 2 mol dm 3 ) to
such a solution, the water resonance shifts downfield, to be eventually obscured by a large signal
from the methyl protons of the oxaalkanes. Given
the low water concentrations throughout the study
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and low values of the stability constants of the oxaalkane hydrates, we asumed that only 1:1 hydrates
are formed under the experimental conditions and
the formation of 2:1 species is less probable [5]. The
data in Fig. are indicative of hydration of oxaal5 2
US'

two hydrophilic oxygens in each diether molecule
instead of one in the monoethers. Thus, the hydrophilicity of each ethereal oxygen is nearly the same,
irrespectively of its parent molecule - either monoor diether.
Table. Stability constants (molar concentration scale) of 1:1 hydrates of some oxaalkanes in [ H]6-benzene solution at
25°C.
Monoethers

0,4

0
0,2 0,4 0,6 0,8
1
1,2 1,4 1,6
Fig. Plots of the water (0.01 mol dm"-') proton chemical shifts in
[ H]6-benzene solution containing increasing concentrations
(c) of two oxaalkanes: a - 1,2-dimetoxyethane, b - dimetoxymethane; at 25°C.

kanes by hydrogen bonding, and were analyzed
according to the following equilibrium:
(1)
R'RO + H2O - ^ i - > R'RO- • -HOH
Ki = [R'RO- • HOH]/([R'RO][H2O])
where: R'RO - an oxaalkane molecule,
R'RO- • HOH - its 1:1 hydrate, [x] - molar concentration of x, Ki - the stability constant of the 1:1
hydrate. The data in Fig. were analysed using equation (2) which assumes that the observed shift (<5) is
a weighted average of the coordinated-water
and free-water ((5W) positions [6]:

where - under the conditions of the experiment - the
equilibrium concentration of oxaalkane (co) can be
approximated by its initial molar concentration (c).
Table presents the values of stability constants
calculated using equation (2). Three groups of oxaalkanes of similar Ki values can be distinguished:
the values for monoethers and acetals are close to
one another, while those for diethers arc about
twice as large as those for acetals.
The similar Ki values obtained for two different
monoethers, one of them with the terminal methyl
group, show that the inductive effect of alkyl groups
has small (if any) influence on the hydrophilic properties of the ethereal oxygen atom. On the other
hand, nearly twice as large Ki values obtained for
diethers (practically the same for each) seem to
indicate that the difference is due to the presence of

Oxaalkane

Kl

CH3OC4H9

0.38 ± 0.02

C3H7OC3H7

0.43 ± 0.03

Acetals

CH3O(CH2)OCH3

0.54 ± 0.02

Diethers

C2H5O(CH2)OC2H5
CH3O(CH2)2OCH3

0.96 ± 0.06

CH3O(CH2)4OCH3

0.83 ±0.18

C2H5O(CH2)2OC2H5

1.07 + 0.17

C 2 H 5 O(CH 2 ) 4 OC 2 H5

1.10 ± 0.05

0.52 ± 0.08

The number of oxygen atoms in the molecules of
diethers and acetals is the same (two), therefore
much lower Ki values obtained for the acetals indicate for much lower hydrophilicity of acetal oxygens
than that of ethereal ones. This observation can be
explained by assuming a strong mutual inductive effect of the two oxygen atoms [7] separated by only
one CH2 group in acetal molecules. This is also in
line with our earlier experimental results showing
much lower values of standard enthalpy and Gibbs
free energy of water-heptane partition of acetals,
compared to those of diethers [1,8]. This well corresponds with our earlier conclusion that two oxygen atoms in diether molecules interact with water
nearly independently of each other, and form hydrogen bonds of strength comparable to that in monoethers and much greater than that in acetals [8].
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X-RAY MOLECULAR AND CRYSTAL STRUCTURE
OFBIS(PENTANE-2,4-DIONATO)LEAD(II)
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Recent interest in the lead(II) chemistry [1] results
not only from the role of the metal as an environmental contaminant and from the need to design
drugs which could counteract the effects of lead poi-

soning [2]. Volatile lead(II) compounds, including
/3-diketonate complexes, are used for metaloorganic
vapour deposition of lead-containing thin ferroelectric films for microelectronics [2]. Amphiphilic
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lead (212Pb) chelates are also studied as radiopharmaceuticals - precursors of therapeutic 212Bi [3].
The diversity of co-ordination chemistry of the
ion results from the presence of the lone electron
pair 6s2 on the Pb ion [4]. A great variety of
co-ordination numbers (CN) of Pb and structures
of its complexes have been reported [5], depending
on the character of the 6s2 pair. The large ionic
radius of Pb11 is due to the lone electron pair
occupying 6s orbital, but the radius decreases to a
value comparable with that of Pb IV when the pair
enters a hybrid orbital and becomes stereochemically active [6].
However, scarce information is available on the
structure of lead(II) /?-diketonates and on the character of 6s electrons in these compounds [1, 5, 7],
Only recently X-ray crystal structures of two such
compunds have been reported, indicating of stereochemically active lone 6s2 pair [2], but there are no
data in the literature on the structure of the simplest /J-diketonate, bis(pentane-2,4-dionato)lead(II),
Pb(acac)2. In the recent paper we studied solvent
extraction of this species from aqueous solution,
and attributed its good extraction to the assumed
stereochemically active lone electron pair [8]. The
aim of the present work was to determine the molecular and crystal structure of bis(pentane-2,4-dionato)Iead(II) in order to confirm the above assumption.
Well-defined colourless single crystals of
bis(pentane-2,4-dionato)lead(II) were obtained by
refluxing pentane-2,4-dione solution in dry toluene
over a lead foil [9], followed by overnight contacting the solution with dry hexane through the gas
phase in a desiccator over CaCl2- Structure of the
compound was determined by the single crystal
X-ray diffraction method, using a Kuma KM-4
K-axis diffractometer. The single crystal of dimensions 0.4x0.2x0.2 mm sealed in a glass capillary was
studied. Semiempirical absorption correction based
on the t/j-scan method [10] was applied. The structure was solved by the heavy atom method from the
SHELXS-90 package [11] and then refined anisotropically by a full matrix least-squares method on
F 2 using a SHELXL-97 program [12]. All hydrogen
atoms were used, during the refinement procedure,
as fixed contributors in their calculated positions
with their isotropic displacement coefficients being
1.2 (for methylene group hydrogen atoms) and 1.5
(for methyl hydrogens) times of isotropic equivalents of the corresponding carbon atoms. The
prevalence of the high electron density of the metal
atom in the structure resulted in not very stable
refinement of the ligand atoms positions. We consider, therefore, reasonable to constrain their geometries to be symmetrical and similar to one
another with the deviations of 0.01 A in the respective interatomic distances.
The molecular structure of bis(pentane-2,4-dionato)lead(II) consists of a Pb atom chelated by two
pentane-2,4-dione molecules (Fig.). The Pb atom
and four oxygens form a distorted square pyramid
with the PbO distances equal to 2.339(4), 2.351(4),
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2.363(4) and 2.370(3) A and the OO edges of
2.969(6) (two bite distances), 2.850(6) and 3.033(6)
A. The bite angles in the ligands are equal to
78.56(15)° and 77.74(13)°. The diagonals of the
square base are close to each other [4.160(6) and
4.198(6) A]. All the oxygen atoms lie in one plane.
Pbfl!

0(2'!

C!5'l

Fig. Molecular structure of the title compound. The heavy atoms
are shown as the 30% probably ellipsoids.

Such short PbO distances and the structure of
square pyramid are characteristic for the stereochemically active lone electron pair 6s2 at the axial
position on the lead ion in the title compound,
similarly to that found in its homologue, bis(2,2,6,6-tetramethylheptane-3,5-dionato)lead(II) [2]. However, on the contrary to the monomeric structure of
that chelate, the title compound crystallizes in the
monoclinic space group P2i/c, and its polymeric
structure consists of zigzag chains, passing along
the monoclinic b-axis, formed by the molecules situated around the twofold screw axis. One can formally consider the co-ordination sphere of the lead
atom to be completed by three additional bridging
oxygen atoms from the symmetry related ligands of
two neighbour Pb(acac)2 molecules. The additional
PbO contacts are much longer [from 2.917(4) to
3.243(4) A], in the range of the sum of van der
Waals radii, thus indicating weak interactions.
These additional interactions result in some increase in the short PbO distances as compared to
those in bis^^Ae-tetramethylheptane-s.s dionato)lead(II) [2]. The described crystal packing significantly differs from those described for both
bis(2,2,6,6-tetramethylheptane-3,5-dionato)lead(II)
and bis(2,2-dimethyl-6,6,7,7,8,8,8-heptafluorooctane-3,5-dionato)lead(II) [2]. In the first referred
structure the chelated lead atoms are more distant
from one another, and they are four co-ordinate. In
the second structure, the molecules form dimeric
arrangements where each lead atom may be considered as seven co-ordinate [2]. A similar picture
has been observed in the case of bis(pentane-2,4-dionato)lead(II) with the difference that polymer
chains of chelate molecules are formed instead of
dimers. Nevertheless, the main structural feature,
which is the square pyramid, looks almost the same
in all the structures of lead(II) ^-diketonates. The
additional interactions leading to the formal increase in the co-ordination number of lead atom in
the title compound and in bis(2,2-dimethyl-6,6,7,
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7,8,8,8-heptafluorooctane-3,5-dionato)lead(II) [2]
are possible because of lack of two bulky ?-butyl
substituents in the ligands, which sterically hinder
the access to the oxygen atoms in the chelate as is
the case of bis(2,2,6,6-tetramethylheptane-3,5-dionato)lead(II).
References
[1]. Shimoni-Livny L., Glusker J.P., Bock C.W.: Inorg. Chem.,
27,1853 (1998).
[2). Malik M.A., O'Brien P., Motevalli M., Jones A.C., Leedham
T.: Polyhedron, IS, 1641 (1999); Khan L.A., Malik M.A.,
Motevalli M., O'Brien P.: J. Chem. Soc. Chem. Commun.,
1257 (1992).
[3], Mirzadeh S., Kumar K., Gansow O.A.: Radiochim. Acta, 6H,
1 (1993).

[4J. Kepert D.L.: Inorganic Stereochemistry. Springer Verlag,
Berlin 1982.
[5]. Harrison P.G.: Silicon, germanium, tin and lead. In: Comprehensive Coordination Chemistry. Vol.3. Eds. G. Wilkinson,
R.D. Gillard, J.A McCleverty. Pergamon Press, Oxford 1987,
p. 183.
[6]. Hancock R.D., Shaikjee M.S., Dobson S.M., Boeyens J.C.:
Inorg. Chim. Acta, 154, 229 (1988).
[7j. Holloway C.E., Melnik M.: Main Group Met. Chem., 2Q,
399 (1997).
[8], Narbutt J.: Solv. Extr. Ion Exch., 17, 1271 (1999).
[9]. Menzies R.C.: J. Chem. Soc., 1755 (1934).
[10]. North A C T . , Phillips D.C., Mathews F.S.: Acta Cryst.,
A42, 351 (1968).
[11]. Sheldrick G.M.: Acta Cryst., A46, 467 (1990).
[12]. Sheldrick G.M.: Program for Crystal Structure Refinement.
University of Gottingen, Germany 1997.
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Studies of the permeant state in a membrane and
the membrane microstructure are of prime importance to understand membrane transport phenomena.
Segmental polyurethanes foils are used as membranes for the separation of liquids. They are regarded as multiblock copolymers of (AB)n type, in

compositions of the polymers under study and their
characteristics are given in Table 1.
The X-ray measurements were carried out using
a SAXS Austrian beamline of the synchrotron
ELETTRA in Trieste, Italy. At the beamline a high
power wiggler is used as the beamline source. Two
one-dimensional gas-filled detectors make it pos-

Table 1. Sample characteristics.
Polymer

Molar composition

Hard segment content
[wt.%]

[vol.%] .

Mass density
[g/cm3]

Molecular weight*
[g/mol]

M w /M n

Sorption constant
[g/lOOg]
98.5

PU-3

PTMOATDI/HQE 1/4/3

39

28.5

1.1148

71 900

2.1

PUU-3

PTMO/TDI/PP 1/4/3

39

29.9

1.098

49 500

2.7

76.1

PUU-1

PTMO/TDI/PP 1/2/1

22

16.8

1.053

44 000

1.7

137.3

* GPC, polystyrene standard

which A arid B are the hard- and soft-segments
repeat units. In this typeof materials often was observed a microphase separation due to thermodynamical incompatibility between segments of various types and forming impermeable hard-segment
domains dispersed in the rubbery soft-segment matrix.
Synthesis of the segmented polyurethanes (PU)
and poly(urea-urethane)s (PUU) was carried out by
a two-step method in DMF solution involving
endcapping hydroxy-terminated poly(tetramethylene oxide) with a molecular weight of 2000 (PTMO)
with 2,4-tolylene diisocyanate (TDI) followed by a
chain extention with hydroquinone bis(2-hydroxyethyl)ether (HQE) or 4,4'-diaminodiphenylmethane (PP). Three polymers were investigated differing
in their hard segment structure due to the different
chain extenders used and in the hard segment
length resulting from the different initial ratio of
diisocyanate to the chain extender. The overall

sible simultaneous SAXS and WAX measurements.
Because of primary beam collimation system applied, no desmearing correction was needed. The
measurements were performed at room temperature. All prepared materials were measured in dry
and saturated with ethanol states.
The treatment of measured data was done using
an OTOKO program. SAXS curves of the dry polyurethane samples show a broadening of the primary
beam which is evidence of the microphase separation.
This course of the SAXS curve is characteristic for
"gas-like" structure that is also conformable with not
great volume fractions of the hard segments (Table
1) and no endothermal high-temperature peaks in
DSC. It enabled us to use the Guinier method
present in the OTOKO program to estimate the size
of the domain. The method determines a radius of
gyration of the domain, Rg, without any assumption
of its shape. To find Rg, the program forms a plot:
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In I vs. s ,
where: I - intensity of X-ray, s=2sin 6>U, 6 - half of
the scattering angle, A - wavelength of X-ray, and
then fits a straight line to experimental points.
The radii of gyration of dry polyurethanes are given
in Table 2. Their values are in the range 15-17 nm
that is typical for polyurethanes. Rg for the sample
of shorter hard segment, PUU-1, is the same as for
the samples of longer segments (PUU-3).
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In I(j) arb.ua.

10

Rg=5.1

Table 2. Domain radius of gyration,.
PU-3

Radius of gyration, Rg [nm]

Material
dry

swollen in ethanol

PU-3

15.3

13.3

5.1

PUU-3

17.2

15.2

3.5

PUU-1

16.7

11.8

3.8

SAXS curves generated by the samples saturated
with ethanol show, besides the first down-turn, i.e.
broadening of the primary beam, as for dry samples,
a part of greater intensity, then for the dry samples
a gradual decrease with s. So, each curve has a
shape of two sectors of various declination to the
axis. Radii of gyration found from the first down-turn of the curves (Table 2) are in the range 13-15
nm, i.e. they are slightly lower than those for the dry
samples. This can be caused by some re-arrangement in the outer parts of the domains as a result of
a real increase of mobility of the segments in the
matrix, ethanol being also involved.
Radii of gyration obtained from the second
sector of the SAXS curves for the saturated samples
are much smaller, they are in the range 3.5-5 nm
(Table 2), for all the materials studied. There is no
dispersion in Rg, because all the measured points
are located strictly on a straight line for each curve
(Fig.). It occurred that swelling in ethanol results in
the creation of new aggregates of much smaller size,
than previously mentioned. The small aggegates can
be additional ones and/or can be a result of
partition of the large domains. A specific feature of
the aggregates is their very small dispersity in
dimensions. Only one size of the aggregats is probably a result of thermodynamic equilibrium conditions.
Previously, breaking of aggregates (micelles) was
related into smaller particles of higher polydispersity, as the solvent density increased. This was
related to a PS - PFOA copolymer swollen with
supercritical CO2 that was interpreted as an
increase in the solubility of the copolymer, pointing
the existence of a critical micelle density.
In our case this interpretation seems to be improbable because of impossible increase in the
solubility as well as the lack of polydispersity of the
aggregates that excludes their breaking.
Lack of the dispersity suggests that the aggregates have the size of thermodynamical equilibrium

10

Rg =3.4

PUU-3

10

PUU-1

Fig. Plots I vs. s* of second sectors SAXS curves of polyurethanes saturated with ethanol.

and are built from hard-segments, which would be a
result of co-operation of a greater mobility of the
medium in the presence of ethanol and the influence of a polar group of the solvent. The hard-segments may come from the outer parts of big
domains and from those existing in the medium.
The second explanation of the phenomen of
small domains is the existence of ethanol aggregations (droplets) of small size, but there is a question of no dispersion in their size.
The nature and way of creation of the small
aggregats are under further investigation.
The change in polyurethane microstructure
should be taken into account during consideration
of the processes of permeation through polyurethane membranes.
The work will be printed in the "Journal of
Membrane Sciences".
The work was financially supported by the State
Committee for Scientific Research, Poland under
Contract No 1297/T09/99/16.
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NEW VIEW ON STRUCTURE OF THE SYSTEM:
CELLULOSE-WATER FROM TEMPERATURE TIME-RESOLVED SAXS
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This work is a continuation of our previous lab- set of very small peaks, close to the peak maximum.
oratory studies on the system: cellulose-water [1,2]. Positions of the small peaks are the same for both
The main goal of the work was to examine struc- systems. Their successive d-values follow the protural changes induced by water in a dense cellulose portions: 1 : 2l!2 : 3 1/2 : 41/2, which are characteristic
film. A membrane of cellulose film Tomophan I, for cubic crystal structure. It is the first indication
dry and swollen in H2O or D2O to saturation (e.g. that the domains order to the cubic structure. The
to 2.5 times its volume) was studied.
lattice constant of the structure is about 30 nm.
The measurements were performed using a Because cubic structure can be formed by spherical
home made temperature chamber. In the center of centers only, the domains must be of spherical
a heated concave cylinder is placed a sample shape. Similar structural effects in SAXS were
container 2.5 mm long having small openings on its observed and explained earlier for copolymers
cylindrical wall, joined with a pipe for vapor, which saturated with water. In the case of copolymers the
assures the vapor flow across the container. Hot effect is due to self-association as a consequence of
water vapor produced in a heated kettle is blown increased hydrophobicity of the copolymer at
through the sample container by means of nitrogen. higher temperatures. For copolymer segments of
The flow of vapor is started by opening of the elec- the first kind self-associate to form thermodynamitro-magnetic valve. The temperature of vapor in the cally stable aggregates of reduced hydration. Segkettle, conducting tubing and sample, are con- ments of the second kind form a common medium
trolled. The chamber makes it possible to conti- with water. The aggregates are commonly micelles
nuously supply the sample with wet vapor as well as and can order themselves to crystal structure at
high temperature. The mutual incompatibility of
to increase its temperature.
various
segments is considered to be essential to
The SAXS and WAX measurements were
the
structural
changes. Identical behaviour of such
carried out using an Austrian SAXS Beamline at an
a
polymer
as
cellulose
is surprising.
ELLETRA synchrotron. The line is mainly dedicated to time-resolved studies of fast structural
The question is which parts of homogeneous
transitions in non-crystalline systems. A high power polymer play a role of hard segments and which
wiggler is used as bcamline source. Two one-dimen- ones - soft-segments, and what for? Now, one can
sional gas-filled detectors [3] enabled us to simul1
taneously perform fast, time-resolved SAXS and
WAX measurements.
The first mreasurements were performed at
room temperature starting with dry cellulose and
saturating it with wet water vapor during the
measurement cycle. This enabled us to determine
the time period of the structural transition: dry
cellulose-cellulose swollen in H2O or D2O. It
occurred that the range was less than 1 sec, for both
kinds of water.
SAXS curves obtained at room temperature for
dry cellulose and after saturating it in water
revealed the effect of primary beam broadening.
The radii of gyration obtained for the samples
according to Guinier are the same (5.4 and 5.45 nm,
respectively). It means that in the materials microregions inaccessible to water exist, which is eviC/J
c1)
dence for their hydrophobicity.
Time-resolved temperature SAXS and WAX
measurements were performed for the systems:
cellulose-H20 and cellulose-D20 in the temperature range 25-85°C at a rate of about 15 °C/min.
They revealed emergence and growth of broad peak
in SAXS of d-value 28 nm. The critical temperature
of the effect, Tc, occurred of about 60 and 55°C, for
D2O and H2O, respectively [4, 5]. In Fig. there is
shown a SAXS peak for both systems at a maximum
0.004
temperature (85°C). A specific feature of the peak
0.006
is the presence of its modulation in the form of a Fig.
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expect that this behaviour is characteristic also for
simple polymers. To understand such a behaviour
of cellulose, further studies are needed.
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NEUTRON SPECTROSCOPY AND AB INITIO STUDY
OF HYDROGEN BOND DYNAMICS IN L-SERINE
Andrzej Pawlukojc, Janusz Leciejewicz

Serine (2-amino-3-hydroxypropanoic acid) is one of
the aliphatic amino acids which constitute the building elements of protein systems. Crystallograhic data
indicate that in the solid state L-serine occurs in the
dipolar (zwitterionic) form and both, the amino and
hydroxyl groups participate in the network of hydrogen bonds. Neutron inelastic and incoherent scattering (IINS) spectra were collected for the normal and

PL0002027

diffraction experiments. Vibrational frequencies
were calculated using these data. All computations
were performed on an HP-SPP computer in the
Joint Institute of Nuclear Research in Dubna
(Russian Federation).The results of optimized geometry calculations show that the molecule in the
zwitterion form is in the exited state due to the
hydrogen bonds because large deformation of tors-
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Fig. Phonon density of states vs. energy transfer curve at 10 K for normal and deuterized L-serine.

deuterized samples of the title compound at the ISIS
Pulsed Neutron Facility in Rutherford-Appleton
Laboratory, Chilton, United Kingdom using a
TFXA spectrometer. The spectra were recorded at
10 K. Fig. shows the phonon density of states against
energy transfer curves for both samples. Gaussian 98
program package was used for optimalization of the
molecular structure in the zwitterionic form adopting the data obtained in earlier X-ray and neutron

ion angles appears only at the atoms taking part in
the hydrogen bond system. Vibrational frequencies
were calculated using the HF/6-31G* and
HF/6-311G** models for the free molecule in the
dipolar form. The analysis of the spectra obtained
for both samples jointly with the results of ab initio
calculations made it possible to identify uniquely the
modes due to the vibrations of hydrogen bonds operating in the crystals of L-serine.
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NEUTRON DIFFRACTION STUDY OF INCOMMENSURATE MAGNETIC ORDER
IN TbOs 2 Si 2 AND HoOs 2 Si 2
|00

iS
IS

Malgorzata Kolenda1^ Michael Hofmann2/, Janusz Leciejewicz, Bogustaw Penc1', Andrzej Szytula1'
v

Institute of Physics, Jagellonian University, Krakow, Poland
21
Hahn-Meitner Institute, Berlin, Germany

The title compounds exhibit the well known tetragonal crystal structure of ThCr2Si2 type which shows
the c/a ratios of ca. 2.5. Therefore, the magnetic
properties of these compounds are influenced by
frustration of magnetic interactions associated with
large magnetocrystalline anisotropy which in some
compounds results in appearence of complex magnetic ordering schemes at low temperatures. Neutron
diffraction data collected at low temperatures using
an E6 instrument at the BER II reactor in the
Hahn-Meitner Institute in Berlin have shown that in
TbOs2Os2 the magnetic moments of 11.3(1) Bohr
magnetons at 1.5 K, localized on T b + 3 ions form an
incommensurate sine modulated magnetic structure
described by the wave vector k= [0.313, 0, 0]. The
moments are aligned along the tetragonal axis. The
Neel point is at 45 K. Two groups of magnetic
reflections were identified at 1.5 K on the neutron
diffraction pattern of HoOs2Si2 as belonging to two
magnetic ordering schemes. Both were found to be
sine modulated described by the wave vectors; the

15

T(K) 2 °

Fig. The temperature variation of magnetic moment values in
HoOs2Si2-

first by ki = [3/10, 0, 0], the second by k 2 =[0.22, 0, 0].
The temperature variation of magnetic moments
associated with each structure, shown in Fig., reveals
that the k2 structure vanishes at 8.6 K, while the kj
structure is stable up to 15.8 K - the Neel point of

CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXVIII: THE CRYSTAL STRUCTURE OF A FURAN-2-CARBOXYLATE
POLYANIONIC COMPLEX n[Zn(H 2 O)6] 2 + [Zn8Na2(C5H3O5)i8(OH)2]n~
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The crystals of the title compound contain octahedral cations [Zn(H2O)6] 2+ and polyanions with
the composition [Zn8Na2(C5H3O5)is(OH)2] 2- in
the form of molecular ribbons propagating along

Fig. Simplified
packing
diagram
of
n[Zn(H2O)6]
[Zn8Na2(C5H3O5)i8(OH)2]i~. Only one polyanion is
displayed. The cations in this picture are located between
two adjacent polyanions which are not shown for clarity.

the [010] in the crystal (Fig.). In the polyanion trimeric moieties composed of Zn(II) ions forming
rings with a hydroxy group inside can be distiguished. These hydroxy groups are situated in the
centers of the rings and aretriply bridged to the
zinc(II) ions which make apices of nearly equilateral triangles. Each zinc(II) ion in this trimeric
moiety is coordinated by furan-2-carboxylate ligands and exhibits different coordination: Zn5-tetrahedral (mean Zn-O bond distance 1.949 A),
Zn3-pentagonal (mean Zn-O bond distance 2.040
A) and Zn2-octahedral (mean Zn-O bond distance
2.109 A). The coordination polyhedra are distorted
in each case. Furan-2-carboxylate ligands act either
as bidentate bridges or are monodentally bonded
both via the carboxylate oxygen atoms and furan
heteroring oxygen atoms. Na(I) ions which are
located in the symmetry centers coordinate either
ten (Nal) or eight (Na2) oxygen atoms with mean
Na-Ocarboxyiate and Na-Oheteroring bond lengths of
2.714 and 2.928 A, respectively. The cations are
located in the cavities formed by adjacent anions.
The coordinated water molecules around the
Zn(II) ion, which is located in the center of symme-
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tryform - a slightly deformed octahedron with the
Zn-0 bond distances ranging from 2.059 to 2.121
A. Each of the water molecules interacts via hydrogen bonds with carboxylate oxygen atoms and the
oxygen atoms situated in the centers of the triangles
composed by the zinc(II) ions. X-ray diffraction
measurements were carried out using a KUMA
KM4 four circle diffractomer at this Institute. Data
processing and structure refinement was performed
using the SHELXL 97 programme package.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS WITH
HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXIX: THE CRYSTAL STRUCTURE
OF MONOAQUABIS(TRANS-5-METHYLPYRAZINE-2-CARBOXYLATO N,O)
COPPER(II) TRIHYDRATE
Halina Ptasiewicz-Bqk, Janusz Leciejewicz

Molecular chains consisting of Cu(II) ions coordinated by two ligand molecules via their N,O bonding moieties, bridged by carboxylate oxygen atoms
donated by the adjacent ligand molecules were
detected in the crystals of copper(II) complex with
pyrazine-2-carboxylate ligand [1]. This compound
exhibits a second modification with a different molecular pattern consisting of monomeric molecules
in which the Cu(II) ion is coordinated by two pyrazine-2-carboxylate ligands in trans configuration
and two water molecules [2]. In both modifications
the coordination around the Cu(II) ion is octa-

hedral with distinct elongation along the axis which
is perpendicular to the plane formed by the two
pyrazine-2-carboxylate molecules. Since we have
observed in calcium(II) complexes with pyrazine
carboxylate ligands that their molecular patterns
depend on the size of the ligand molecules, we have
undertaken a study of molecular structure of
copper(II) complex with 5-methylpyrazine-2-carboxylate (MPZA) ligand in order to check if this effect
is present in the complexes with other than calcium (II) ions. The title complex was obtained by reacting hot aqueous solutions of MPZA and copper
H7"'
0 1 2 IV

Hll

H23

Fig. Two molecules of Cu(MPZA)2(H2O) • 3H2O. Broken line indicates the Cu-O distance of 3.253 A.

H21
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nitrate. Dark-blue plate-like single crystals deposited after standing over a couple of days. X-ray
data collection was done using a KUMA KM4 four
circle diffractometer at this Institute. Data processing and refinement was performed using the
SHELXL 97 programme package. The crystals of
the title compound contain monomeric molecules
in which the Cu(II) ion is coordinated by two ligand
molecules via their N,O bonding moieties forming a
planar square around the metal ion with mean
Cu-O and Cu-N bond distances of 1.951 and 1.992
A, respectively. An oxygen atom donated by a water

molecule is situated above this plane at a distance
of 2.250 A resulting in a coordination polyhedron
in the form of a square pyramid. Another oxygen
atom belonging the the carboxylate group of an
adjacent ligand molecule has been found at a
distance of 3.253 A. Two molecules of the title
complex are displayed in Fig.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXX: THE CRYSTAL STRUCTURE OF A Ca(II) COMPLEX
WITH PYRIDINE-3,4-DICARBOXYLATE LIGAND
Wojciech Starosta, Halina Ptasiewicz-Bqk, Janusz Leciejewicz

Calcium(II) ion in its complexes with carboxylate
ligands is known for its bonding flexibility and coordinates from 5 to 9 donor ligands showing irregular
geometry with Ca-O bond distances ranging from
2.2 to 2.8 A. In the Ca(II) complexes with pyridine
and pyrazine carboxylate ligands heteroring nitrogen atoms are often participating in coordination of
the central ion forming N,O bonding moiety with
nearest carboxylate oxygen atom. It has been observed that Ca(II) coordination modes are affected
by the size of the ligand. We have therefore undertaken a systematic study of calcium(II) coordination
modes in the crystals of its complexes with pyridine
dicarboxylate ligands. As the first step the crystal
and molecular structure of a Ca(II) complex with a

pyridine-3,4-dicarboxylate (cinchomerate) ligand
was determined. The crystals of the title compound
contain molecular ribbons in which two adjacent
Ca(II) ions are bridged via oxygen atoms donated
by the carboxylate group attached to the carbon
atom in position "3" in the pyridine ring. Both carboxylate oxygen atoms act in bidentate mode, each
being coordinated to two Ca(II) ions with Ca-O
bond distances of 2.423 and 2.779 A. In addition,
every second pair of Ca(II) ions is bridged by an
oxygen atom donated by a water molecule with
Ca-O bond distance of 2.572 A. The coordination
polyhedron is a pentagonal bipyramid: its equatorial plane is composed of two bridging oxygen
atoms each belonging to the carboxylate group of

Fig. A fragment of the molecular ribbon in the structure of Ca(3,4-PDDC)(H2O)4 with numbering of atoms.
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the neighbouring ligands, the bridging water oxygen
atom and two oxygen atoms from the coordinated
water molecules with Ca-O bond distances of 2.433
and 2.395 A. Another oxygen atom of a coordinated
water molecule constitutes the apex of the pyramid
on one side of the equatorial pentagon, while two
bridging oxygen atoms donated by the same carboxylate group form two apices on the other side of
the pentagon. The pyridine heteroring nitrogen
atom does not participate in coordination of the
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metal ion. Both oxygen atoms of the carboxylate
group attached to the carbon atom in the position
"4" in the pyridine ring are not directly coordinated
to the Ca(II) ion and act as acceptors in the
hydrogen bond system. Fig. shows a fragment of the
molecular ribbon with numbering of atoms. X-ray
diffraction data were collected using a KUMA KM4
four circle diffractomer at this Institute. Data processing and structure refinement was carried out
using the SHELXL 97 program package.

CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXXI: THE CRYSTAL STRUCTURE OF A Ca(II) COMPLEX
WITH PYRIDINE-3,5-DICARBOXYLATE LIGAND
Wojciech Starosta, Halina Ptasiewicz-Bqk, Janusz Leciejewicz

As a consecutive step in our ongoing research on
the crystal chemistry of calcium(II) complexes with
pyridine dicarboxylate ligands we have determined
the crystal and molecular structure of a calcium
complex with pyridine-3,5-dicarboxylatc (dinicotinate) ligand. This complex contains in its crystals
centrosymmetric dimeric molecules in which two

five oxygen atoms with Ca-O bond distances ranging from 2.397 to 2.429 A. The coordination polyhedron is represented by a strongly distorted pentagonal bipyramid. The molecule of each ligand is
planar. Its second carboxylate group does not coordinate the metal ion but is involved in an extensive
network of hydrogen bonds. X-ray diffraction data

O3

C6
N

Fig. The dimeric molecule of Ca2(3,5-PDDC)2(H2O)i0 dihydrate with numbering of atoms.

Ca(II) ions are bridged by carboxylate oxygen atoms
acting in monodentate mode. This molecule is
shown in Fig. with numbering of atoms. The Ca-Ol
bond length is 2.443 A, Ca-O2 - 2.340 A. The coordination around each Ca(II) ion is completed by

were collected using a KUMA KM4 four circle
diffractomer at this Institute. Data processing and
structure refinement was carried out using the
SHELXL 97 program package.
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DIFFERENTIAL INACTIVATION OF DNA-DEPENDENT PROTEIN KINASE
IN H2O2-TREATED L5178Y-R AND L5178Y-S CELLS
Barbara Sochanowicz, Marcin Kruszewski, Irena Szumiel

DNA-dependent protein kinase (DNA-PK), a 3
subunit complex of high molecular weight, is activated by DNA double strand breaks (DSB) [1].
The enzyme is a part of the DSB repair system,
called NHEJ (non-homologous end-joining). It is
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Fig. Alterations in DNA-PK activity after treatment of LY cells
with hydrogen peroxide (1 h, 37°C) and subsequent 1 h incubation.

active in Gl and S phases of the cell cycle. We
undertook examination of DNA-PK activity in a
pair of L5178Y (LY) sublines, LY-R (radiation resistant, H2O2-sensitive) and LY-S (radiation sensitive, HkCVresistant). The high sensitivity of LY-S

cells to X-rays is related to the impairment of DSB
rejoining [2], whereas hypersensitivity of LY-R
cells to H2O2 is due to a high iron content in the
nuclei of these cells [3]. OK-1035, an inhibitor of
DNA-PK, inhibits DNA repair in LY-R cells (Gl
and S phase) but not in LY-S cells [4]. On the other
hand, we found (unpublished data) that in the
presence of excess fragmented DNA, that is, under
standard assay conditions [5], there is a comparable
activity of DNA-PK in both LY sublines. There is,
however, a difference between LY sublines in
DNA-PK activity levels after y-irradiation. Upon
post-irradiation incubation there is a marked decrease in activity in LY-R cells and a delayed but
relatively more pronounced one, in LY-S cells.
After H2O2 treatment the pattern of relationship between H2O2 concentration and DNA-PK activity differs between the LY sublines, when measured 1 h after the end of treatment. As shown in
Fig., the marked decrease in activity in LY-R cells
is in proportion to the expected extent of damage in
the H2O2 concentration range from 0.1 to 1 mM; in
LY-S cells the decrease starts only at 0.5 mM H2O2.
This result is in agreement with that after X-irradiation, where early inactivation of DNA-PK has
been observed in LY-R, in contrast with LY-S cells.
This work was supported by the Polish State
Committee for Scientific Research, a statutory
grant for the INCT.
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ERBSTATIN-INDUCED INCREASE IN APOPTOSIS DOES NOT RADIOSENSITIZE
L5178Y CELLS
Iwona Buraczewska, Anna Gasihska1', Iwona Gr^dzka, Nella Jarocewicz, Barbara Sochanowicz,
Irena Szumiel
1/

Radiotherapy Clinic, Oncology Center, Krak6w, Poland

Tyrosine protein kinase (TPK) activity is essential
in the cell cycle control, cell-cell communication,
generation of lipid-linked second messengers, etc.
TPK signalling is an important target for anticancer
drug development [1]. One of such anticancer drugs
is erbstatin (ERB).
No reports have been published so far on the
possible interaction of ERB with radiation in ma-

lignant cells. In this report we examine the effect of
ERB treatment in combination with X-irradiation
on a pair of L5178Y (LY) sublines. The sublines
are: LY-R (parental) and LY-S (radiation-sensitive
variant). Mean lethal doses of X rays are about 1
Gy and about 0.5 Gy for LY-R and LY-S cells,
respectively [2]. The difference is due to the defect
in DSB rejoining [3-6].
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There was a difference in the extent of the
ERB-induced apoptosis in the LY sublines. Apoptosis was measured cytometrically as the percentage

CTRL

ERB

4OyX ERB*X

CTRL

LY-R

ERB

2QyX ERB«X

LY-S

LY-R

LV-S

Fig. Top panel: Induction of apoptosis in LY sublines by ERB (5
,ug/ml) alone and in combination with X-rays (4 Gy (LY-R)
and 2 Gy (LY-S)). The measure of apoptosis was sub Gl
fraction determined by flow cytometry. Mean values from 2
measurements ± range are shown. Bottom panel: Electrophoretic DNA pattern in LY cells treated with ERB (5
jUg/ml) alone and in combination with X-rays, 4 Gy (LY-R)
and 2 Gy (LY-S). The "ladder" pattern seen e.g. in lane 1
(standard) indicates advanced internucleosomal fragmentation.

of cells with less than Gl amount of DNA; the loss
is due to DNA fragmentation that is a hallmark of
apoptotic death. Fig. (top panel) shows that the
used ERB concentration caused apoptotic death in
a relatively low fraction of the cell population. The
effect was significantly more pronounced in LY-R
than in LY-S cells (Student's t test, p<0.05). X-rays
alone did not induce much apoptosis 24 h after

irradiation. However, apoptosis was markedly enhanced by combined treatment, as shown in Fig.:
LY-R cells were much more susceptible to this
treatment than LY-S cells.
These results were essentially confirmed by the
electrophoretic DNA pattern (Fig.). Fragmentation
was not seen clearly enough in ERB-treated LY-R
cells, in spite of a large sub Gl fraction.
In clonogenic survival determinations the effects
of the drug and radiation were additive. The mean
lethal doses (±SE) were 1.56 ±0.330 Gy and 1.52
±0.163 Gy for LY-R cells, irradiated without or
with ERB pre-treatment, respectively. For LY-S
cells the respective values were 0.576 ±0.060 Gy
and 0.573 ±0.125 Gy (mean results from 3-4 experiments; survival of cells subjected to combined ERB
plus X-ray treatment was normalised to that of the
ERB-treated cells).
The ERB-induced increase in apoptosis in the
X-irradiated cell population affects post-treatment
growth (not shown). Nevertheless, it does not affect
the X-ray cell killing: the results of cloning reveal no
difference between ERB untreated and pre-treated
cells. Factors that induce apoptosis are often considered as potentially sensitising [7]. This report
shows that this is not always the case. It strongly
supports the numerous warnings that short-term
assays do not reliably estimate the level of cell killing, which is the ultimate measure of the therapeutic
efficiency.
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ERBSTATIN-INDUCED ALTERATIONS IN CELL CYCLE DISTRIBUTION
IN THE X-IRRADIATED L5178Y CELLS
Iwona Buraczewska, Anna Gasinska1', Irena Szumiel
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A potential anticancer drug, erbstatin (ERB) inhibits tyrosine protein kinase (TPK.) activity belonging to receptor kinases (e.g. epidermal growth
factor receptor, EGFR) and non-receptor kinases
(among them many proto-oncogenes). Information
on its effects in X-irradiated cells is scarce. We used
flow cytometry to estimate ERB effects on cell cycle
progression of X-irradiated L5178Y (LY) cells of
two sublines, LY-R and LY-S; their mean lethal
doses of X rays are about 1 Gy and about 0.5 Gy,
respectively [1]. The procedure of cell staining was
according to [2].

ERB treatment (5 ^g/ml) affected cell cycle
distribution of both LY sublines. Untreated cells
showed a similar distribution among the three cell
cycle phases analysed (Figs. 1A and 2A), but the
pattern was changed 24 h after ERB treatment in
LY-R cells. There was a considerable increase in cell
percentage in the Gl phase compartment accompanied by a decrease in S phase compartment
(Fig.IB). In LY-S cells, these changes were much
less marked (Fig.2B). The size of the S phase compartment alone does not tell about the course of
DNA replication. Therefore, the labelling index (LI)
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as in ERB-treated LY cells it decreased. This shows
that DNA replication was disturbed by ERB treatment. The effect was pronounced in LY-R cells
(LI/S ratio equal to 0.51) and much less marked in
LY-S cells (LI/S ratio equal to 0.89).
Further, we examined the effects of combined
ERB+X-radiation treatment The same concentration of ERB was applied (5 jug/ml) but the X-ray
dose was adjusted to be approximately equitoxic for
LY-R and LY-S cells (4 and 2 Gy, respectively).
Radiation alone emptied the Gl compartment due
to the G2 arrest. LY-R cells traversed the S phase
relatively undisturbed, as judged from the comparison of S phase cells and the labelling index (LI/S
ratio equal to 0.87; Fig.3A). On the contrary, a low
percentage of LY-S cells incorporated BrUrd (LI/S
ratio equal to 0.26; Fig.3B).
ERB treatment considerably increased the G2
compartment in LY-S cells; since the LI/S ratio
A. LY-R

mm

G2/M

Fig.l.Cell cycle distributions of LY-R cells: A - control; B treated with 5 ,ug/ml ERB alone; C - X-irradiated (4 Gy);
D - ERB-treated and X-irradiated. Mean values from 2
measurements ± range are shown.

was estimated and compared with the percentage of
cells in S phase (Fig.3). In untreated cells the ratio
of these values (LI/S) was very close to unity, whereA. LY-S CONTROL
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Fig.2.Cell cycle distributions of LY-S cells: A - control; B treated with 5 ,ug/ml ERB alone; C - X-irradiated (2 Gy);
D - ERB-treated and X-irradiated. Mean values from 2
measurements ± range are shown.
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Fig.3. Comparison of the percentage of cells in S phase and
percent labelling index (bromodeoxyuridine incorporation
into DNA); A - LY-R cells; B - LY-S cells. X-ray doses: 4
Gy (LY-R) and 2 Gy (LY-S); 5 fig/ml ERB for single or
combined treatment. Mean values from 2 measurements
are shown.

after combined treatment was equal to 0.41. Apparently, ERB counteracted the post-radiation inhibition of DNA replication and thus, the cells were
able to progress through the S phase and pass to
the G2/M phase (compare Fig.2C and D). On the
contrary, the Gl compartment of LY-R cell population was not emptied and the G2/M compartment
did not differ from that after irradiation alone
(Fig.lC,D).
In spite of these differences in ERB effects on
progression through the cell cycle of the X-irradi-
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ated LY cells, we found no difference in the drug's
effect on the post-irradiation cell kill.

[2]. Wilson G.D., McNally N.J., Dunphy E., Kracher H , Pfagner
R.: Cytometry, 6, 641-647 (1985).
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TOTAL TYROSINE PROTEIN KINASE ACTIVITY
IN X-IRRADIATED L5178Y CELLS
Barbara Sochanowicz, Irena Szumiel

Tyrosine protein kinase (TPK) activity is manifested by 2 classes of enzymes: receptor kinases (e.g.
epidermal growth factor receptor, EGFR) and non-receptor kinases (among them many proto-oncogenes). Both transfer a phosphate residue from a
nucleotide, usually ATP, to a substrate protein.
This results in an alteration of the protein's biological activity; the consequence is the modulation of
the relevant cellular process (review in [1, 2]); TPK
activity is essential in the cell cycle control, cell-cell
communication, generation of lipid-linked second
messengers etc. Its importance for the cellular response to ionising radiation has been studied for the
last few years.
TPK activation is a mandatory proximal step in
radiation-induced signalling through protein kinase
C-dependent pathway [3]; some further steps downstream there are such important tyrosine-phosphorylated kinases as RAF1 and MAPK (mitogen activated protein kinase). Also the c-Abl TPK becomes
activated in irradiated cells and plays an important
role in the cellular response, both in cell cycle progression and radiation-induced apoptosis (review in
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For determination of TPK approximately 4x10
LY-R or LY-S cells were X-irradiated (1 Gy) and
the whole cell extracts were prepared according to
Finnie et al. [5] after time intervals indicated in
Fig.l. Total TPK activity was determined in cellular
extracts with the use of Boehringer-Mannheim
(GFR) ELISA kit, according to the manufacturer's
procedure.
TPK activity in the control and X-irradiated LY
cells was estimated with the use of two protein
kinase substrates, PKS1 and PKS2 (Fig.l legend).
Figs.lA and B show the results obtained with PKS1
and PKS2, respectively. In the control LY-R cells,
the activity was the same with both substrates and
the course of TPK activity increase and decrease almost identical. In the control LY-S cells, the activity was lower than that in LY-R cells with PKS1
but higher - with PKS2. The differential substrate
specificity of TPK in the LY sublines also was seen
after irradiation: with PKS1 stimulation, it was
delayed in LY-S, as compared to LY-R cells, but
was of similar magnitude; with PKS2 stimulation, it
was seen 1 h after irradiation, but again, the highest
activity in LY-S cells was revealed 3 h after irradiation, when it exceeded that in LY-R cells. At
that time point, the TPK activity in LY-R cells
returned to the control level. So, in spite of the

1
3
CONTROL 1
TIME AFTER IRRADIATION (HOURS)

3

Fig.l.Stimulation of tyrosine protein kinase activity by X-irradiation in LY-R and LY-S cells. A) PKS1 - protein kinase
substrate 1 (Biotin-KVEKIGEGiTGVVK-amide) corresponds to amino acids 6-20 of the cell division kinase
p 3 4 cdc2 g ) PKS2 - protein kinase substrate (Biotm-EGPWLEEEEEAYGWMDF-amide) corresponds to the
amino acid sequence 1-17 of gastrin. Cells were X-irradiated (1 Gy); after 1 or 3 h incubation whole cell
extracts were prepared according to Finnie et al. [5], Data
shown are mean results of 2 determinations ± range.

close relation of the LY sublines and many similarities in the basic characteristic features [6], the
pattern of TPK activation in the X-irradiated LY
sublines differs; this observation warrants further
investigation of PTK in these sublines.
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APOPTOSIS IN MAMMALIAN CELL LINES
WITH DIFFERENT RADIATION SENSITIVITY:
COMPARISON AFTER LOW DOSE X-IRRADIATION

PL0002054

Alicja Jaworska1'', Paula De Angelis1', Irena Szumie!, GoriI Olsen1'', Jon Reitan1'
11

Norwegian Radiation Protection Authority, Oslo, Norway
In this work we have measured apoptosis in 5 relatively radiation sensitive cell lines following X-ray
irradiation with doses from 0.1 to 2 Gy. These were
two lymphoid AT cell lines, one homozygous and
one heterozygous for the ATM gene, the human
pre-B cell line, Reh, and two murine L5178Y lymphoma cell lines, LY-R and LY-S.

In the past few years the interest for using apoptosis
as a possible measure of radiosensitivity has been
substantially increased both with regard to the
possibilities of using the extent of apoptosis as a
biological dosimeter [1] and for estimating the
radiosensitivity of cancer cells prior to radiotherapy
[2-4].
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Fig. X-ray-induced apoptosis in human and murine lymphoid cell lines, estimated by the TUNEL method.
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For detection of apoptotic DNA fragmentation at
different time intervals after X-irradiation, cells
were fixed in 1% paraformaldehyde for 10 min at
0°C, spun down, resuspended in ice cold methanol
and stored at -20°C. For fluorescence staining of
free DNA ends the TUNEL assay of Gorczyca et al.
[5] was used. Fluorescence distribution in the cells
was measured using a FACS Vantage flow cytometer (Becton Dickinson Immunocytometry Systems,
San Jose, CA, USA), equipped with an Enterprise
argon ion laser (Coherent, Santa Clara, CA, USA)
that had an excitation wavelength at 488 nm.
Fluoresceine (green) fluorescence from the apoptotic cells was detected at wavelengths from 500 to 560
nm, and propidium iodide (red) fluorescence (DNA
content) was detected at 608-652 nm. CellQuest
software (Becton Dickinson) was used to estimate
the apoptotic fraction.
The propensity for apoptosis as determined by
the TUNEL (terminal deoxynucleotidyl transferase) assay was very different in the cell lines
examined (Fig.) and was not related to radiation
sensitivity, estimated from clonogenic survival. At
the doses examined, the highest levels of apoptosis
were detected in the X-ray sensitive cell line LY-S
(Do=O.5 Gy), whereas in the more resistant LY-R
line (Do=l.O Gy) only a small percentage of apoptotic cells was detected. Reh cells, which are the
second resistant cell line in this study (Do=ca 1.2
Gy), was relatively proficient in radiation-induced
apoptosis. The AT cell lines whose sensitivity to

X-rays (Do=O.7 Gy) was similar to that of LY-S,
were deficient in radiation induced apoptosis. In
the homozygous GM00717C cells, levels of apoptosis were not higher than those seen in LY-R.
Timing of apoptosis also varied considerably. For
L5178Y and Reh cells, a maximum was detected 48
h after X-irradiation, whereas for AT cell lines
maximal apoptosis was seen at 72 h. Significant induction of apoptosis was found for G00736A only
at 2 Gy and 72 h.
Overall, approximation to linear relationship between dose and apoptosis percentage could be observed only for the optimal time of apoptosis for
those two lines which were relatively proficient in
it, that is, LY-S and Reh. Thus, it seems that apoptosis alone has no potential as a radiation sensitivity marker or as an exposure indicator in these
cell lines. Possibly, it may serve as such in conjunction with other markers which have to be identified.
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CELL CULTURE CONDITIONS AS A CRITICAL FACTOR IN DETERMINATION
OF APOPTOSIS: FETAL CALF VERSUS BOVINE SERUM
Tomasz Otdak , Martin Kruszewski, Iwona Buraczewska, Iwona Grqdzka
1/

Oncology Center, Warszawa, Poland

It is considered that the cellular machinery prepared to eliminate a damaged cell by apoptosis is in
the state of readiness and can be set to work by
selective stimuli. A counterbalance is formed by
"survival factors". According to the apoptosis (dual
signal) model of Evan et al. [1] these are various
growth factors of differential selectivity and
specificity, which have an anti-apoptotic effect. In
vitro, the source of survival factors is the serum
added to the cell culture medium. In order to
examine the apoptosis proneness of a pair of
L5178Y (LY) sublines we used hyperthermia (HT;
42°C, 30 min) as apoptosis inducer and various cell
culture conditions (Fischer's medium with bovine
(BS) or fetal calf (FCS) serum, 8 and 10%, respectively), before HT; phosphate-buffered saline (PBS)
was used for post-HT treatment incubation.
The LY-R subline is relatively more radioresistant than the LY-S subline, while being slightly
more susceptible to HT, and markedly more sensitive to UV-C radiation and oxidants [2-4]. We
used flow cytometry to identify the fraction of cells
in early apoptosis. Cells were stained according to

LY-R.0O4
OH

10 2

10"
10"*
DIOC6
Fig. An example of flow cytometric measurement of various states
of cells in the examined cell population. The upper left quadrant corresponds to necrotic cells, lower left - to apoptotic
cells and lower right - to viable cells with high mitochondrial
membrane potential.
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the previously described method [5] with modifi- negligible. These results indicate that pre-HT culcations. DiOC6 (3,3 dihexylocarbocyanine iodine, turing in the medium with bovine serum allows the
Sigma) was stored as a 1 mM stock in DMSO Table 2. Percentages of viable, apoptotic and necrotic cells in LY
cell populations pre-cultured in BS or FCS-supplement(dimethyl sulfoxide; Aldrich). The volume of 2 //I
ed Fischer's medium and placed in PBS for 3 h.
ethanol diluted stock of DiOC6 (to the concentration of l?0 /uM) was added to 2xlO5 cells
FCS -» PBS
Cells
BS -» PBS
resuspended in 0.5 ml PBS (Gibco). Incubation (15
LY-R
min) at 37°C in the dark, was followed by the
99.4
78.0
viable
addition of 10 /J.1 PI (propidium iodine, 500 fig/ml;
0.26
4.0
apoptotic
Sigma). Cells were immediately analysed. Two0.6
18.0
necrotic
-colour flow cytometric analysis performed on
LY-S
FACSCalibur instrument (Becton Dickinson) with
the use of CellQUEST™ software (Becton Dickin99.0
89.6
viable
son) consisted in creating a gate for optimal debris
0.3
3.3
apoptotic
exclusion on forward scatter (FSC) versus side
0.7
7.1
necrotic
scatter (SSC) dot plot. Then the DiOC6-events
were gated on a FL1 histogram plot. A second FL2 development of apoptosis during the subsequent
histogram plot showing DiOC6-cells was created to incubation in PBS. In contrast, pre-HT culturing in
exclude the Plbright (necrotic) events in the DiOC6- the fetal calf serum-supplemented medium pre-population. The DiOC6-/PI-events were regarded vents the onset of apoptosis for at least 20 h. The
as a apoptotic cells. Fig. shows an example of the latter can be expected to contain survival factors at
higher concentrations or some additional survival
Table 1. Percentages of viable, apoptotic and necrotic cells in LY
factors, which delay the onset of apoptosis or precell populations pre-cultured in BS or FCS-supplemented Fischer's medium and HT-treated (42°C, 30 min).
vent it completely. The proneness to HT-induced
apoptosis in LY sublines is similar under all conditCells
B S - PBS
FCS -• PBS
ions; hence, the response to survival factors conLY-R
3h
20 h
Oh
Oh
2h
tained in FCS is equal in both LY sublines, when
viable
99.4
92.7
97.0
80.8
13.7
the end-point considered is the HT-induced apop3.6
79.9
6.1
apoptotic
0.3
2.3
tosis.
necrotic
LY-S

15.6

6.4

0.4

1.2

0.7

Oh

3h

Oh

2h

20 h

viable

95.5

14.4

99.7

97.2

94.3

apoptotic

0.8

71.9

0.1

1.7

5.7

necrotic

3.7

13.7

0.2

1.1

0.01

above-described cytometric measurement of apoptosis. The percentages of apoptotic cells thus identified are presented in Table 1. Table 2 shows that
the effect of incubation of control cells in PBS is
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X-IRRADIATION OF Gl CHO CELLS INDUCES BOTH TRUE AND FALSE SCE
IN BrdU-SUBSTITUTED CELLS BUT ONLY FALSE SCE
IN BIOTIN-dUTP-SUBSTITUTED CELLS
Elisabeth Bruckmann1, Andrzej Wojcik, Giinter Obe1/

^Institute of Genetics, University of Essen, Germany
Sister chromatid exchanges (SCE) are regarded as a
result of DNA repair by homologous recombination. In linear chromosomes SCE can only be recognised if the two sister chromatids of metaphase
chromosomes are differentially labelled. This was
first achieved by incorporation of tritiated thymidine and later on by substitution of thymidine with
5-bromodeoxyuridine (BrdU) [1]. A major disadvantage of tritium is that it induces SCE through its
radioactive decay [2]. However, also the radicalisation of BrdU may lead to SCE [3]. Despite
numerous studies, the exact contribution of BrdU
to "spontaneous" and "induced" frequencies of SCE
in linear chromosomes remains a matter of debate

[3]. DNA lesions leading to SCE in BrdU-substituted DNA could be produced by debromination
and radical reactions which can give rise to alkali
labile sites and strand breaks and this is augmented
by X-rays [4].
It is generally assumed that SCE are formed
from DNA lesions during the S-phase of the cell
cycle [5]. This applies to S-phase dependent agents.
In contrast, S-phase independend agents which
directly produce DNA double strand breaks (dsb)
such as restriction endonucleases, bleomycin, neocarcinostatin, DNasel and ionising radiation, can
lead to SCE when unifilarily BrdU-labelled cells are
exposed in Gl-phase [6]. The question regarding
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the DNA lesions responsible for SCE formation by
X-rays and other S-phase independent agents in the
Gl phase remains open.
Because the SCE-test is widely used in genetic
toxicology [7] the knowledge of the contribution of
BrdU to the formation of spontaneous SCE and
SCE induced by DNA damaging agents is of great
importance. The present study was undertaken to
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inducing SCE. Both nucleotide analogs were detected with the help of monoclonal antibodies
conjugated with fluorochromes. The analysis was
performed with the help of a fluorescent microscope.
The results show that following radiation nearly
twice as many SCE were found in BrdU- than in
biotin-dUTP-labelled cells (Fig.). This clearly
points towards radiation damage in BrdU-moieties
as the source of DNA lesions leading to SCE.
Whether the same mechanism is responsible for
SCE induced by other S-phase independent agents
is not known. However, our results clearly show
that caution must be applied when interpreting
results obtained in experiments in which BrdU is
used to visualise SCE.
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Fig. Spontaneous SCE and SCE induced by X-rays in Gl cells
unifilarly labelled with biotin-dUTP or BrdU.

adress this question. Spontaneous and radiation
induced SCE frequency was studied in cells prelabelled with BrdU or biotin-deoxyuridine triphosphate (dUTP). Biotin-dUTP has been recently successfully applied to differentiate sister chromatids
in CHO cells [8]. Its advantage over BrdU is that it
does not give rise to radicals. It can thus be assumed
that it will not interact with ionising radiation in
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DETERMINATION OF DNA DOUBLE STRAND BREAK REPAIR
IN HUMAN LYMPHOCYTES BY THE COMET ASSAY

S
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Microgel electrophoresis of lysed cells, often called
comet assay, usually is applied for DNA damage
examination at alkaline pH. Then the DNA migration behavior is determined by the presence of
single (SSB) and double (DSB) breaks directly inflicted by the tested damaging agent, as well as by
nicks introduced by excision repair enzymes. After
exposure of isolated human lymphocytes to X-rays
DNA damage inflicted by 0.2 Gy has been successfully determined in our Laboratory.
For quantification of DSB the comet assay is less
sensitive. This is due to a lower frequency of DSB
induction by X-radiation: 1 Gy generates 1000 SSB
per cell and only 40 DSB. Also, the non-denaturing
conditions of the assay preserve DNA-protein
interactions which affect the DNA migration behavior. Although the neutral comet assay has been
applied by a few authors [1, 2] it seems necessary to
adapt the lysis conditions as well as the electrophoretic parameters for each cell type. For quantification of DSB in human lymphocytes we applied lysis
at pH 9.5 (other conditions according to [3]) and
the electrophoresis buffer of pH 8.3 (other conditions according to [4]).

Phytohaemagglutinin-stimulated lymphocytes in
culture (from full blood taken from 3 different donors in 5 separate experiments) were X-irradiated
24 h after stimulation. The dose was 10 Gy (at a
dose rate of 1.1 Gy/min) and irradiation was carried
out at 37°C. Samples were taken from the cultures
incubated at 37°C in a CO2 incubator at intervals
indicated in Fig.l. After lysis and electrophoresis,
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Control

60min

Repair time
Fig.l. Mean tail moment (100 nucleoids scored per data point), a
measure of DNA damage, decreases with time of post-irradiation incubation, reflecting DSB repair in human lymphocytes after X-irradiation with 10 Gy.
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leoids scored per data point), a measure of DNA
damage, decreased with time of post-irradiation
incubation, reflecting DSB repair (Fig.l). As shown
in Fig.2, the residual damage corresponded to
about 16% of the initial lesions.
These results indicate a satisfactory methodological preparation for estimation of the role of
DSB repair in the adaptive response in human
lymphocytes.
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Fig.2. The time course of DSB repair in human lymphocytes
(data from Fig.l) presented as decrease in the relative
damage, that is, as % of the initial damage.

the tail moments of the nucleoids were measured,
as described in [5]. Mean tail moment (100 nuc-
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ANALYSIS OF INVERSIONS AND SISTER CHROMATID EXCHANGES
IN CHROMOSOME 3 OF HUMAN LYMPHOCYTES EXPOSED TO X-RAYS
Andrzej Wqjcik, Bertram Opalka1', Giinter Obe2/
11
Inner Clinics and Policlinics, University Clinics, Essen, Germany
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Institute of Genetics, University of Essen, Germany
The mechanisms of sister chromatid exchange
(SCE) formation are not known. It is generally
assumed that SCE are a consequence of DNA
replication on a damaged template [1]. Thus an
SCE can only arise when a DNA damage is not
repaired in an error free way before the cell enters
the S-phase. Various models exist which seek to
explain SCE as either a result of DNA repair [2] or
damage bypass [3-7]. The results of recent publications indicate that SCE induction is not influenced
by a defect in mismatch repair [8] and SCE occur
predominantly within damaged, transcriptionally
active regions of the genome [9].
S-phase dependent chemicals, especially those
capable of alkylating DNA are among the most effective agents that induce SCE [1]. In contrast, the
S-phase indpendent agent, ionizing radiation, is a
poor inducer of SCE. It is mostly effective when Gi
cells with unifilarly BrdU substituted chromosomes
are irradiated [10-12]. Because ionizing radiation
induces mainly single and double strand breaks,
both of which are expected to be repaired before
the cell enters S-phase [13], the nature of radiation-induced SCE is a matter of debate. Wolff et al.
[14] were the first to suggest that SCE observed
following exposure to low LET radiation could be
"false" ones resulting from paracentric inversions
induced in Gi chromosomes. These would be
visible as double internal, or inerstitial SCE when
cells after one round of replication with BrdU were
irradiated. This hypothesis was indirectly supported
by the observation that no SCE were observed in
human lymphocytes irradiated in the Go stage,
prior to the addition of BrdU [10]. Muhlmann-Diaz
and Bedford [12] analysed interstitial deletions and
internal double SCE in cells irradiated in Gi, and

G
TB

Mitosis
T T&

T8

identifiable
as 'true* SCE
FISH signal (s)
centromere (c)

no
inversion

c-s distance
not changed

o
£ B

• * : • *

idanWiaola
as false" SCE
c-s distance
changed

paracentric
inversion

not MtntlflaMe
as falsa'SCE

paracentric

c-s distance
notcnanjad

MantMabla
as nnw* SCE

no
invention

I
parteantric
Inversion

paricantnc
invention

p/q ratio
not changed

a* falsa- SCE
p/q ratio
changed

not identifiable
as false" SCE
p/q ratio
not changed
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found their frequencies to be similar. Based on the
supposition that ionizing radiation induces equal
frequencies of interstitial deletions and inversions,
they concluded that low LET ionizing radiation
induces only "false" SCE.

inversions

SCE

inversions

Cells
scored

1
0
0

0

0

100

3

0

100

2.4

SCE
1
1
4

7

0
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a shift of the hybridisation signal in relation to the
centromere (Fig.). Similarly, asymmetric pericentric
SCE resulting from pericentric inversions would
modify the p/q arm ratio (Fig.).
In total 21 paracentric SCE were found (cf.
Table) which covered the FISH signal. Only 3 SCE
were accompanied by a modified s-c distance indicative of an inversion. Similarly, out of 21 asymmetric, pericentric SCE, only two were found to be
pericentric inversions with a modified p/q ratio.
These results clearly indicate that the majority of
radiation induced SCE, both para- and pericentric,
are not inversions.
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Table. Frequencies of inversions and of SCE which could potentially result from a detectable inversion in chromosome 3.
Dose
[Gy]
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Conventional staining of chromosomes with
Giemsa does not allow scoring inversions. Thus, the
assertion of "false" SCE is based on theoretical
considerations and indirect observations. In the
present report we present results of a more direct
approach of visualising inversions. Human peripheral lymphocytes unifilarly labelled with BrdU
were irradiated with X-rays and harvested in the
second mitosis. Chromosome preparations were
hybridised with an in situ hybridisation probe
specific for the pl4 band of chromosome 3. Simultaneously SCE were detected with anti-BrdU antibodies. Using this protocol, any paracentric SCE
(i.e. double, internal SCE) occurring in the chromosome region covered by the probe which resulted from an inversion would be accompanied by
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RADIATION-INDUCED MALFORMATIONS AFTER EXPOSURE OF MURINE
GERM CELLS IN VARIOUS STAGES OF SPERMATOGENESIS
Wolfgang-UIrich Miiller1', Christian Streffer1', Andrzej W6jcik, Frauke Niedereichholzu
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Institute of Medical Radiobiology, University Clinics, Essen, Germany

A controversy exists as to what extent radiation
effects such as cancer and malformations can be
transmitted from parents to children [1]. Many animal experiments indicate that such a transmission is
possible. For humans, the data of Hiroshima and
Nagasaki still demonstrate only a trend without
reaching a statistical significance. On the other
hand, from time to time results of human studies
are published that also point to the possibility of a
transmission of radiation effects to the offspring.
The reaction of male germ cells to radiation exposure is of particular interest, because in this case
neither indirect radiation effects nor extragenetic
effects can play any role. Indirect effects have to be
taken into consideration whenever results of exposure of female cells are analysed because radiation sickness of the mother can affect the outcome
of the study. Such indirect effects are impossible
after parental exposure. Extragenetic effects can be
ruled out because sperms contribute almost exclusively their genetic material to the zygote.
We performed analyses of the response of
various murine spermatogenic stages to radiation

exposure. Male mice were exposed in small cages to
137-Cs gamma rays at a dose rate of 0.28 Gy/h and a

total dose of 2.8 Gy to the whole body. Immediately
after the iradiation, and throughout the following 8
weeks, the exposed and sham-irradiated control
postnMMfc

meloBc

PremcMk

waek of conception after txpotui*
Fig. Pattern of malformation frequencies after radiation exposure
of various spermatogenic stages of mice. Asterisks represent
the level of significance between irradiated and control
groups («: p < 0.1, "*: p < 0.05, ***: p < 0.01).
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males were caged together with three females and
the females were checked for vaginal plugs (a sure
sign of copulation) each morning between 8 and 9
o'clock. Pregnant mice were collected on a per
week basis and replaced in cages by new females.
The identification of the developmental stage of
male germ cells at which the radiation exposure
took place was based on the record of the time span
between the exposure and the successful copulation
[2]. On day 19 of gestation pregnant mice were
killed by cervical dislocation, and the frequency of
malformed fetuses was recorded.
Altogether 53 malformed fetuses were found
among 2308 living control fetuses (2.3%). Following radiation exposure 72 of 1610 fetuses showed a

malformation (4.5%). All malformations were gastroschisis, a typical anomaly of the mouse strain
studied [3]. It was found that the meiotic stages
were particularly sensitive to radiation (Fig.).
Although these results do not answer the question whether and to what extent humans may be
affected by a comparable phenomenon, they do
contribute another piece of evidence that at least in
mice malformations can be induced by radiation
exposure of paternal germ cells.
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HYDROGEN PEROXIDE-INDUCED DNA DAMAGE IN MEL CELLS
OVEREXPRESSING A HEAVY SUBUNIT OF THE HUMAN FERRITIN
Marcin Kruszewski, Teresa Iwanenko, Teresa Zebrowska, Pawet Lipinski1'', Elzbieta Bouzyk
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Formation of DNA damage by hydrogen peroxide
(H2O2) is unambiguously associated with the presence of transition metal ions. Although most of
the transition metals are able to generate the highly
reactive hydroxyl radical from H2O2 in vitro, which
transition metal is of the greatest importance in the
living cells is still an open question. Previous study
[1, 2] and ESR study by Meneghini et al. [2] indicated that a transition metal responsible for DNA
damage in vivo might be the iron. Here we report a
preliminary study on the viability and DNA damage
of two closely related mouse erythroleukaemia
(MEL) cell lines treated with H 2 O 2 . MEL/H-FR+
cells posses the vector coding a heavy subunit of the
human ferritin (H-FR). Overexpression of the
H-FR in MEL cells causes depletion of the labile
iron pool (LIP) [3]. Untransfected MEL/H-FR0
cells were used as a reference. Both cell lines were
treated with H2O2 then cell survival and the yield of
arising DNA SSB was evaluated by the dye
exclusion test and the alkaline version of comet
assay, respectively. MEL/H-FR+ cells were more
resistant to H2O2 treatment than control cells.
180

H2C>2-induced DNA breakage was also higher in
this cells (Fig.l) as compared to MEL/H-FR0 cells.
For further decrease in LIP, both lines were forced
to differentiation by the addition of 100 fiM
N,N'-hexamethylene bisacetamide (HMBA) to the
culture medium. During differentiation process
MEL cells synthesise hemoglobin, thus further decrease in LIP takes place [3]. Addition of HMBA to
the culture medium caused a further decrease in
DNA damage, marked especially in ferritin producing cells (Fig.2). These data are in good agreement
200
HMEtA-N.N'-hexamsthylene bijacetamitH

• I

160

CSS MEL/H-FR0 + HMBA
120

EH

Control

0.5

2.5

H2O2
Fig. 1. Hydrogen peroxide dose-dependence of DNA damage
estimated by the alkaline comet assay in MEL/H-FR0 and
MEL/H-FR+ cells (treated with H2O2 for 5 min at 0°C).
Tail moment is the measure of single strand breaks and
alkali-labile lesions.

MEL/H-FR*

ESS MEL/H-FR4 + HMBA

Control
• • MEUH-FR
CZU MEUH-FR*

MEL/H-FR0

I,
10

H 2 O 2 [uM]
Fig.2. The effect of HMBA-induced differentiation on the hydrogen peroxide dose-dependence of DNA damage estimated by the alkaline comet assay in MEL/H-FR0 and
MEL/H-FR+ cells.

with our previous study on two mouse lymphoma
L5178Y cell lines differing in iron/copper content
[1,4-6].
Taken together, this result supports the thesis
that iron is the most important transition metal
involved in H2C>2-induced DNA damage in vivo.
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CONCENTRATION OF LIQUID LOW- AND MEDIUMACTIVE LEVEL
RADIOACTIVE WASTES (LLRW AND MLRW) USING MEMBRANE METHODS
Andrzej G. Chmielewski, Marian Harasimowicz, Bogdan Tymiriski, Grazyna Zakrzewska-Trznadel
Since the end of 1997 the INCT has been participating in Strategic Governmental Programme SPR-4
"Treatment of radioactive wastes and burned nuclear
fuel". The part of SPR-4 carried out in the INCT has
the aim: investigations of a purification/concentration
process on reverse osmosis (RO) membranes and
construction of a pilot plant with an efficiency of regenerated water (permeate) 1 m3/h. This pilot plant
creates part of the decontamination line of LLRW
and LMRW in the Institute of Atomic Energy (IEA)
at Swierk an will be placed before an evaporator.
At the end of 1998 some laboratory membrane
units have been constructed and various RO modules
with a high value of the retention coefficient for
NaCl (>99.5%) were tested for their resistance to /?
and y irradiating - the results were published in [1-4].
Using a CAROL program (ROPUR AG, Basel,
CH) the NaCl retention coefficients for a 2-stage purification unit with thin-film-composite RO modules
SU-720R (TORAY, Japan) have been calculated.
Using the same program calculations were carried out

Preliminary experiments were carried out using
three samples of original radioactive wastes from
storage tanks at the Institute of Atomic Energy. The
samples contained onlv 6 and y emitters, mostly 51Cr,
^Co, 65 Zn, 90Sr, 95 Zr 121 Te, 124 Sb, 125 Sb, 131 I,
133
Ba, 137 Cs, 144 Ce, and i55 Eu. Decontamination factors are close to 200, that means that 99.5% of the
radioactive compounds are retained by RO modules.
Pilot plant experiments proved the usefulness of
reverse osmosis for liquid low- and medium-level radioactive wastes processing. To achieve sufficient purity of permeate the process has to be run as a multistage operation. Employing a 3-stage JP3RO reverse
osmosis unit it is possible to clean the wastes of
300-800 ppm salinity, obtaining a product of specific
activity 200-14000 times less than that of initial activity of the feed, and a retentate of specific activity
7-15 times higher. At very low TDS (total dissolved
salts concentration) the efficiency of RO membrane
decreases. An improvement of the efficiency and an
increase of radionuclides retention is possible by an

Z1 stage
Fig. A scheme of a 3-stage JP3RO plant for liquid radioactive wastes treatment.

for 4 various LLRW and main operating parameters
for the pilot plant (1 m3/h) were calculated. On the
basis of these calculations a technical project of the
JP3RO pilot-plant (Fig.) was prepared. The wastes
are purified on two modules (8-inch, SU-720R), and
the retentate from 1st purification stage is concentrated on four modules used for sea-water desalintion
(4-inch, SU-810). In May 1999 the JP3RO unit was
ready for setting in operation.

additional injection of salt solution. Since the relation between the retention of radioactive ions and
TDS is not linear, careful control of TDS is necessary.
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RADIOTRACER INVESTIGATIONS
ON SELECTED CHEMICAL INSTALLATIONS
Edward Hier

Tracer investigations of media transport through
chemical reactors play a significant role in chemical
technology. They provide a basis for determination
of some important process parameters, such as flow
character of the transported medium, degree of
utilisation of the reactor volume during chemical
transitions of substrates or even indicate possible
mechanisms of chemical reactions. Determination
of the medium flow characteristics is closely connected with mathematical description of the process, the mathematical model of transport.
In tracer investigations of mass transport, proper
selection of the tracer is of paramount importance
thus becoming a specific task to be solved at the
stage of detailed planning of the experiment.
In the case of radioactive tracers it is necessary to
take into account the type and energy of the radiation emitted. Moreover, it is recommended that the
final assessment of a radiotracer suitability for a
given purpose be made on the grounds of testing its
properties under actual conditions of the process to
be investigated. The method of assessment of radiotracers' suitability for investigation of distillation
processes presented in [1] allows to determine, in a
simple manner, the parameters of distillation characteristics of the radiotracers, the average distillation temperature, a range of distillation temperatures, suitable radiochemical purity. These parameters precisely determine the behaviour of tracers to
be expected in a wide range of variable conditions
of the distillation process. Application of radiotracers tested in such a manner to investigations of
hydrodynamics of industrial rectification columns
has resulted in obtaining a dependable evaluation
of those columns' performance in a wide range of
changes of their operational parameters.
The adopted methodology has been presented on
the example of radiotracer investigations of the liquid
phase dynamics in a plate rectifying tower under operation at the Chemical Works "Oświęcim".

Particular attention has been paid to dynamics of
the liquid phase on the column plate. A dispersion
model of liquid flow with hold-up zones has been
proposed for description of the liquid phase transport in the plate - overfall assembly. The model
consists of a number of flow and stagnant zones,
with mass transfer occurring between them. Different cases of model equations have been analysed,
depending on the location of the pints of measurement of the tracer concentration distribution. Also
different values of mass transfer coefficients between the zones have been considered.
Another example of practical application of radiotracer investigation results is the analysis of phase
dynamics in installations designed for the process of
liquefaction of Polish coals by means of their catalytic and non-catalytic hydrogénation. For the analysis of phase transport in a reaction vessel various
mathematical models were applied with the purpose
of obtaining the best match of the mathematical
description for the actually observed hydrodynamics.
The adapted mathematical model of transport of
substrates through the reaction vessel was then
combined with the kinetics of the hydrogénation
process to obtain the degree of conversion of the
carbon substance contained in the coal [2].
The investigation techniques and methods of
interpretation of the tracer experiments described
in this paper can be used for the analysis of operation of chemical industry apparatus, particularly
in the cases when their operational parameters
(high temperature and/or pressure) do not permit
usage of other than radiotracer investigation techniques.
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DEGRADATION OF VOLATILE ORGANIC COMPOUNDS EMITTED
FROM COAL COMBUSTION BY ELECTRON BEAM TREATMENT
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In Poland energy is produced mostly in coal power
stations and contemporary fossil fuel combustion is

known as a main source of gaseous pollutants emitted
into the atmosphere. The most harmful compounds
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ranged from 11%, for chrysene, till 98% for fluorene. The figures for polyaromatic hydrocarbons
irradiated without NH3 in a combustion gas were
lower, they ranged from 30% for pyrene, till 79%
for fenantrene.
The polyaromatic hydrocarbons in question have
several benzene rings in their structure and it seems
that this parameter has some influence on the efficiency of compound decomposition, smaller molecules are decomposed more easily (acenaphtylene, acenaphtene, florene) than those having a greater number of rings, like benzo(a)pyrene, benzo(e)pyrene.
Mechanism of degradation process
Organic compounds are oxidised during electron
beam treatment and the final products of this process are: H2O, CO, CO 2 (HC1 for chlorohydrocarbons). In a real process the outlet gas contains
numerous other organic compounds - indirect products. Results obtained in this experiment show
that the harmful compounds are degraded by the
electron beam treatment. Efficiency of this process
is higher when ammonia is added to the gas stream.
This probable mechanism of this process is described below:

among them are SO2, NOX and VOCs (volatile organic compounds), A method of simultaneous desulphurization and denitrifrication of flue gas has been
elaborated in this Institute, an industrial installation
of this type was constructed at the EPS Pomorzany
near Szczecin [1]. Recent regulations and international obligations, concerning emission of harmful
organic compounds into the atmosphere, have caused
a necessity to enlarge our investigations by using electron beam treatment as a method of organic compounds removal.
Decomposition of many VOCs by electron beam
treatment is being intensively investigated. Using this
technique, it was found that the decomposition of
chlorinated aliphatic compounds exeeded 90%, the
final products being H2O, CO2, HC1 and Cl [2-4].
Experimental
The compounds chosen for experimental work
belong to the group of polyaromatic hydrocarbons
(PAH). These compounds are known to be toxic,
mutagenic and cancerogenic and are emitted from
the coal combustion process with concentrations ranging from few ppm/Nm3, like C20H12 (benzo(a)pyrene) or chrysene (C18H12), till 335 ppm/Nm3 for
Table. Inlet and outlet PAH concentrations in irradiated gas stream.

Dose: D=7kGy,
NH3

Dose: D=1 kGy
PAH

Formula
Concentration [ppm/m^]
inlet

outlet

5.36

5

E

Concentration [ppm/m3]

E

inlet

outlet

0.067

12.2

0.59

0.96

64.28
85.72

0.55
0.61

0.59
14.63

0.95

21.43

0.79

26.8
41.5
21.9

4.87

0.78

Acenaphlylene

Ci 0 H 6 (CH 2 )2

Acenaphtene
Fluorene

CioH 6 (CH 2 )2

142.86

Fenantrene

C13H10
C14H10

221.43
100

Antracene

C14H10

242.86

150

0.38

36.59

21.95

0.4

Benzo(a)antracene

C18H12

242.86

78.57

0.68

21.95

19.51

0.11

Benzo(b+k)fluorantene

C20H12

135.7

100

0.26

60.98

31.7

0.47

pyrene (C16H10). Experimental work has been done
in a pilot plant for electron beam flue gas treatment
placed in the EPS Kawczyn, the plant being equipped
with 2 electron accelerators (5 kW/700 keV each),
the gas flow being 20 000 Nm3/h. The used dose
ranged from 0 to 14 kGy and the process run with
added ammonia and without this compound. Concentrations of investigated compounds were controlled before and after the irradiation chamber. The
compounds were collected on the surface of a sorbents XAD-2 and on activated carbon. Then they
were extracted by a solvent and analysed by gas chromatography combined with a mass spectrometry
technique.
Results
The obtained results are collected in Table.
Efficiencies of the PAH removal from a gas stream
(E) were calculated from the equation:
E=(C0-Ck)/C0,
where: Co - PAH concentration in the inlet, C^ PAH concentration in the outlet.
In these findings some tendencies are observed.
Efficiencies of the PAH decomposition are higher
in the case when ammonia is added into the gas
stream, for this process the removal efficiencies

0.65

After irradiation of combustion gas we obtain a
mixture of ions, active molecules and radicals
N2, O2, H2O, CO2, SO2> NOX, QHX S. OH*, O*f ^
H2O*, N2*, O2*, O*. H*. N 2 +, O 2 +, H2O + , CO2+
Organic compounds are oxidised:
OH*,O*,H2O*... .
(2)
Then hydrocarbons react with nitrogen oxide present in combustion gas
NO

(3)
0 , ^ 0 2 + NO 2
Reactions (2) and (3) are analogous to photochemical reactions taking place in the atmosphere.
Ammonia added to gas stream neutralise active nitrogen oxide
NO OH*,O*,HO 2 *,NH 3 > ^ ^
(4)
RO2

and hydrocarbons take part in competitive reactions causing their oxidation:
RO 2 O H * , O * , H O 2 * , R + , R - , I + , I - , (5)
ROH, ROOH, CO2, CO, H2O, CxHy
The elaborated results may be summarised as
follows:

PROCESS ENGINEERING

116

- Polyaromatic hydrocarbons are degraded in the
electron beam process.
- Efficiency of the electron beam PAHs treatment
process is higher when ammonia is added to the
flue gas stream.
- Efficiency of the removal of PAHs is higher for
compounds having a lower number of benzene
rings.
- PAHs are decomposed in the gas stream simultaneously with denitryfication and desulphurization of combustion gas.
- Further work should be focused on the optimisation of organic compounds degradation by
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DECOMPOSITION OF 1,1-DICHLOROETHYLENE IN HUMID AIR
UNDER ELECTRON BEAM IRRADIATION
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. electron beam as well as on detailed description
of this process mechanism.
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Study on Volatile Organic Compounds (VOCs) re- results. The possible reaction mechanism was proleased in the atmosphere from various industrial pro- posed in Fig. and Scheme. Furthermore, the relationcesses is developing due to VOCs hazardous impact ship between 1,1-DCE decomposition efficiency and
on the environment and human health. 1,1-dichlo- dose rate was also studied.
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Fig. Schematic of reaction pathways of 1,1-DCE decomposition and organic products formation. Products with boldfaces shown here
are mainly formed from relevant reactions. Numbers following R with arrows refer to reactions in the text.

roethylene(l,l-DCE) removal by ionizing radiation
has been investigated in JAERI using EB irradiation.
Meanwhile, a theoretical study was carried out by the
INCT to explain the experimental results. Computer
code Kinetic [1] and Gear method were used. 80
different species and 309 reactions were considered.
Calculation results agree well with the experimental

The main results of this study may be summarized as follows:
- It has been found that more than 90% 1,1-DCE
is decomposed when doses reach 9 kGy, 13 kGy
at a 2.083 kGy/s dose rate for 903.8 ppm and
1583 ppm, respectively. CH2CICOCI is the main
organic product (which is over 50% obtained
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from experimental work and is proved by calculation results) as well as COCb, HCHO, CH2CI2,
CHCI2COCI and HCOC1 as minor organic pro1 electron beam
N 2 , 0 2 , H 2 O, CH 2 CCI 2
sec. ~ 1.0
e + CH 2 CCI 2
N2+, O2 + , O + , N + + CH 2 CC1 2

4.

.0 x 10"6 sec. - l . O x 10"^ sec.
e + CH 2 CC1 2

1
+
OH, H, Cl, 0 + CH 2 CC1 2 H3CXOH)" ". O 2 (H 2 O) +
CH 2 CC1 2

O 2 + +CH 2 CC1 2

-i-1.0 x 10*3 sec.~ 6.3sec.
Cl + CH 2 CCI 2
e + CH 2 CC1 2
OH + CH 2 CCI 2

H 3 O(OH) + + CH 2 CCi 2

Scheme. Three stage of 1,1-DCE decomposition.

ducts predicted by modelling simulation. HCHO
is decomposed with dose increase. Formation of
inorganic carbon products is below 25%. CI2,
HC1, 03, HNO4, NO2 and N2O are the other
possible inorganic products. These organic products (except for CH2CI2, HCHO) as well as
inorganic products could be removed from the
gas phase by adding alkaline solution.
- Cl' dissociative electron attachment as well as rapid charge transfer reactions of carrier gas positive
ions predominate in the initial stage of 1,1-DCE
decomposition while Cl radicals become significant after milli-seconds' irradiation. Water cluster
positive ions (O 2 (H 2 O) + , H 3 O(OH) + ), OH H, O
and Cl become active after microseconds irradiation.
- OH radicals involve in the 1,1-DCE as well as organic products decomposition reactions and
H3O(OH) + ions' formation reactions. H3O(OH) +
ions take part into 1,1-DCE decomposition and
water formation reactions.
- Irradiation at lower dose rate (<200 kGy/s) is
more efficient for 1,1-DCE removal in humid air.
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ACTIVITIES OF THE LABORATORY
OF ISOTOPE RATIO MASS SPECTROMETRY (IRMS)

PL0002033

Ryszard Wierzchnicki, Matgorzata Derda, Agnieszka Mikotajczuk, Andrzej Owczarczyk
In the year 1999 the planned process of collecting
equipment necessary for sample preparation and efficient measurement of isotope ratios D/H, 18 O/ 16 O,
13
C/ 12 C and ^ S / ^ S has been completed.
The following devices have been designed, built
and purchased at that time:
1. Equipment for water reduction on metallic Zn
The method consits in the reduction of water on
the surface of hot (T= 500°C) Zn specially prepared
for that purpose. The reaction runs in oxygenless
conditions assured by sample preparation in one of
the terminals of a vacuum line. After preparation
(degassing of Zn and water in proper proportions),
the reaction is carried out in a specially designed
oven. Then the released hydrogen is transferred to
IRML.
A series of calibration preparations and measurements have been done up to now. The reproductibility with a good accuracy of obtained results
confirmed the usefullness of the proposed analytical
procedure. However, only 4 samples per day can be
prepared by means of that method.
2. H/Device Finnigan Mat
For the acceleration of preparation procedure
and elevate analytical efficiency, an automated line
for IRMS measurement of D/H have been purchased from Finnigan Mat.
The H/D device is permanently connected on-line
to a Delta Plus mass spectrometer. The water reduc-

tion parameters on a chromium (specially prepared)
surface are entirely controlled by a computer.
Measurement of 5 samples/per hour is possible
with a guaranteed accuracy of <5(D)<0.5%. An
additional advantage of the method is a very small
volume of water sample needed (1/<1).
3. Gasbench II Finnigan Mat
This device is devoted to automatically on-line controlled mass spectrometric measurement of 18 O/ 16 O
and 13C/12C isotope ratios. The method consists in
the isotope exchange reaction between a sample of
the investigated water and CO 2 in isothermic conditions at 25°C. Then CO 2 is transferred by the helium
(as carrier) to a gas chromatography part.
Impulses of CO2 from a chromotographic column
are analysed with mass spectrometry and ( 18 O) of the
analysed gas is periodically compared with gas impulses of a CO 2 standard, which is dosed automatically. Control of procedures connected with gas
flow reaction conditions and samples is assured by an
on-line computer by means of an ISODAE code.
The whole analytical procedure for 96 samples
(capacity of samples) needs about 20 h.
The guaranteeed accuracy of <5(18O) and (5(:3C)
measurements is <0.08 %o4. Vacuum line terminal for sulfides and sulfates
convertion into SO2Most common chemical forms, being the products of earlier sample preparation for mass spec-
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trometric measurement of sulfur isotope ratio, are
AgS, CdS or BaSO,).
A vacuum line terminal enabling the convertion
of the above compounds to SO2 was built based on
the Halas concept [1,2].
About 10 samples for mass spectrometric measurement can be prepared in this terminal per day.
The equipment gathered in this Laboratory will
be a good basis for present and future scientific research in the field.
The three topics that have already started and
will be continued are:
- Isotope effects of chemical reaction of sulfur
compounds
The purpose of the work are investigations of sulfur isotope fractionation during combustion of fuel
materials, especially different kind of cools. Sulfur
can be present in coal in different chemical forms e.g.
sulfides, sulfates, elementar sulfur and sulfur organic
compounds. All of them should be determined separately. The method of Westgate and Anderson [3]
has been proposed for coal samples preparation. The
method consists in HC1 addition to a milled sample
of coal. The formed H2S is precipated in the form of
CdS in a cadmium acetate solution. The conversion
of CdS into SO2.
The sulfates present in primary solution are then
determined after precipitation in the form of BaSO4
and also converted into SO2 in the vaccum line.
In the primary coal sediment, after washing,
pyrite can be determined as H2S released after reaction with lithium aluminium hydride tetrahydrofuran. Then H2S is precipitated as AgS and converted
to SO2 in the vacuum line. The Eschka mixture
(MgO+NaCO3) will be used for organic sulfur determination. Obtained Na2SC>4, as a reaction product, can be precipitated as AgS after sulfate reduction in a mixture of HJ, H3PO4 and HC1. AgS is
then converted into SO2 in the same vacuum process as described before.
In portions of SO2 obtained during all steps of
sample preparation the isotope ratio 3 S/32S will be
determined.
A procedure for isotope separation coefficient in
a combustion process will be elaborated later.
- Determination of sulfur isotope ratio in fuel
materials
It is well known now that isotope effects depend
not only on mass defferences of nuclides taken into
consideration. Departure from the classic Bigeleisen
theory [4, 5] has been experimentally confirmed for
some elements [6-8]. It will be interesting to define

factors influencing the value of isotope partition coefficient, which is a result of isotope fractionation in
many physical and chemical processes. So, the first
part of planned experimental work will be the determination of portition coefficient for sulfur isotopes
fractionating in the reaction:
H 2 34 S(gas)+ 3 2 SOi~(aq) -*
H 2 32 S(gas) + 34 SO?T(aq)
The theoretically calculated value of portition
coefficient in the above reaction is 1.074 at 25°C
[9]. The reaction will be conducted in the closed
system for about 20 h. Then the products will be
converted into CdS and BaSC>4 and further to SO2
by means of the Halas method in the vacuum line
terminal.
- H/D and 18 O/ 16 O isotope ratios as a tracer of
surface and ground water pollution in industrial
areas
A application of the D/H and 18 O/ 16 O isotope
ratio as a tracer for water pollution based on the
assumption that water taken from a river and used in
industrial processing changes its isotope ratios being
characteristic for the river in the intake point. So the
waste water discharged back to the river would have
another isotope ratios and can be identified as a
mixture with other water bodies e.g. river down the
outfall point and ground water if any leakages exist of
a sewer system. The first measurements confirms the
above assumption. The <5(D) were measured for
industrial water taken from the Vistula river by the
Ptock Petrochemistry Ltd. at Plock and for waste
water discharged back to this river, after passing
industrial processing and purification treatment, was
<5(D)VISTULA=-5O.O, < 5 ( D ) P E T R O = - 6 4 . 0 , respectively.

Similar differences are expected concerning
c5(18O). The sample preparation line for these measurements will be ready soon.
The purchase of H/Device and Gasbench II from
Finnigan Mat was in part sponsored by the Polish
State Committee for Scientific Research (KBN).
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HYDROCHEMICAL AND ISOTOPE STUDY
OF GROUND AND SURFACE WATERS IN THE REGION INFLUENCED
BY THE LIGNITE MINE "BELCHATOW"

iS

Wojciech Soltyk, Jolanta Walendziak, Andrzej Owczarczyk
A strip lignite exploitation is only possible with very
efficient drainage systems protecting the exacavation against flood.

The Lignite Mine "Belchat6w" maintains about
550 large diameter wells pumping water permanently with a total efficiency of about 5.8 m3/s.
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The pumped water is dicharged into the small
rivers Widawka and Kras6wka localized in the vicinity of the exploited lignite deposit.
After 25 years of the drainage, the depression has
arised with an effective radius around the excavation estimated as 13 km and a surface of about 500
km2 (the surface of the excavation Belchat6w itself
is only about 20 km2).
The pumping water quality is influenced not only
by the natural geological factors but also by the degradation antropogenic factors such as the presence
of ash and slag respositories gathering wasters from
the Electric Power Plant "Beichat6w".
During the first 14 years of exploitation period
the ashes and slag were stored inside a 400 ha
respository area without any sealing of its bottom.
The respository has been located in the vicinity of

the excavation site - 500 m from its north edge.
Since 1994 all wastes have been deposited in an old,
already exploited eastern part of the "Belchat6w"
Lignite Mine.
Both localizations have strongly been affected by
the drainage depression, causing pollution of the
pumped ground water.
Taking this into account, monitoring of pumped
waters quality is very important and required by the
Environmental Protection Site Authorities.
Annually repeated water quality control included
the following measurements:
- determination of basic chemical composition as
well as Chemical and Biochemical Oxygen Demand (COD, BOD) and eutrophic component
concentrations in samples taken from waters on
the borders of the monitored surface;

Table. Results of hydrochemical and isotope ratio determination in waters from the region of Lignite Mine "Betchat6w".
Salt dome region

Widawka River

Element (ion)
Isotope

unit

up-stream
mine

mine

Soluble
substances

mg/dm 3

402.3

408.7

Suspensions

mg/dm 3

31.3

24.7

7.6

7.5

7.3

7.4

pH
3

down-stream

water

Ash repository region
repository

repository

water

collecting

fresh

saline

channel

wet

dry

439.9

4004.3

520.3

448.0

652.0

7.7

7.3

7.7

21.5

Ca

mg/dm

72.7

80.2

79.2

340.6

80.6

81.8

131.5

Mg

mg/dm 3

7.8

9.3

14.2

43.1

15.4

12.4

27.2

Na

trig/dm-*

9.3

16.1

27.6

490.0

37.7

20.5

6.0

K

mg/dm-'

2.15

2.54

1.00

2.34

1.25

1.64

HCO3

mg/dm-'

172.9

201.4

270.7

196.3

245.6

140.4

323.4

Cl

mg/dm->

25.8

38.4

32.8

2009.6

62.7

88.3

25.2

SO4

mg/dm 3

55.7

63.0

22.9

973.3

55.2

91.0

117.0

PO4

mg/dm-'

0.65

1.60

•2

HN4

mg/dm-'

0.22

2.13

0.09

COD

mgO2/dm 3

10.1

7.5

3.8

BOD

mgO2/dm

3

3.2

4.5

Ba

^g/dm 3

64.6

70.8

30.0

23.0

46.0

91.8

143.9

Br

,ug/dm 3

170.0

610.0

130.0

140.0

140.0

1270.0

180.0

Cr

,«g/dm

3

2.1

2.6

1.9

1.3

1.8

J

^g/dm 3

7.0

11.2

1.9

3.0

1.5

24.0

34.8

Zn

ftg/dm

15.2

22.6

28.0

22.7

13.8

Cd

jMg/dm 3

0.06

0.41

0.21

2.10

0.06

Cu

,ug/dm 3

21.0

14.4

52.0

17.0

24.1

10.9

8.3

Ni

/jg/dm

3.3

3.4

3.6

6.0

2.3

2.1

3.9

Pb

fig/dm

2.9

3.0

3.6

56.0

3.4

2.8

1.6

Hg

/ig/dm 3

0.11

0.09

<0.03

0.48

0.33

Rb

jMg/dm

3.5

5.9

5.8

5.5

Ag

,«g/dm 3

0.3

0.2

0.4

0.5

0.3

Sr

^g/dm 3

275.5

538.6

432.8

1591.4

675.5

434.5

777.5

V

fig/dmr

1.7

1.4

4.1

0.1

1.0

H-3

[TU]

0.1

9.8

11.9

9.3

6.1

9.0

3

Rn-222

Bq/dm

Ra-226

Bq/dm 3

<3.0

3.1

<5S~34

°/00CDT

6.69

10.57

3.86

-2.68

(50-18

°/(X)SMOW

2.99

10.62

3.82

-3.14
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- determination of microcomponents, including
heavy metals in 61 water samples collected in the
examined area;
- determination of trace amounts of tritium in 30
water samples and 34S/32S and 18O/16O isotope
ratios, determination of radium (Ra-226) and radon (Ru-222) radioactivity in 12 water samples
taken from the region of salt dome localization.
The results are presented in Table.

Based on the obtained results, range of the degrading influence of salt dome "De.bina" on the pumping water quality in the depression area has been
determined. A forecast for surface water desalination
in the year 2000 has been worked out.
A hydrochemical analysis of the disadvantageous
changes of macro- and microcomposition of ground
water in the probable affected region of the existed
ash and slag rcspositories has been also performed.

DIOMETRIC STUDY OF GROUND WATER MOTION
IN THE ELBLAG ZUtAWY AQUIFER
PL0002035

Wojciech Soltyk, Jolanta Walendziak, Andrzej Owczarczyk

Fresh water delivery for Elbl^g municipality and
Zulawy inhabitants needs detailed studies of ground
water capacity and motion in the local aquifers considered for actual and future exploitation.
The location of some mesurement piezometric
wells in the vicinity of actually existing water delivery points and other wells lying out of its interaction range in the Zulawy aquifer region, allow to
compare the ground water flow parameters, concluding the water circulation mechanism and plan-

centration of the tracer [imp/min], N - final concentration of the tracer [imp/min], Nt - background
[imp/min], q - hydrodynamic field deformation coefficient.
The local flow direction was measured by means
of a colimeted probe localizing the direction of a
radioactive cloud maximum concentration around
the piezometric well.
The four localizations were chosen for ground
water flow parameters measurements. They were as

Table. Results of the velocity and direction of ground water [low measurements in the Elblag Zulawy Region.
Flow velocity

No

localization
of measurements

Measurement depth
E-7[m/s]

[m/y]

1

Szopy P-1B

25.8

-0.6
6.6
+0.8

-1.9
20.8
+ 2.4

256° ±13°

2

Zwier/.noP-2A

21.6

-1.0
7.6
+ 1.0

-3.3
23.9
+ 3.3

245° ±4°

3

Zwierzno P-2B

43.7

•0.3

-0.8
12.6
+ 1.0

660

4.0
+0.3
-0.6
3.8
+ 0.9

-2.0
12.0
+3.0

68° ±1°

4

Kopan6w IIP-4

M

25.5

ning future development of a Zulawy water supplying system.
A radiometric method with the application of radiotracers gives a unique possibility for measuring
the flow direction and velocity in a single well [1-5].
The 131I nuclide was used as a tracer.
An isotope portion prepared for a single measurement, sealed in a flask, was let down and crashed at a chosen depth of the well.
The horizontal velocity of water flow can be calculated as a function of the registered radioactivity
changes in time.
-Nt
4qtD
N - Nt
where: V - horizontal water velocity [cm/min], D well diameter [cm], d - radiometric probe diameter
[cm], t - measurement time [min], No - starting con-

Azimuth
of flow direction

±6

0

follows: the region Szopy Village (6 km from Elblaj); the Zwierzno Village (4 km from Elbl^g) and
the Kopan(3w Village (4 km from Elblaj). The obtained results of the direction and horizontal velocity of the ground water flow in the examined places
are presented in Table.
References
[l].Ogilwi Ch.A.: Electronic method for determination of ground
water velocity. Biuletin nauczno-techniczeskoj informacji, 4,
Gosgieoltiechizdat, Moskwa 1958 (in Russian).
[2). Borowczyk M., Jurkiewicz L., Zuber A.: Nukleonika, 7-8 (1964).
[3], Borowczyk M., Grabczak X, Zuber A.: Radioisotope measurements of groundwater flow direction by the single well method. IBJ, Warszawa 1964. Raport nr 502/VI.
[4]. Nuclear well logging in hydrology. IAEA Technical Reports
Series No. 128, Vienna 1971.
[5], Gwidebook on Nuclear Techniques in Hydrology. IAEA
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NEW SILICA SORBENTS BINDING EFFECTIVELY HEAVY METALS
FROM WATER
Andrzej Lukasiewicz, Luzja Rowiriska, Lech Walis
Introduction

Some copper complexes of ethanolamine (EA)
are investigated in this Institute as wood preservatives [1]. On investigating the properties of these
complexes it has been found that copper complex
[CunEA]2+ (n>4) binds effectively to silica gel and
that the material SiO2-CunEA formed binds some
heavy metals from water. It was found further that
more effective sorbents of heavy metals are formed
when silica gel is treated with EA alone (SiC>2-EA)
or with the complex [Mg4EA]2+ (SiO2-EA(Mg)).
The material SiO2-EA can be further modified by
treating with AICI3 aqueous solution. The silica
sorbent SiO2-EA binds effectively most heavy
metals, also from very dilute solutions (~ 10 ppm),
whereas SiC>2-EA(Mg) and SiC>2-EA(Al) are most
effective for Cr 3+ and Cs + . By acidification, the adsorbed metal is quickly released from the sorbent.
Preparation of the sorbents
The sorbent SiC>2-EA was prepared by treating
silica gel (Merck grade 60, 63-200 /u) with a 20%
aqueous solution of EA, SiC>2-EA(Mg) by treating
silica gel with a 2% MgCl2-4EA solution (in water)
and SiO2-EA(Al) by treating SiC>2-EA with a 2%
solution of AICI3 (in water). The sorbents were
dried on the air. They contained 4-4.5% of EA.
Binding by the sorbents of heavy metals from dilute
solutions

are shown in Table 1. 5 cm3 of the working solution
was shaken for 2 min with a sorbent (0.2 g). After
sedimentation of the solid, 1 cm3 of the liquid was
Table 2. Binding of metals by silica sorbents.
Degree of binding of metal by sorbent [%]

Sorbent

3+
Cr 3 + C o 2 + Au

Sr 2 +

Cs+

Yb 3 +

SiO2-EA

81

91

94+
83 + +
92+ + +

67

SiO2-EA(Mg)

-

77

-

86

-

22

SiO2-EA(Al)

52

92

28

74

50

45

96
96*

84

+ inactive YbCl3 added (400 ppm).
+ + SmCl3 added (400 ppm).
+ + + A1C13 added (400 ppm).
• inactive C0CI2 added (400 ppm).

taken for measurement of radioactivity. Radioactivity measurement was performed with an Ortec HP
detector and a spectrophotometer Canberra - System 100 with an IBM computer. This measurement
system allowed to eliminate completely the interference of other isotopes, which might occur as impuTable 3. Binding of two metals by the S1O2-EA sorbent.
Degree of binding [%
1

2

3

4

Cs+Yb

Cs+Cr
Cs Cr

Cs+Co

Yb+Cr

Cs
59

Yb
76

Cs
78

Yb
39

Co
92

Cr
62

6
5
Yb+Co Co+Cr
Yb Co Co Cr
40 94 91 68

SrCl3, CsCI, YbCl3, CrCl3, CoCl2 and Au were
radioactivated by irradiation with thermal neutrons
in the reactor MARIA (Swierk). Technical parameters of the activation were: neutron, beam - 8-1013
ncrrfV1, irradiation time - 24 h. Mass of the activated metals was: SrCl2 - 0.1 g; CsCI - 1.3-10"3 g;
YbCl3 - 1.7 • 10"3 g; CrCl3 - 1 • 10"2 g; CoCl2 - 1 • 10"3
g; Au - 4-10'4 g. The radioactive samples were dis-

rities. Effectiveness of the metal binding to the sorbent was estimated as % ratio of the radioactivity of
the solution after shaking with the sorbent to the
activity of the standard (solution before shaking
with the sorbent). Effectiveness of the metal binding to the silica sorbenl (mean value for 5 measure-

Table 1. Physical data of radionuciides and concentration of metals investigated.

Table 4. Binding of Co by the S1O2-EA sorbent in presence of
NaCl, NaNO 3 , Na2SO4 (400 ppm).

No
1
2
3
4
5
6

Metal used Nuclide y-Energie
for activation formed
[keV]
SrCl2
CsCI
YbCl3
CrCl3
C0CI2
Au

85 S r

514

134cs

796

197 Y b

197

51

Cr
Co
198
Au
60

320

1172
412 ^

Concentration of
working solution
[g/g]
8E-4
1E-5
1E-S
8E-6
8E-6
4E-6

solved in water (Au in aqua regia) and diluted to
working concentrations. These concentrations as
well as some physical data of the radionuciides used

64

44

Salt added

Degree of C o 2 + binding [%]

NaCl

91

+ HC1

96

NaNO 3

90

+ HC1

95

Na2SO4

90

ments) is shown in Table 2. Binding of metals to the
S1O2-EA sorbent from mixtures of two metals is
shown in Table 3, and binding of Co 2+ in presence
of some mineral salts (400 ppm) in Table 4.
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Discussion of the results
The results showed high affinity of heavy metals for
the SiO2-EA sorbent. The degree of binding to this
sorbent of most metals from dilute solutions (~ 10
ppm) was >80%. SiO2-EA(Mg) and SiO2-EA(Al)
sorbents bound effectively Cs + and Cr 3 + but, in regard to other metals, their binding activity was lower.
Yterbium was bound to SiC>2-EA the yield being
>90% in the presence of AICI3 or SmCl3 as carriers
and at a higher concentration of YbCb (400 ppm).
The highest degree of binding showed Co 2 + , also
from mixtures with another metal (Table 3) as well as
in the presence of NaCl, NaNO 3 and Na2SC>4 (400
ppm). Slight acidification with HC1 influenced positively the adsorbion of Co 2 + by the SiO2-EA sorbent.
Conclusions
New materials obtained by the treatment of silica
gel with EA showed high affinity for heavy metals in

References
[1]. Krajewski K.J., Lukasiewicz A., Wazny J.: A wood preservative based on polymerised complexes of arainotriazole with
copper acetate. The International Research Group on Wood
Preservation 29th Annual Meeting, Maastricht, the Netherlands, 14-19 June 1998.
[2]. Lukasiewicz A., Rowifiska L., WaliS L.: Polish patent application P3361188.

ION ASSISTED PALLADIUM TREATMENTS
FOR IMPROVED CORROSION RESISTANCE OF A TITANIUM WINDOW
IN THE ELECTRON BEAM DRY SCRUBBER PROCESS
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dilute solutions. Sorbents treated additionally with
MgCl2 or AICI3 had a high adsorption activity for
Cr* + and Cs + . These new sorbents can be used for
effective removal of heavy metals and radionuclides
from factory and radioactive wastes. They can also be
used for the concentration of metal solutions. The
new silica sorbents are being patented [2]. A paper
has been prepared for publication. Furher work is in
progress.

11

Corrosion and Protection Centre, University of Manchester Institute of Science and Technology, United
Kingdom
21
Institute of Ion Beam Physics and Materials Research, Forschungszentrum Rossendorf e.V., Dresden, Germany
3/
Soltan Institute for Nuclear Studies, Swierk, Poland

Titanium foil windows have been employed in the
dry scrubbing of flue gases by electron beam irradiation, with a window lifetime limited by corrosion.
As part of the programme aimed at improving the
lifetime of windows, the corrosion resistance of titanium foil has been assessed, following palladium
surface treatments applied by vacuum evaporation,
ion beam mixing, ion beam assisted deposition and
plasma source ion assisted deposition, with production of palladium layers up to about 400 nm thick.
For evaluation of corrosion behaviours, immersion
tests and potential-time and potentiodynamic polarization measurements were carried out, mainly in
0.1 M H2SO4 and 0.1 M HNO3 environments at
80°C which approximate possible conditions in a
plant. The foil surfaces were examined by scanning
electron microscopy, Rutherford backscattering
spectroscopy and a nuclear reaction analysis to
determine the nature of surface degradation and
changes in surface composition.
The results indicated major improvements in the
corrosion resistance of the titanium foil from all
palladium treatments, with surfaces undergoing relatively minor or negligible corrosion, following immersion testing for up to 2000 h. However, the
coatings often suffered a loss of adhesion with extended periods of immersion in H2SC"4 either locally or generally, possibly associated with the presence of a thin oxide layer at the interface between
the coating and the substrate. The optimum performance was found for coatings produced by ion

beam assisted deposition and plasma source assisted deposition. The coated foil revealed significantly
increased open-circuit potentials compared with
the untreated titanium, which assists protection of
the titanium foil when the coating is detached locally from the substrate. The main results may be concluded as follows:
1. Palladium coatings, of up to 415 nm thickness,
deposited upon a titanium foil by vacuum evaporation, ion beam mixing, ion beam assisted deposition
and plasma source ion assisted deposition result in
significant improvements in the corrosion resistance of the foil in 0.1 M H 2 SO 4 and 0.1 M HNO 3
at 80°C.
2. Corrosion of the coated foil is negligible during
immersion in 0.1 M H 2 SO 4 and 0.1 M HNO3 at
80°C for a time up to at least 2000 h. The loss of
palladium, as determined by EDX and RBS analysis, is negligible.
3. The adhesion of the coatings to the titanium substrate is weakened during immersion in 0.1 M H2SO4
at 80°C, with detachment of the coating occurring in
removal of specimens from the acid after a 1000 h
immersion. However, there was no significant corrosion of the titanium substrate at sites where the coating had detached.
4. The detachment of the coating proceeds by attack at, or close to the coating/substrate interface,
which may be facilitated by stresses in the coating
and substrate and the presence of an oxide film at
the interface.
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SURFACE MODIFICATION
OF CONSTRUCTIONAL STEELS BY IRRADIATION
WITH HIGH INTENSITY PULSED NITROGEN PLASMA BEAMS
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In ref. [1] it was shown that in a high alloy tool steel
melted by a CO2 laser, the near surface region exhibits phase composition far beyond the equilibrium
state. Especially, the oversaturated austenite (called
"ZLT" structure) of surprisingly high hardness has
been identified. The austenite formation has also
been observed in our previous work, in which a low
carbon alloy steel was irradiated by high intensity
pulsed plasma beams (HIPPB) of nitrogen. In view of
these facts, in the present work we undertook a more
systematic study of the effect of HIPPB on tribological and structural properties of alloy constructional
steels 40H and 12HN3A using nitrogen plasma
pulses generated in two facilities: an IBIS (Swierk,
Poland) and a PROSVET (Kharkov, Ukraine). Basic
parameters of pulses generated by the IBIS and
PROSVET were (respectively) as follows: energy
density - 6 and 10-12 J/cm2, pulse duration - 1 and 3-5
,MS, mean energy of ions up to 10 and 2 keV. In both
cases each sample was irradiated with 10 pulses. The
processed samples were characterized by sapphire
ball-on-flat wearing measurements, Mossbauer spec-

!

I 0-5
10

o

o
60

20
40
yN content [%]

Fig. Wear rate normalised to the initial value as a function of yN
contrent formed as a result of nitrogen pulsed plasma
treatment; open circles - 12HN3A steel, open triangles - 40H
steel.

(yN-phase in which an Fe atom has an interstitial
nitrogen atom as the nearest neighbour. In view of
the present results it appears that the conclusions

Table. Phase composition of pulse plasma treated samples of 40H and 12HN3A steels, as derived by numerical fitting of CEMS
data.
Phase content [%]
Sample

' 40H (initial)
40H (IBIS)

a-Fe

Martensite

y (austenite-single line)

yN (doublet)

Fe3C

Fe3N

H=20.8T

H«23T

H=33T

H=30T

62

37

1

-

-

60

13.5

21.5

5

-

40H (PROSVET)

10

12

25

41

-

12HN3A (initial)

88

11.5

0.5

-

-

12HN3A(IBIS)

82

12

4.5

1.5

-

12HN3A (PROSVET)

25

-

31.5

40.5

4(?)

troscopy, XRD and NRA analysis, and microscopic
observations.
It is shown that the irradiation of medium and
low carbon constructional steel with high intensity
pulses of nitrogen plasma leads to the formation of
uniform, fine-grain, wear-resistant layers of a thickness of few microns (Fig.). These layers exhibit the
austenite structure, although on closer examination
by CEMS spectroscopy (Table), it can be concluded
that the improvement of tribological properties
should be attributed to the presence of austenitic

12

0

presented in ref. [1] that a wear-resistant austenitic
surface layer is formed under the conditions of a
sufficiently low cooling rate should be questioned.
Reference
[l].Zhu J., Liu J., Chou C, Chen N.: A new structure of laser
melted Cr-12 tool steel. In: Surface Engineering Practice.
Processes, Fundamentals and Applications in Corrosion and
Wear. Eds. K.N. Straford, P.K. Datta, J.S. Gray, Ellis Horwood. New York, London, Toronto, Sydney, Tokio, Singapure 1990, p. 168.
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A LABORATORY-UNIT FIELD TEST
OF A PALLADIUM-TREATED TITANIUM FOIL
FOR DRY SCRUBBER APPLICATION
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A titanium foil of about 50 ^m thickness was employed for electron transparent windows in the
electron beam dry scrubber process. The electron
induce reactions in flue gas lead to reduced levels
of SO2 and NOX. The window suffers corrosion
during operation of the process. Previous laboratory studies demonstrated enhanced corrosion resistance of the foil by a palladium coating. Here, the
results of examination of a palladium-coated titanium window, following service in a laboratory
set-up electron beam dry scrubber plant, are reported. The palladium was deposited on the foil by
ion beam assisted deposition (IBAD) and plasma
source ion assisted deposition (PSIAD), with deposition conditions selected to provide five types of
coating in total. Untreated titanium windows were
also exposed to similar flue gas conditions. The untreated titanium suffered general corrosion and
extensive fine pitting. The performance of the
coated foil was influenced greatly by the adhesion
of the coating, which was reduced during exposure
to flue gas. In places where the coating remained
attached to the foil, the titanium surface was unaffected by corrosion, confirming the anticipated
high corrosion resistance provided by the coating.
Elsewhere, loss of palladium at different stages of
the test allowed corrosion of the foil by the flue gas.
In the worst case, the corrosion was similar to that
of untreated titanium. In other areas, intergranular
corrosion, general corrosion and pitting were in
evidence, although the surface damage was less. A

PSIAD coating deposited with a high pulse bias
provided the best performance, with an estimated
60% of the surface remaining relatively free of corrosion. However, further improvements are necessary to the coating procedures to provide the required adhesion of the coatings for windows in
commercial plant.
The main results may be concluded as follows:
1. The main factor determining the corrosion behaviour of the present palladium-coated window, prepared by IBAD and PSIAD, in the electron beam
dry scrubber process is adhesion of the palladium
coating. The adhesion of the present coatings reduces significantly during exposure to the flue gas,
with pieces of the coating becoming detached and
the flue gas attacking the revealed titanium.
2. Pitting, intergranular and general corrosion occur
at the locally revealed titanium, the extent and types
of corrosion being dependent upon the particular
region of the surface. In places, general corrosion
and extensive fine pitting are similar to those found
on untreated titanium exposed to the same composition of flue gas. At locations where palladium
remains on the surface for the duration of the test,
the underlying foil is free of significant corrosion.
3. Of the treatments employed, the plasma source
ion assisted deposition, with a high pulse bias, provided the best performance, with about 60% of the
coated region being free from corrosion at the end
of the test period.
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No mixed metal-ceramic layer was ever observed on
the surface of ceramic substrates already after application of the first pulse of metallic plasma within
the Deposition by Pulse Erosion (DPE) process.
For instance, mixing of Ti in AI2O3 was observed
only after application of the second pulse regardless
of the used working gas: nitrogen, argon, or heavy
and slowly-drifting xenon. Microscopic details of
the target surface topography obtained for other
metal-ceramic combinations also suggested that a

portion of metal released from electrodes in a discharge arrived to the target after its surface - melted
earlier by high-energy ions of the working gas generated in the discharge - had already solidified. Metal
into ceramic mixing may take place within the DPE
process only when working gas ions melt the ceramic surface on which some metal atoms have been
already pre-deposited by some earlier discharges.
Erosion of electrodes in the DPE process was
studied more deeply. It was assumed that two
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mechanisms might account for the observed release
of metal from electrodes in the form of atoms: sputtering or evaporation. Therefore it was decided to
select for further investigations such metals, for
which sputtering yields are similar but vapor pressures (controlling efficiency of evaporation) differ
significantly. Loss of mass of electrodes was in both
cases measured by weighing on a micro-scale. To
verify which set of electrodes - the inner one or the
outer one - is the main source of metal in the DPE
process, the measurements were performed separately for both sets of electrodes.
Some numeric simulations of temperature vs. time
and vapor pressure vs. time on surfaces of the electrodes were performed with the help of a MELT
computer program. It was assumed that pulses of

stant thermal conductivity was assumed for temperatures above the melting temperature. Energy
density was taken as 10, 25, and 50 J/cm2. FWHM
of the Gaussian energy pulses was taken as 1,3, and
5 [is. The calculated temperature (T) vs. time curves
were transformed into the vapor pressure (P) vs.
time curves using the best fit to the compiled experimental data taken from ref. [2]:
for Ti: log™ (P [Pa])=-23340/T+9.79;
for W: logio (P [Pa])=-44485/T+12.74.
Electrodes erode mainly within their end parts,
at a distance of about 3 cm. After several hundred
discharges the originally cylindrical ends of the
electrodes take a conical shape. The weighed mass
losses were re-calculated as losses of atoms per
electrode per pulse. The results are given in Table.

Table. Erosion of electrodes as measured by weight loss and re-calculated into number of atoms per electrode per pulse, and number
of atoms deposited on the substrates as determined by the EDX technique. The working gas in the discharge was argon.
Erosion of electrodes [xlO

Material
Ti
W

n

atoms/pulse electrode]

Gain in substrate
[xlO1 atoms/pulse cm )

Outer

Inner

36

10

6.5

7.8

1.1

3.7

Gaussian shape deliver the energy. According to the
Knudsen-Hertz rule the area under the vapor pressure vs. time curve was taken as the measure of
amount of the material evaporated form electrodes.
Ratio of these integrals calculated for the various
metals at identical parameters may be compared to
the ratio of the experimentally measured losses of
mass of the electrodes made of these metals. If it
turns out that metal evaporates (and is not sputtered), results of the performed calculations might be
helpful to estimate conditions prevailing at the electrodes during discharges.
Tungsten and titanium have been selected as a
pair of metals with similar sputtering yields, and
with significantly different vapor pressures. Argon
was selected as the working gas. Tungsten vapor
pressure is in a broad range of temperatures several
orders of magnitude lower than that of titanium.
Sputtering yields of both these metals in argon (for
argon ion energies in the 5-10 keV range) are practically the same. Rich literature data compiled in
ref. [1] do not extend beyond the 0.5-2 region. Con-

Over 5 times more Ti atoms than W atoms have
eroded from both inner and outer electrodes
(combined). This figure correlates well with the 4.2
ratio of areas under the P(t) curves calculated for Ti
and W for the following set of parameters: energy
density - 25 J/cm2, pulse FWHM - 1 fis. One can
conclude that erosion is governed by some thermal
mechanism, including evaporation - although the
latter mechanism may not be the only one. Other
possible mechanism observed for laser ablation at
large densities of energy is liquid expulsion (recoil
pressure causes the melted matter to flow outward).
The main source of metal is the set of outer electrodes. In case of Ti they are about 3.6 times more
efficient than the inner ones, for W - about 7 times.
References
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STUDY OF ELECTROCHEMICAL PROCESSES
USING TRACK ETCHED MEMBRANES
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Marek Buczkowski, Danuta Wawszczak, Wojciech Starosta, Bozena Sartowska

Track etched membranes (TEMs) produced by
means of cyclotron heavy ions beams are a product
of advanced technology, characterised by unique
features such as precisely determined pore diameter
and smooth membrane surface [1, 2]. Behaviour of
TEMs in many processes, is different in comparison
with conventional microfiltration membranes, including among other electrochemical processes.
Introductory experiments have based on the registration of electrolysis current in a cell with a barrier

including different kinds of microfiltration membranes in the form of a disc, 25 mm in diameter. The
scheme of such cell is given in Fig.l. As electrolyte,
CUSO4 0.5 N aqueous solution was employed and the
voltage was equal to 2.1 V DC. The electrodes were
made of a 5 mm diameter graphite rod.
Parameters of TEMs used in the experiments were
the following: pore diameter 0.16, 0.45 and 2.3 fim
with the porosity of about 12% in each case. For
comparison fibrous PALL and Millipore membranes
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Table.

Membrane parameters
No

Type of barrier

Thickness
[um]

Mean value of pore size
[urn]

Permeability*
[1/min • cm ]

Electrolysis current
[mA]

1

-

-

-

-

40

2

TEM

10

0.16

0.7

38

3

TEM

10

0.45

9.5

36

4

TEM

10

2.0

21.7

39

5

TEM

20

0.4

8.3

35

6

Disk of PET film with 8 mm diam. hole**

10

-

-

27

7

PALL0.2^m

130

0.34

3.4

26

8

PALL2^tn

300

1.70

138.6

34

9

Milipore0.3^m

120

0.48

8.0

33

10

PP unwoven fabric (pressed)

200

=3

27.2

1.4

*At 0.05 MPa air pressure.
** Surface of the hole -12% of whole active surface.

as well as a PP unwoven fabric were taken for experiments. The important parameters of membranes, i.e.

Fig.l. Scheme of the cell for electrolytic measurements: 1 - electrolyte, 2 - electrodes, 3 - membrane, 4 - barrier with the
membrane holder.

mean value of pore size and permeability, were measured by means of Coulter® Porometer II instrument.
Results of electrolysis current measurements
after stabilization of the process (about 20 min) are
given in Table. In the case of TEMs, the values of
electrolysis current are similar to each other and

close to the current value without any membrane.
These values are bigger in comparison with the
electrolysis current for the disc with the surface
hole equal to the value of TEMs porosity. In all
cases of the barriers made of fibrous or unwoven
membranes the electrolysis currents were lower
than in the case of TEMs membranes in spite of the
fact that the values of pore size and permeability for
these membranes are higher in comparison with
TEMs.
One can suggest that the above results are concerned with the existence of surface charge in the
case of TEMs. Such a surface charge can be measured by using zeta potential conception [3, 4].
These measurements for some kinds of TEMs were
made by the present authors [5].
The change of configuration and type of the
cathode gave the possibility of another process
observation. After a close putting of a track etched
membrane on a lenticular, polished cathode, made
of stainless steel, electrolytic copper was deposited
in the membrane pores. As a final result copper
microcylinders were obtained, whose surface depicted mapping of the inside pores structure. SEM
pictures of such structures are given in Fig.2.

Fig.2. Scanning electron microscope pictures of copper microcylinders (diameter about 0.5 ftm) by electrolytic way deposited inside
pores of track membranes: a - general view, b - enlarged fragment showing the inside structure of pores.
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Introduction
A 17th-century alabaster altar in low-relief, originating from the Clarists Nunnery in Kraków,
depicts Crucifixion of Christ (Fig.l). The entirety of
the altar, contained within architectural frames is
restricted by pilasters on both sides. From the top,

Alabaster is a massive crypto-crystalline form of
gypsum, deposited in inland seas during the last
period of Palaeozoic era (the Permian period) and
the first period of the Mesozoic era (the Triassic
period). Alabaster is a pure substance with a very
low content of trace elements [1,2].
Alabaster was used, particularly in the Middle
Ages as sculpture material, mainly in Normandy,
Westfalen, Northern Netherlands and England. As
sculpture material, alabaster has excellent properties: it can be easily shaped, it allows to obtain fine
details, it is semi-transparent and can be readily
plated with gold or polychromed [3]. Its disadvantages are brittleness and sensitivity to atmospheric
agents.
Table 1. Description of the examined samples.
Material examined

Fig.l.The alabaster altar - Crucifiction of Christ (17th century).

the relief is finished by a finial and two small phials.
Detailed history of the object is unknown. Unknown remain both the author of the piece of art
and its origin. Two possible places of origin are
being considered: the Netherlands and Lwów. How
the altar got to the Nunnery is also not known.
Perhaps it was a dowry of one of the nuns. Or
perhaps it was presented by nuns from the neighbouring Carmelitess Nunnery at that time the nuns
have relocated their congregation to another place.
Investigations of archival and bibliographic collections and tests should allow for discovering history
of the altar and its attribution.

Sample no.

Upper part of the object, final

1

Upper part of the object, phial

2

Lower part of the object, left corner, stuck-on

3

Left side of the object

4

Right side of the object

5

Lower part of the object, base

6

Alabaster deposit "Nowy Ląd" - open cast No. 2

Ik

Alabaster deposit "Nowy Ląd" - open cast No. 3,
NE wall, level +213 m above sea level

2k

Alabaster deposit "Nowy Ląd" - open cast No. 3,
SW wall, level +220 m above sea level

3k

Alabaster deposit "Nowy Ląd" - open cast No. 3,
SW wall, level +220 m above sea level

4k

The present investigations have been performed
on 6 samples taken from the sculpture of the altar
(Fig.l) and on 4 samples from the gypsum and anhydrite deposit "Nowy Ląd" at Niwnice near Żagań.
The samples are described in Table 1.
The samples were analysed by INAA, using
standards of the elements to be determined. Major
constituents of alabaster (CaSO4*2H2) have low
(n,y) reaction cross-sections, which is of advantage
for carrying out the analysis. By irradiating alabaster with thermal neutrons, its major constituent
undergoes the nuclear reaction ^Ca (n,y)47Ca -*
47
Sc. The radioisotope 4 7 Ca has a half-life of 4.53
days and emits gamma rays of energy 1290 and 800
keV. On the other hand, 4 7 Sc having a half-life of
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3.4 days, emits gamma rays of energy 160 keV. The
reaction cross-section is 0.250 barn and the natural
abundance of 46Ca is 0.0033%.

samples were taken. This could be attributed to
later conservative actions. Concentration of other
elements, found in the sajnples taken from the

Table 2. Concentration of determined elements in the alabaster samples examined [ppm].
Na
K
Ca[%]
Sc
Cr

Mn
Fe
Co
Cu
Zn
As
Se
Br
Rb
Sr
Zr

Mo
Ag
Sn
Sb
Cs
Ba
La
Ce
Sm

Eu
Tb
Yb
Hf
Ta
W
Ir
Au
Hg
Th

1
1090
2120
23.37
2
237
416
3 520
7.3
82
22
28
1.8
170
7.3
320
44
5.7
0.04
2300
23
2.4
740
5.9
18
0.6
0.2
0.2
2
0.5
0.04
21
0.02
0.3
3 500
1.5
2.6

2
370
36 000
13.8
0.7
58
14
1400
1.8
38
25
12
0.3
32
11
380
8.7
1.6
0.005
42
6.4
1.8
135
0.6
3.9
0.09
0.03
0.04
0.07
0.07
0.3
1.2
0.004
0.03
1000
0.4

3
420
590
26.2
3.9
110
590
920
4.4
49
30
11
1.3
33
5.3
1400
14
1.1
0.03
440
9.1
1
270
1.4
8.8
0.1
0.3
0.1
0.4
0.2
0.008
5.6
0.002
0.07
1320
0.6
0.7

4
320
840
23.57
0.6
92
9.2
2 700
3.8
13
55
8.2
0.1
29
5 000
6.7
1.7
0.007
110
5.2
1
330
1
5.9
0.2
0.05
0.07
0.07
0.01
2.9
0.0006
0.04
1.4
0.7

5
620
1400
18.77
1.5
190
110
410
4.4
61
92
21
0.7
45
3.5
470
7.5
0.03
440
15
3.1
560
2.8
13
0.3
0.08
0,4
0.05
0.4
0.03
8.7
0.005
0.3
4 600
1.7
2.2

Experimental

200 g samples of alabaster deposits were ground in
an agate mortar. Next, approximately 50 mg samples
were taken from the ground material. The samples
were weighed and sealed in quartz ampoules and
then packed together with standard samples of 40
elements. Each packet contained also Sc and Au as
monitors of the thermal neutron flux.
Irradiation was carried out in the MARIA reactor at Swierk near Warszawa, using a neutron flux of
8xl013 ncm'V1. The samples were irradiated for 24
hours and then cooled for 12 hours. Radioactivity of
the samples was measured using an HP-Ge detector
(ORTEC) coupled to a CANBERRA-System S100
spectrometer, controlled by an IBM computer. Analysis of the gamma-ray spectra of the samples was
performed using the microSampo software.
Discussion of results
Total of thirty six elements were identified and
determined in the examined samples. Concentration of trace elements in the said samples is presented in Table 2. There are significant differences
between the content of Ca and K in sample No. 2
(phial) and other parts of the altar, from which the

6
228
350
21.99
0.2
41
29
82
1.4
23
32
9.6
0.2
120
2.3
2 600
0.3
0.004
.
1.3
0.3
490
0.9
4.5
0.05
0.01
0.03
0.04
0.006
1.7
0.002
0.04
250
0.3
0.7

Ik
47.5
107
23.25
0.2
6.8
9
155
0.3
7
3.4
0.5
0.03
12.6
0.5
1050
0.3
0.003
41.1
0.2
0.2
34.5
0.09
0.6
0.2
0.005
0.007
0.02
0.007
0.002
0.1
0.0004
0.003
114
0.1
0.2

2k
52.5
55.5
21.57
0.1
11.1
21.5
210
0.3
8.6
20.8
0.7
0.1
11
1.4
7150
0.2
0.001
34
1
0.2
39
0.6
1.1
0.3
0.008
0.008
0.04
0.02
.
0.3
0.0001
0.004
100
0.09
0.05

3k
57
55
24.36
0.06
7.7
10.8
95.5
0.3
8.5
1
0.9
0.02
17
0.8
1325
2.8
0.5
0.0004
61
0.5
0.1
30
0.2
0.5
0.02
0.004
0.05
0.03
0.009
0.0006
0.2
0.0008
0.003
27
0.05
0.05

4k
54.5
58.5
25.55
0.2
7.4
8.7
150
0.2
4
1.3
0.6
0.04
21.5
0.7
1785
0.9
0.0009
39
0.3
0.1
29
0.3
0.8
0.04
0.007
0.04
0.07
0.04
0.02
0.1
0.0006
0.004
91
0.2
0.04

sculpture, differs significantly from that found in
the samples taken from the "Nowy La.d" deposit.
Methods of a multivariate statistic analysis - cluster analysis and principal components analysis have
been applied to elaborate the obtained results using
STATISTICA 5.5 software, supplied by StatSoft.
Cluster analysis has been performed for all the
TiMDkgranlsttOCnn
VMIIMM

100

M

K

40

_ —

30

Fig.2. Cluster analysis of 10 samples of alabaster described by 36
features.

assayed elements. Results of this analysis for 10
tested objects and 35 assayed elements are pre-
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The results prove that the altar has not been
made of alabaster, originating from the "Nowy La_d"
deposit. Further investigations are in progress, with
the aim of obtaining more material for comparative
studies and analysing alabaster deposits of South-Eastern Poland and the Lower Silesia region.

l_
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Fig.3. Principal component analysis for 10 alabaster samples.

sented in Fig.2. The results obtained by principal
components are presented in Fig.3. The method is
very useful in grouping various objects.
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INVESTIGATION OF ART OBJECTS
WITH THE USE OF TOTAL REFLECTION X-RAY FLUORESCENCE
Joachim Kierzek, Jerzy Kunicki-Goldflnger, Bozena Matozewska-Bucko

Total reflection X-ray fluorescence (TXRF) is a trace
element method of analysis [1]. Trough the use of a
total reflection of X-rays the background under the
peak of characteristic radiation is reduced by several
orders of magnitude. In consequence the very low
detection limits, amounting to a few picograms, for
about 60 elements are achieved. This corresponds to
a concentration below 1 part per billion (ppb). The
range of the atomic numbers of analysed elements
extends from 16 (sulphur) to 92 (uranium).
The TXRF differs from the classical XRF in the
following:
- A beam of exciting radiation strikes a flat and
smooth surface of a quartz disc, with an analysed
sample on it, under an angle smaller than the critical one. This is a condition for the total reflection.
- A sample mass can be reduced to about 0.5 ^g or
less. In practice it is enough to rub an examined
surface, for example of a painting, with a soft
cotton swab similar to one used for cleaning the
. ears. With this swab a quartz disk is rubbed and
the sample is ready for analysis. The sample can
be transferred and deposited as a powder or solution.
The method is applied both for the analysis of
pigments in painting layers on different supports
[2-4] and for the determination of chemical composition of glassy materials [5-6].

10

Fig.l. Spectra of characteristic X-rays excited in an archeological
glass. Continuous line - a spectrum from the fracture (bulk,
not corrode); pointed line - a spectrum from the leached
glass surface.

pies were also taken from the glazed surface of the
bas-relief (X. Dunikowski, The Annunciation). The
analysis enabled the determination of glaze as a
lead-alkali one and a cobalt compound as a colouring agent.
Analysis of pigments and gilding layers

In this case the sample taking is less invasive
than described above. It is enough to gently rub the
examined surface using the above mentioned cotton
swab. Such a procedure is satisfactory in the majority of cases both when we deal with a wall painting
io5F

Analysis of glass and glazed objects

Part of a glass vessel, transparent, greenish, visibly corroded from the 18th century was investigated (property of the Warsaw Castle, inv. number
ZK/95/6/98). Two samples were taken by the
scratching with a diamond tip of the outer corroded
and the fractured surfaces. As can be seen from
Fig.l, the concentration of leachable elements such
as K, Ca and Sr is significantly lower at the outer
surface than at the intact part of the glass. The sam-

Fig.2. A spectrum of characteristic X-rays excited in a blue polychrome.
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and other techniques of painting on various supports. Fig.2 shows an X-ray spectrum of the sample
taken from the blue area of the 16th-century polychrome frieze, located under the chapel dome of
the Primate Jakub Uchanski in the cathedral at
Lowicz. In this sample Co was identified, which can
be evidence of the use of smalt as a blue pigment.
The gilding layers are particularly suitable for
XRF examinations. In the majority of cases it is
10

b

Fig.3.A spectrum of characteristic X-rays excited in a sample
from overpainting gilding layer.

enough to take a sample using the cotton swab. As
can be seen from Fig.3 in the sample taken from an
overpainting drapery of the Madonna (attribution
unknown, wooden support, from private collection)

the traces of the original gilding layer are composed
of pure gold.
The described examples show that TXRF is a
very convenient tool for investigation of art treasures and other valuable objects due to its multielement capability. The microsize of the analysed
sample makes it practically non-destructive for the
investigated item.
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Natural radioactivity of historical glasses can be
considered under several aspects. Qualitative detection and quantitative chemical analyses of the elements, which show natural radioactivity, as well as
the possibility of dating the artefacts made of uranium glass, constitute an important chance of applications of nuclear methods. So, in some cases, radioactivity can be employed as a useful tool for
technological research of historical objects [1-6].
In historical glass objects potassium and uranium
radioisotopes can be identified in some circumstances. Radiorubidium may occur in these objects
only in trace concentrations. So, most of historical
glasses produced up to the end of the 18th century
contain only 40 K as the only radioactive nuclide at a
level more than trace concentration. In glasses made
in the 19th century, it is also possible to detect radiometrically a higher concentration of uranium.
The determination of potassium in historical glass
objects employing gamma spectrometry has been
already discussed [5]. Using an appropriate standard
for calibration, it is possible to measure the uranium
content in historical glass, in a similar way. If a glass
contains both potassium and uranium, it is possible
to measure their contents simultaneously.
Natural uranium consists of three isotopes: 234 U
(0.0058%), 235 U (0.714%) and 238 U (99.28%). They

decay with a half-life of 2.46xlO5, 7.04xl08 and
4.47xlO9 years, respectively. During the radioactive
decay of uranium isotopes, the alpha and beta particles as well as gamma and X radiation are emitted.
The initial part of the 2 3 8 U decay series and the
235
U decay as well as the energies and intensities of
the main gamma lines are reported in Table 1. Only
these steps of the decay chains are shown, which
can be useful for estimating the uranium content in
historical glass objects. The strong 63.29 and 92.6
keV gamma lines of 234 Th appear to be suitable for
uranium determination in little objects. In the case
of larger ones, a significant error may arise as a
result of the self-absorption effect. For the objects
of irregular shapes, the determination is very difficult to accomplish. The 143.76, 163.36, 185.71 and
205.31 keV gamma lines that are accompanying the
235
U decay, as well as the 766.38 and 1001.03 keV
gamma lines that are accompanying the 2 3 4 m Pa
decay via beta-particle emission (99.87%), could be
utilised to determine the uranium content. 2 3 8 U
decays via alpha-particle emission to its daughter
product, 234 Th, which, with a half-life of 24.1 days,
decays in the next step of the chain to 234m Pa.
Secular equilibrium for this chain is reached within
less than 1 year (about 250 days). So, there is a
possibility to measure the uranium content in histo-
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Table 1. Schematic diagram of the 2 3 8 U and 2 3 5 U decay series down lo 2 3 0 T h and 2 3 1 T h , respectively, energies and intensities of the
main gamma lines.
Main gamma ray lines
[keV]

Intensity
[%]

24.1

63.29
92.60

4.8
5.58

1.17 m

766.38
1001.03

0.318
0.845

7.54xl0 4 y

67.67
143.87

0.38
0.049

7.04xl0 8 y

143.76
163.36
185.71
205.31

10.97
5.08
57.25
5.02

Half life

Radionuclide

4.47xl0 9 y

°L—-~-"—"
234

Th

IT(0.13%)f\F( 9987% >

6.75 h

234

23O

Th

235

231

2.46xlO5 y

u

U

25.52 h

Th

rical glass pieces (which are certainly older than
one year) applying gamma spectrometry with a high
resolution HPGe detector.
A Bohemian, fooled, green glass beaker made in
1840s was examined using gamma spectrometry.
The vessel has been made available for examination
by the National Museum in Warszawa (object inv.
No 188645). The weight of the object was 448.8 g.
This was done in a non-destructive manner essential for objects of historical value.
Radiometric measurements were performed by a
gamma ray spectrometer, containing an HPGe detector with the resolution of 1.9 keV, and a relative
detection efficiency of 92.4% for the 1.33 MeV
gamma line. A 10 cm passive lead shield lined with
0.5 cm cadmium and 0.5 cm copper was applied for
reducing the natural background radiation. The full
block diagram of the gamma spectrometry system
and more detailed experimental information were
given in the previous paper [5].
Full examination consisted of two measurements.
The counting time of each measurement amounted
to 86400 s (a day and night). The first step included

measurement of a silicon mould with the glass vessel
inside. For the second measurement, the same mould
was filled with powdered material that was used for
calibration. A U3Og and K2SO4 mixture at the rate
of 22.5 g and 385.4 g, respectively, was used for this
purpose. The mixture was homogenised in a ball mill
and contained 4.678 wt% of elemental uranium.
Weight of the standard for calibration, which filled
the silicon mould, was equal to 274.7 g. The results
obtained are listed in Table 2. The uranium content
that was computed on the basis of the intensity of the
individual gamma lines showed good agreement.
Only a value computed on the basis of the 143.76
keV gamma line was higher. It was due to an impossibility of separating the 143.76 keV gamma line
from the 143.87 keV one accompanying the decay of
230
Th (Ti/2=8.0xl0 4 y). The 230 Th nuclide constitutes a farther part of the ^ U decay chain (Table 1).
If we reject this last extreme result (0.36 wt%) as the
outlier, the mean uranium content in the examined
glass, computed on the basis of intensities of the five
remaining lines, amounts to 0.32 wt%. The K2O
content is equal to 16.2 wt%.

Table 2. Gamma spectrometry of the glass vessel (National Museum in Warszawa, inv. No 188645).
Isotope

Gammma line [keV]

Net peak intensity' [counts/day/g]

U content [%]

143.76
163.36
185.71
205.31

418
190
2114
189

0.36
0.33
0.33
0.32

234m P a

766.38
1001.03

143
338

0.30
0.31

40 K

1460.75

367

235

U

* Background corrected.

K2O content [%]

16.2
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On the basis of this historical glass object, the
limits of detection of uranium and potassium were
estimated. This was evaluated for the gamma lines,
which were taken into account for the compulations. The results are as follows: for objects in the
range of 200-500 g and a measurement time of 24 h,
the uranium and potassium limits of detection are
equal to about 0.0002% and to about 0.025%, respectively. For the same mass range of the objects,
and for the measurement time of 1 h, a limit of
uranium detection amounts to 0.0010%, and that of
potassium detection to around 0.1%.
In conclusion, high-resolution gamma spectrometry enables simultaneous determination of uranium and potassium content in historical glass objects.
This method is especially convenient for a non-destructive uranium determination in historical objects.
Thanks to the low uranium detection limit, it can be
used for determining even trace amounts of uranium.
Exact knowledge of uranium content may be useful

for further studies on dating artefacts and in some
other technological comparisons.
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NUCLEONIC CONTROL SYSTEMS AND ACCELERATORS
A NEW BETA BACK-SCATTERING COATING THICKNESS GAUGE GIL-99
Waldemar Antoniak, Edward Swistowski, Piotr Urbariski

Beta back-scattering coating thickness gauges have
been used for many years [1, 2] and hundreds of
instruments constructed as the analogue devices are
still in use. Some attempts to develop computerised

strument meets requirements of the international
standards for the beta back-scattering coating thickness gauges [5] and its design and construction fulfils demands for the modern measuring devices.
The block diagram of the instrument is presented in Fig.2. The analogue part of the gauge consists
of a G-M counter, H.V. power supply, an amplifier,
and pulse shaping circuits. The measuring process
is fully controlled by a microprocessor system. The
results are presented on a display and all settings
performed using a foil keyboard.
Operation of the gauge is shown in the form of a
flow-chart diagram (Fig.3). There are four modes of
the instrument operation: settings, calibration, measurement and results handling. In the mode settings,
the measurement and calibration, such as measuring
time, source, coating and base materials, diameter of
the aperture and coefficients of the calibration model
can be chosen and entered from the keyboard. Calibration mode allows to check response of the instru-

Fig.l. Beta back-scattering coating thickness gauge GIL-99.
START

versions were undertaken about ten years ago [3, 4].
Recently, in this Institute a new, fully computerised
gauge GIL-99 has been designed (Fig.l). This in-
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Fig.2. Block diagram of GIL-99.

ment for the base (substrate) material and coating of
the known thickness. The measurement mode can be
activated only after calibration has been performed.
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The results are stored in an internal memory, can be
displayed, printed and/or transmitted to an external
computer. An additional software has been developed for statistical processing of the results transmitted
to the computer.
It is expected, that the new instrument will replace the analogue gauges, still exploited by the industrial users.
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RADON PROBE SRDN-2 FOR LONG TERM RADON MEASUREMENTS
Jakub Bartak, Jan P. Pienkos
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The SRDN-2 probe (Fig.l) is a new version of the
probe SRDN-1 developed earlier in the frame of cooperation with the Central Mining Institute [1-3].
The probe is designed for long term measurements of
radon concentration in air, and variation of radon
emanation in mining excavation due to variation of

data, and set of time. They are selected from the main
menu by pressing an appropriate key on the keyboard, corresponding to abbreviated name, of the
mode displayed on LCD. Selection of the mode of
measurements enables to set parameters of measur/

\ _

air Inlet

air filler

measuring cell

detector
Fig.l. General view of radon probe SRDN-2 with PSR-1 controller.

geological stress in the layer where coal or other
minerals are extracted. When developing the probe
special attention was to be paid to ensure good technical parameters, especially to enable long term measurements in the hard mining environment including
a methane explosion hazard.
The probe is constructed in the form of a cylinder
operating with a PSR-1 microprocessor controller.
The housing of the probe is made of acid-proof steel.
Connecting cable has a zinc plated copper wire convolution terminated with a special water- and dust-proof connector. The probe is equipped with an implanted silicon semiconductor detector as alpha detector, a measuring cell, approx. 35 cm3 in volume,
with an exchangeable air filter, a pulse amplifier and
discriminator, circuits of galvanic separation, a dc
voltage converter, a microprocessor system controlling operation of the probe, an RS232C series communication port, power supply for air pump, and
supply batteries (Fig.2).
Radon can be measured in two ways: 1) with
natural diffusion of radon into the measuring cell, 2)
with forced flow through the measuring cell by an air
pump, to speed up exchange of air in the cell. Access
to the measuring results is enabled through the
PSR-1 controller. The controller fulfils spark-proof
requirements and can be used in mines. Operation of
the SRDN-2 probe is programmed from a keyboard.
The controller enables three basic modes of operation: measurements with the probe, transmission of

preamplifier

lithium battery

microprocessor
system

lithium ballery

air pump

lithium battery

air pump control

sir outlet
Fig.2. Radon probe SRDN-2.

ing cycles and to start the measurements, or to review
the measurements stored in the memory of the controller.
In the mode of measurements of radon concentration the time of forced flow of the ambient air
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through the measuring cell has to be set (advice 1
min), and the counting time can be set in the range
1 .. 99 min. In case the natural diffusion of air into
the measuring cell is selected, the pumping time is
set to zero. Selection of review of the measuring results enables to read out up to 8000 measurements
stored in the memory. In the mode of transmission
of data, the measuring results stored in the controller memory are transmitted through the series
port RS232C to an external computer or to a serial
printer. In the mode of setting time the date and
time of measurement are set.
The probe is supplied from three spark-proof,
lithium non-rechargeable, batteries 3.76 V; 13 Ah
and one alkaline battery 12 V. Two lithium batteries
supply the microprocessor system and the analog
channel, the third battery supply the air pump. To

supply the semiconductor detector the alkaline
battery is used. Power consumption of the detector,
the microprocessor system and the analog channel is
very low and the batteries are sufficient for 3 years of
operation. The battery supplying the air pump at a I
min pumping time is sufficient for approx. 4700
measuring cycles, e.g. at a counting interval of 90 min
is sufficient for 360 days of operation.
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CONTINUOUS MEASUREMENT OF RADON IN AIR WITH LUCAS CELL
Bronislaw Machaj, Piotr Urbanski
Introduction

Lucas cell [1, 2] was investigated as an a-radiation detector for continuous measurement [3] of
radon concentration in air with air sampling by
means of a pump. The investigations indicate that
all the short lived radon decay products produced
inside the Lucas cell 054x74 mm (0.17 L) are
attached to the internal walls of the cell and are not
removed when the cell is flushed with some fresh
air. This effect, and the well known effect of
increase of the a particle concentration when only
radon is introduced into the cell, result in a dynamic error due to delayed response of the gauge to
variations of the radon concentration. To cope with
this phenomenon, a way of processing of the signal
from the Lucas cell is proposed, which decrease the
dynamic error.
Sensitivity of the Lucas cell for the detection of
low radon concentration is limited by random
errors due to statistical fluctuation of the signal.
Principal Component Analysis (PCA) was applied
to the Lucas cell signal, to see if this kind of processing can improve the sensitivity of Lucas cell.
Count rates were measured at 1 min intervals in the
period up to 180 min since radon was introduced
into the Lucas cell. Achieved in such a manner set
of characteristics for different radon concentration
were then PCA processed. It was found that PCA
processing considerably decreases random fluctuations. The PCA method of signal processing can be
employed in the case of continuous measurements
with a long period of repetitions and flushing the
cell with clean air after each measurement, or in
standard non-continuous measurements.
Dynamic error of the Lucas cell

Measurements carried out showed, that for the
Lucas cell 0.17 L in volume, all the radon daughters
produced inside the Lucas cell are attached to the
internal walls of the cell and are not removed. In
consequence the alpha activity that is registered by

the Lucas cell, decreases within approx. 3 h due to
decay of the attached radon daughters. A similar
effect but of opposite direction takes place when
radon is introduced into the cell. Thus the indication of Lucas cell for a step radon concentration
variation is loaded with a dynamic error. Simulating
computations [4-6] of radon concentration showed
by the Lucas cell, expressed in the fraction of radon
concentration at radiation equilibrium, in consecutive 15 min measuring intervals is: 0.5902; 0.7178;
0.772; 0.8248; 0.8712; 0.9087; 0.9375; 0.9587;
0.9739; 0.9844; 0.9914; 0.9959, after radon was
introduced into the cell. The relation between the
count number ro at radiation equilibrium and the
radon concentration Co at t=0 is given by the equation:
where: v - volume of measuring cell [L], e - counting
efficiency of a-particles, k=0.97 - coefficient for a
decrease of the radon activity until radiation equilibrium is achieved.
Correct indication of the Lucas cell can be obtained after first reading of the Lucas cell if the
count rate from the Lucas cell is processed as
shown below, for eight counting intervals, and for
kl .. k8=0.5902; 0.7178; 0.772; 0.8248; 0.8712;
0.9087; 0.9375; 0.9587:
- Mean count rate r is computed from the measured count number R in the first counting interval j = 1. Mean count rate corresponding to radiation equilibrium is computed r o =r/kl [cpm].
Mean count rate in successive 8 intervals are
computed: r(l,2)=r o -kl, r(l,2)=r o -k2
and
remembered as shown in Table. Radon concentration Co is computed from equation and displayed. Co is remembered as Q (last).
- Mean count rate r is measured in the second time
interval j=2. The count rate r is compared with
the expected count rate Re2=2r(i,2). If r is equal
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Table. Expected count rates at successive time intervals.

i\i

1

1
2
3
4
5
6
7
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r(7,3)
r(g,2)

r(7,4)
r(8,3)
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i(2,8)
i(3,7)

2
r(l,2)
r(2,l)
r(3,8)

3
r(l,3)
i(2,2)
r(3,l)
....
r(7,5)
r(8,4)

4
r(l,4)
r(2,3)
r(3,2)
....
....
r(7,6)
r(8,5)

Re3

5
1(1.5)
r(2,4)
r(3,3)
....

r(7,7)

K8,6)

Re4

6
r(l,6)
r(2,5)
r(3,4)
•...
....
«7,8)
r(8,7)
Re6

7
r(l,7)
r(2,6)
r(3,5)

8
i(l,8)
r(2,7)
r(3,6

....

....

r(7,l)
r(8,8)

r(7,2)
r(8,l)

Re7

Re8

At start of measurements all count rates are set to r(i,j)=O.
j -successive counting time intervals (columns in Table), if j = 9 then j = l.
i • successive simulated count rates at time intervals (raw in Table), if i=9 then i = l .
R e j = 2r(i,j) expected total count rate in j time interval, i = 1..8.

to Re2 ± or(Re2) (standard deviation), C 0 =Q is
displayed and count rates in successive 8 time
intervals r(2,l).. r(2,8) are set = 0. If r is higher or
lower than Re2 ± o-(Re2) then dR=R-Re2,
ro=dR/kl and mean count rate in successive 8
time intervals: r(2,l)=r o kl, r(2,2)=ro-k2
are
computed and remembered as shown in Table.
dCo is computed from equation. Radon concentration Co=Ci+dCo is displayed. Q> is remembered as Q (last).
Mean count rate r is measured in the time interval
j=8. The count rate r is compared with the expected count rate Re8=2r(i,8). If r is equal to
Re8 e ± <7(Re8), Co=Ci h displayed and count
rates in successive 8 time intervals r(8,l) .. r(8,8)
are set = 0. If r is higher or lower than
Re8 ± cr(Re8) then dR=R-Re8, ro=dR/kl and
mean count rate in successive 8 time intervals:
r(8,l)=r o -kl, r(8,2)=ro-k2
are computed and
remembered as shown in Table. dC0 is computed

80
100
time [mini
Fig.l. Measured count rates of the Lucas cell for radon concentration 400 .. 300 000 Bq/m 3 . Continuous lines present the
computed average value using Multi Linear Regression
(MLR).

from equation. Radon concentration C0=Ci +dCo
is displayed. Co is remembered as Ci (last).

To avoid excessive fluctuations of indication of
the gauge correction of radon concentration is
made only (in successive counting intervals) if the
measured count rate r is greater or lower than
standard deviation of the expected count rate. Processing up to 12 time intervals can be adopted for a
further decrease of the dynamic error.
PCA processing of Lucas cell signal
Measurements of count rate from the Lucas cell
(0.17 L) at 1 min intervals against time up to 180
min since radon was introduced into the cell, covering the range of radon concentration in air from
400 to 300 000 Bq/m3, were carried out. Applying
the Principal Component Analysis to the count
rates from the Lucas cell measured [5, 7, 8], it was
found, that the first principal component explains
99.97% of the total variance of measured count rate
spectra, hence the spectra can be superseded by its
first component. Fig.l shows a set of measured
count rates, and in Fig.2 the count rates corresponding to the first PCA component are presented.
As it can be seen the first component contains the

B0
100
time [min|

Fig.2. First component PCA processed count rates from Fig.3.

principal information about the shape and magnitude of the raw data, but it removes a great part of
its fluctuations.
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pressed in Bq/m3, plotted vs. radon concentration
are given. It is seen that the PCA processing considerably reduces fluctuations, particularly for low
radon concentrations. It may be expected, that an
influence of fluctuations for the radon concentration of 100 Bq/m3 can be reduced by a factor of
100.

103

£1

S*

+

*****

g

y

*

++

References

sftheor
0 - s< calc

110°

sfPCA

+
10'
102

103

10*
10°
radon concetration [Bq/m 3 ]

10*

Fig.3. Standard deviation of fluctuations for raw and PCA processed data against radon concentration.

In Fig.3 the computed standard deviations of
fluctuations for raw and processed PCA data, ex-
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AN ATTEMPT TO USE WAVELET TRANSFORM FOR DENOISING XRF SPECTRA
Antoine L'Eplattenier1', Ewa Kowalska, Piotr Urbariski
l!

Ecole Nationale Superieure des Techniques et des Mines de Nantes, France

Wavelet transform is a novel signal - processing
technique which has been recently used in several
fields [1-4]. One of the most promising application
of this technique for radiometric instruments is signal denoising. There is an important difference between denoising and smoothing. Whereas smoothing removes high frequencies and retains low frequencies, denoising attempts to remove whatever
noise is present and retain whatever signal is present regardless of the frequency content of signal
[5].
Feasibility study of applying Wavelet - based denoising techniques for processing data from an
X-ray fluorescence analyser was prepared [6]. The
data consisted of 34 experimental spectra collected

First and lest spectra of the de-notsed 3A-spoctra sot

Fig. Denoising of some XRF spectra using Wavelet transform.

from an industrial in - stream XRF analyser designed for measurements of iron, zinc and lead content
in the Zn-Pb ore processing products [7]. All calculations were performed using a software based on
Wavelet Toolbox for Matlab [8].
Fig. shows some results of denoising XRF spectra with the Wavelet technique. The used algorithm
was based on smoothing of the entire set of data in
the best-basis for their variance spectrum by killing
all Wavelet coefficients at scales informed by the
user [4, 9], It can be seen that the denoised spectra
are smoother than the original ones and the removed noise has a mean value close to zero whereas
its variance spectrum resembles the shape of the
denoised spectra.
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In the case of the signal from radiation detectors,
observed fluctuations are caused by the statistical
nature of the registered radiation and their variance
should be equal to the number of accumulated
counts. This can explain a similarity of the variance
spectrum of the removed noise to the spectrum of
registered radiation.
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PERFORMANCES OF LAE10 ACCELERATOR
WITH A THREE ELECTRODE ELECTRON GUN WITHOUT MESH GRID
Zygmunt Dzwigalski, Zbigniew Zimek

The aim of this research was an accelerator with a
three electrode electron gun without mesh grid.
Construction and design of the gun is described in
[1] and [2]. The influence of the electric and mechanical electron gun parameters on the properties of
the nanosecond linear LAE10 accelerator was in-

Fig.2 shows shapes of the electron beam pulses
provided by the LAE10 accelerator. The first pulse

25 ns,

Fig.l.

vestigated. The shape of the electron pulses was
investigated, in particular.
Electron pulse profiles registration circuit diagram is presented in Fig.l. The current of the accelerator electron beam was collected by a specially
designed Faraday's cup. The pulse shape was measured using a TDS620 Tektronix digital oscilloscope. A Casio QV-100 digital camera was used to
record the oscillograms.

Fig.l

ait' /to.evc* i n ' TxMmvti uiiom

pedestal

CB1 \
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Fig.3.

has a duration of about 100 ns and the second one about 8 ns. We can distinguish two parts (the pedestal and main nanosecond pulse) in the second
oscillogram. The shape of the pedestal is shown
distinctly in Fig.3 (this oscillogram was obtained
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without nanosecond grid pulse). The scale interval
has 5 V on the second oscillogram of Fig.2 and only

200 mV for the pedestal oscillogram presented in
Fig.3.
Fig.4 shows the relation between the pedestal
charge and the total charge of the accelerator
current pulse ratio and the gun accelerating voltage
amplitude. The ratio of the charges increases with
voltage amplitude and reaches a value of 0.1 for 47
kV for the first curve (for Vg=-2.5 kV) and 54 kV
for the second curve (for Vg=-3 kV). We assume
that the accelerator pulse will be suitable for radiolytic experiments if the pedestal charge is lower
than 0.1 multiplied by total charge (Q p <0.1 • Qt).
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Radiation Physics and Chemistry, 5.4 559-565 (1999).
174. Zakrzewska-Trznadel G., Harasimowicz M., Chmielewski A.G.
Concentration of radioactive components in liquid low-level radioactive waste by membrane distillation.
Journal of Membrane Science, M2, 257-264 (1999).
175. Zakrzewska-Trznadel G., Ilarasimowicz M., Chmielewski A.G.
Uzdatnianie wody do celów kotłowych metodą destylacji membranowej (Conditioning of water for
boiler purposes by membrane distillation method).
Przemysł Chemiczny, 28, 5, 181-184 (1999).
176. Ziaie F., Stachowicz W., Strzelczak G., Al-Osaimi S.
Using bone powder for dosimetric system EPR response under the action of y irradiation.
Nukleonika, 44,4, 603-608 (1999).
177. ZimekZ.
Akceleratory elektronów dla potrzeb sterylizacji radiacyjnej (ekonomika, perspektywy) (Electron
accelerators for radiation sterilization (economics and prospects).
V Wiosenna Szkoła Sterylizacji Radiacyjnej Sprzętu Medycznego, Przeszczepów, Farmaceutyków i
Kosmetyków. Sterylizacja radiacyjna w Polsce w świetle wymogów Unii Europejskiej. Warszawa,
Poland, 27-28.05.1999, p. V.
178. Zimek Z., Kałuska I.
Difficulties associated with the validation of radiation sterilization of tissue allografts.
2nd World Congress on Tissue Banking and 8th International Conference of EATB "Allograft
Against Disability". Abstracts. Warszawa, Poland, 07-10.10.1999, p. 23.
179. Zimek Z., Kałuska I.
Radiation sterilization of medical devices and tissue with electron beam accelerator at INCT.
2nd World Congress on Tissue Banking and 8th International Conference of EATB "Allograft
Against Disability". Abstracts. Warszawa, Poland, 07-10.10.1999, p, 28.
180. Zimek Z., Kałuska I.
Sterylizacja radiacyjna sprzętu medycznego jednorazowego użytku i przeszczepów (Radiation
sterilization of medical devices single use and allografts).
Compendium Medycyny, 2,19-21 (1999).
181. Zimek Z., Panta P., Głuszewski W.
Radiation processing for pharmaceuticals.
Acta Poloniae Pharmaceutica (Drug Research), 5.6. (Suppl.) 5-6 (1999).
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182. Zimek Z., Panta P., Kahiska I., Głuszewski W.
Radiation processing for Pharmaceuticals.
Multidyscyplinarna Konferencja Nauki o Leku. Streszczenia, Muszyna, Poland, 3-5.03.1999, p. P-22.
183. Żuchowska D., Zagórski Z.P.
Radiacyjna modyfikacja mieszanin polimerowych (Modification of polymer blends by irradiation).
Polimery, 44,7-8, 514-519 (1999).
SUPPLEMENT LIST OF THE INCT PUBLICATIONS IN 1998
184. Cieśla K.
The influence of annealing and heavy ion irradiation on multiply melting and crystallization occuring
in PBT films.
7th European Symposium on Thermal Analysis and Calorimetry (ESTAC). Book of Abstracts. Balatonffired, Hungary, 30.08.-4.09.1998, p. 259.
185. Cieśla K., Svensson E., Eliasson A-C.
Application of differential scanning calorimetry in studies of radiation induced defects in starch and
flour.
7th European Symposium on Thermal Analysis and Calorimetry (ESTAC). Book of Abstracts.
Balatonfured, Hungary, 30.08.-4.09.1998, p. 206.

156

'

THE INCT REPORTS IN 1999

THE INCT REPORTS IN 1999
1. INCT Annual Report 1998.
IChTJ, Warszawa 1999, 206 p.
2. Hier E.
Dyspersyjny model transportu mediów w radioznacznikowych badaniach pracy wybranych instalacji
przemysłowych (A dispersion mode! of transport media in radiotracer investigations on selected of
chemical installations).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria A nr 1/99,134 p.
3. Kruszewski M.
Podłoże odwrotnej krzyżowej oporności komórek L5178Y na promieniowanie jonizujące i nadtlenek
wodoru (Cellular determinants of the inverse cross sensitivity of mouse lymphoma L5178Y cell lines to
ionizing radiation and hydrogen peroxide).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria A nr 2/99,120 p.
4. Malicki W., Stuglik Z.
Wyznaczanie energii elektronów w wiązce przemiatanej akceleratora liniowego przez dozymetrię dawki
głębinowej (Evaluation of energy of scanned electron beam from linear accelerator by means of
depth-dose distribution measurement).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 12/98, 40 p.
5. Chmielewski A.G.
Electron beam gaseous pollutants treatment.
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 1/99,66 p.
6. Kunicki-Goldfinger J.J., Kierzek J., Kasprzak A.J., Małożewska-Bućko B.
XVIII-wiecznc naczynia szklane z hut w Nalibokach i Urzeczu. Badania fizykochemiczne (The 18th
century glassware from Naliboki and Urzecze glasshouses. Physico-chemical studies).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 2/99,110 p.
7. Zagórski Z.P.
IAEA Conference on Large Radiation Sources in Industry (Warszawa 1959): Which technologies of
radiation processing survived and why?
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 3/99,16 p.
8. Chmielewski A.G.
Environmental effects of fossil fuel combustion.
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 4/99, 48 p.
9. Skwara W., Pszonicki L.
Oznaczanie krzemu i fosforu metodą absorpcyjnej spektrometrii atomowej z atomizacją płomieniową i
elektrotermiczną (Determination of silicon and phosphorus by atomic absorption spectrometry with
flame and electrothermal atomization).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 5/99,14 p.
10. Derda M.
Izotopy siarki w przyrodzie. Metodyka oznaczania stosunków izotopowych siarki w węglu i ropie
naftowej metodą spektrometrii masowej (Sulphur isotopes in nature. Determination of sulphur isotope
ratios in coal and petroleum by mass spectrometry).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 6/99,20 p.
ll.Mikołajczuk A.
Efekty izotopowe siarki w reakcjach chemicznych (Isotope effects of sulfur in chemical reactions).
IChTJ, Warszawa 1999. Raporty IChTJ. Seria B nr 7/99, 28 p.
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CONTENTS OF No. 1/99
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PATENTS
1. Spos6b otrzymywania radionuklidow itru i indu (Method for obtaining radioyttrium and radioindium).
A. Bilewicz, J. Narbutt
Polish Patent no. 177065
2. A process for removal of SO2 and NO* from combustion flue gases and an apparatus used therefore.
Z. Zimek, A.G. Chmielewski, I. Artiuch, G. Lysov, N. Frank
Korean Patent no. 233773

PATENT APPLICATIONS
1. Spos6b efektywnego usuwania zawieszonych w cieczach osad6w, zwlaszcza biologicznych osad6w czynnych i urzqdzenie do realizacji tego sposobu (Method for effective removal of precipitates suspended in
liquids, especially of biologically active precipitates and an apparatus therefore).
A.G. Chmielewski, Z. Czempinski, A. Owczarczyk, J. Palige, P. Turowski
P.333991
2. Nowe sorbenty krzemionkowe wiqzqce efektywnie metale ci^zkie (New siliceous sorbents effectively
binding heavy metals).
A. Lukasiewicz, L. Rowiriska, L. Walis"
P. 336188
3. Spos6b zwiqkszenia efektywnos'ci oczyszczania promieniotworczych s"ciek6w nisko i Srednio aktywnych
zat^zanych metodq odwr6conej osmozy (Method for increased effectiveness of purification of low and
medium level radioactive wastes concentrated by means of reverse osmosis).
A.G. Chmielewski, M. Harasimowicz, B. Tyminski, G. Zakrzewska-Trznadel
P. 336861
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CONFERENCES ORGANIZED AND CO-ORGANIZED BY THE INCT
IN 1999
1. INTERNATIONAL SYMPOSIUM ON "CREATIVE ELECTRONS"- RADIATION
CHEMISTRY AND TECHNOLOGY IN RESEARCH AND INDUSTRIAL APPLICATIONS, 7-8 JUNE 1999, WARSZAWA, POLAND
Organized by
Institute of Nuclear Chemistry and Technology
Organizing Committee: Z. Zimek, Ph.D.; Prof. J. Michalik, Ph.D., D.Sc; Prof. K. Bobrowski, Ph.D., D.Sc;
W. Gniszewski, M.Sc. (Secretary)
OPENING PLENARY
• Opening Symposium
L. WaliS (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• PAA President Opening Address
J. Niewodniczanski (National Atomic Energy Agency, Warszawa, Poland)
• Accelerator LAE 10
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
KYENOTE PRESENTATIONS
• Scientific research perspectives with the new pulse radiolysis system at the electron accelerator LAE 10
K. Bobrowski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Development of radiation technologies at the Institute of Nuclear Chemistry and Technology
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
SESSIONS
Radiation chemistry - basic and applied research
Chairman: K. Bobrowski (Institute of Nuclear Chemistry and Technology)
• Reaction spectroscopy in Leipzig - concept, equipment and examples
M. Brede (Universitat Leipzig, Germany)
• Application of pulse radiolysis technique in photochemical studies
B. Marciniak (Adam Mickiewicz University in Poznari, Poland)
• Excitation energy transfer and radical processes in gas phase pulse radiolysis
A. J6wko (Agricultural and Teachers University, Siedlce, Poland)
• Pulse radiolysis of aqueous solution of polymeric systems
J. Rosiak (Technical University of L6dz, Poland)
• Relevance of pulse radiolysis in protein reactivity studies
Ch. Hou6e-Levin (Paris-Sud University, Orsay, France)
• Geometry-dependent intermolecular hydrogen atoms transfer in radical cations
J. Ge,bicki (Technical University of L6dz, Poland)
Radiation chemistry - basic and applied research
Chairman: A.G. Chmielewski (Institute of Nuclear Chemistry and Technology)
•

"OH-induced radical chemistry in sulfur-containing amino acids and peptides
K. Bobrowski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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• Theoretical study on decomposition halogenated hydrocarbons in dry air under influence of electron
beam
H. Nichipor (Institute of Radiation, Physical and Chemical Problems, Academy of Sciences, Belarus)
• Silver clusters in sodalites
J. Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Specifics of solid state radiation chemistry
Z.P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Application of PE additives modified by radiation
I. Legocka (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Electron accelerators for radiation chemistry and technology

Chairman: Z. Zimek (Institute of Nuclear Chemistry and Technology)
• The influence of the electron gun parameters on properties of electron pulses in LAE10 accelerator
Z. Dzwigalski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Pulse power supplies in LAE 10 electron accelerator
S. Bulka (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Accelerators for radiation sterilization and radiation processing developed in NPK LUC NIIEFA
M. Demskij (Scientific Research Institute of Electrophysical Apparatus, St. Petersburg, Russia)
• Electron beam for industrial applications and environmental issues
K. Mizusawa (Nissin High Voltage Co. Ltd., Kyoto, Japan)
• Status, applications and future development of ELV accelerators
N.K. Kuksanov (Institute of Nuclear Physics, Novosibirsk, Russia)
• Powerful industrial RF accelerator with energy up to 5 MeV and beam power up to 50 kW
Auslender V. (Institute of Nuclear Physics, Novosibirsk, Russia)
• Current apporach to design of high power electron accelerators to match actual requirements of
radiation technology in Poland
S. Kulinski (Institute of Nuclear Studies, Swierk, Poland)
• Evaluation of accelerator technology implementation through the various experience of COFRAR installations
H. de Rocquigny (COFRAR SA, Versailles, France)
• Economic consideration and progress tendencies in accelerator technology
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

2. TECHNICAL REVIEW MEETING ON INDUSTRIAL DEMONSTRATION PLANT
FOR ELECTRON BEAM FLUE GAS, 22-23 JUNE 1999, WARSZAWA, POLAND
Organized by
Institute of Nuclear Chemistry and Technology, International Atomic Energy Agency
LECTURES
• Internal structures of project realization for construction and operation of e-b installation at EPS
POMORZANY
R. Kostrzewski (Dolna Odra Power Plant Group, Nowe Czarnowo, Poland)
• Present status of construction of the industrial e-b installation at EPS POMORZANY
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), Z. Wacek
Energobudowa S.A., Opole, Poland)
• Up data news from Chubu electricpower station about construction of e-b installation for flue gases
purification
M. Tanaka (Chubu Electric Power Co., Nagoya, Japan)
• Recent developments of air pollution control in USA
N. Frank (International Business Consultants, USA)
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• Final construction of flue gases conditioning unit at POMORZANY e-b installation
B. Tymiriski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Construction of ammonia water storage, ammonia preparation and dosage unit
B. Tymiriski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Reaction vessels and accelerators
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Romanowski (Study
and Design Nuclear Technique Office PRO ATOM, Warszawa, Poland)
• Collection of by-product. Planed pilot plant experiments. Agricultural tests of by-product utility
E. Iller (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Control and monitoring system for POMORZANY e-b installation
J. Licki (Institute of Atomic Energy, Swierk, Poland)

3. V WIOSENNA SZKOLA STERYLIZACJI RADIACYJNEJ SPRZETU MEDYCZNEGO, PRZESZCZEPOW, FARMACEUTYK6W I KOSMETYKOW (TRAINING
COURSE ON RADIATION STERILIZATION OF MEDICAL DEVICES, IMPLANT
MATERIALS, PHARMACEUTICAL AND COSMETICS), 27-28 MAY 1999, WARSZAWA, POLAND
Organized by
Institute of Nuclear Chemistry and Technology
Organizing Committee: Prof. A.G. Chmielewski, Ph.D., D.Sc. (Chairman); Z. Zimek, Ph.D.; I. Katuska,

M.Sc; W. Ghiszewski, M.Sc.
LECTURES
• Oddziatywanie promieniowania jonizuja_cego z materia_ (Effects of the ionizing radiation on the matter)
Z.P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Sterylizacja wyrob6w medycznych (Sterilization of medical devices)
W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Biologiczne dzialanie i ryzyko promieniowania jonizuja_cego (Biological action and risk of ionizing radiation)
A. W6jcik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Mikrobiologiczne aspekty sterylizacji radiacyjnej (Microbiological aspects of radiation sterilization)
E. Czerniawski (University of L6dz, Poland)
• Akceleratory elektronow dla potrzeb sterylizacji radiacyjnej - ekonomika, perspektywy (Electron accelerators for radiation sterilization needs - economics, perspectives)
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Sterylizacja w zrodlach gamma (Sterilization in gamma sources)
W. Bogus (University of L6dz, Poland)
• Normy europejskie dotycza_ce sterylizacji radiacyjnej (European standards concerning radiation sterilization)
I. Katuska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Sterylizacja radiacyjna wyrobtfw medycznych w IChTJ ( Radiation sterilization of medical devices at the
INCT)
I. Kahiska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Metoda okres"lania dawki sterylizacyjnej dla wyrob6w medycznych jednorazowego uzytku wyjalawianych
radiacyjnie na przykladzie wyrob6w firmy Balton (Sterilization dose determination method for medical
devices single use based on the example of Balton's products)
D. Lachiewicz (Balton, Warszawa, Poland)
• Wybrane aspecty GMP w przemys'le farmaceutycznym (Selected aspects of GMP in pharmaceutical industry)
Z. Lukaszkiewicz, D. Prokopczyk (Institute for Drugs, Warszawa, Poland)
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• Radiacyjna dekontaminacja ziol i wyrobow kosmetycznych (Radiation decontamination of herbs and
cosmetics)
K. Malec-Czechowska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Odpornos'c' radiacyjna folii polimerowych oraz membran mikrofiltracyjnych (Radiation resistance of
polimeric foils and microfiltration membranes)
M. Buczkowski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Materiary medyczne - rejestracja i inne formy dopuszczenia do obrotu (Medical materials - their registration and other forms of their release to the market)
T. Achmatowicz (Institute for Drugs, Warszawa, Poland)
• Obrobka radiacyjna wyrob6w farmaceutycznych (Radiation treatment of pharmaceutical products)
G. Przybytniak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Kontrola analityczna Iek6w sterylizowanych radiacyjnie (Analytical control of radiation sterilized drugs)
B. Marciniec (Medical Academy in Poznafi, Poland)
• Sterylizacja radiacyjna biostatycznych przeszczep6w tkankowych (Radiation sterilization of biostatic
allografts)
A. Dziedzic-Godawska (Medical Academy in Warsaw, Poland)
• Sztuczne materiafy implatacyjne - rola biomaterialow w inzynierii tkankowej (Artificial implant materials the role of biomaterials in tissue engineering)
M. Lewandowska-Szumiel (Medical Academy in Warsaw, Poland)
• Sterylizacja radiacyjna w s"wietle 1.1th International Meeting on Radiation Processing 1999 Melbourne,
Australia (Radiation sterilization as presented at 11th International Meeting on Radiation Processing
1999 Melbourne, Australia)
Z.P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Zastosowanie obr6bki radiacyjnej w produkcji przylepcow medycznych (Application of radiation processing for medical adhesive production)
A. Wnuk (Viscoplast S.A, Wroclaw, Poland), W. Wojtynska (Industrial Chemistry Research Institute,
Warszawa, Poland)
• Radiacyjna inzynieria biomaterialowa (Radiation biomaterial engineering)
J. Rosiak (Technical University of L6dz, Poland)
• PVC - w wyrobach medycznych jednorazowego uzytku - zalety i wady wynikaja_ce z zastosowania (PVC
used for medical devices single use - advantages and disadvantages result from application)
B. Swierz-Motysia (Industrial Chemistry Research Institute, Warszawa, Poland)
• Dozymetria wiqzki elektronow akceleratorowych (Electron beam dosimetry)
P. Panta, W. Gluszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
• Przemyslowe zastosowanie wi^zki elektron6w (Industrial application of electron beam)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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Ph.D./D.Sc. THESES
Ph.D. THESES
1. Andrzej Rafalski, M.Sc.
Produkty nietrwałe radiolizy propylenu (Unstable products of the radiolysis or propylene)
supervisor: Prof. Zbigniew P. Zagórski, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 07.10.1999
2. Zbigniew Samczyński, M.Sc.
Rozdzielcze i analityczne zastosowanie jonitów amfoterycznych (Separation and analytical application
of amphoterics ionites)
supervisor: Prof. Rajmund Dybczyński, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 09.12.1999

D.Sc. THESES
1. Andrzej Wójcik, Ph.D.
Badania zjawiska popromiennej odpowiedzi adaptacyjnej (Studies on the phenomenon of radioadaptive
response)
Institute of Biochemistry and Biophysics, Polish Academy of Sciences
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Ph.D. PROGRAMME IN CHEMISTRY
The Institute of Nuclear Chemistry and Technology holds a four year's Ph.D. degree programme to
graduates of chemical, physical and biological departments of universities, to graduates of medical universities and to engineers in chemical technology and material science
The main areas of the programme are:
• chemistry of radioactive elements and isotope effects,
• coordination chemistry,
• chemistry of separation and analytical methods,
• radiation chemistry and biochemistry,
• chemistry of fast processes,
• application of nuclear methods in chemical and environmental research and in material science,
• chemistry of radicals.
The candidates accepted for the forementioned programme can be employed in the Institute. The
candidates can apply for a doctorial scholarship.
Each participant takes part in a 45 h course of lectures of fundamental physical chemistry and a 30 h
specialization course. He/she is obliged to deliver a lecture on the topic of his/her dissertation at a seminar.
The final requirements for the Ph.D. programme graduates, consistent with the regulation of the Ministry
of National Education, are:
• submission of a formal dissertation, summarizing original research contributions suitable for publication;
• final examination and public defense of the dissertation thesis.
Applicants for the Ph.D. degree programme are accepted throughout the year. Detailed information
can be obtained from Admission Secretary, Ewa Gniazdowska, M.Sc. (phone: (+48-22) 811-27-35).
In 1999 there were the following lecture series:
• "The chemistry of elements" - Prof. Slawomir Siekierski (Institute of Nuclear Chemistry and Technology),
• "Fundamentals of radiation chemistry' - Prof. Zbigniew Zagorski (Institute of Nuclear Chemistry and
Technology),
• "Synthesis and properties of superheavy elements" - Prof. Adam Sobiczewski (Soltan Institute for
Nuclear Studies).

PRACTICAL TRAINING OF STUDENTS
Insitution

Country

Numer of
participants

Period

France

2

3 months

Stanislaw Staszic Academy of Mining and Metallurgy Poland

6

2 weeks

Warsaw University of Technology

Poland

15

one-day practice

Technical School of Chemistry No 3

Poland
(Warszawa)

4

1 month

Collective Technical School of Electronics and Me- Poland
(Warszawa)
chanics

2

1 month
(one week per year)

Ecole des Mines de Nantes
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RESEARCH PROJECTS AND CONTRACTS
RESEARCH PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH
IN 1999 AND IN PREVIOUS YEARS
1. Newe wood preservatives based on polymerized aminotriazole complexes with copper.
supervisor: Prof. Andrzej Lukasiewicz, Ph.D., D.Sc.
2. Differential scanning calorimetry and X-ray diffraction studies of the physico-chemical transformation
occurring in the polyester films under influence of heavy ions irradiation.
supervisor: Krystyna Cies"la, Ph.D.
3. Influence of relativistic effect on chemical properties of the heaviest elements.
supervisor: Assoc.Prof. Aleksander Bilewicz, Ph.D.. D.Sc.
4. Even-odd effect in separation of the isotopes of f-electron elements in the three electron exchange
reactions.
supervisor: Wojciech Dembinski, Ph.D.
5. Hydration of oxaalkanes in aqueous solutions.
supervisor: Prof. Jerzy Narbutt, Ph.D., D.Sc.
6. Separation analytical application of amphoteric ion exchange resin retardion 11A 8.
supervisor: Prof. Rajmund Dybczynski, Ph.D., D.Sc.
7. Investigation of modifiers used for the determination of elements of the Groups V and VI by graphite
furnace atomic absorption spectrometry.
supervisor: Prof. Leon Pszonicki, Ph.D., D.Sc.
8. Studying of the significance of DNA double-strand break repair in the adaptive response of human
lymphocytes.
supervisor: Maria Wojewodzka, Ph.D.
9. Analysis of centromeres in micronuclei by FISH for biological dosimetry.
supervisor: Assoc.Prof. Andrzej Wojcik, Ph.D., D.Sc.
10. Optimization of radiation removal process of SO2 and NO* from flue gases containing high
concentration of SO2. (supervision of IEA PhD fellow)
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
11. Electron beam processing technology for modification of various types of cellulose mass for
preparation of derivatives.
supervisor: Edward Iller, Ph.D.
12. Influence of the structural changes in membrana-penetrant system on permeation process using
synchrotron methods.
supervisor: Assoc.Prof. Helena Grigoriew, Ph.D., D.Sc.
13. Radiation processing of polyolefines and their composites devoted to thermoshrinkable products.
supervisor: Zbigniew Zimek, Ph.D.

IMPLEMENTATION PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH IN 1999
1. Thermo-melt glue polymer composites with adhesive properties for heat-shrinkable products.
3T 09B 544 96 C/2871
2. Irradiation method for microbiological decontamination of herbal raw materials.
5 PO6G 004 96 C/2870
3. Instruments for measurements of radon concentration.
8T10C016 97C/3615
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4. Small dimensions universal electrofilter for inorganic hygroscopic salts capture.
8T10A083 98
5. New Polish certified reference materials of biological origin for inorganic trace analysis: tea leaves and
mixture Polish herbs.
3T09A00199C/4265
6. Development of activity and dose rate gauge of Ru-106 beta sources for irradiation of eye cancer.

8T11E04 099C/4311

GOVERNMENT STRATEGIC PROGRAMME
The management of radioactive wastes and burnt nuclear fuel
1. Elaboration and studies on novel engineered barriers preventing migration of most toxic radionuclides
from nuclear waste repositories.
SPR-4-4b
supervisor: Prof. Jerzy Narbutt, Ph.D., D.Sc.
2. Concentration of liquid low- and medium-level radioactive wastes by membrane methods.
SPR-4-1
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

IAEA RESEARCH CONTRACTS IN 1999
1. Preparation and certification of the new certified reference material VIRGINIA TOBACCO LEAVES
and development of neutron activation analysis (NAA) methods for checking the homogeneity.
7192/R2/RB
principal investigator: Prof. Rajmund Dybczynski, Ph.D., D.Sc.
2. Materials for in-situ monitoring of light water reactor (LWR) water chemistry by optical methods.
8426/RB
principal investigator: Leon Fuks, Ph.D.
3. Thin layer alanine dosimeter with optical spectrophotometric evaluation.
8533/RB
principal investigator: Prof. Zbigniew P. Zag6rski, Ph.D., D.Sc.
4. Decontamination of herbal raw materials and herbal drugs by irradiation.
10355/ReguIar Budget Fund
principal investigator: Wojciech Migdal, Ph.D.
5. Tracer study of dynamic characteristics of natural industrial sewage receivers as element of ecological
hazard assessment.
10061/Regular Budget Fund
principal investigator: Andrzej Owczarczyk, Ph.D.

IAEA TECHNICAL CONTRACTS IN 1999
1. Industrial scale demonstration plant for electron beam purification of flue gases.
POL/8/014
2. Control laboratories for radiation processing.
POL/8/16

EUROPEAN COMMISSION RESEARCH PROJECTS IN 1999
1. Development of heavy duty reactor window for industrial scale removal of NOX and SO2 from flue gas
by electron beam treatment.
IC15-CT97-0711
supervisor: Prof. Jerzy Piekoszewski, Ph.D., D.Sc.
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2. Accreditation for high dose measurement.
EU INCO Copernicus Project IC I5-CT96-0824
supervisor: Zofia Stuglik, Ph.D.

OTHER FOREIGN CONTRACTS IN 1999
1. Development of sol-gel process for coating of NiO cathodes (used in molten carbonate fuel cells) with
lithium cobaltite.
12811
Contract with ENEA, Italy
principal investigator: Andrzej Deptula, Ph.D.
2. Set for ABSR leakage systems: analog module preamplifier and discriminator H.U. power supply board
D1160 control unit board with display and keyboard, transmission unit.
Contract with Itaiservice and Consulting Ltd., United Kingdom
principal investigator: Prof. Piotr Urbariski, Ph.D., D.Sc.
3. Production of integrated circuit, resistors and crystal oscillators.
Contract with NESSCO Ltd., Aberdeen, United Kingdom
principal investigator: Prof. Piotr Urbariski, Ph.D., D.Sc.
4. Evaluation of technical conditions and radiation processing of rubber sheets.
Contract with COFRAR, Versailles, France

LIST OF VISITORS TO THE INCT IN 1999
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LIST OF VISITORS TO THE INCT IN 1999
Name
1. 3achir Aioub
2. Saud Mohammed
Al-Osaimi
3. Sukarman Aminjoyo
4. Klaus Dieter Asmus
5. Vadim Auslendcr
6.

Pawel Baranczewski

7. Ortwin Brede
8. Kirsti Bredholt
9.
10.
11.
12.
13.
14.
15.
16.
17.

Institution
Atomic Energy Commision of Syria

Country
Syria

Institute of Atomic Energy Research

Period
01.09-29.12

Saudi
Arabia
Yogyakarta Nuclear Research Centre
Indonesia
University of Notre Dame
USA
Institute of Nuclear Physics, Siberian Branch of Russia
Russian Academy of Science, Novosibirsk
Pharmacia, Uppsala
Sweden

01.02-30.04

University of Leipzig

07.06-11.06

Germany

Morwegian Radiation Protection Authority, Norway
Oslo
Witold Brostow
University of North Texas
USA
University Clinics, Essen
Elisabeth Bruckman
Germany
University of Huddersfield
Dawid Brown
Great
Britain
Freddy Callens
University of Ghent
Belgium
Scientific Research Institute of Electrophysical Russia
Mikhaid Demskij
Apparatus, St. Petersburg
Jacek Dziewiriski
Los Alamos National Laboratory
USA
Aleksander Fainchtein Institute ENERGOSTAL
Ukraine
Leonid Fomin
Insitute of Electrophysical Equipment, St. Pe- Russia
tersburg
International Atomic Energy Agency expert
United
Norman Frank
Nations

05.12-12.12
02.10-05-10
05.06-15.06
13.09
26.04
17.09
23.09
12.11-15.11
20.09-26.09
06.06-10.06
09.06-11.06
15.08-27.08
06.06-10.06
21.06-03.07

International Business Consultants
Pakistan Institute of Nuclear Science and Technology, Islamabad
State Research and Production Corporation
"TORIJ", Moscow
Tajoura Nuclear Research Centre
Malaysian Institute for Nuclear Technology Research
Bangladesh Atomic Energy Comission
University Paris-Sud

USA
Pakistan

21.11-04.12
15.11-31.12

Russia

06.06-12.06

Libya
Malaysia

01.01-23.02
28.05-30.05

Bangladesh
France
Radiation Laboratory University of Notre Dame USA

18.05-24.05
06.06-13.06
19.02-22.02
01.03-02.03

25. Garanse Humez
26. Eberhard Janata

Ecole dc Nines, de Nantes

France

18.05-12.08

Hahn Meitner Institut, Berlin

Germany

05.12-11.12

27. Nikolay Kuksanov

Institute of Nuclear Physics, Siberian Branch of Russia
Russian Academy of Science, Novosibirsk
Florida State University
USA
Comenius University, Bratislava
Slovak
Republic

05.06-15.06

18. Ud-Din Ghiyas
19. Anatolij Gryzlov
20. Omer Harraga
21. Nor'Paiza Moh.
Hasan
22. Amzad Hossain
23. Chantal Houee-Levin
24. Gordon L. Hug

28. Mike Kuperberg
29. Jozef Kuruc

10.11
24.10-29.10
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30. Antoine L'Eplattenier Ecole de Nines, de Nantes
Tsinghua University
31. Jingyu Luo

03.05-05.08

32. Georgi Lysov

France
China
State Research and Production Corporation Russia

07.10-09.10

33. Sueo Machi

"TORIJ", Moscow
International Atomic Energy Agency

34. Paul Mathys

University of Ghent

35. J. Meerlins
36. Hirohito Nakazawa

Florida State University
USA
National Institute for Research in Inorganic Ma- Japan
terials, Tsukuba

37. Wladimir Nazarov

State Research and Production Corporation Russia
"TORIJ", Moscow
Institute of Radiation Physical and Chemical Belarus
Problems, Academy of Sciences of Belarus

38. Henrieta Nichipor

39. Akiro Okuyama

22.11-28.11

United
Nations

21.06-25.06

Belgium

20.09-26.09
10.11
04.09-12.09
07.10-09.10
18.01-30.01
03.10-16.10
19.11-21.11
04.12-10.12

Banyu Tsukuba Research Institute

Japan

16.05

40. Ivar Olovsson

University of Uppsala

Sweden

01.09-02.09

41. Oleg Orelovitch

Joint Institute for Nuclear Research, Dubna

Russia

42. Aleksander Pavielev

State Research and Production Corporation Russia
"TORIJ", Moscow
Philippine Nuclear Research Institute
Philippines

17.01-30.01
24.09-30.09
06.06-12.06

43. Reynaldo V.
Pedregosa
44. Aleksy Pikajev
45. Samy Remita
46. Lothar Richter
47. Henry de Rocquigny

28.05

Institute for Physical Chemistry, Russian Aca- Russia
demy of Sciences, Moscow

31.08

University Paris V
University of Leipzig

30.01-06.02
07.06-11.06
17.02
07.06-09.06
25.04-20.07

COFRAR SA, Versaille

48. Hommam Mohammed Egyptian Nuclear Materials Authority

France
Germany
France
Egypt

Serag
49. Bernard Siret

Lab-Lyon

50. Christian Streffer

University Clinics, Essen

51. Sudjatmoko
52. Martyn Symons

Yogyakarta Nuclear Research Centre
De Monfort University, Leicester

53. Kenji Tamura

National Institute for Research in Inorganic Ma- Japan
terials, Tsukuba
International Atomic Energy Agency
United
Nations
Institute of Nuclear Physics, Siberian Branch of Russia
Russian Academy of Science, Novosibirsk
Now Zcland
University of Landcare
United
International Atomic Energy Agency
Nations
State Research and Production Corporation Russia
"TORIJ", Moscow

54. T. Tanaka

55. Nikolaj Taralenko
56. Benny Theng
57. Tsurugi
58. Andriej Uszakov

France
Germany
Indonesia
Great
Britain

59. Nicolas Varmenot

University Paris V

France

60. Sri Wahyuni

National Atomic Energy Agency

Indonesia

06.01-07.01
04.05-08.05
19.03-26.03
04.10-11.10
04.09-12.09
21.06-26.06
17.09-19.09
01.09-0309
21.06-26.06
07.10-09.10
30.01-13.02
09.05-21.05
30.08-01.12
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61. Irene White
62. Hirohisa Yamada
63. Svetlana Yarcheva
64. Malgorzata

Zdzienicka
65. Farhood Ziaie
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De Monfort University, Leicester

Great
Britain
National Institute for Research in Inorganic Ma- Japan
terials, Tsukuba
Institute ENERGOSTAL
Ukraine
University Leiden
Holland
Nuclear Research Center for Agriculture and Iran
Medicine, Karaj

04.10-11.10
04.09-12.09
03.05-02.06
18.06
01.03-31.07
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1. Prof. Klaus-Dieter Asmus (Notre Dame Radiation Laboratory, Indiana, USA)
Free radical induced degradation of amino acids.
2. Prof. Freddy Callens (University of Ghent, Belgium)
Single crystal and power EPR/ENDOR of transition metal ion complexes in photographically relevant
materials.
3. Prof. Andrzej G. Chmielewski, Dr. Halina Polkowska-Motrenko, Wojciech Starosta, M.Sc, Dr. Ryszard
Wierzchnicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Koncepcja akredytowanego Laboratorium Jadrowych Technik Analitycznych dla zastosowari w medycynie, przemys'le i ochronie Srodowiska (Acquision conceptions for the Laboratory of Nuclear Analytical
Techniques for use in medicine, industry and environmental protection).
4. Dr. Wojciech Dembinski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Udzial pola j^drowego w chemicznych efektach izotopowych (Contribution of nuclear field to chemical
isotope effects).
5. Prof. Krystyna Dyrek (Jagiellonian University, Krakow, Poland)
Mozliwos'ci i ograniczenia spektroskopii EPR w badaniach rial stafych (Possibilities and limitations of
EPR spectroscopy in studying solids).
6. Jacek Dziewiriski, M.Sc. (Los Alamos National Laboratory, New Mexico, USA)
Zastosowanie technik elektrochemicznych do przerobki odpad6w radioaktywnych (Application of
electrochemical techniques to radioactive waste disposal).
7. Assoc. Prof. Jerzy Herbich (Institute of Physical Chemistry, Polish Academy of Sciences, Warszawa,
Poland)
Fotoindukowane przeniesienie elektronu. Aspekty strukturalne i wpfyw Srodowiska (Photoinductive
transfer of electron. Structural aspects and influence of the environment).
8. Prof. Jacek Kijefiski (Warsaw University of Technology, Poland)
Rodnikowe przemiany zwi^zk6w organicznych na tlenkowych powierzchniach jonowych (Radical transformations of organic compounds on oxide ionic surfaces).
9. Dr. Marcin Kruszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Podloze odwrotnej krzyzowej opornos"ci kom6rek L5178Y na promieniowanie jonizujqce i nadtlenek
wodoru (Mechanism of inverse cross resistance of L5178Y cell lines to ionizing radiation and hydrogen
peroxide).
10. Prof. Hiromoto Nakazawa (Institute for Research in Inorganic Materials, Tsukuba, Japan)
Clays in chemical evolution.
11. Prof. Aleksy K. Pikajev (Institute of Physical Chemistry, Russian Academy of Sciences, Moscow, Russia)
Radiation treatment of waste water.
12. Dr. Wadaw Stachowicz, Kazimiera Malec-Czechowska, M.Sc. (Institute of Nuclear Chemistry and
Technology, Warszawa, Poland)
Droga do akredytacji Samodzielnego Laboratorium Identyfikacji Napromieniowanej Zywnos'ci (Way to
the acquisition for the Independent Laboratory for Identification of Irradiated Food).
13. Prof. Martyn C.R. Symons (De Monfort University, Leicester, United Kingdom)
Electron movement through DNA, proteins and in whole cells.
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14. Dr. Ewa Szajdziriska (L6dz Technical University, Poland)
Struktura i dynamika jonomer6w i modelowych ukladtiw micelarnych. Badania z wykorzystaniem probnik6w molekularnych (Structure and dynamics of ionomers and model micellar systems. Studies with
the use of molecular samplers).
15. Prof. Jong-Sung Yu (Hannam University, Taejon, Korea)
Combinatorial development of anode and cathode electrocatalyst in direct methanol fuel cell.
16. Prof. Zbigniew P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Los Alamos - legenda i terazniejszos'c' (Los Alamos - legend and the present).
17. Prof. Malgorzata Zdziennicka (Leiden University, Holland)
Promieniowrazliwe mutanty kom6rek ssaktiw (Radiosensitivity of mutants of mammalian cells).
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1. Hanna Ambroz
Damages and repairs of irradiated DNA, generally accepted and controversial facts.
De Monfort University, Leicester, United Kingdom, 29.12.1999
2. Krzysztof Bobrowski
Reactive intermediates during OH oxidation of methionine-containing peptides.
Radiation Laboratory, University of Notre Dame, Indiana, USA, 22.06.1999
3. Krzysztof Bobrowski
Oxidation processes in sulphur-containing model peptides.
Laboratoire de Chimie et Biochimie Pharmacologiques et Toxicologiques, Universite Rene Descartes,
Paris, France, 17.09.1999
4. Andrzej G. Chmielewski
Chemia atmosfery a nowoczesne technologic oczyszczania gazow powstaja.cych przy spalaniu paliw kopalnych (The chemistry of atmosphere and modern purification technologies of gases formed during
combustion of fossil fuels).
Konferencja dla doradcow metodycznych chemii (Conference for methodical advisors in chemistry),
Debe, Poland, 19.03.1999
5. Andrzej G. Chmielewski
Spalanie paliw kopalnych a chemia atmosfery (Fossil fuel combustion and atmosphere chemistry).
Stowarzyszenie Elektryk6w Polskich (Association of Polish Electrical Engineers), Warszawa, Poland,
11.05.1999
6. Andrzej G. Chmielewski
Membrane prevaporation as a means of isotope separation of O17, O18, D and T from waters.
Chemistry Department, University of Tennessee, Knoxville, USA, 13.10.1999
7. Iwona Gra.dzka
Rola mitochondriow w procesie apoptozy (The role of mitochondria in apoptosis).
Zaklad Biochemii i Medycyny Dos\viadczalnej, Centrum Zdrowia Dziecka (Department of Biochemistry and Experimental Medicine, Child's Health Center), Warszawa, Poland, 29.01.1999
8. Marcin Kruszewski
Podtoze odwrotnej krzyzowej wrazliwos'ci kom6rkowej linii kom6rek L5178Y na promieniowanie jonizuja_ce i nadtlenek wodoru (Mechanizm of inverse cross sensitivity of L5178Y cell lines to ionizing radiation and hydrogen peroxide).
Instytut Biochemii i Biofizyki PAN (Institute of Biochemistry and Biophysics, Polish Academy of
Sciences), Warszawa, Poland, 07.09.1999
9. Marcin Kruszewski
Regulacja metabolizmu jon6w zelaza w kombrkach nieerytroidalnych (Iron ion homeostasis in non
erythroidal cells).
Instytut Medycyny Pracy i Zdrowia Srodowiskowego (Institute of Occupational Medicine and Environmental Health), Sosnowiec, Poland, 16.11.1999
10. Marcin Kruszewski
Liczba wywolanych przez nadtlenek wodoru uszkodzeri DNA zalezy od poziomu wolnych jonow zelaza
(Extent of H2O2 induced DNA damage depends on labile iron pool).
Centrum Onkologii (Oncology Center), Gliwice, Poland, 26-27.12.1999
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11. Marcin Kruszewski
Podłoże odwrotnej krzyżowej wrażliwości linii komórek L5178Y na promieniowanie jonizujące i nadtlenek wodoru (Mechanizm of inverse cross sensitivity of L5178Y cell lines to ionizing radiation and
hydrogen peroxide).
Komisja Radiobiologii i Ochrony Radiologicznej Komitetu Fizyki Medycznej PAN (Radiobiology and
Radiological Protection Commission, Medical Physics Committee, Polish Academy of Sciences), Warszawa, Poland, 02.12.1999
12. Jacek Michalik
Transition metal agglomeration in mesoporous materials.
National Institute for Research in Inorganic Materials, Tsukuba, Japan, 5.02.1999
13. Jacek Michalik
Paramagnetic silver clusters in molecular sieves.
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