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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.
At present the Institute research activity is focused on:
* radiation chemistry and technology,
* radio- and coordination chemistry,
* radiobiology,
* application of nuclear methods in material and process engineering,
* design of instruments based on nuclear techniques,
* trace analysis and radioanalytical techniques,
* environmental research.
We offer academic and research programmes for Ph.D. and D.Sc. studies in those
fields.
At this moment, with its nine electron accelerators in operation and with the staff
experienced in the field of electron beam (EB) applications, the Institute is one of the
most advanced centres of radiation research and EB processing. The accelerators are
installed in the following Institute units:
* pilot plant for radiation sterilization of medical devices and transplantations,
* pilot plant for radiation modification of polymers,
* experimental pilot plant for food irradiation,
* pilot plant for removal of S02 and NOx from flue gases,
* pulse radiolysis laboratory in which the nanosecond set-up was put into operation in
2001. A new 10 MeV accelerator was constructed in the INCT for this purpose.
Based on the technology elaborated in this Institute an industrial plant for electron
beam flue gas treatment has been completed at the EPS "Pomorzany" (Dolna Odra PS
Group). This is the second full scale industrial EB installation for S02 and NOx removal
all over the world.
In the year 2001 the Institute organized four scientific meetings:
* 3rd National Conference on Radiochemistry and Nuclear Chemistry;
* International Conference "2001 an Isotope Odyssey: New Application for a New
Millenium", organized together with the Institute of Applied Radiation Chemistry,
Technical University of L6df;
* 6th Training Course on Radiation Sterilization and Hygienization;
* 3rd Coordination Consortium Meeting for Project of European Commission `Electron
Beam Processing of Flue Gases, Emitted in Metallurgical Processes, for Volatile
Organic Compounds Removal".
This was the only EC project run in the INCT in 2001. The second one `Sulphur
radical chemistry of biological significance: the protective and damaging role of thiol and
thioether radicals" was approved by the European Commission in 2001 and will be
supported financially starting from 2002.
Several Institute scientists received prestigious awards for their research achievements:
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* Prof. I. Szumiel - Hans Langendorff Medal conferred by German Medical Association
for Radiation Protection,
* Prof. R. Dybczyfiski - Wiktor Kemula Medal conferred by Polish Chemical Society,
* Prof. S. Siekierski - Commemorative Medal of Polish Chemical Society,
* Prof. Z. Szot - Maria Sklodowska-Curie Medal conferred by Polish Radiation
Research Society,
* Prof. Z.P. Zag6rski - the title of Honorary Member of Polish Radiation Research
Society.
During 12th Congress of Polish Radiation Research Society the awards for the
scientific publications were granted to A. W6jcik, 1. Szumiel, J. Michalik, W. Stachowicz,
J. Sadlo, M. Kruszewski, M. Wojew6dzka and I. Grbdzka.
At the International Exhibition of Inventions "INNOWACJE'2001" in Gdafisk the
Gold Medal in the field of medicine and biotechnology was awarded to the INCT
(authors: A. Deptula, W. Lada and T. Olczak) for the preparation method of calcium
phosphates layers, especially hydroxyapatites.
Three other inventions - "The preparation method of high temperature
superconductors" (authors: A. Deptula, W. Lada and T. Olczak), "Method of purification
of radioactive wastes" and "Method of improvement of purification effectiveness of low
and medium radioactive wastes concentrated by reverse osmosis" (authors: A.G.
Chmielewski, M. Harasimowicz, B. Tymifiski and G. Zakrzewska-Trznadel) were also
awarded during this exhibition. As the result the INCT won the Cup of Minister of
National Economy for the Best Polish Domestic Exhibitor of "INNOWACJE'2001".
In 2001 one scientific worker of the Institute received D.Sc. degree and the second
one Ph.D. degree.
The international journal for nuclear research - NUKLEONIKA was published in
2001 regularly by the INCT which is the editior of this journal for years.

MANAGEMENT OF THE INSTITUTlE
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Director
Assoc.Prof. Lech Walig, Ph.D.
Deputy Director for Research and Development
Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
Deputy Director for Administration
Edmund Freliszka, M.Sc.
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HEADS OF THE INCT DEPARTMENTS
*

Department of Nuclear Methods of Material
Engineering

0
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Wojciech Starosta, M.Sc.
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Institute of Nuclear Chemistry and Technology

Institute of Nuclear Chemistry and Technology
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*chemical and process engineering, nuclear chemical engineering, isotope chemistry
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Institute of Nuclear Chemistrv and Technology
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SPECTRAL AND KINETIC STUDIES OF RADICAL CATIONS DERIVED
FROM AROMATIC CARBOXYLIC ACIDS CONTAINING THIOETHER GROUP
Anna Korzeniowska-Sobczuk,

Gordon L. Hugl/, Krzysztof Bobrowski

l/ Radiation Laboratory, University of Notre Dame, USA
Sulfur-centred radicals and radical cations derived
from aromatic thioethers play an important role in
many chemical processes including those of organic
synthesis [I], environmental [2], photo-induced po
lymerization [31 and biological significance [4,51.
An important feature of monomeric sulfur radical
cations derived from aromatic thioethers is their
propensity to form relatively stable monomeric radical cations because of the spin delocalization onto
aromatic ring [6]. Therefore, it is of interest to
examine the spectral and kinetic properties of intermediate species formed during the oxidation of
aromatic thioethers containing carboxylic functionality in various position in relation to the aromatic

ring and to the thioether function.
In this presentation we report the

results
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Fig.I.Transient absorption spectra recorded after pulse-irradia[ion of N20-saturated aqueous solution containing 2 mM
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pulse- and y-radiolysis studies of phenylthioacctic
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pH after y-radiolysis of N20-saturated aqueous solution
containing 2 mM phenylthioacetic acid.

Amax=330 nm assigned to the Ph-S-CH1 radicals
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addition to aromatic ring and to the thioether
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Reaction of 'OH radicals with phenylthioacetic

indicating the formation of (4a). Following the de-

acid and benzylthioacetic acid
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hand. no absorption band located in the region of
530-550 nm was observed that could be assigned to
the monomeric sulfur radical cation (4b). The
monomeric sulfur radical cation (4b) derived from
benzylthioacetic acid seems to be characterized by a
very short life-time, much shorter than analogous
monomeric sulfur radical cation (4a) derived from
phenylthioacetic acid.
Decarboxylation yields
Radicals Ph-S-CH1 and Ph-CH 2 -S-CH2 are
produced from the decarboxylation of (4a) and
(4b), respectively, which are, in turn, corroborated
by the formation of CO 2 . Up to pH - 3.5, measured
G(C0 2 ) yields accounts for ca. 100%4 of available
OH radicals. On going from pH 3.5 to 5.0 (there is
a progressive decrease in G(C0 2 )) until a plateau is
reached between pH 5.0 and 7.0. The G(C0 2 ) yields
2500

rated aqueous solutions containing phenylthioacetic
acid (I): (Bisphenyl)disulfide (8a) and 1,2-(Bisphenylthio)ethane (7a) derived from dimerization of
(6a) and (5a) radicals, respectively, (Bisphenylthio)methane (9a) derived from recombination of (5a)
and (6a) radicals, and thioanisole (1Oa) resulted from
an addition of H-atom to radical (5a). The following
stable products were observed in N 2 0-saturated
aqueous solutions containing benzylthioacetic acid:
(Bisphenyl)disulphide (9b), dibenzyl (10b) derived
from dimerization of (6b) and (8b) radicals, respectively, (Bisphenyl)sulphide (lib) derived from recombination of (6b) and (8b) radicals, toluene (12b)
resulted from an addition of H-atom to radical (8b).
The presence of these stable products confirms fragmentation reaction pathway in a decay of monomeric
sulphur-centred radicals (4a) and (4b).
Reaction mechanism
Hydroxyl radicals ('OH) react with phenylthioace-
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tic acid (1) via two competitive addition pathways:
with the thioether functionality and with the aromatic ring (Scheme 1). At neutral pH, 'OH addition

LI

tion of N20-saturated aqueous solution containing 2 mM
ben7ylthioacetic acid (o) 800 ns and (.) 22 us after the
pulse at pH 1.15. Inset: G(C0 2 ) measured as a function of
pH after y-radiolysis of N20-saturated aqueous solution

leads to the prompt formation of monomeric sulfur
radical cations (4a) via an addition to the thioether
functionality group, with the radiation chemical yield
that accounts for only ca. 50% of the available 'OH
radicals, and hydroxycyclohexadienyl radicals (2a), as
a result of addition to the aromatic ring. The latter
radicals subsequently decay forming products, however, no corresponding radical cation with delocalized positive charge on the aromatic ring (3a) were
observed. At low pH, the *OH addition, both to the
thioether functionality and to the aromatic ring,
leads exclusively to Ph-S -CH2 -COOH radit-

measured on the plateau account for ca. 50% of the
available 'OH radicals (insets in Figs.1 and 2).
Final products
Stable products formed after y-radiolysis were
identified using GC-MS and HPLC methods. The
following stable products were detected in N2 0-satu-

ions with yield equal to ~ 100% of the available
'OH radicals. These observations can be rationalized by a very low stability of radical cations
Ph+ -S-CH 2 -COOH (formed via proton-catalyzed
elimination of water from radical (2a)) and their
rapid conversion into cations (4a), which subsequently decarboxylate (inset in Fig.1) forming
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carbon-centred radicals Ph-S-CHI. Another possible
competitive reaction pathway is fragmentation of
Ph-S -CH 2 -COOH radical cations leading to the
formation of thiyl radicals (6a).
OH-induced oxidation mechanism for benzylthioacetic acid (Scheme 2) is, to some extent, analogous to the mechanism proposed for phenylthioacetic acid (Scheme 1). Contrary to the phenylthioacetic acid (I), for benzylthioacetic acid (11) the
monomeric radical cation (4b) is not observed,
probably due to its much lower stability compared
to the monomeric sulfur radical cation (4a).
Conclusion
The OH-radical induced oxidation of aromatic
carboxlic
cotaini
aids thioeher goup reults
carboxylic acids
containing
thiocther group resuIts
in a formation of monomeric sulfur radical cations,
but not sulfur-centred dimeric radical cations
(ArS.-.SAr)+. Radical cations with a delocalized

positive
ono aromatc
harge ring ae unstabe

positive charge onto aromatic ring are unstable and
and

undergo fast conversion into monomeric sulfur-

21

functionality in relation to aromatic ring influences
on the life-time of monomeric sulfur radical cations. Monomeric sulfur-centred radicals cation decay via three competitive reaction pathways: decarboxylation, deprotonation and fragmentation.
This work described herein was supported by the
Polish State Committee for Scientific Research
(KBN), Grant 3 T09A 037 19.
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SULFUR- AND CARBON-CENTERED RADICALS DERIVED
FROM THIOETHERS CONTAINING ACETYL GROUP
Grazyna Strzelczak, Krzysztof Bobrowski, Nicolas Varmenotl/, Jacqueline Berges 2 /,
Zohreh Abedinzadehl/
1

/Laboratoire de Chimic Physique, Universitd Ren6 Descartes, Paris, France
2/ Laboratoire de Chimic Theorique, Universitd P. et M. Curie, Paris, France
Neighboring groups appear to have a major influence on the course of oxidative attack on organic
sulfur compounds. In general, neighboring groups
act catalytically through transient bond formation
between sulfur radical cationic intermediates and
electron lone-pair carrying functional groups. This
is illustrated by the large variety of products following the oxidation of multifunctional thioethers by
hydroxyl radicals [1-3]. These results are of interest
to unraveling analogous mechanisms in biological
systems exposed to oxidative stress [41. The fate of
the reactive species formed by an initial attack at a

sulfur atom is of interest in following the course of
the reaction to the ultimate damage site and in
understanding possible repair mechanisms. In addition, there are pharmaceutical applications that
could benefit from an understanding of how oxidative processes destabilize formulations of peptides
and proteins based drugs [51.
Recently, we have focused our interest on the
effect of the electron-withdrawing functional group
(acetyl group, H 3 C-C=O) on the stability of the
hydroxysulfuranyl radicals and the sulfur radical
cationic intermediates 161. In continuation of our
work we have extended our studies to the reactions
of the OH radicals with two model thioether
compounds S-ethylthioacetate and S-ethylthioa(cetone containing acetyl group in a and P position to
the sulfur atom, respectively.
Furthermore, in order to support our conclusions.
quantum mechanical ab-initio calculations were performed using Density Functional Theory (DFT) to

elucidate the structure of some of the key transients
proposed herein including the length of S-0 and S-S
bonds and to calculate formation energies, total free
energies of salvation, distribution of the spin density,
ionization potentials and the location and strength of
their associated optical absorptions.
Pulse radiolysis
Pulse radiolysis experiments were performed with
5-17 ns pulses of 6 MeV electrons from the L6di
Technical University ELU-6 linear accelerator. Absorbed doses were on the order of 8-15 Gy (1 Gy=1
J/kg). The N2 0-saturated 10-2 M solutions of
potassium thiocyanate were used as the dosimeter,
taking a radiation chemical yield of 6.13 and a molar
extinction coefficient of 7580 M-'cm-1 at 472 nm.
All experiments were carried out with continuously
flowing solutions.
Electron Spin Resonance
Electron Spin Resonance (ESR) experiments
were performed using a Bruker-ESP 300 spectrometer operating in the X-band (9.5 GHz) equipped
with a cryostat and a variable temperature unit over
the temperature range of 77-293 K. The degassed
samples of frozen S-ethylthioacetate and S-ethylthioacetone were irradiated in spectrosil tubes
(immersed in liquid nitrogen) with doses of about 5
kGy from a 6 0Co-y-source. The measurements were
performed either in vacuum or in the presence of
oxygen. The ESR spectra were analyzed by computer simulations using EPR software provided by
Dr. D.L. Dulling from NIEHS LMB National Instilute of Health (USA).
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Computational details
We tested the B3LYP and MP2 methods with
the small bases as 6-31G* and 6-31+G* that we
could use later on larger molecules. First, calculations on the simplest molecules dimethylsulfide and
ethvlthioacetate were performed to test in the same
time the influence of the acetyl group. We carried
out geometry optimizations on all the species with
the Gaussian-98 (G98) molecular orbital packages.
Since the reactions under study take place in
aqueous solutions the influence of the solvent must
be taken into account. The continuum model for
the solvent (COSMO) was used to evaluate the
total free energy of solvation, AG,, 1,, using keyword
SCRF=CPCM in G98.
S-ethylthioacetate (SETAC)
Pulse radiolysis
With respect to the sulfur S-ethylthioacetate
(SETAC) contains a-positioned acetyl group. The
reaction of 'OH radicals with S-ethylthioacctate
(SETAC) was investigated in N 2 0-saturated solutions over the concentration range 2x 10- 4 -5x10-2
M and pH range of 1-6. Depending on the pH and
the concentration of SETAC, pulse irradiation leads
to different transient optical spectra. A distinct
absorption band with Am,=280 nm indicates the
presence
of the
a-(alkylthio)alkyl
radicals
(H3 C- CH-S-C(=O)-CH 3 ) which can be formed via
direct hydrogen abstraction from the adjacent
methylene group or via deprotonation of the monomeric sulfur radical cation (SETAC)>S+ (Fig.). A
detailed kinetic analysis of the decay of 420-nm ab14
12
10
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.

,

.

,

.

,
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.

,

ionization of a thioether sulfur. Warming the samples of SETAC to 150 K resulted in the appearance
of multicomponent ESR spectrum. The first spectrum we assigned to the H-abstraction radical
(H3 C- CH-S-C(=O)-CH 3 ) which might result
from deprotonation of the monomeric sulfur
radical cation (SETAC)>S'+. The second spectrum
could be attributed to the acyl radical CH 3 COwhich might be a product of fragmentation of
(SETAC)>S-.
S-ethylthioacetone (SETA)
Pulse radiolysis
With respect to the sulfur S-ethylthioacetone
(SETA) contains P-positioned acetyl group. The
reaction of 'OH radicals with SETA was
investigated in N 20-saturated solutions over the
concentration range 2x10- 4 -5x10-2 M and pH
range of 1-6. Depending on the pH and the concentration of SETA, pulse irradiation leads to different
transient optical spectra. Two distinctive absorption bands with maxima located at Amax= 2 9 0 and
380 nm could be assigned to a-(alkylthio)alkyl
radicals (H 3 C-CH2 -S- CH-C(=O)-CH 3 ) which can
be formed either via direct hydrogen abstraction
from the adjacent methylene groups or via deprotonation of the monomeric sulfur radical cation
(SETA)>S`- The spectrum represented by a pronounced shoulder (at low concentration of SETA)
and by a strong absorption band (at high concentration of SETA) around 500 nm at pH 1 could be
assigned to the intermolecular dimeric three-elecIron-bonded sulfur radical cation (SETA)(S. .S)+
(Fig.2).
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band can be also assigned to the a-(alkylthio)alkyl
radicals (H3 C- *CH-S-C(=O)-CH 3 ).

ESR studies

The main component of the ESR signal recorded
in a ^y-irradiated degassed frozen sample of S-ethylIhioacetate (SETAC) studied over the temperature
range of 77-95 K was an anisotropic singlet with
g-values: gi =2.023, g2=2.0l1, and g3=2.(000. This
spectrum was attributed to the monomeric sulfur
radical cation (SETAC)>S-+ formed by direct

400

°

R0

2

4s,(v) 22 us and (V) 174 us after pulse irradiation of
N20-saturated aqueous solutions containing I mM
S-ethylthioacetate at pH 1.
fcoo

x
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,Oo
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Cl-

450)

500

.~*
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'

600.

Xlnml
l ig.2. Transient absorption spectra recorded 330 ns after pulse
irradiation of N20-saturated aqueous solutions containing
mM, (0) 5 mM, (A) 10 mM, (V) 25 mM and (0)50
mM of S-ethylthioacetone at pH 1.

On the other hand at pH 6, an intense band with
maximum at Amax=340 nm observed is assigned to
the ltydroxysulfuranyl radicals (H 3 C-CH2 -5 (OH)-CH 2 -C(=O)-CH 3 ). The 340)-nm absorption band
subsequently decays within 10 Us time domain
leaving the transient spectrum with two distinctive
absorption bands with maxima located at ).max=2 90
and 381) nm. It is noteworthy that a weak absorption
band with lma=S00 nm indicative of the formation
of the intermolecular dimeric three-electron-bond-
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ed sulfur radical cation (SETA)(S.-.S)+ was observed after pulse irradiation of solutions containing high concentration of SETA at pH 6. This
reveals another interesting feature that indicates
that hydroxysulfuranyl radicals (SETA)>S--OHare
not converted efficiently into (SETA)(S.. S)+ but
they would rather convert into the 380(-nm species.
The intensity of absorption bands and the decay

1 50K

kinetics measured at Amax= 2 90 and 380 nm arc

affected in the same way by the presence of oxygen,
suggesting that both absorption bands can be
assigned to the same radical, i.e. the a-(alkylthio)alkyl radical. Theoretical caluclations show
that the C-centered radical resulting from the
H-abstraction from the carbon of methylene group
located between the sulfur atom and the acetyl
group H3 C-CH 2 -S- CH-C(=O)-CH 3 is the most
stable C-centered radical derived from S-ethylthioacetone (SETA). Therefore, it is reasonable to

assign the 380-nm absorption band, exclusively to
the H3 C-CH 2 -S- CH-C(=O)-CH 3 radical.
ESR Studies
The main component of the ESR signal recorded
in y-irradiated degassed frozen sample of S-ethylthioacetone (SETA) studied over the temperature range
of 77-95 K was an anisotropic singlet with g-valucs:
gl=2.023, g2=2.011, and g3=2.000. This spectrum
was attributed to the monomeric sulfur radical cation
(SETA)>S t formed by direct ionization of a thioto
ether sulfur. Warming the samples of SETA to
100-110 K resulted in the appearance of a broad
singlet ESR signal with gav= 2 .01. The singlet can be
attributed to the dimeric sulfur-centered radical cation (SETA)(S.. S)+. As the temperature was increased to 150 K the ESR spectrum represents a doublet
with gav=2.0045 and a hyperfine splitting aH=1.4 mT.

2.034

1 .987

2.010

[g]

Fig.3. EPR spectrum of S-ethylthioacetone recorded a 150 K

This spectrum was assigned to the carbon-centered
radical (H3 C-CH2 -S- CH-C(=O)-CH 3 ) which might
result from deprotonation of the monomeric radical
cation (SETA)>S-+ (Fig.3).
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SHORT-LIVED OXIDATION PRODUCTS DERIVED FROM ENKEPHALINES
Gabriel Kciuk, Jacek Mirkowski, Krzysztof Bobrowski
Many studies have been devoted to the biological
significance human enkephalin and their reaction
with activated oxygen species (AOS). Recently
published works [1,2] have shown the formation of
a variety of products as a result of oxidation of methionyl, phenylalanyl and tyrosyl residues. The oxidation of methonine leads to methionine sulfoxide,
the phenylalanyl residue undergoes ortho, meta or
para hydroxylation. Formation of new dimmer
peptide which contains two enkephalin units linked

cd the tyrozyl radicals (Tyr-O0). On other hand,
transient absorption in the range 320-325 nm was
assigned to the hydroxycyclohexadienyl radicals formed upon an addition of 'OH radicals to the aromatic
ring the phenylalanine residue. The pulse radiolysis
of an N2 0-saturated aqueous solution containing
Leu-enkephaline in 0.2 mM concentration at pH 6

via tyrosyl residues has been also observed. Short-

i

-lived transients have not been identified since no
time-resolved experiments have been performed as
yet. Therefore a detailed mechanism of oxidation of
enkephalines cannot be elaborated.
The pulse irradiation of an N2 0-saturated aqueous solution containing Met-enkephaline in 0.2 mM
concentration yields at pH 6 a complex transient
spectrum with absorption maximum at An,.=29 0,
325, 390, and 410 nm (Fig.1). Absorption bands with
maxima located at 290, 390, and 410 nm were assign-
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Figlransient absorptionetm
irradiation of N20-saturated aqueous solutions containing
0.2 mM Met-enkephaline at pH 6.
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leads to the transient spectrum, which is consisted of
a strong absorption band with a maximum located at
325 nm and assigned to hydroxycvclohexadienyl

140X

radicals and a wick absorption in the range 290 nm

'

,_
_

(Fig.2).
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Transient absorption spectrum recorded 1.5 ,us after pulse
irradiation of N20-saturated aqueous solutions containing
0.2 mM I.eu-enkcphaline and 0.1 M NaN3 at pH 6.

AdrFig.4.
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SW

Fig.2. Transient absorption spectrum recorded 1.5 us alter pulse
irradiation of N20-saturated aqueous solutions containing
0.2 mM Leu-enkephaline at pHA 6.

The pulse irradiation of an N 2 0-saturated aqueous solution at pH 6 containing 0,2 mM Met-enkephaline and 0,1 M NaN 3 leads to the transient

taining 0,2 mM Leu-enkephaline and 0,1 M NaN3
(Fig.4).
There are three main targets for attack of 'OH
radicals in the Met-enkephaline: tyrosine, phenylalanine and methionine residues and only two tar-

gets for attack of 'OH radicals in the Leu-enkephaline: tyrosine and phenylalanine. Since the
rate constants of these three individual amino acids
are similar (all over 109 M- s-1), one could expect
higher yield of tyrosyl radicals in Leu-enkephaline.

_____

However, pulse radiolysis results show the opposite
1am_

trend, higher yield of tyrosyl radicals in Met-enkephaline. Such observations could be tentatively
rationalized in terms of transformation of a radical
site from the methionyl residue to the tyrosyl
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Fig.3. Transient absorption spectrum recorded 1.5

residue as a result of electron transfer from tyrosine
to methionine. Such a conclusion is confirmed by
observations of similar yields of tyrosyl radicals in
N 2 0-saturated aqueous solution containing Metand Leu-enkephalines and NaN 3 . In both enkepha-

us after pulse

irradiation of N20-saturated aqueous solutions containing

lines azide radicals ('N 3 ) react selectively with
tyrosyl residues.

0.2 mM Met-enkephaline and 0.1 M NaN3 at pH 6.

absorption spectrum with three maxima located at
290, 390, and 410 nm (Fig.3). Similar transient absorption spectrum was observed upon pulse radiolysis of an N2 0-saturated aqueous solution con-
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COMPUTATIONAL CHARACTERIZATION OF SULFUR-OXYGEN BONDED
SULFURANYL RADICALS DERIVED
FROM TERT-BUTYL 2-(MlETHYLTHIO) PEROXYBENZOATE:
EVIDENCE FOR u*-TYPE RADICALS
lDariusz llogocki, Christian Schoneichl/
1 Department of Pharmaceutical Chemistry, University of Kansas, USA
Introduction
Sulfuranyl radicals (sulfur-oxygen bonded radicals) are important intermediates in the one-electron oxidation of organic sulfides and methionine (Met) which are preferred targets of reactive oxygen species. Usually, the one-electron (le)
oxidation of sulfides leads to sulfide radical cations
which can subsequently complex, preferentially
intramolecularly, with oxygen-carrying substituents

such as hydroxy, alkoxy or carboxylate groups (reaction 1).
O-R
-1e
-R
(1)
C
(
+
SC
Evidence for a strong nonbonded attraction
between sulfur and oxygen in some biomolecules
demonstrates that sulfur and oxygen can exist
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already in short distances from each other before
oxidation, sometimes even at distances smaller than
the sum of their respective van der Waals radii (3.3
A). The stabilization of le-oxidized sulfur through
formation of sulfur-oxygen bonded sulfuranyl radicals

might potentially accelerate

oxidation and

autooxidation processes of substituted sulfides and
of Met in peptides and proteins. For example, the
electrochemical oxidation of dialkyl sulfides showed
lower peak potentials when appended with neighboring carboxylate and alcohol groups. Met oxidation is important during conditions of biological
oxidative stress Specifically, the oxidation of Met 3 5
in P-amyloid peptides (J3AP) 1-40 or 1-42, the major
constituents of senile plaques in Alzheimer's
disease, has been associated with part of the neurotoxicity of these sequences. In the helical C-terminus of PAP 1-40, the stabilization of oxidized Met 3 5
through association with the C=O group of the
peptide bond C-terminal to le 31 may be possible,
as the ca. 3.6 A average S-0 distance between
Met 3 5 and 11e 3 1 -C=0 in the native sequence is
close to the sum of the van der Waals radii of the
two atoms. In fact, we have recently obtained experimental evidence for such sulfide radical cation-amide association during the lc-oxidation of Met
in the model compound N-acetylmethionine amide,
supporting that such mechanism may promote Met
oxidation in PAP.
The nature of (S-0)-bonded sulfuranyl radicals
has been the subject of several investigations. Based
on semiempirical calculations, and parallel UV and
ESR experiments, several bonding models have
been proposed where the canonical ground state
electronic structures are of either jT-, a- or ar*type.
In spite of experimental difficulties to discriminate
between -r, a and a* structures, it has been
suggested that a*- and a-type sulfuranyl radicals
absorb in the 390( nm region, whereas Jr-type sulfuranyl radicals absorb in the 340 nm region. The
experimental characterization of the more stable,
aryl substituted sulfuranyl (usually r-type) radicals,
has been accomplished by ESR analysis. In contrast,
time-resolved methods such as pulse radiolysis and
laser flash photolysis connected to UV spectroscopy are the only techniques amenable to study the
rather short-lived alkyl-substituted sulfuranyl radicals. Most pulse radiolytically observed sulfuranyl
radicals have been assigned to the a*-structure.
However, recently we have obtained kinetic evidence for at least two different sulfuranyl radicals,
both absorbing with Ama,= 3 9 0 nm in the le-oxidation of 3,3'-thiodipropionic acid. Therefore, multiple structures of aliphatic sulfuranyl radicals are
possible, and the objective of this work is a detailed
computational analysis of such structures to help to
interpret results obtained by time-resolved techniques.
Radicals under investigation, computational
methods
In the introductory stage of the work we have
computationally investigated the geometry and the
electronic composition of model sulfuranyl radicals
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1, which is the product of low-temperature photolysis of tert-butyl 2-(methylthio) peroxybenzoate (1)
(reaction 2).
CH
(2)
3
S, 3
S-CH
v
as

r

O-O0BU

,0

+ *O'Bu

0
a
We have chosen this radical as its existence has
been indicated through ESR, and laser flash photolysis experiments, and its geometry has been interpreted in terms of a T-shaped 0-type (S-O)-bonded
structure in agreement with MINDO-UHF calculations performed by Kochi and coworkers.
Quantum mechanical (QM) calculations were
performed for open shell systems employing a commonly used, non-local hybrid functional, Becke3Lyp.
Since various possibilities had to be considered for
the bonding in radicals with (S-0)-interaction, the
energy minimization procedures were executed starting from structures which approximate the conformations of postulated a- or a*-type radicals. The
DFT optimizations and energy calculations for
radical 1 were done utilizing the standard 6-31G(d),
6-31+G(d), 6-311+G(d) and the 6-311++G(d,p)
basis. The ESR hyperfine coupling constants where
additionally calculated utilizing the EPR-III basis set
augmented by the 6-311+G(2d) basis set for sulfur
(from here on referred to as EPR-I11S). For practical
purpose the B3LYP/6-31 +G(d) level of theory, from
here on is referred to as T and the respective
B3LYP/6-311+G(d) level is referred to as I1). To
account for the effect of the solvent on the geometry
of the radicals, the gas-phase structures were examined utilizing the polarizable conductor calculation
model (CPCM) and the integral equation formalism
model (IEFPCM). The theoretical estimates of both
the location of the dominating absorption bands
(Amax) and an approximate description of the intensity (electronic oscillator strength f and electronic
composition of the transition were obtained from
time-dependent density functional response theory
(TD-DFRT). The TD-DFRT-T and TD-DFRT-)tl
calculations were done at the geometries obtained on
the respective T and 11 levels. Additional attempts
to calculate the UV-transitions were done employing
CIS-calculations with the AM1 and the ZINDO/S
semiempirical hamiltonians. The ZINDO/S method
is a modified INDO method parameterized to reproduce UV-visible spectroscopic transitions when used
with the CI singles method. In order to rationalize
observed discrepancies between the experimental
absorption bands measured in solution and the theoretical absorption bands computed in the gas phase
we have estimated the expected change of dipole
moment (u) of the molecules during excitation, calculating the CIS-electron density for the respective
root from the T D-DFRT calculation. The DFT and
ab initio calculations were performed with the
Gaussian'98W suite of programs, the semiempirical
calculations were performed using the HyperChem
4.5 molecular modeling package.
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Results
Geomeny
The geometry of radical ] was optimized in the
vicinity of the T-shaped (a-sulfuranyl) MINDO-UHF
structure, initially suggested by Kochi and coworkers,
by fully relaxed gas-phase B3LYP/(6-31G(d),
6-31+G(d) 6-311+G(d)) gradient minimization, and
examined by the relaxed potential energy scan along
the coordinate of the improper torsion angle
L(O-S-C 2-CH ). defined by the O-S-CZ plane and
the direction of the S-CH3 bond. Both methods lead
to the structure 1A of two enantiomcric radicals separated by a barrier of inversion of ca. 12 kcal mol-1.
One of the enantiomers, lA(S), is shown in Fig.l.
The energy profile along the L(o-SC 2 _CH 3 ) coordinate for radical 1 is shown in Fig.2a. Radical 1A
adopts a pyramidal o*-type (S-0)-bonded structure,

orbital, involved in the (S-O)-bond, possesses partial
sp3 character, as seen from the L(cos) angle equal to
104.80 and the rC-os bond length equal to ca. 1.31
A. Note that the bond length between the second
oxygen and the carboxylic carbon ro=cos is equal to
ca. 1.23 A. The calculated oxygen-sulfur bond
lengths, rs0, vary only slightly with the extension of
the basis set from 2.412 A for 6-31G(d); to 2.388 A
for 6-31+G(d) and 2.389 for 6-311+G(d). (Also, the
root-mean-square-distance (RMSD) of the cartesian
coordinates of all atoms in the 9 vs. the 911
optimized structures of IA was lower than 0.0113 A).
The five-membered ring of IA is practically flat,
since its flexibility is significantly limited by conjugation with the benzene ring. Thus, an energy profile
for pseudorotational interconversion, developed by
sequential constriction of each one of the intra-ring
dihedrals to planarity, shows the difference between
1A and the `high energy" conformers below 2.1x10-2
kcal mol- 1 , while the intra-ring dihedral angles vary
over a range narrower than 3.1°.

H

H
Hi

l

P

S

OX comb \

Spectralproperties

CH 3

Fig.l.Structure of radical lA(S).

which can be described approximately as a two-center, three-electron (2c,3e) bond. In the 91-optimized structure, the odd electron in 1A is located in
the u*-orbital which is essentially an antibonding
combination of the sulfur 3p, orbital with the
in-plane 2 po orbital of the carboxylate oxygen (the
dihedral angle, L(ocos)~-l7 9 .9'). The oxygen 2 p,
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UV-absorption calculations due to the lack of
chlorine atom parameterization in the ZINDO/S

-

method. However, one can expect only a modest
effect on the position of the UV-absorption
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Fig.2. (a) Energy and (b) H6 -hydrogen hvperfinc coupling tensor

aH6(1H) profile along the L(05C 2 CH) coordinate
for radical 1. calculated on the M-level.

The vibrational frequency of 1A, calculated
through 91, amounts to wso=628.2 cm-' (F=2.26
N cm-'), which can be assigned to the (S-0)-bond
stretch. The extension of basis sets to 6-311+G(d
results in a very similar value of wso=631.6 cm
(F=2.27 N cm-'). The proton hyperfine isotropic
coupling constants calculated with the B3LYP
functional with the 6-31+G(d), 6-311++G(d,p)
and the EPR-11l$ basic sets in the CPCM and the
IEFPCM solvent models with e=8.93 (CH 2 C12 ) at
the 91-optimized
geometry show reasonable
agreement with the values obtained experimentally
by Kochi and coworkers. Figure 2b shows the
dependence of the hyperfine isotropic coupling
constant of the aromatic proton H6 calculated on
the 9-level vs. the improper torsion angle
L(O-S-C 2 -CH 3 ) in radical 1. The best agreement
with the experimental results was obtained for the
renantiomers IA(S) and 1A(R) (compare with data
in Table). Also the TD-DFRT calculated energy of
the most intense one-electron transition (3.18 eV,
391 nm (1/9), 3.15 eV, 393.3 nm (/1R1)) fits well
with the experimental results obtained by Chatgilialoglu and coworkers. The calculated energy band
is described essentially by a one-electron transition
between the occupied a and the singly occupied a*
molecular orbitals, as evident from the weighting
coefficient cL83->p*]=0.88. The ZINDO/S calcula, _tion
of the UV-absorption has located the lowest
electronic transition at 385 nm. The presence of the
solvent (CH 2 CI 2 ) could not be included into

band due to the moderate polarity of the solvent
(r=8.93). and the small growth (ca. 4%) of the
dipole moment of IA during excitation. In Table we
have

summarized

the calculated

structural

and

spectral properties of radical IA, comparing them
with the experimental data.
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lable. Structure and properties o0 radical IA.
.rSO
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A For the methyl group, an average value for the static orientation of the three hydrogens is presented.
B Generated by low-temperature photolysis of tert-butyl 2-(methylthio) peroxybenzoate in methylene chloride solutions [1].
C Generated by low-temperature photolysis of tert-butyl 2-(methylthio) peroxybenzoate in methylene chloride solutions [2].
D 9, E 911 F CPCM(e=8.93)-li//9T1 and CPCM(E =8.93)B3LYP/6-31 1 + +G(d,p)/lM. G TD-DFRT-9t//ffl. H ZINDO/S/9t.
I B3LYP/EPR-111S/M1. 3 TD-DFRT-gtl//91. K CPCM(E =8.9'3)-B3LYP/EPR-1IIS//AJ1. L IEFPCM(e=8.93)-B3LYP/EPR-III5 //A.fi

Discussion
The most important result of our work is that all
the DFT calculated structure of radical 1 are characterized by two-center three-electron (2a/lo*)
bonds, with the lowest energy optical band assigned
to a moderately strong ao.a* transition in the
P-space. Especially for radical 1, these results contradict the interpretation of the ESR experiment,
performed by Kochi and coworkers. In their work,
the ESR spectrum of the tert-butyl 2-(methylthio)
peroxybenzoate derived radical 1 has been interpreted in terms of a T-shaped a-type (S-O)-bonded
structure in agreement with MINDO-UHF calculations. The a-type bonding scheme of radical 1
requires the methyl carbon to be approximately colinear with the (S-O)-bond and coplanar with the
aromatic ring, with the singly occupied MO primarily composed of a bonds in what has been
termed a three-center, three-electron (3c,3e) bond.
However, in the DFT calculated geometries the
sulfur-bonded methyl group is almost perpendicular (ca. 89.60) to the surface defined by the
benzene ring and the carboxylate group. This strong
support of a a*-bonded structure of radical 1 is

significant since, up to now, the MINDO-UHF
structure of 1, proposed by Kochi and coworkers
has been the only experimentally observed example
reported for a a-bonded sulfuranyl radical involving
the participation of a carboxylate group. Thus,
considering all available data it appears that
(S-0)-bonded sulfuranyl radicals are electronically best described as two-center, three-electron
(S.. 0)-bond.
This work was supported by NIH 2P01A612993.
We would like to thank Dr. Tomasz Wqsowicz
(Georgia State University, USA), Dr. Janusz Rak
(University of Gdaiisk, Poland), and Dr. Ian Carmichael (University of Notre Dame, USA) for helpful discussions.
This article is a fragment of the work published
in "The Journal of Organic Chemistry" [3J.
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MODIFICATION OF DNA RADIOLYSIS BY IRON(III) IONS

AT ROOM TEMPERATURE
Hanna B. Ambroi, Terence J. Kempl/, Ewa M. Kornacka, Graiyna Przybytniak
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Addition of iron(III) ions increases number of
strand breaks of plasmid DNA in aqueous solutions
under gamma-radiolysis at room temperature. The
effect of Fe(III) on single and double strand breaks
of DNA (ssb and dsb, respectively) following
radiolysis and separation by electrophoresis of
supercoiled, nicked and linear forms of the plasmid
is shown in Fig.1. The contribution of the breaks
increases with the growing concentration of Fe(I1l)
and absorbed doses. Up to the dose of 50 Gy the
increase in both strand breaks is linear, while above
that dose the character of the correlation of ssb vs.
[Fe(lII)l becomes non-linear and for 200 Gy reaches a small decrease with a gradual increase of
[Fe(III)1. It can be explained by the formation on

both strands two ssbs close enough to generate dsb.
Below the dose of 50 Gy no dsb was observed. Their
content grows more slowly than ssb and linearly
under the whole examined range of iron(I1I) ions
concentration.
Statistical treatment enables calculation of the
average numbers of ssb and dsb per plasmid.
Absorption of 100 Gy generates 1.16 ssb per
plasmid at 0 mM Fe(I1l) and 2.04 ssb!plasmid at 1
mM of Fe(I1l) (Fig.2). In these cases, ca. 30% and
ca. 4% of supercoiled DNA is found, respectively in
the gel following electrophoresis, which means that
at 100 Gy there is ca. one-third of undamaged
plasmid on an average of 1.16 ssbiplasmid. This reflects such a mechanism of break formation, at this

=
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function of Fe(III) concentration upon dose of 100 Gy at
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Fig.l The influence of Fe(III) on DNA strand breaks at room
temperature. Full line -ssh, dashed line - dsb.

dose, that multi-single strand breaks are relatively
common. As chemical changes in gamma-irradiated
aqueous systems proceed mainly due to the indirect
effect, the energy of radiation is absorbed mostly in
water and the reactive species created are responsible for starting and developing Fenton-type
processes 111. The dsb distribution per molecule
corresponds closely to the amount of detected
linear form of the plasmid: 0.048 dsb/plasmid and
5.4% of linear molecules at zero Fe(lII) and ca.
0.083 dsb/plasmid and 8.3% of linear form at 1 mM
concentration of Fe(I11). In the calculation, all
necessary corrections are considered, including that
which refers to plasmid containing originally less
than 100% of supercoiled form.
All solutions contained 0.4 mM EDTA which was
a component of applied EDTA-Tris buffer. Therefore, the main pathway of DNA damages is the

of hydroxyl radicals [21 However, in some expe-

ments the molar concentration of iron ions is higher
than that of EDTA and the surplus of Fe(IIl) is
bound directly to DNA. Under such conditions, as
seen in Fig. 1, no discontinuity in changes is observed.
So we can conclude that the effectiveness of generation of the DNA strand breakage by Fe(I1) ions
both hydrated (and bound to DNA) and in complex
with EDTA (in bulk solution) is similar. Therefore,
except damages induced due to Fenton-like reactions, one can expect that each iron ion, not only
occurring in complex with EDTA, potentially is a
source of DNA strand breaks but mechanism of this
process is still unknown.
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INFLUENCE OF IRON(III) IONS ON DNA CONFORMATION
___s_

-o

lanna B. Ambroi, Terence .l. Kempl/, Graiyna Przybytniak

l/ University of Warwick,
_ ) O In DNA biomolecule the electron migration and
_ gL capture processes are very efficient in presence of
iron(III) ions. For the ratio of ferric ion to nucleotide as low as 1/100 the overall concentration of
paramagnetic species decreases by about 30% [1J.
Such strong effect indicates that Fe(III) must be
associated with DNA. For understanding the influence of Fe(III) to DNA damages induced by ionizing radiation, it is necessary to know their binding
sites. To elucidate this problem, an investigation
with the application of circular and linear dichroism seems be very informative as such measurements provide data on the localization of the ions

-CNI

Coventry, Great Britain
in relation to chiral molecules. The techniques are
convenient for studying of the stability of DNA
conformation, which can be affected by the different chemical agents. Our experiments were performed at various concentrations of iron ions, in
buffered and non-buffered solutions.
Calf thymus DNA in the solution of distilled
water exhibits circular and linear dichroism spectra
characteristic of right hand-DNA (Fig.1). In non-buffered solutions the binding of ferric ion to
DNA destroys significantly the double helical structure which was confirmed by the decrease in magnitude of the CD and LD peaks. Aqueous solutions of
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iron(III) chloride are acidic due to hydrolysis of
hexaquo ions [Fe(H 2 0) 6 13+. Therefore, on addition
of FeCI 3 to the DNA, pH of the solution decreases
significantly (pH=5 at 75 uM FeCI 3). However, it
cannot be the main reason of changes observed in
the CD and LD spectra, as in that region the
alternations in CD for DNA solutions induced by
hydrochloric acid (pH>5) are much smaller than
that originated from the admixture of FeC1 3
(Fig.ID and A, respectively). On the other hand, it
was proved that the less protonated (or more negative) ligands the faster release of water molecules
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form of ferric ions in the system as an indirect
consequence of pH changes. At neutral medium,
Fe(Ill) (Fig.1C) complexes hydrolyses to the species charged +1. They modify CD signal insignificantly and probably remain close to the DNA
strands as the counterions forming electrostatic
bonds with phosphate group. However, in the wide
range of lower pH values the dominant and most
reactive are complexes charged +2, comprising as
the ligands 5 water molecules and one anion, either
OH- or Cl-. Such species induce strongly concentration-dependent perturbation of the DNA struc-
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Fig.1 Spectra of aqueous solutions of DNA (100" M): A - Cl) spectra in presence of: 0, 25, 50 and 75 pM FeCI3; B - LD spectra in
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concentration of FeC!3 : 0, 25, 50. 75, 100 and 200utM; [) - CD spectra of 100pM DNA at plH=6.9, 6.1, 5.7, 5.0 adjusted with
hydrochloric acid.

from coordination sphere of the ferric ion and the
higher reactivity [2]. The CD results give evidence
that the local structure of ir system is perturbed
significantly, probably due to covalent binding of
iron complex with bases. Thus, substantial diminution of LD signal can be attributed to shortening of

tion can
of LD
besignal
shortening
the DNA rather than to increase in its flexibility.
Our measurements indicate two different confor-

mational perturbations of DNA depending on

ture due to the interaction with bases rather than
phosphate residue.
References
11. Ambro i ILB., Kemp TJ., Kornacka EM., Przybytniak G.K:
Radiat. Phys. Chem., 53, 491-499 (1998).
[2J. Sigel A., Sigel Hl.: Metafl ions in biological systems. Vol.35.
Iron transport and storage in microorganisms, plants and
animals. Marcel Dekker. Inc, 1998.

the
,-IIIIIIIIu

PLO201 734
EPR STUDY ON RADIATION-INDUCED METHYL RADICALS IN Na-A ZEOLITE
Marek 1)anilczuk, Jaroslaw Sadlo, ,Jacek Michalik
The nature of the reactive intermediates in irradiated hydrocarbons in polycrystalline solids as well as
the liquid phase have been studied by EPR tech.
niques for forty years [1]. In the liquid phase, radiation-induced methyl radicals can be studied only
over a relatively narrow temperature range (90-112
K). A broader temperature window can be used for

methyl radicals adsorbed on solid surface, however
in this case the EPR signal has an asymmetric line
profile [21. In contrast to methyl radicals on solid
surface, the EPR spectra of *CH 3 stabilized in
zeolite cages have isotropic character similar to the
spectra observed in liquid methane. This result suggests that methyl radicals can rotate inside zeolite
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The EPR spectra of the freely tumbling methyl
radical are now well known from the studies in solutions and inert-gas matrices. The proton hyperfine splitting is 23.023 G and 13C hyperfine splitting
is 38.34 G for the methyl radical in solution. Methyl
radicals trapped on the solid surface have proton
hyperfine splitting smaller than 23 G.
The aim of this work was to investigate the stabilization conditions of radiation-induced methyl
in Na-A zeolite framework. Commercial
Linde 4A zeolite was dehydrated under vacuum
(<0.1 Pa) at 2000 C (dehydrated sample) or only
evacuated (hydrated sample). Methane purchased
from Aldrich was used without further purification.
Adsorption was done under pressure of 400 Pa at
room as well as at higher temperature. All samples
were irradiated in a 60 Co gamma source at 77 K
with a dose of about 3 kGy. Measurements were
carried out using a Bruker ESP-300E spectrometer
equipped with a variable temperature unit.
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Fig]l. Experimental and simulation EPR spectra of methyl radical
stabilized in zeolite Na-A at 210 K.

cages. In fact, they are effectively isolated from other
reactive species, so they can be stabilized even at
higher temperature.
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Fig.2. Experimental EPR spectra of methyl
radicals in zeolite
Na-A after adsorption at RT, 800 C, 140 0 C and 200 0 C. All
spectra were recorded at 210 K.
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Fig.3. EPR spectra of methyl radical in zeolite Na-A after adsorption at 1400 C; a) experimental spectrum, b) simulation of
*CH3, c) simulation of 'CH3 interacted with CHt, d)
total simulation after addition (b+c).
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The EPR spectrum for *CH3 radical induced in
y-irradiated dehydrated Na-A zeolite with methane
adsorbed at room temperature is shown in Fig.l. It
consists of four lines with an intensity ratio of
1:3:3:1 and the following spin Hamiltonian parameters: hyperfine splitting Ai, 0=22.9 G and
gi 5 0=2.0012. The quartet is overlapped with the
anisotropic inhomogeneous singlet with g=2.010)
derived from radiation damages in Na-A zeolitic
framework. Identical signal of *CH 3 was previously
recorded at low temperature in irradiated liquid
methane. The highest intensity of the signal was
recorded at 210 K (Fig.]). The observed methyl
radical in Na-A zeolite was surprisingly stable and
decayed above 280 K. The dashed line in Fig.1
shows a *CH3 spectrum simulated with the following parameters: A=22.9 G, g=2.0012, AHpp=2.5 G
and Lorentzian lineshape.
In hydrated Na-A zeolite the quartet due to
*CH3 was not recorded at all.
The EPR spectra of methyl radical recorded at
210 K after methane adsorption at various ternperatures show an additional component (Fig.2).
The *CH 3 quartet is overlapped with the spectra of
a species generated during methane adsorption at
higher temperature. The way we deconvoluted the
complex spectrum is shown in Fig.3. For coinputational analysis and simulation we used the
spectrum of the sample with methane adsorbed at
140'C (Fig.3a). After deconvolution we found that
the complex spectrum consists of 'CH 3 (Fig.3b)
and the spectrum of four groups of lines, each
group composed of four lines with intensity an ratio
of 1:3:3:1 (Fig.3c). We assigned this spectrum to
radical species, in which unpaired electron interacts
with two groups of three equivalent protons with
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different hyperfine constant. We successfully
simulated this spectrum assuming Lorentzian line
shape and the following simulation parameters:
A'(3H)=22.9 G, A 2 (3H)=5.7 G, g=2.0022 and
AHpp= l.5 G.
The results presented above show clearly that in
the dehydrated zeolite Na-A at least two types of
methane derived radical species are stabilized. One
is the free 'CH 3 radical, the second *CH 3 interacting with CH.{. According to our opinion the
*CH 3 radical is located in single octagonal window
connected a-cages. In the hydrated form of Na-A
zcolite. water molecules block the windows making
the methane adsorption inside cages impossible.
When methane is adsorbed at a higher temperature, the thermal formation of CHj cations inside
a-cage is postulated. Both species, the *CH 3 radical
and CH3+ cation, exist in the same temperature
range and are located relatively close, so they can
interact. As a result, the *CH 3 quartet is splitted to
four components. However, the population of CHI
cations is distinctly smaller than the radiation-induced *CH 3 radicals because the quartet of methyl
radical dominates in the spectrum in the whole
temperature range.
For annealing above 280 K all signals decay independently on temperature absorption.
The unique ability of zeolites for radical stabilization at higher temperature opens the possibilities
to control chemical reaction pathway by selection a
suitable host matrix for adsorbate molecules.
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Introduction
Metal clusters exhibit novel electronic, optical
and chemical properties owing to the quantum size
effect, which results from the substantial reduction
of free electrons in comparison to bulk metals [1l.
Small cationic silver clusters have been efficiently
stabilized in zeolites. In V-irradiated AgNa-A zeolite, depending on silver loadings and dehydration
conditions, the formation of Age, Agi' and Aged
has been proved by EPR [2-61. It has been speculated that silver dimers, trimers and hexamers are
stabilized in sodalite cages of zeolite A framework.
Silver sodalites have been proposed as novel
materials for reversible optical data storage. The
system containing oxalate anions as an internal re-

ducing agent was shown that it could be reversibly
marked with a laser beam for many cycles. Based on
diffuse reflectance results, it was postulated that
reversible changes in this material involve electron
transfer between two silver tetramers trapped in
adjacent sodalite cages [7].
The main goal of our study was to investigate the
structure and stability of silver clusters in y-irradiated synthetic sodalites with hydroxyanions by
EPR spectroscopy.
Experimental
Sodium sodalites were synthesized by mild temperature (1500) hydrothermal synthesis. For anion
loadings the concentration of hydroxyanion salt in
gel forming solution was 0.1 M.
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Ag+ cations were brought in sodalite by ion-cx-

change with AgNO 3 solution or by solid-state reaction with melt AgNO 3 in a powder mixture.
The sodalite samples were placed into Spectrosil
tubings and dehydrated in a vacuum line at gradually rising temperature until 175, 200, 350 and 500 0C.
Then, the tubes were sealed off and the samples
were y-irradiated at 77 K in a Co-60 source with a
dose of 5 kGy. The EPR spectra were measured directly after irradiation at 110 K and next at gradually higher temperature till room temperature.
Results
The effect of the silver loadings on silver
agglomeration in dehydrated NaAg-OH-sodalites
illustrates Fig.l. The upper spectrum was recorded
for the sodium sodalites. After y-irradiation at 77
K, the colour of samples changed from white to
blue. The EPR spectrum taken at 110 K shows a
thirteen-line signal with Ai 5o=2.4 mT, gi5 0=2.001
overlapped with the signal of paramagnetic centres
generated in the framework. After annealing to 250
K the framework signal decays and only thirteen-line signal is seen (Fig.la). It represents an electron trapped by four sodium cations [(Na+)4 c-],
which also can be envisaged as tetrameric Na
cluster N4
For Ago.5 Na-sodalite the EPR signal at 110 K
consists of two doublets of silver atom Ago: the
dominant doublet A with Aijo =54.0 mT, giso=62 .01 3
and the second B with Aio=48.0 mT, gi s5 6=2.001.
The intense lines at g=2 region represent Ag 2+ cation (AL =3.0 mT, g1 =2.048) and the paramagnetic
centres in framework (F). After annealing to 250 K
(Fig.lb), the intensity of doublet A decreases. The
high field line of doublet B is splitted to 7 lines
(A=2.4 mT) indicating the interaction of Ag0 with

OAg/uc

I

Na+-Ago-Na+.
After y-irradiation at 77 K, the sodalite with silver
loading 3 Ag+ per unit cell gives a strong septet with
Ai 5o=7.9 mT, gi,'=1.997 of paramagnetic silver
hexamer (Fig. c). The first line of septet is splitted to
7 lines with A=0.5 mT suggesting the interaction
with 6 Ag+ cations. This splitting is seen only at low
temperatures in the range 110-130 K
The EPR septet does not show any transformation on annealing at temperatures in the range
240-300 K. At room temperature it decays slowly
but even after a few days it is easily recorded.
The EPR spectra at 170 K for sodalites dehydrated at 175, 350 and 500"C and for a hydrated
sample are shown in Fig.2. We chose for the presentation of the EPR spectra recorded after annealing at 170 K because then the lines representing the
radicals formed by radiolysis of water are already
decayed and only signals due to paramagnetic silver
species are observed. In hydrated samples only the
anisotropic doublet of Ag 2 + cations is recorded.
After dehydration at 1750 C beside the Ag 2 + signal
a doublet of Ago atoms with Ai,,=54.0 mT and
gi5,=2.013 and a weak septet of silver hexamer are
recorded. The EPR spectrum of the sample dehydrated at 350'C is dominated by septet although
a weak Ago doublet is still seen. After dehydration
at 500"C the EPR spectrum is quite complicated.
The Ago doublet is not seen and a seven-line signal
of Ag hexamer appears with a distinctly lower
intensity. The dominant signal is singlet C with
g=2.011 and Hpp=0.8 mT, which we tentatively
assigned to the conduction electron spin resonance
(CESR) signal of small metallic silver particles.
Beside that, two doublets with hfs larger than 60.0
mT of unknown origin are recorded. For the soda-
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Fig.l.The EPR spectra at 250 K of-irradiated AgNa-(O1 -)-sodalite with different silver loadings.
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Fig.2.The EPR spectra at 150 K of AgNa-(OH-)-sodalite dehydrated at different temperatures and yirradiated at 77 K.
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lite samples treated in the same way the diffuse
reflectance spectra were additionally measured
before and after irradiation (Fig.3). In hydrated
zeolites an absorption at 310 nm is dominant and
above 400 nm no absorption bands are recorded.
The spectrum measured after dehydration at 175 0 C
is similar. The only difference is a weak band with a
maximum at 460 nm. This band increases distinctly
after dehydration at 350"C, whereas a 310 nm band
decays almost completely. The 460 nm band shows
a shoulder at 400 nm, which after dehydration at
500"C becomes a separate band with a weak
shoulder at 460 nm. After y-irradiation thc optical
spectra of hydrated samples as well as the dehydrated ones do not reveal any new bands.
According to G. Ozin [81, the adsorption bands
at 320 and 400 nm were attributed to Ag33+ and
[Ag3+] 9 agglomerates, respectively. Thus, we tentatively assigned a band with a maximum at 460 nm to
the silver hexamer AgA+ and a 400 nm band to
CESR signal of metallic silver particles.
The EPR parameters of septet recorded in
Ag-sodalites and AgNa-A zeolites are substantially
different. The g-values of Agn,+ in A-zeolites
Cr--<
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Fig.4.A'Ihe EPR spectra of y-irradiated AgNa-A zeolite and
AgNa-(OA - )-sodalite.
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tion of Ag hexamer which does not require the
migration of Ag atoms or cations, and second - the
g-value of AgJ and Agi+ (gi,=1.986)
as well as
0
Am+(gi,,=1.973)
j sdocAg4 arevery close. Both clusters with
lower nuclearity can be also envisaged as an
electron trapped by 3 or 4 Ag+.
Moreover, the diffuse reflectance spectrum of
Ag-sodalite is very much different from the spectrum of AgNa-A zeolite, which shows a strong absorption band at 580 nm completely absent in

175aC

200 C

I_

100
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300

400

500

600

700

800

.

9A00Na-SOD

Wavelength [ nrn]
Fig.3. The DRS spectra cf silver sodalite samples delhydratedi at
different temperatures. i

reported by different laboratories [2-4] are not
exactly the same but always distinctly higher than 2.
In contrast, the g-value of septet in sodalites is
always lower than 2. Additionally, the Ag hyperfine
splitting in sodalites is 7.9 mT in comparison to 6.7
mT in zeolite A (Fig.4). Taking these differences
into account we postulate that Ag hexamers in both
zeolites are different. It is assumed that in sodalites
hexameric silver is formed as the result of trapping
electron by the arrangement of 6 Ag+ located in ihe
same sodalite cage. Two experimental results support this assignment, first - low temperature forma-
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Fig.5.The DRS spectra of y-irradiated AgNa-A zeolite and
AgNa-(011-)-sodalite.
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sodalites (Fig.5). The latter can be assigned to the
Agg+ hexamer.
Conclusions
In dehydrated AgNa-sodalites containing hydroxyanions Ag + clusters are stabilized after y-irradiation. They are characterized by the following
EPR parameters: Ai.,=7.9 mT, giso= 1.997 and

be envisaged as an electron stabilized by the pre-existing trap of six Age cations. It is not clear at
present whether all Ag+ cations are located in the
same cage or situated in adjacent cages.
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COMPARATIVE X- AND Q-BAND EPR STUDY
OF RADIATION-INDUCED RADICALS IN TOOTH ENAMEL BLOCKS
Jaroslaw Sadlo, Gauthier C.A.M. Vanhaelewyn l/, Paul F.A.E. Matthys l/, Freddy J. Callensl/,
1/ Department Jacek Michalik, Waclaw Stachowicz
1/Department of Solid State Sciences, Ghent University, Belgium
The mineral basic constituent, hydroxyapatite
defects with non-isotropic g-tensors can exhibit
(HAp), represents 94-98% of the total weight of anisotropy in the spectra upon rotation of the
human tooth enamel. The HAp is incorporated in enamel block with respect to the magnetic field dithe enamel as small microcrystallites (25-70( nm in
rection.
diameter and a few uam in length), arranged in
For the EPR study, small enamel blocks of aptightly packed prisms with a typical diameter of 5
proximately I x1 x3 mm were cut from the buccal
,um. The longitudinal axes of these prisms are nearsurface of the teeth using a water-cooled diamond
ly perpendicular to the enamel surface. The sub- saw. Part of the enamel blocks were dried at 4001C
structure of the prisms is such that, at the enamel
until reaching constant weight, which usually took
surface, the longitudinal axes (sixfold symmetry
2-3 weeks. The X-irradiation was performed at
axes) of the HAp microcrystallites are mainly distriroom temperature using a tungsten anticathode
buted parallel to the longitudinal axes of the
Philips X-ray tube operated at 60 kV and 40 mA for
prisms. The larger the distance of the microcrys10 minutes, which delivered an irradiation dose of
tallites from the enamel surface, the larger the
about 13 kGy to the samples.
number of longitudinal axes with deviating orientaFigure 1 shows angular variations of an EPR
tions from the longitudinal axes of the prisms 111.
spectrum at 10 mW and 0.005 mW of unheated and
The apatitic mineral phase of tooth enamel is
heated blocks recorded in a plane perpendicular to
naturally doped with carbonate, which is the most
the tooth surface. The angles in Fig.1 have been
prominent impurity in biological apatites. As a conchosen so that 900 corresponds to the magnetic
sequence, upon ionizing irradiation of biological
field direction perpendicular to the tooth surface.
apatites, many carbonate-derived paramagnetic
Distinct changes occur in the spectra of both heated
species can be formed (e.g.: CO2, CO-, COt- and
and unheated blocks upon rotation. Considering
CO-). These species have been extensively studied
the present Q-band EPR measurements on heated
in biological as well as in synthetically prepared
and unheated tooth enamel blocks, there is, in our
apatite samples. Carbonate-derived radicals and
opinion, convincing evidence that the spectrum of
especially CO2 are frequently used for retrospecX-irradiated intact human tooth enamel, consist of
tive dosimetry, dating and detection of irradiation
at least two CO- components with an anisotropic
in bone-containing foodstuffs. In order to deterg-tensor. At least one CO2 component is orientamine absorbed radiation doses in calcified tissues,
tion dependent, while the other is orientation indean asymmetric signal, in earlier studies erroneously
pendent and its precursor disappears completely or
attributed to a CO3 radical [21, has been used and
to a large extent upon heating the enamel prior to
recommended.
X-irradiation. The radical giving rise to the orienAn enamel block is an anisotropic medium that
tation independent component is believed to be a
can be situated in between a powder and a single
"surface" radical, located in the vicinity of the surcrystal. Therefore, radiation-induced paramagnetic
face of the microcrystals.
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Fig.I.Angular variation of the Q-band E.PR spectrum, ot an unheated human tooth enamel block recorded with a microwave power of

10 mW (a) and 0.005 mW (b) and heated human tooth enamel block, recorded with the same microwave powers (c and d), for
the magnetic field in an arbitrary plane perpendicular to the tooth surface.

In Fig.2, a few Q-band EPR spectra of enamel

ponent in both powder and block spectra, one of

blocks have been summarized for microwave
powers of 0.1 and 1() mW. For comparison, X-band
EPR spectra have been included, which were
normalized to the same magnetic field scale (small
arrow beneath the Q-band spectra indicating the
magnetic field scale for the upper X- and Q-band
spectra). The positions of two g-values help to
clarify the resolving power of Q-band vs. X-band.
By means of Fig.2, a direct comparison can be made
between heated and unheated sample spectra. As
can be seen in the Q-band spectra, the resonance
around g=1.997 has disappeared in the heated
samples for the magnetic field parallel to the tooth
surface (Fig.2a,c), while the resonance around
g=2.003 has disappeared in the heated samples for
the magnetic field perpendicular to the tooth
surface (Fig.2b,d). As in the analogous X-band
study from Callens et al. [3], the most logical explanation is to assume the presence of an orientation
dependent and orientation independent C02 corm-

which disappears completely or partially upon heating. As explained in the introduction, the orientation dependent component would arise from bulk
C02 with the 0-0 axis parallel to the axis of the
microcrystallites. In many studies, the g-tensor of
the C02- radical is reported to be orthorhombic
with typical principal values: gX=2.0030, gy=1.9973
and g,=2.0015, along the axis perpendicular to the
molecule plane, along the 0-0 direction and along
the C 2 axis, respectively.
In order to support the hypothesis of the orientation dependent and independent C02-, we have
attempted to reconstruct the spectra from the unheated blocks using the spectra from the heated
blocks and a spectrum from unheated powder,
representing the orientation independent C02
component. A remarkably good reproduction is
obtained as can be seen in Fig.3 for a microwave
power of 0.1 mW. However, some remarks should
be made. First, the reproductions are not expected
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Fig.2.EPR spectra of heated and unheated human tooth enamel blocks, recorded in X- and 0-band with a microwave power of 10
mW, for the magnetic field (a) parallel and (b) perpendicular to the tooth surface. (c) and (d) same as (a) and (b), respectively,
but recorded at 0.1 mW.

to be perfect, since spectra of different samples are
unavoidably used. Second, the procedure can also

be criticized because the spectrum from unheated
powder contains contributions from both CO2
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Fig.3. EPR spectra of (a) unheated human tooth enamel powder and (b) heated block (magnetic field perpendicular to the tooth
surface); (c) linear combination of (a) and (b); (d) EPR spectrum of unheated human tooth enamel block (magnetic field
perpendicular to the tooth surface). (e), (f), (g) and (h) same as (a), (h), (c) and (d), respectively, for the magnetic field parallel
to the tooth surface. All the spectra shown have been recorded with a microwave power of 0.1 mW.
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signals (see above), whereas for the above procedure, the orientation dependent CO component
should be excluded from the powder spectrum.
this is not expected to
However, considering Fig.1, thls Is not expected to
cause large effects. Third, it is assumed that the
spectra from heated samples solely originate from
the orientation dependent CO2 radical.
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ANGULAR DEPENDENCE OF POST-IMPLANTATION DAMAGE RECOVERY
UNDER 1 MeV ELECTRON IRRADIATION IN GaAs
Stanislaw Warchol, lienryk Rzewuski, Janusz Krynicki, Rainer Groetzschell/
1/ Forschungszentrum Rossendorf e.V., Dresden, Germany
Electron beam irradiations are very often used to
2000
enhance post-implantation damage recovery in
1800
semiconductor crystals [1-4]. The influence of ioniv
zation created by irradiating electrons on the
1600
random
stability and transformation processes of simple and
1400 complex defects has been the subject of extensive
-anipinG
studies [5-10]. Many papers reported on the crys'120"
tallization of isolated clusters and continuous
>- 1000
amorphous layers by using high and low energy
(subthreshold) electron beams [11,12]. In our last
0
two papers [13,14] we presented the results of the
600
influence of 300 keV and 1 MeV electron irradia40 -0
tions on GaAs single crystals implanted with 150
200
keV As+ ions at RT. The results indicated a distinct
instability of post-implantation damage level de0700
720
40
760
7
60
72
74
76
76
0
pendent on the electron fluence. The instability was
Channel number
revealed in the form of an "oscillatory" behaviour of
ig.1. Evolution of <100> aligned ion channeling spectra of
a damage level vs. an electron beam fluence. The
GaAs implanted with 150 kcV As+ ions to a dose 2 xiot3
purpose of the present work was to check whether
cm2: as implanted and after I MeV electron irradiations
the intensity of ionization created by an electron
with a dose Ix10 17 cm-2at different angles of incidence.
beam depends upon the angle of incidence with
butions, before and after electron irradiations, were
respect to crystal orientation, which may influence
measured by RBS/channeling spectra of 1.7 MeV
the results of damage level measurements.
4He+ ions using classical relation by Chu et al. [15].
The samples prepared from melt grown (CzoThe damage distributions related to both Ga and
chralski) single crystals of n-type CiaAs with 1(17
As peaks in the RBS spectra were calculated using
cm-3 Te were provided by the Institute of Electhe "Defect" computer program [13]. All measuretronic Materials (Poland). The GaAs wafers were
ments were carried out at the Forschungszentrum
300-400 Sum thick and were treated by mechanical
Rossendorf (Germany).
lapping from one side and mechanical and chemical
polishing from the other side which was exposed to
50
ion implantation. The samples were implanted with
150 keV As' ions to a dose 2 x10 13 cm-2 which
created a damage level well below amorphization. 0
inpw5-d
To assure uniformity of ion implantation the ion
- 3beam of 0.1 uA cm- 2 was scanned electrostatically
_
-7 deg
over the sample area. To avoid axial chanelling a 70
_
j, A
tilt angle between the surface normal and the ion
beam was used. The implanted samples of 5x5 mm 2
E 20 s
g
dimensions were then irradiated with a scanned ;
beam of 1 MeV electrons from a Van de Graaff
I,
.
accelerator at the same 70 angle with a fluence of
10
1x10 1 7 cm-2, in a 3x10-6 Torr vacuum. Similar
I
electron irradiations were performed al the angles
'*
of 0° and 30 between the surface normal and the
00
20
40
60
so
100
120
140
electron beam. The samples were scanned at a
Depth (nm)
distance of 1.4 m from the scanning system. The Fig.2. Depth distributions of damage as extracted from the chan.
temperature of the samples was maintained constneling spectra presented in Fig.1 at three angles of I McV
ant at 320 K. The post-implantation damage distrielectron beam incidence.
'
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Figure 1 shows the <100> aligned spectra for
GaAs samples implanted with 150 keV As- ions to
a dose 2x10 1 3 cm-2 . The samples were then irradiated with I MeV electrons to a dose Ix10 17 cm-2
at three selected angles 00, 30 and 70 between the
surface normal and the electron beam. The position
of the spectra depends very clearly on the angle of
incidence. This effect is better seen in Fig.2, which
presents the damage depth distributions as extracted from the channeling spectra in Fig.l. Moreover,
the damage profiles for these three angles run
nonuniformly for the most part of the subsurface
30

damage level orientations at the surface of a sample
marked as 0 nm. This curve runs in a different way
compared to a similar curve 0 nm from the inset
and does not fit to our explanations. A possible
reason for this discrepancy is that the surface
conditions of a sample are very hard to control.
GaAs < 100> single crystals were implanted with
150 keV As+ ions at RT and then irradiated with a
scanned beam of 1 MeV electrons with a dose
Ix101 7 cm-2 at selected angles 00 - 30 - 70. RBS - c
spectroscopy of 1.7 MeV 4 He+ ions was used to
measure defect concentrations before and after
__
_

as implanted
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F'ig.3. Damage level fluctuations at 0. 20 and 50 nm from the surface of the sample as a function of 1 MeV electron beam angle of

incidence. The inset shows damage level fluctuations as a function of I McV electron fluences from ref. [14].

depth of a sample. We observe not only three
electron irradiations. From our study we conclude
various damage profiles for the same dose 1X1017
that the intensity of ionization created by I MeV
cm-2 of 1 McV electrons but also nonuniform
electron depends upon the electron beam angle of
sequence of their position, i.e. the `amplitude` of 7°
incidence with respect to GaAs e<100~> crystal
profile lies above the 3° profile. In other words the
orientation.
damage profiles run: as implanted - 00 - 70 - 30.
We gratefully acknowledge the technical assistFigure 3 presents the damage fluctuations in three
ance of Mr. J. Torufi.
selected depths of the damage distributions from
Rfrne
Fig.2, namely at 0, 20 and 50 rim from the surface of Rfrne
the sample. In order to facilitate the comparison of
[I]. Lulli G., Merli P.G., Antisari V.M.: Phys. Rev .................
B 36, 15~
our present results concerning damage level vs.
8038-8042 (1987).
angle of incidence at the same dose 1X1IO cm-2 of
101-10 (1990)li
.LliGMr PG:P.MgLet 6 3
I MeV electrons with our former results of damage [31. Inada 'E'.T..okunaga Kjaka S.: Appl. Phys. Lett., 35, 7,
level vs. a fluence of 1 MeV electrons at a givcn 70
546-548 (1979).
angle of incidence [141, we put the inset presenting
[41. Alberts H.W. G~aigher H.I ..---.....
Friedland E: Mat. Sci. & E ng.,
the dose dependent results. There is a dose simi[51. Rourgoiii .l.C., Corbett J.B.: Inst. Phys. London and Bristol,
larity between the course of damage profiles, at 20
Conf. Ser., 23, 149-163 (1975).
and 50 rim in both cases. Based upon this similarity
[6]. Germain P., Squelard S., Bourgoin J.C.: Inst. Phys. London
of damage level behaviour we may comre to the
and Bristol, Conf. Ser., 31, Lno(1977isol
2-2
)
n Sr
conclusion
the sme
that dose Ix1()
cm- of
46, 56-73 (1979).
electrons applied to lower angles of incidence - 0°
[8]. IKimerling L..C.. Lang D.V.: Inst. Phys. London and Bristol,
and 30 created lower level of ionization like in the
Corif. Ser., 23, 589-593 (1975).
runs of damage levels with increasing dose of
[91. iKimerling L.C, Poate 1: Inst. Phys. London and Bristol.,
electron
from Oto IxtO cm2 but at the same 1101. Palmer D.V.: Inst. Phys. London and Bristol, C'onf. Ser., 31,
angle 7° of beam incidence. The final conclusion is
144-163 (1977).
that ionization created by high energy electrons of 1 [I 1J.Ruault M.O., Chaurnoni J., Penisson J.M., Bourret A.: Phi].
MeV depends on the angle of beam incidence with
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respect to < 100 > crystal orientation, at least in the
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APPLIED ASPECT OF SOLID STATE RADIATION CHEMISTRY:
RADIATION RESISTANCE OF CONCRETE
Zbigniew P. Zaghrski, Andrzej Rafalski

One of the statutory topics of the Institute of
Nuclear Chemistry and Technology is connected
with radiation chemistry of the solid state, which
covers wide field of material research, from inorganic to organic materials. A standard concrete
used for construction shows, already without special
additives, a satisfactory resistance to ionizing radiation. That is obviously visible on the example of
concrete constructions irradiated heavily for
decades, by y, Bremstrahlung or electron beam
radiation. Decades of irradiation of certain concrete
fragments of installations in our Institute by 10-13
MeV electrons of kilowatt power are evidently
without signs of changes. This resistance is astonishing if we consider that concrete is formed in the
presence of considerable amount of water, which
becomes bound into hydrates and stays in the bulk
of material for ever.
Our investigations started in the seventies in
collaboration with the Swedish Nuclear Center at
Studsvik [1,2]. They were supported by later basic
research, creating deeper look into solid state
radiation chemistry. It became clear that it is the
aqueous moiety of the concrete which presents the
energy-well for ionizing radiation, where the most
of high ionization energy is dissipated through
chemical stages into heat, with negligible formation
of hydrogen and oxygen which leave the structure.
The latter preserves its mechanical properties intact. Unexpectedly, aqueous moiety acts as energy
sink, like sand and gravel ("dry" moieties in the
concrete), but according to a quite different mechanism and also without contribution to the loss

than all constituents on the molecular level, not to
mention gravel. Grains of sand represent more or
less pure quartz, SiO 2 which undergoes unimportant changes under irradiation, consisting in
trapping of electrons, which sooner or later are
coming back to the sites of primary ionizations,
with the net result of deposition of heat, without
chemical changes. Therefore, the effects of energy
deposition in these additives will not be discussed.
The most important are new phases, which are
formed by the reaction of water with the components of clinker, i.e. anhydrous calcium aluminates and ferrites. The simplest hydration reaction
is the hydration of anhydrous, or partly hydrated
calcium sulphate CaS0 4 V2H2 0, although its later
fate in the radiation field is not as simple.
The most important constituent of the cement,
i.e. tricalcium aluminate, symbolized in cement chemistry as C3 A, reacts in the presence of calcium sulphate in two stages. The immediate reaction leads
to the formation of a salt called ettringite, of summarized formula 3CaO-AI 2 03.3CaSO 4 .32H 2 0. In
the older literature that compound was supposed to
contain rather 31 molecules of water and was called
after its discoverer - Candlot-salt. Ettringite, which
covers the first layer of tricalcium aluminate is
entering a consecutive reaction with it and an
additional water molecule, forming the "low sulfate"
ettringite: 3CaO.AI 2 0 3 .CaSO 4 -12H 2 0, which is
responsible for the rapid phase of bonding of the
concrete. For the limited volume of the report, we
omit the discussion of other compounds with hydration water, especially those containing iron oxides.

of strength of concrete.

It is obvious, that the sensitive mechanism of for-

The topic of safe bounding of radioactive waste
is treated in recent monographs [3,41; they mention
concrete, without approaching the problem of its
radiation resistance. The fundamental question in
solid state radiation chemistry is a precise characterization of the object of irradiation, no matter
whether the source of radiation is inside or outside
the material [5]. In the solid state the answer to the
question "what is irradiated" cannot always be easy
or complete one. Chemistry of concrete is intriguing because of high amount of water bound in
permanent way literary for ages. We have chosen
from the nineties only papers which answer the
question "what is irradiated" and what is changed
during irradiation and in the postirradiation time.
One has to keep in mind that modern techniques of
modelling of concrete performance can involve non
typical additives, which may mean compounds
which modify the response to radiation [6].
Important constituent of concrete (a multiphase
system) is sand of the size of grains much bigger

mation of these complicated compounds can be
easily damaged by additives, even present non-intentionally in dirty water used for preparation of
concrete.
Depending on the particular sort of concrete, the
content of water in it can be as high as 17%. The
same applies to calcium sulphate, liquid when mixed with water, filling easily casts but later dry and
hard, containing 20.9% water. We have tried to
introduce an objective qualitative and quantitative
method for the determination of water bound in
concrete and similar materials, allowing to estimate
its physicochemical properties. Recognition of
bound water is of extreme importance for discussion of radiation chemistry of solid hydrates. Indicated percentages mean that hydration water
must be considered as onc of the main constituent
of the irradiated material, participating in direct
absorption of energy of radiation. We have turned
to most popular non-ionizing electromagnetic radiation, i.e. microwaves of proper wavelength. A
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typical microwave oven of 600 W power has been
used for experiments. Completely dry samples of
concrete are showing easy to measured increase of
temperature, linear with time when placed in a
microwave oven. The latter operates mostly on the
frequency of 2.45 GHz, the optimum wavelength to
he effective both with liquid water, aqueous
solutions and deep frozen aqueous ice. We have
observed for the first time, that certain hydrates
belong to the class of shapes of water absorbing the
2.45 GHz frequency.
Figure shows linear increases of temperature of
concrete in the microwaves field, in the function of
time, without saturation phenomena, what indicates that microwave absorption properties of water
in the concrete or gypsum (not shown due to the
Concrete, sample 1
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the case with sodium thiosulfate pentahydrate [7].
The percentage of water in the material does not
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play any role; it is rather an arrangement of water
molecules which counts. Separated location of
dhydrate "island" favours energy transfer with
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group of hydrates, which includes concrete, absorbs
2.45 GHz microwaves what indicates the continuous moiety of water molecules. It has pronounced consequences on radiation chemistry of
hydrates, namely resulting in a new kind of
radiolysis. Apparently, like in pure liquid water,
single ionization spurs form reactive free radical
species, and multi-ionization spurs form molecular
products, H2 and H 2 0 2 which are decomposed by
free radical species. All that energy turns into
harmless heat with the regeneration of water. The
regenerated water does not form continuous
moiety, characteristic by microwave absorption.
The new water is similar to water in hydrates which
show negligible absorption of microwaves, and have
isolated islands of water molecules or small aggregates. They have more contact with the rest of the
molecules. It is an indication that they can show
more activity in radiation induced reactions, as it is

40

60

so

Our experimental work connected with the ra-

microwave exposure [s]

K,

which protects hydrate water, no longer is present.
Research on radiation chemistry of water in hydrates is continued, in particular on very special
hydrate - the concrete, of practical importance.

temperature) of concrete, in the field of microwave oven,
2.45 GHz, 600 W. Doses of electron radiation absorbed are

diation resistance of concrete involved development of new methods of determination of concentration of water in dry ceramics by absorption of

indicated.

microwave power.

Fig. Increase of the temperature (in

starting from the room

lack of printing space) do not change with temperature. These diagrams are published for the first
time; in spite of the well known fact that some
ceramics containing water in their walls. co called
microwaves unfriendly, become hot in the microwave oven, but their temperatures were never
followed quantitatively. Small deviations from
straight lines are due to experimental difficulties, as
no metals can be present in the microwave field and
the thermocouple

must

be inserted

into exposed

sample in the controlled and reproducible way. The
diagram shows that the effect of irradiation on the

Preliminary part of results of low radiation yield
of concrete decomposition were presented in
Polish, during a seminar organized by the Polish
Nuclear Society, the Institute of Nuclear Chemistry
and Technology and the Institute of Atomic Energy
in 2000 f81.
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DETECTION OF IRRADIATION IN DRIED MUSHROOMS
BY THERMOLUMINESCENCE AND EPR SPECTROSCOPY
Waclaw Stachowicz, G raiyna Strzelczak, Kazimiera Malec-Czechowska
Introduction
In many countries dried mushrooms are quite a
popular seasoning to food to improve the flavour of
dishes. However, similarly to other foodstuffs,
mushrooms both fresh and dried at moderate temperature (to save their unique flavour), may contain
moulds, fungi, eggs and larvae of insects and
putrefactive bacteria, too.
In order to avoid spoilage of mushrooms during
their storage it is proposed to use ionizing radiation. The clearances for radiation treatment and
distribution of dried mushrooms have been issued
in Brazil, Croatia, North Korea, Poland and Yugoslavia. The list of irradiated food products accepted
for free distribution in the EU food market comprises dried aromatic herbs, spices and vegetable
seasonings. Mushrooms belong to the last group.
Materials and niethods
Samples of dried mushrooms were purchased in
food magazines in Warsaw. The following species of
dried mushrooms were examined: champignon
(Agaricus bisporus), yellow boletus (Boletus edulis), bay boletus (Xerocomus badius) and Chinese
black mushrooms called also shitake (Lentinus edodes). From each bag of mashrooms two parallel
batches were taken for analysis. One batch remained non-irradiated while the second one was ir-

room was achieved with the use of a high-density
(d,2.0 g/cm 3 ) sodium polytungstate solution. TL
measurements on minerals isolated from non-irradiated mushrooms and those separated from
samples irradiated with a dose of 7 kGy have been
done at various time intervals after exposure to
radiation. Following recording of the 1st glow curve
all four samples were irradiated with a dose of 1
kGy of gamma rays. Then, the 2nd glow curve was
recorded under the same measuring condition as
the 1st one. Both glow curves were integrated
within the temperature range from 214 to 284 0 C by
using a computer program. The temperature interval has been defined from the glow curves of LiF
chips (TLD-100) irradiated with a dose of about 0.5
Gy of 6 0 Co gamma-rays. Thereafter, the ratio of
integrals from the 1st and 2nd glows was calculated.
The TL glow ratios of non-irradiated samples were
found lower than 0.1. A typical thermoluminescence curve (glowl) recorded with non-irradiated samples is shown in Fig.la. The thermoluminescence maximum lies in the temperature range
between 300 and 380 0 C.
On the other hand, the TL glow ratio calculated for
irradiated samples were found to be in all cases
higher than 0.5, while the shape of thermolumi-

Ad

radiated with gamma rays. Samples were irradiated
in a 60C0 gamma source "Issledovatel" (Institute of

.

'

Nuclear Chemistry and Technology, Poland). The
doses applied were from 1.5 to 7 kGy.
The detection tests were performed from several
weeks to one year after irradiation. The thermoluminescence (TL) measurements have been done in
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accordance with EN 1788 European standard [11. In

Ba ?]u

EPR measurements the extended procedure based

on EN 1787 and EN 13708 standards [2,31 was
followed. The thermoluminescence measurements
have

been

conducted

with

TL

reader

/

model

TLIDA-15 produced by Risoe National Laboratory
(Denmark).

In TL measurements

the

following

T

Tp.

parameters were used: initial temperature - 5fJ"C,
final temperature - 500 0 C, the heating rate - 6'C
per second. The EPR measurements have been

l
L

performed in X band with Bruker ESP 300 spectrometers. The basic settings were as follows: modula-

tion frequency - 100 kHz, modulation amplitude
from 0.2 to 0.8 mT, microwave power from 0.4 to
5.0 mW.
Results

b
'"
,cl-p~n

Thermoluminescence measurements
Samples of champignon, yellow boletus, bay
boletus and shitake mushrooms non-irradiated and
exposed to ionizing radiation, have been prepared
for TL measurements by following the procedure
given in the EN 1788 standard. In all samples the
silicate minerals extracted from mushrooms were
only measured. Separation of minerals from mush-

|
.

I

i
TK-

C

Fig] Glow curves of different mushrooms: a

non-irradiated

samples, b - samples irradiated with 7 kGy. Storage time of
samples -8 months.
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nescence curves was markedly different from that
recorded with non-irradiated samples (Fig.lb).
Now, the thermoluminescence maximum was shifted and localized in the temperature range between
200 and 230"C. It has to be noted that scales in

-

Yellow boleus

v

h

a

abscissas are very different in both graphs (count x
100 in Fig.1a, while count x 10000 in Fig.1b). The
evaluation of results obtained (as above) has been
achieved in agreement with a criterion given in the
EN 1788 standard. It can be stated, on the basis of
the above analysis, that the TL method allows to
easily distinguish irradiated from non-irradiated
mushrooms even 8 months after radiation treatment.

\

i

/7

lAi

V

h

5

EPR measurements

Champgnon

The EPR measurements were carried out with
l
crushed samples of yellow boletus, champignion
and shitake mushrooms placed in thin-wall glass
ampoules, 4 mm in diameter. The optimal EPR
spectrometer settings which allowed us to record
X
well resolved spectra were from 0.4 up to 5.0 mW of
L
microwave power and 0.3-0.8 mT of microwave'
amplitude. In non-irradiated samples of all investi-_
gated species only a single EPR line with go close to
2.004 of varying intensity, corresponding to native
paramagnetic entities, was observed. The EPR
signals recorded with shitake mushrooms after their
2.052
2.028
2.005
1.982
1.960
exposure to 7 kGy did not differ from those
Idi
recorded with non-irradiated ones. Thus, it can be
Fig.2.El'R spectra (first derivative) of mushrooms irradiated
with dose of 7 kGy: a - yellow boletus (Boletus edulis) 12
said that EPR technique will be not useful in
months after irradiation. Measuring conditions: microwave
detection of irradiation in these mushrooms.
power - 0.4 mW, modulation amplitude - 0.8 mT, sweep
Irradiated samples of yellow boletus, however,
width - 20 m'l; b - champignon (Agaricus bisporus) 9
are characterized by the appearance in EPR of a
months after irradiation. Measuring condition: microwave
complex EPR signal
composed
probably
of
a
triplet
power
- 0.4m]'.mW, modulation amplitude - 0.8 mT, sweep
complexcompoed
PR signl probaly of atriplet
width -210
with two satellite lines distanced by 6.3 mT and of
another multicomponent signal with gc=2.003 in
EPR signals recorded at lower doses did not differ
the central part of the spectrum (Fig.2a). Two
from those recorded at 7 kGy (some variation of
satellite lines are better resolved at low microwave
signal intensity at different doses was only
power (0.4 mW). The above observation allows us
observed). The outer lines of the signal are better
to judge that radiation induced cellulose radicals
visible after prolonged storage. It may prove lower
may be responsible for a part of this signal. It has
stability of the central part of signal. The origin of
been observed, in addition, that intensity of the
paramagnetic entities (free radicals) giving rise to
radiation induced EPR signal is significantly higher
multicomponent signals in central part of the EPR
if only legs of mushrooms were examined. On the
spectrum as recorded with irradiated mushrooms is
other hand, the examination of hats did not prove
still the subject of consideration. It is supposed that
the presence of specific radiation induced signals
free radicals produced by radiation in crystalline
therein.
sugars and/or carbohydrates are responsible.
A complex EPR signal has been also recorded
Conclusion
with champignon. The spectrum is composed of a
The results of TL and EPR examination of three
strong doublet (go=2.003, a=1.8 mT) with two
species of dried mushrooms, which are available in
shoulders observed from both low and high field
the food market show that thermoluminescence is a
wings of central lines, distanced by 5.8-6.0 mT. This
good method for the detection of irradiation in all
could eventually indicate the presence of cellulose
of them. However, it has to be remembered, that to
born radical in the sample. Central pattern of the
get the final result of TL examination it is necessary
spectrum is composed of several lines (Fig.2b). The
to follow a time-consuming procedure of collection
signal is specific and stable similarly to that
silicate minerals, re-irradiation and two TL mearecorded with yellow boletus samples. Both yellow
surements. It usually takes at least two days.
boletus and champignon samples were irradiated
On the contrary, the EPR method is relatively
with doses from 1.5 to 7 kGy. Radiation induced
simple and fast. If adaptable, it is recommended to
EPR signals observed in yellow boletus and
use this method instead of TL measurements. The
champignion are relatively strong and still well seen
EPR method was found to be suitable for detection
after 9 months of storage, while their intensity is
of yellow boletus and champinion but not for the
decreased during this period only by ca. 25%.
detection of Chinese mushrooms shitake.

b
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STUDIES OF GELATINIZATION OCCURRING
IN NON-IRRADIATED AND IN GAMMA IRRADIATED WHEAT AND POTATO
STARCH AND THE INTERACTION OF POTATO STARCH POLYSACCHARIDES
WITH 1-MONO-LAUROYL GLYCEROL BY LIGHT MICROSCOPY, RHEOMETRY
AND DIFFERENTIAL SCANNING CALORIMETRY
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Krystyna Ciegla, Ann-Charlotte Ellassonl/, Teresa Wrofiska
Centre of Chemistry and Chemical Engineering, University of Lund, Sweden
The structure of starch molecules (chain length and
number of branches) influences their gelling properties as well as the possibility of creation of complexes with iodine and lipids. Decrease in viscosity
of starch gels occurs after irradiation [11 due to
depolymerization. The structure of amylose-lipid
complex depends on the structure of the starch
molecule and on the lipid. Therefore, decrease in
order of starch granules [2,3] and the possible
changes in lipids surrounding, brought about by
degradation resulting from gamma irradiation was
expected to influence all those processes. Our previous DSC studies carried out during heating and
cooling of the suspensions and gels of starch polysaccharides [4-6] have shown the differences between gelatinization taking place in the irradiated
and non-irradiated potato, wheat, and corn starches
and between transformation of the complex with
naturally occurring lipids present in the non-irradiated and the irradiated with doses of 5-30 kGy
wheat starch.
At present, microscopic observation were carried
out dealing with the appearance of starch granules
during gelatinization process taking place in potato

light microscope with a hot stage (Optimus), rheometer (Reologica Instruments, AB) and the Seiko
DSC 620() calorimeter with an appropriate cooling
system were used. These instruments are all installed in University of Lund.
Observation of granules in the polarized light
were done at ambient temperature after addition of
blue iodine, while pure water suspensions were
placed in a hot stage of the microscope.
Variety in colour of the granules of the initial
and the irradiated samples was noticed at room.
temperature after addition of blue iodine, due to
the differences in the structure of the iodine complexes related to the differences in the structure of
polysaccharides. Therefore blue grains were noticed
in the case of the non-irradiated potato and wheat
starches, while violet grains were present in the
irradiated ones.
The changes in appearance occur easier in large
granules than in the small ones during heating in
water of both potato starch granules and of the
granules of wheat starch present in flour.
Our present results obtained for wheat flour
have confirmed the literature data and fit well to

starch, wheat starch and wheat flour. Moreover, the

the known model of gelatinization [8]. The enlarge-

preliminary studies of gamma irradiation influence

ment of starch granules was noticed until the gra-

on the volume (swelling power) and rheological

nules have lost their crystalline properties (shown

properties of the resulting gels were performed.
DSC studies were also initiated dealing with gamma
radiation influence on the further ability of creation
the complexes between starch polysaccharides with
added lipids. Such complexes may be created on the
way of chemical deposition from the surfactant
solution, as well as during gelatinization or during
thermal treatment of gels [71. The possibility of formation the complexes between potato starch (free
from the native lipids) and mono-lauroyl glycerol
(ML) during heating in DSC calorimeter was at
present tested.
Potato starch (laboratory extracted), potato
amylose and wheat starch (both Sigma product) as
well as commercial wheat flour were irradiated with
60
Co radiation applying doses of 30, 20, 10 and 5
kGy at a dose rate of 0.82 Gys-'. Irradiations were
carried out in a gamma cell "Issledovatel". The mono-lauroyl glycerol was of Sigma production. The

by loose in birefringence). The granules increase
gradually during further heating. The photographs
obtained for the same granule of wheat flour at
several temperatures are compared in Fig.l.
In the case of potato starch, some defected
granules and clusters were present in the suspensions. Destruction of those conglomerations and
broken granules occur during heating faster than
destruction of the large granules. No enlargement
of granules was noticed during gelatinization, in
contrast with the results obtained for wheat starch.
On the contrary, breaking of the large granules
occurs during heating followed by eruption of the
inner grain material. This process results in the
loose of ordering. The selected photographs of the
chosen large grain taken at the following stages of
gelatinisation are presented in Fig.2.
Decrease in swelling power was stated after
irradiation with a 20 kGy dose for wheat starch.

__
-
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a)

b

c)

d)

Fig.l. Light microscope photographs of large wheat starch granule (in wheat flour) performed at: (a) 50.7"C, (b) 60 0 C, (c) 70 0 C and
(d) 100 0 C. Only granules present in photo (a) indicate crystalline ordering (birefringence). The loose in birefringence by large
granule was noticed at 600 C, while small granules lost birefringence at ca. 651C.

The volume of gel resulted after heating at 110"C of
the suspension of the irradiated sample attained ca.
75% of that obtained for the non-irradiated one.
Gel volume was too high in the cases of potato
starch samples. The viscosity of gels resulting from
the irradiated samples were, however, smaller than
that of the non-irradiated one. Therefore, the rheological measurements were performed for the 1%
gels of potato starch, non-irradiated and irradiated
with 5 and 10 kGy doses.
Significant decrease in gels viscosity (Fig.3) as
well as the differences in the character of dependence on shear strain of both viscosity and shear
stress (Fig.4) was stated after irradiation, as cormpared to the reference sample.
In purpose for examination of the reversible
amylose-lipid complex transition, DSC studies were
carried out during heating-cooling-heating cycles
(up to 3 heating processes). DSC measurements
were carried in the temperature range 10-150`C
with a heating and cooling rate of 100Cmin-l. The
suspensions were prepared directly in DSC pans.
Starch suspensions were characterized by the surfactant to polysaccharide ratio of 1:9 and by dry
matter to water ratio of 1:1. Dry matter to water
ratio was equal to ca. 0.2:1 and surfactant to polysaccharides ratio was equal to ca. 1:3 in the case of
the suspensions of amylose.

During the first heating, ML melting in solution
was noticed followed by gelatinization (endothermal effects with Tp=42 and 70 0 c, respectively).
Several thermal effects occurred at higher temperature, in regard to the interaction of polysaccharides
with sulfactant.
The differences were noticed between thermal
effects recorded for the non-irradiated and the irradiated samples during the first cooling and during
the subsequent heating and cooling courses. The
transformations occur at essentially lower temperature in the case of the irradiated than in the case of
the non-irradiated samples. Comparison of peak
temperature of thermal effects recorded for the
particular samples are given in Table. Apart from
the decrease in temperature, the differences were
observed between the profiles of those thermal
effects.
The comparison of DSC curves recorded during
the third heating and the third cooling for the
non-irradiated and irradiated potato starch are
presented in Fig.5. Two exothermal effects were
observed during the first, second and third cooling
of gels of both the initial and the irradiated potato
starch. Two and three endothermal processes were
observed for the initial and the irradiated sample.,
respectively, during the second and the third heating.
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c)

d)

In the case of the gelatinized suspensions of both
the non-irradiated and irradiated amylose exothermal effects were noticed during the first, second and
third cooling. One endothermal effect was recorded
during heating of the initial starch, while in the case
of the irradiated sample several peaks were noticed
in the DSC curves, apart from the principal endo-

that transformations occur at essentially lower ternperature after thermal treatment of the irradiated
samples (Fig.6). Moreover, thermal effects profiles
differs between the particular courses. No special
differences were noticed between thermal effects
recorded for the initial samples during the following heating and cooling courses. This result is simi-

__

complex transition taking place in native pure
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Fig.3. Dependence of viscosity on shear stress determined for
potato starch, reference and irradiated with 5 and 10 kGy.
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Fig.4. Dependence of shear stress on shear rate determined for
reference potato starch and that irradiated with 5 and 10

kGy.
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Table. Peak temperature values determined for thermal effects recorded during the subsequent beating and cooling courses of the
non-irradiated and irradiated starch and amylose. The value determined for the higher maximum observed on heating is
underlined. Additional small maxima observed during heating of the amylose samples are shown in parantheses while the
highest peak is underlined. Two endothermal effects were recorded during the IV cooling of the initial amylose sample
performed after 12 days of storage with Tp=88.0 and 78.40 C. Only one peak (Tp=71.60 C) was noticed for the irradiated
sample.
Sample
l___Sample______

I ML to polysaccharide

non-irradiated
starch

ratio
1:9

Polysaccharide
to water ratio
1:1

1:9

1:1

irradiated
starch
_____

non-irradiated
amylose
irradiated
amylose

1:5.9

Ill heating

I cooling

II cooling

Ill cooling

112.1
123.2
32 0
110.6
124.4

107.1
ca. 96.0
(bottom)
107.0
93.5

107.6
98.2

106.2
97.3

106.1
86.8

105.2
80.4

~~~~~~~~~128.2__________

I
|

.

1:3

II heating
112.6
123.8
_132(6
111.6
117.7
1

77.5

(110.7)
99.8
(107.8)

_I(110.9)

1:3

1:6.8

100.8
(95.5

processes in the case of the irradiated samples in
comparison to these obtained applying the same
conditions for the appropriate non-irradiated sample (Fig.1). For example, the total enthalpy of the
processes taking place during the first cooling of
the irradiated amylose was equal to 7.7 Jg-1 (in
terms of amylose) as compared to 15.1 Jg-1 ohtain-

76.9

76.4

69.2

69.2

_

71.1

The differences between thermal effects recorded
for the initial and the irradiated samples were
larger after 12 days of storage of the processed
samples. Moreover, the presence of free ML was
discovered in the irradiated potato starch gel but
not in those of the non-irradiated one on the basis
of DSC curves recorded during heating.

ed for the non-irradiated one.
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Fig.5. DSC curves recorded for potato starch - ML-watcr system
(mixed in relation of mass 9:1:9): a - third heating, b -third
cooling, curves 1 - non-irradiated starch, curves 2 - starch
irradiated with 30 kGy dose. The enthalpy values equal to:
3.7 and 3.3 Jg I (in terms of anhydrous starch) were
determined for the endothermal transition taking place
during heating of the initial and the irradiated samples,
respectively. The appropriate values determined during
cooling were equal to -4.8 and -2.8 Jg- 1.
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1Fig.6. Comparison of D)SC curves recorded for the irradiated
with 30 kGy dose potato starch - ML-water system (mixed
in relation of mass 9:1:9) during: a - cooling: I - the first, II the second, I11- the third; b - heating: 11 - the second, Ill the third. No essential differences were noticed between
DSC curves recorded for the initial sample during the
following heating and cooling courses.
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Our studies have shown the differences bexveten

Ihe Royal Society of Chemistry, Information Services. Great
Britain 1996,

gelatinization occurring in potato and wheat starch
as well as the differences between the ability of

creation the complexes between the initial and the
irradiated starch and the structural properties of
the resulting complexes. The results have confirmed
also th in
ndiffeences
rheolgical
ropertes and
also the differences
rheological properties
and
iodine complexes structure in the initial and the
irradiated starch.
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RADIATION DECONTAMINATION OF LYOPHYLIZED MEAT PRODUCTS

_

Wojciech Migdal, Hanna 13. Owczarczyk
Introduction
Freeze-drying is used on a large extent in laboratories and in industry, medicine, biology and che-

preparation, bacterial strains, antibiotic production, and other thermolabile materials). More and
more frequently this method is used in the food

Table 1. Microbiological requirements for lyophylized meats.
Count of bacteria and moulds

Beef entrails

Pork ham

Chicken fillet

Total count of bacteria in 1 g

<50 000

< 100 000

< 10 000

Total count of moulds in ] g

< 100

<100

<100

Enterobacteriaceae in 0.1 g

absent

absent

absent

Coagulase (+) Staphylococcus in 0.1 g

absent

absent

absent

Mesophylic anaerobic bacteria in 0.1 g

absent

absent

absent

absent

absent

absent

Salmonella sp. in 25 g

|

mistry (preservation of blood elements, replacement of blood elements, hormonal and enzymatic

industry now. Preservation of food products by
Iyophylization allows to preserve on a large scale

Table 2. Microbiological contamination in Iyophylized beef entrails, pork ham and chicken fillet before irradiation.
No

Total count of bacteria in I g

Count of moulds inI g

Count of Enterobacteriaceac family in 0.1 g

beef entrails

pork ham

chicken fillet

beef entrails

pork ham

chicken fillet

beef entrails

l

1.1x10 5

1.3x103

8.Oxt0 2

0

4

850

0

0

0

2

9.3x10 4

1.9x10 3

9.1xt03

0

420

0

10

10

19

3

1.5x10 5

1.5x10 3

3.6x10 3

0

4

0

0

17

0

4

7.6x10

4

3

3

0

420

6

20

0

0

5

8.4x10 4

3.0x10 3

1.1x104

0

0

6

0

28

43

6

4.8x10 5

2.6x10 3

3.6xl13

3

17

23

0

0

7

3.7x10

4

3

4

4

10

0

21

8

6.1x10 5

1.3x104

7.4x103

6

9

11

43

10

18

9

1.2x103

2.2x10 2

9.4x10 4

6

6

0

43

164

72

10

2.0x10

5

2

4.0x10

9.7x10

3

6

110

150

28

0

0

11

1.8x10 5

3.4x10 2

1.2x104

1

74

0

3

7

15

12

3.3x10 4

1.7x10 4

7.0x 05 _

2

3

0

2

120

0

13

3

5

1.3x104

7

17

0

3

0

48

4.0x10 3

6.9x1( 5

3.2x10 2

2600

5

350

0

0

0

4

6

2
2

100
350

0
200

0

20
1

17

18

50

120

23

14

2.4x10
-

15
5.4x10
16 |3.3x 104
3

17 |2.9x10

I.9x10

1.8x10

2.4x10

3.4x10

5.0x10

4.3x100
1.7x10 3
|7.2x 102 |2714
4.5x10

4

3.0x10

5

160

7

-I

|

70

|

pork ham | chicken fillet

|

0
=

48

RADIATION CHEMISTRY AND PHYSICS. RADIATION TECHNOLOGIES

their initial properties. The advantage of the iyophylization of food product are:
- substantial reduction of the mass products (the
mass of lyophylized products is on the average a
quarter of the initial mass);
- absence of refrigerating chain in trade.
However, the technology cannot ensure high microbiological purity of lyophylized meat products and
special attention has been paid on the changes of
physicochemical properties of the products.
Materials and methods
Lyophylized meat and meat products including
cooked corned or non-corned meat as well as cooked or uncooked pork-butcher meat products were
dried by lyophylization. These products can be considered as final articles or half-finished products.
The instant lyophylized type meats such as beef

Results
The performed analysis has shown that the total
count of bacteria in the lyophylized meat samples
exceeded permissible level. In some samples the
content of moulds was also higher than allowed. In
majority of samples bacteria Enterobacteriaceae
were present. In all the tested samples coagulase
(+) Staphylococcus, mesophyllic anaerobes and
Salmonella sp. were absent (Table 2).
It should be emphasized that the doses 0.5 and
2.0 kGy were insufficient for microbiological decontamination of the lyophylized meats. Decontamination by irradiation at a dose of 3 kGy was
sufficient to achieve high microbiological purity of
all the lyophylized meat samples (Table 3).
The total count of aerobic bacteria was less than
3000, moulds less than 10 in I g samples and

Table 3. Microbiological decontamination of Iyophylized meats by irradiation at the dose 3 kGy.
No

Beef entrails
|
Pork ham
Chicken fillet
totalcountofbacteria count of moulds | total count of bacteria count of moulds | total count of bacteria count of moulds
in g

1

2500

2

100

!

I

inlg

in g

inlg

inlg

in 1g

6

(0

6

0

0

4

0

70

0

t

3

2

1

410

0

14

0

4

500

0

120

0

46

0

5

90

0

680

0

135

0

6

2150

0

440

0

74

0

7

1

198

8

360

0

280

0

8

so

1640

0

870

0

158

0

0

310

0

0

50

0

9

115

0

<1(

t0

1060

0

<10

11

925

0

<10

0

100

0

12

784

0

540

0

170

0

13

246

0

1420

0

80

0

185

0

216

0

5

0

0

3000

0

10

0

0

50

0

30

0

0

70

0

600

0

14

1

15

840

16

580

17

60

1

entrails, pork ham and chicken fillet were used as
research materials. The research work was carried
out on 17 samples of each kind of meats, which
were produced in different factories. The meat
samples were irradiated at doses of 0.5, 2 and 3 kGy
from an electron beam machine ELEKTRONIKA
(10 .MeV, 10 kW) in air conditions [1]. Microbiological analysis concerned enumeration of total
count of aerobic bacteria and moulds, count of coliform~~
batra[ogls
+ tpyoocs
eo
phillicbanerobescand S
o asp. [2c. mioophillic anaerobes and Salmonella sp. [21. Microbiological requirements by the producers of standards

for the three types of lyophylized meat samples are
given in Table 1.

J

1

coliforms bacteria were absent in 0.1 g samples. All
the lyophylized meats did not change their organoleptic properties, such as colour, taste, smell and
consistency after irradiation. Irradiation at a dose
of 3 kGy lyophylized meats did not change the
organoleptic properties of final products (soups or
fried meat).
Refernce
11-.Migdal W., Walis L.Chmielcwski A G: The pilot plant for electron beam processing. Radiat. Phys. Chem., 567-570 (1993).
t21. Microbiological specification and testing methods for irradiated food. 1AEA, Vienna 1970, Technical Report.
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RADIOLYTIC DEGRADATION OF PESTICIDES 2,4-D AND DICAMBA
Przemystaw Drzewicz, Peter (;ehringerl', llelmut Eschweilerl/, J6zef Sawicki 2 /,
Grzegorz Nal~cz-Jawecki 21 , Sonia Solar3 1, Robert Zona3, Przemyslaw P. Panta, Wojciech Gluszewski,
Anna Bojanowska-Czajka, Marek 'Trojanowicz
I/Austrian Research Centre, Seibersdorf, Austria
1Department of Environmental Health Sciences. Medical University of Warsaw, Poland
31 Department of Radiation Chemistry, University of Vienna, Austria

2

The application of ionizing radiation to degradation of anthropogenic pollutants of natural environment is investigated currently by numerous re-

[41. Gamma irradiation was also investigated for inactivation of bacteriophages in water [51 and electron beam for sludge inactivation [61.
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Fig 1. Effect of the radiation dose on decomposition of 2.4-C) (A) and formation of chloride (B) in irradiated 0.5 mM 2.4-D solutions
in ground water using gamma and Eli irradiation.

search groups in several countries. In spite of large
cost of sources of radiation, this method is already
employed in industrial installations for purification
of flue gases from sulphur and nitrogen oxides, and
possibility of its use for treatment of water and
wastes 600is examined as one of competitive
methods
0-0600
of advanced oxidation. Recently, its use was rCported for removal of thioanisole [11, dyes 121 and
petroleum products t31 from waters. A study on the
synergistic effect of ozone and y-irradiation on
degradation of 4-chlorbenzaldehydle was reported

The present study is a continuation of earlier reported work on radiolytic degradation of pesticide
2,4-dichlorophenoxyacetic acid (2,4-D). Earlier results on degradation by y-irradiation are extended by
examination of electron beam (EB) irradiation, ozonization and joint treatment with electron beam and
ozonization. Such a comparison, so far, was reported for degradation of chlorinated ethylens [7,81
and recently for 4-chlorobenzaldehyde in comparison with photocatalytic degradation [4]. Preliminaty studies were also made on radiolytic degrada-
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Fig.2. Effect of the radiation dose on decomposition of nitrate and formation of carboxylic acid in irradiated 0.5 mM 2,4-D solutions in
ground water during Eg irradiation (A) and EB irradiation.
(B)
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tion of another commonly used pesticide 3,6-dichloro-2-methoxybenzoic acid (commercially known as
dicamba).

45

Experimentl

35-

Reported ^/-irradiation was carried out in a 60 Co
AECL source Gammacell 220 with an average dose
rate of 0.6 Gy/s in 10 ml open glass test tubes.
Irradiation with EB with or without ozonization
was carried out in a continuous flow installation at
the Austrian Research Centre in Seibersdorf, which
was equipped with an ICT-accelerator (500 keV, 25
mA) from High Tech Voltage Eng. (USA) and a
laboratory ozone generator from E. Sander Ltd.
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Determination of 2,4-D and products of its radiol-i decomposition was carried out using reverscd-phase HPLC with a Hewlett-Packard instrument
model 1050 with a column Nucleosil 100-5 C18 5p m.
Determination of inorganic and organic anions was
carried out with a Dionex 4500i ion-chromatograph
with an analytical column lonPack AS11 and an
anion MicroMembrane Suppressor AMMS-11.
Toxicity of irradiated solutions was determined
with Microtox and Spirotox tests.
Results and discussion
In our earlier studies, it was found that y-irradiation of 50 ppm 2,4-D solution results in complete
decomposition of this substrate, with complete dehalogenation of all chlorinated organic compounds,
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Fig.3.Effect of the radiation dose on formation of 2,4-DCP
during irradiation of 0.5 mM 2,4-D solutions in ground
water with y-irradiation, E1 irradiation and EB irradiation
with ozonization.

By comparison of y and EB irradiation it was
found the dose rate does not affect the efficiency of
substrate degradation (Fig.IA). It was observed,
however, that in case of EB a larger chloride
amount is released (Fig.lB). This can be explained
by a faster process in case of EB and lack of equilibrium between the ambient air and irradiated

including toxic 2,4-dichlorophenol (2,4-DCP). A sub-

solution. Solution is not taking sufficiently quickly

stantial reduction of toxicity of irradiated solutions
requires, however, the radiation dose at least 10 kGy.
Among examined scavengers, the biggest effect on
the efficiency of 2,4-D decomposition was shown by
nitrate.
During this study, several different factors affecting the efficiency of radiolytic degradation of
2,4-D have been examined, including dose rate, a
role of initial concentration of irradiated solutions
and a natural water matrix and also effect of the
presence of ozone in irradiated solutions.

oxygen from air. In anaerobic conditions there are
conditions that favour decomposition of 2,4-D
through dehalogenation. This results in a less
amount of 2,4-DCP formed than in case of y-irradiation. This interpretation is also confirmed by a
larger amount of acetate formed during y-irradiation than in the EB process (Fig.2). They are
subtracted from 2,4-D molecule forming 2,4-DCP.
The process combining EB irradiation and
ozonization is more efficient in regards of 2,4-D degradation. Beside direct treatment of 2.4-D with
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Fig.A.Toxicity changes observed during irradiation of 0.5 mM 2.4-D solutions in ground water in different conditions (y, EB, EB with
ozonization).
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ozone, it also decreases the effect of scavengers on
substrate degradation. During irradiation in the
presence of nitrate from ground water, nitrites are
formed which are strong scavengers of hydroxyl
radicals. In the presence of ozone they are oxidized
directly to nitrates, hence, in the presence of ozone,
no decrease of nitrate concentration and formation
of nitrite have been observed (Fig.2).
In case of the combined use of EB irradiation
and ozonization beside a decrease of the dose needed to degradation of 2,4-D from 10 to 2.7 kGy, conditions for effective degradation of aromatic compounds to simple aliphatic acids (acetate, formate,
oxalate) have been established. A larger concentration of these acids was found in the presence than
in the absence of ozone. Additionally, in the same
conditions much smaller amount of 2,4-DCP was
formed.*Itsconcentratondoesno
exceed 2.5
Xand
at
various doses (Fig.3).
The toxicity of irradiated solutions was investigated using a bacterial luminescence test Microtox. In case of ozone treatment without irradiation
of 2,4-D solutions the highest level of toxicity was
observed (Fig.4). An ozone dose of 65 ppm does
not reduce toxicity of solutions after ozonization.
For EB irradiated solution the toxicity level is lower
but remains constant even after irradiation with 10
kGy dose. In case of combined process of EB and
ozone treatment, the toxicity of solutions increases
already at 0.7 kGv, but it is completely reduced at a
2.7 kGy irradiation dose at a 65 ppm ozone level.
Tests with Spirotox assay confirm these observations.
Effect of the presence of oxygen in y-irradiated
solution was examined for a 110 ppm 2,4-D solution in a water well taken from a 5() m deep well.
Measurements of Chemical Oxygen Demand have

shown rapid decrease of its value from 140 to 80
mg/l at I k~y dose (Fig.5). At the same dose a
complete consumption of dissolved oxygen was
observed, which may be a reason for restraining of
further radiolytic degradation of organic compounds in these conditions.
A similar effects of the combined effect of EB
irradiation and ozonizaton was observed for the

degradation of dicamba in 0.5 mM solutions in
ground water. A complete decomposition with EB
required a dose of 10 kGy, whereas in the presence

of ozone only 2.5 kGy is needed. Toxicity examination with both tests Microtox and Spirolox has

51

T 80

14
120- L

-

0

100

S

60
°

_
E
0

H60

\

601

-\

-x
40 ,x

60

U

Va

20

20

20-

0 .,
0

2

,
6
Dose, kGy
4

0
8

10

Fig.5. Eifeci of the radiation dose on Chemical Oxygen Demand

concentration of dissolved oxygen in aerated 0.5 mM
2.4-solution in ground water during y-irradiation.

shown, however, different results than those observed for 2,4-D. Dicamba and products of its radiolytic degradation are much less toxic for Microtox
test than 2,4-D. The EB irradiation without and
with ozone results in a slight increase of toxicity to
Microtox, which is not reduced even at 10 kGy.
Products of radiolysis of dicabma responsible for
this effect have not been identified as yet. Similar
results have been observed with Spirotox, but with a
more pronounced increase of toxicity after EB
irradiation both without and with ozone. In this
case treatment of dicamba solution with ozone
only, provides a much smaller increase of toxicity
caused by the products of ozonization formed.
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APPLICATION OF ELECTRON BEAM TO THE OBTAINING
OF IMPROVED MEDICAL PRESSURE SENSITIVE ADHESIVES
Przemyslaw l'. Panta, Wojciech Gluszewski, lElibieta K. Wojtyfiska", Antoni Wnuk2 /, Zbigniew Zimek
Industry Chemistry Research Institute, Warszawa, Poland
2/ Chemical Plant "Viscoplast", Wroclaw, Poland
The chemically initiated polymerization of some alkyl acrylates is widely used in the manufacture of
pressure sensitive adhesives (sticking plasters), use-

ful for medical and technical applications, according to International Standard, The Pressure Sensitive Tape Council, (PSTC). Such plasters are usual-

C14
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Table 1. Main properties of vinyl adhesives as a function of electron beam dose.
Dose [kGy]

|

ack [cml

Adhesion [N12.5 cm]

Cohesion [mi]

Resistance to water [hi

5

7.8

0.5-2.3

13

1

15

9.5

2.5-3.9

96

2

30

10.9

4.0-5.9

> 1440

4

non irradiated, chemically polymerized

14.0

3.4-5.5

300

0.5

ly prepared by deposition of a suitable adhesive
layer onto cotton textile substrates or sometimes,
on polyester films. Traditionally manufactured adhesives employ acrylic compounds, usually selected
alkyl acrylates with addition of acrylic acid (AA)
polymerized by a chemical initiation process. The
adhesives are characterized by the following parameters: adhesion (PSTC-1), cohesion (PSTC-7),
tack (PSTC-6) and also their resistance to water.
Table 2. Influence of polymerization methods on the resistance
of water.
~_ Polymerization
Glue
Polymerization
Resistance to water
composition
method
[h]
AC

chemical

4,5

Al

irradiation

6

BC

chemical

2,5
4__5___.

______irradiation_________
BI
irradiation

4,5

Emulsion polymerization in water avoids emissions
of flammable and toxic solvents and is safer, cheaper
and more friendly to the environment. The radiation
induced polymerization of vinyl acetate has been
investigated using gamma rays since the 1950s. In the
seventies there was a number of brief reports, all in
Japanese, of the use of electron accelerators for radiation initiation in emulsions.
Table 3. Influence of polymerization methods on the material
porosity.

Thus, the aim of our study was to evaluate a correlation between the mechanical properties of adhesive composites and the concentration of free
radicals (formed by fast electrons), that depends on
irradiation dose level lJ (Tables 1-4).
Table 4. Influence of polymerization methods on the content
monomers in glue.
Polymerization Vinylacetate 2-ethylhexylaciylate Acrylicacid
method
[So
[%]
I
[%]
chemical

1.0

1.3

0.76

irradiation

0.75

0.36

0.57

Conclusions
0 Sticking plasters

for medical applications

pre-

pared on the basic of the acrylic emulsion are
radiation resistant up to a dose level of 40 kGy.
* Properties of the irradiated glue are improved,
the adhesive is not changing and the cohesion
increases. The elaborated glue is suitable for
sticking plaster or self adhesive tapes contacting
with living human tissues.
0 There is a number of practical advantages associated with the use of radiation induced emulsion
polymerization in comparison to traditional
chemical initiation system:
- high yield of free radicals from radiolysis of
-

water,
the zero level of any activation energy with the

Polymerization method

Permeability
Permeablity2of water vapour

chemical
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As it is well known, radiation induced polymerization is characterized by free radical processes.
L

of polymerization
- initiation
excellent distribution
of free reaction,
radicals in bath.
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84Kr ION FLUENCE MEASUREMENTS BASED ON RADiA1WuN tEFECTS
GENERATED IN CTA FOILS
Zofia Peimel-Stuglik, Vladimir A. Skuratov1 /
1/ Flerov Laboratory of Nuclear Reactions, Joint Institutef for Nuclear Research, Dubna, Russia
Thin cellulose triacetate (CTA) foils with triphenylphosfate as plasticizer are commonly used as high
dose dosimeters for low LET ionizing radiation
(gamma rays, high-energy electrons). Non-irradiated
CTA foils, transparent for visible and long-wave UV
light, became coloured in UV-range after exposition
to ionizing radiation. An increase of absorption at
280 nm, AA(28onm), is recommended for absorbed
dose measurements (dosimetric signal).

According to E-1650 ASTM Standard [1], CTA
can be used for dose range 5 to 300 kGy and the
dose rates 0.03 to 1010 Gy/s. Signal to dose dependence is linear from 5 to - 200 kGy. Such properties suggest the usefulness of CTA films for heavy
ion beam dosimetry where very high doses and dose
rates appear around trajectories.
Two kinds of CTA films were irradiated with 8 4 Kr
(245 MeV) scanned ion beams from a 4-metre U-400

RADIATION CHEMISTRY AND PHYSICS, RADIATION TECHNOLOGIES

cyclotron (Florov Laboratory of Nuclear Reactions,
Dubna, Russia). The first was FTR-125 Fuji filmn with
15% of triphenyiphosphate and thickness 0.121
±0.002 mm. The second, named by us CTA-T, was a
technical product obtained from Chemical Company
(Gorz6w Wielkopolski, Poland) and designed for the
photo-film industry. The electron absorption spectrum of CTA-T measured before irradiation revealed
a much higher absorbance at 280 nm than that of
FTR-125. This fact suggested the presence not only
of triphenylphosfate but also of other additive(s).
Film thickness was 0.185 ± 0.009 mm.
Before irradiation, the thickness of each film was
measured with a Sylvac gauge and its initial optical
absorbance with a UV/VIS spectrophotometer,
Cintra 40 GBC (Australia). The samples were irradiated in vacuum. Five different fluences of 'Kr
9
10
ions from 1.32x10
too 4.0x10
ions/cm 2 were
ion frm
132x09 ins/m
4()x0
wre used.
sed
Before and after exposition, the CTA foils were
stored in room conditions. Optical absorbance of
irraiatd
wa mesure
smple
13day aftr irairradiated samples was measured 13 days after irradiation and re-measured one, two and four weeks
later. All measurements were done in the Institute
of Nuclear Chemistry and Technology (Warszawa,
Poland)
Poan)
The results indicated that an increase of optical
absorption observed for heavy ion irradiated C'rA
foils, was due to electronic energy deposition.
Nevertheless, in opposite to gamma ray irradiated
CTA films [21, optical signals were very stable. This
canbefinter[2],opretedcalsigs
effe
veryhighadose Th
can be interpreted as effect of very high dose rate
accelerated recombination of macro-radicals in ion
tracks surroundings.

8
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Fig. Optical signal generated in CTA foils irradiated by 84Kr, 245
MeV ions. Circles -CTR-125, squares - CTA-T foils.

Better results (from practical point of view) were
obtained for CTA-T. Signal to fluence dependence
(Fig.) was strictly linear with a slope of 0.14 per
1x100 ions/cm2 . In the case of CTR-125 the slope
wi
was
little higheratbutthe
signal
was a non-linear
end tooffluence
the dependence
investigated
non-line
fluence range.
The results of these experiments show that CTA
foils can be used for quick and easy 8 4Kr ion beam
fluence measurements in the range 1x10 9 -4x10 10
ions/cm2 . An analysis of experimental data and
instrumental possibilities suggest that the higher
border can be shifted up to - 1x1011 ions/cm2.
References
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AN ALANPOL - EPR-ALANINE DOSIMETER FOR LOW (0.5-10 kGy)
TECHNOLOGICAL DOSES
Zofia Peimel-Stuglik, Slawomir Fabisiak, Boiena Sartowska
Radiation preservation of food, herbs, spices and
other natural products has stimulate interest in

ant ionization radiation (gamma, high-energy electron beams, X-ray, Bremstrahlung). Stability of

non-toxic, cheap and easy to handle technological

signal, non-toxicity of dosimeter material, sensiti-

dosimeters suitable to the dose range: 0.5-10 kGy.
One of the best is an alanine dosimeter [1].
Irradiation of a-alanine monocrystal by ionizing
radiation creates stable paramagnetic species, mostly CH3 C*HCOO- radicals. EPR spectra of irradiated monocrystals are well-resolved and depend on
orientation of crystal axes in the magnetic field [21.
The shape of EPR signal generated in a-alanine
microcrystalline powder is much more diffuse
(Fig.la) because of overlapping of patterns belonging to stochastically oriented microcrystals. It is a
quintet of broad lines separated by about 2.5 mT
and accompanied by satellite lines. The last ones
have been described by Arber and co-workers as
"spin-flip" transitions associated with methyl protons on nearby molecules in the lattice t31. An
amplitude of the most intensive central peak is
recommended as a dosimetric signal [11.
EPR-alanine dosimetry is precise, accurate and
can be used to any kind of technologically import-

vity and non-destructive character of EPR measurements are its further positive features.
Alanine dosimeters can be used in powdered
form; as pellets they consist of a-alanine powder
and binders or as small a-alanine-polymer solids
(rods, cables, foils). The last ones are the most
practical in use.
There are presented some results of investigation
of an INCT-produced ALANPOL dosimeter [4,5J
consisting of alanine (DL-a, 10-27%) and
polyethylene. The dosimeter is used as small
cylinders (0=3 mm, 1=25 mm) with a length
adjusted to the length of microwave cavity. High
sensitivity of the EPR method compensates the low
content of alanine (15-40 mg per dosimeter) and
allows precise and accurate dose measurements.
The composition of dosimeter ensures its low unit
price.
All measurements were done on an EPR-10
MINI spectrometer manufactured by Sankt.-Pe-

_
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the first circumstance against the possibility of
alanine-polymer interaction. The second were the
results of electron microscopy investigations. They

a).
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showed that alanine powder used for ALANPOL
production consists of rather big (0 - 50-80 ,um, I
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loose. In many cases, microcrystals were fixed
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A

aum) cylindrical crystals (Fig.2a) whose

total surface is too small to assume a big contribution of alaninc-polymer interactions. It was shown
also that contact of alanine crystals with polymer is

.l
c).

in holes larger than their own dimensions (Fig.2b)
which makes impossible strong interactions between alanine and polymer.
The effect of holes has been more pronounced
for ALANPOL-27 than for ALANPOL-10. It gave
a good explanation of the fact that the density of
ALANPOL-27 was lower than that of ALANPOL-10 in spite of the fact that the density of
alanine (1.4 g cm3 ) is much g3reater than the density
of polyethylene (-0.94 g cm
A comparison of shapes and sizes of DL-a-alanine microcrystals in an initial mixture (Fig.2a)
with sizes of microcrystals observed for horizontal
cross-section of ALANPOL rod (Fig.2b) shows that
practically all cylindrical crystals of DL-a-alanine
are parallel to the axis of dosimeter.

J~~

Fig.l.EPR signals measured in 10 k~y gamma irradiated: (a)
microcrystalline D)L-a-alanine (gain 50), (b) ALANPOL-27
(gain 600) and (c) ALANPOI.-10 (gain 800).

tersburg Instruments Ltd. whose ability to EPR
dosimetry was investigated earlier [6].
EPR signals observed in irradiated L- and
DL-a-alanine are very similar. Commonly, they do
not depend on type of radiation, type of binder,
shape or production method. However, EPR signals generated in INCT-produced ALANPOL dosimeters were different (Fig.lb,c). Their characteristic features were strong and distinct satellite
lines, which appeared even at very low microwave
powers.
Because the alanine dosimeter is a relative one,
the shape of EPR signal is not very important from
the point of view of dosimetric purposes. Nevertheless, differences observed in ALANPOL were interesting from a scientific point of view. There were
three possible explanations for this: a) impurities in
DL-a-alanine powder used to ALANPOL production, b) interactions between alanine-originated
radicals and hydrogen atoms from polyethylene, c) l
strong orientation of good-shaped microcrystals inside the polymer matrices.
The first possibility was rejected because the
shape of EPR signal measured in irradiated
DL-a-alanine used for ALANPOL production

(Fig~la) was regular, without
strong
without
) was regular,
strong satellite
satellite lines.
li
.
vFig

A very similar shape of EPR signals measured in

ALANPOL-10 and ALANPOL-27 (Fig.1b,c) was

a)

.

y.

b)
()
IFig.2. Al.ANPOL,
Microphotography
of (a)
DL-and
z-alanine
powder cross-secused to
production
(x100)
(b) horizontal
[ion of Al ANPOL-27 dosimeter (x500) done on DMS942
(iviss co) electron microscope.
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PI'R signal observed in irradiated ALANPOL-27 (insert).

This non-stochastic arrangement of good-shaped
microcrystals inside the dosimeter rod is the most
probable reason for the unusual shape of EPR
signal generated in ALANPOL.
After rejection of unstable polymer radicals (30
min of heating at 70oC) EPR signals measured in
ALANPOL dosimeters are very stable (years) and
can be re-measured when necessary. Such situation

Hydrophobic properties of polymer matrices
ensure high resistance of ALANPOL dosimeters
against unfavourable environmental conditions,
among them water. 18 h of soaking of irradiated
dosimeters in distilled water gave only a 2-4%
decrease of EPR signal [5]. So, ALANPOL dosimeters can be used for dose measurements not only
in wet conditions but also in water solutions.
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Fig.4. Depth-dose dependence in polystyrene irradiated with 10 MeV electrons measured by means of INCT ALANPOL dosimeters
and Gamma Service alanine-polymer foils. The data were normalized to the maximum amplitude.

is excellent from the point of view of quality systems. ALANPOL position in cavity had no influence on. signal amplitude and only one-scanning
procedure is necessary for D>l kGy. All of that
causes that EPR measurements are easy and not
time consuming.
A calibration curve for ALANPOL-27 in the
dose range 0.5-10 kGy is shown in Fig.3. Each
experimental point represents one dosimeter.

Some doubts had appeared about suitability of
ALANPOL dosimeters (0=3 mm) for electron
beam dosimetry. A positive experimental answer to
this question is given in Fig.4. There are presented
the depth-dose dependence curves obtained by
means of ALANPOL and by means of thin (- 0,13
mm) alanine-polymer foils (Gamma Service, Germany, [7]). Both the dosimeters were placed in a
stack of polystyrene plates and irradiated with 10
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MeV electrons. There are observed some differences between dosimetric answers at the end of the
electron beam range but not in technologically useful region. So, one can conclude that ALANPOL
can be used for routine 10 MeV electron beam
dosimetry as well as much thiner dosimeters.
Add..ional data on dosim.tric characteristics
Additional data on dosimetric characteristics

.

Of

ALANPOL and Gamma Service alanine-polymer
foil dosimeters are given in 181.
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A SIMPLE 228Ra- 228Ac GENERATOR
Barbara Wodzimirska, Aleksander Bilewicz
The 228 Ac (T1/ 2 -6.15 h) is a very attractive radionuclide for application in chemical research. As the
dauh ter product of long-lived 2 28 Ra it belongs to
the L3 2Th family. Various methods for milking of
actinium radionuclides from radium precursors
have been described, mainly based on solvent extraction [1,2]. All these procedures, however, suffer
from various limitations e.g. low selectivity, small
recoveries and low radiation resistant of the extractans. To avoid these disadvantages we develop- _
ed an inorganic ion exchanger - cryptomelane
MnO 2 . The cryptomelane MnO 2 has tunnel-framed
structure with exchangeable alkali or alkali earth
cations. The average tunnel diameter is 0).28 nm,
therefore, the sorbent is selective for the cations

HNO 3 on the Kd of Ra2 + and Ac 34 on cryptomelane MnO 2 is shown in Fig.1. It can be seen that
Kd for Ra2> even at a few molar HNO3 is very high.
This confirms high affinity of cryptomelane MnO 2
for cations with ionic radii around 140 pm. In the
case of Ac3 + of lower ionic radii, 112 pm, Kd
decreases with increasing concentration of H+ ions.
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with crystal ionic radii of 130-150 pm, e.g. K+,

l

NH+, Ba2 + and Ra 2 + [3]. The distribution coefficients of trivalent lanthanides and actinides are

2000

lower by a few orders of magnitudes than those of
the specified cations. Based on this defference, we

0

describe in the present paper a one-step procedure
of radiochemical separation of 22 8Ac from 2 28Ra on
cryptomelane MnO 2.
The 2 28 Ra (T, 1 2=5.77 y, the mother nuclide of
22 8
Ac) was separated by solvent extraction from
natural thorium in the following procedure: thorium nitrate was dissolved in water, filtered and
extracted with 1 di 3 of 2 M HDEHP solution in
heptane. After 2 years, the 2 28Ra was accumulated
in the organic phase and then it was back extracted
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For the effective Ra2 +-Ac 3 + separation we
suggest 0.2 mol dm- 3 HNO 3 solutions where the
Kd value for Ac3 + is very low. In order to establish
the possibility of application of the cryptomelane
MnO 2 sorbent for milking of 22 8Ac, an experiment
using a small column filled with cryptomelane
MnO 2 (grain size 0.1-0.3 mm) was performed. The
elution curves are shown in Fig.2. 8Ac was quantitatively eluted by 0.2 mol dm- 3 HNO 3 . The
radioactive purity of the 228Ac fraction in each run
was checked by measuring the half life of gamma
activity. The gamma spectrum taken immediately
after the separation gave only one gamma peak
characteristic of 228 Ac. Milking of 22 8Ac were
repeated more than 30 times without any breakthrough of the column. This shows that radiation
resistance of the inorganic sorbent is really high,
which makes an additional advantage of the generator system.
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2 Ac is applied as a rule only in research,

nevertheless the procedure elaborated can also be
applied for milking (from 22 5Ra) another isotope,
2
5Ac, which is a very promising nuclide to be used

Fig.t.Dependenceotdistributioncoefticients torRa2 +andAc:3+
on HNO3 concentration.

in nuclear medicine [1].

to 50 cm 3 of 0.1 mol dm- 3 HNO 3 solution containing a Ba2+ carrier.
To find optimum conditions for Ra2 +-Ac3+
separations, the distribution coefficients (Kd) of
Ra2 + and Ac 3 + were determined. The influence of

11]. soupkositnikov V.. Norseev Y., Khalkin V.: J. Radioanal.
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SIMULTANEOUS DETERMINATION OF 224 '2 26 '228 Ra
IN ENVIRONMENTAL WATERS BY MEASUREMENT OF EMANATED 220'222Rn
USING A 4-INCH SILICON EPITAXIAL DETECTOR
Andrzej Kordyasz1/, Barbara Bartog, Aleksander Bilewicz
1/Heavy Ion Laboratory, Warsaw University, Poland
Due to the pollution of surface waters in many regions, consumption of the subterranean waters like
oligocene, bottled mineral waters etc. highly increases. Underground waters contain radioactive
elements at variable concentrations. Based on radiological point of view the following radioisotopes
dissolved in the waters were especially considered:
22 2
Rn (t 1,2=3.8 d), 22 6Ra (tl2= 1600 y), 2 2Ra
(ti =5.77 y), and 22 4 Ra (t 112=3.64 d). Usually,
2

Vi,

28

Ra are the dominant radium isotopes in

natural waters, primarily due to the higher natural
abundance of thorium compared with uranium [l].
The a activity of 22 2 Rn dissolved in water can
easy be measured after separation of radon from the
water by percolating of nitrogen gas or by extraction
to organic solvents [21. The activity of 2 28Ra
(v-emitter, the member of 23 2Th family) can be
measured via its descent V-emitter, 228A c(tj/2=6.13
h) [3]. The activity of 228Ra in fresh source waters

could also be estimated from the activity of 2 24Ra
(calculated for time of sampli), which is also the
member of 232Th series. The 2 TRa and 2 24Ra radionuclides in underground water samples are usually
found in the state of secular equilibrium. For
example, the 2 2 4Ra/ 2 28 Ra activity ratios in several
Spanish subterranean waters were slightly greater
than unity (1.19 ±0.16) [41. Also our preliminary
results indicate that the activities of 224 Ra and

22 8

Ra

in the brine from the Ciechocinek spa are nearly the
same [5].
In previous works [6,7], the applications of a
4-inch silicon detector to the measurements of
radon in water, surface contamination by a-particle
radioactivity, radon emanation from solids and
radon daughters in dust aerosols have been
described. Recently, we elaborated a fast method
for 22 6Ra determination in low radioactive aqueous
solution by radon emanation from a radium adsorbent [81.
The aim of the present work was to extend the
method described [8] to the measurements of short-lived 22 0Rn (t112
/ =55 s) in order to get the possibility to determine 22 4Ra and to evaluate 228Ra
activity in the measured samples.
The measurement set-up is presented in Fig.1.
For a-particle registration we used a 4-inch (64
cm 2) silicon ecitaxial detector [91 localised on the
top of a 96 cm emanation chamber. The measured
samples were kept in a cylindrical aluminium vessel
covered by the a-particles stopper to prevent the
detector against a-particles emitted directly from
the samples. The circular holes in the wall of the
a-particles stopper allowed diffusion of radon to
the emanation chamber. Standard electronics was
used. The charge preamplifier followed by a
one-stage RC-CR shaping amplifier converted the

signals from the charge preamplifier to about T=10
Us wide gaussian pulses. The detector bias potential

utr
0aet

|

1 etor

|pper

Fig.l. Experimental set-up.

was about 12 V. The electric pulses generated by
a-particles were measured by using 8-bit successive
approximation ADC. An IBM PC computer
collected the data.
The described set-up was applied to determine
radium nuclides in environmental water samples two oligocenes, one mineral and two brines. Small
amounts of 2 24 Ra, and

2 26

Ra from large volumes of

the environmental waters were separated and
preconcentrated on a cryptomelane MnO 2 sorbent.
The sorbent has been demonstrated to show
excellent ion-exchange selectivity towards cations
with crystal ionic radii of 130-150 pm, e.g. K+,
NHt, Ba2+ and Ra 2 + [10]. The water samples were
passed trough a cryptomelane-MnO 2 filled column
(0=10 mm, h=35 mm) in the reverse-run process
with the flow rate of 1 di 3 h 1 . In the case of
oligocene (low saline water) the volume of the
water samples was 40 d& 3 ; for mineral water it was
10 dm 3, and in the case of brine (highly saline
waters) preconcentration from only 5 di 3 was
sufficient to accurate determination of the radium
nuclides. After Ra2+ adsorption, the sorbent was
removed from the column and dried at 600 C. For
each type of water, the efficiency of radium absorption was checked by spiking the water samples with
a know amount of M Ba.
The response functions of our experimental
set-up for the 2 26Ra and 2 24 Ra activity sources have
been measured. The calibration sources were prepared by adsorption of known activity of 226 Ra and
224 Ra on cryptomelane MnO 2 samples. Theoretical
description of the experimental data was performed
using Baternan equations [11], which describe
radioactivity as a function of time for all elements
of a sequential radioactive series. The response for
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226Ra can be simply calculated for the radioactive

chain taking into account a-particles emitted by
radioactive elements from 2 2 2Rn to 2 14po. Since the
half-life of 2 26 Ra is very long, we assumed the
constant production of 2Z2 Rn in the source in the
time of our measurements. In the case of 22 4Ra the
response curve can be calculated using Bateman
equations

for the radioactive chain taking into

account nuclides from

22 4

Ra to

2 12

1Bi.

Figure 2 shows an example of response curve Irom
the sample of mineral water from the Kudowa spa

the
sample of mineral water from the Kudowa spa
azoo*
loco
C
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Ewe
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o
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400
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presented in Table. In the oligocene waters
commonly used in the Warsaw region the concentration of all radium nuclides is negligible, while in
the mineral waters from the Lower Silesian spas
and especially in the brines of Ciechocinek and
Konstancin spas the activity of radium reaches the
level of several Bq dm-3 .
Tlable. Activity of224, 226 ,2 28 Ra invarious environmental waters.
.
T
.
.
226
224
Origin
Type
Ra
Ra and 22Ra
of water

Wola

of water [mBqdm-3i
oligocene
.4 0.3

Dept. Geology oligocene
*_ - f *Kuduowa K 200 mincrat

ImBq dm -}l

1.0 ±0.3

1.0 ±0.2
93
12

+0.4
148 +6
3.1

Ciechocinek

brine

<0.5

22 300 ±100

Konstancin
|0

brine

4 600 :100

4 860±50

The method described above is simple and fast as

9

S 200
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|
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jII.
Fig.2.a-particle counts vs. time [h] for the mineral water sample
taken from the Kudowa K-200 source. Three days after
sampling (upper curve), 8 days (middle curve) and after 36
days (lower curve).

(K-200). The

2 24

Ra and

2

activities in the

compared with other methods used in analytical
ractice. It is possible to determine the 224Ra,
26
2 Ra and 2 28Ra radionuclides simultaneously in
one measurement. The limit of detection is very
low, below 0.2 mBq dm-3.
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ADSORPTION OF 220Rn
ON DIOXYGENYL HEXAFLUOROANTIMONATE SURFACE.
A MODEL EXPERIMENT ON THE CHEMISTRY OF ELEMENT 112
Aleksander Bilewicz, Krzysztof Lyczko
The relatively long half-lives of isotopes of the eAcments 112 and 114 discovered recently at the Joint
Institute for Nuclear Research in Dubna permit for
the first time to study the chemical properties of
these elements, The nuclide 283112 (Tig 2=3 min)
was synthesized in the nuclear reaction 8 U( 4 8 Ca,
3n) with a cross section of about 5 pb [11.
Extrapolation of the chemical properties in the
Periodic Table indicates that the element 112
should belong to the Group 12, like Zn, Cd, and
Hg. On the other hand, strong relativistic stabiliza-

tion of 7s orbitals causes the element 112 to be
volatile and chemically inert, and therefore to
resemble more Rn than Hg [21. The Table presents
the ionization potentials and ionic radii of element
112 as well as those of Hg, Rn and Xe for
comparison. The data for the element 112 and Rn
are theoretically calculated, while those for Xe and
Hg are experimental.
The ionic radius (IR) of 1122± has been estimated using the procedure described by Siekierski [21,
i.e. from the linear dependence of IR on the ex-
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pectation value of orbital radii <r> of the outermost orbitals (nd 3 /2, nds12) for lighter homolo s.
Due to the unique electron configuration of 1 1 2L+,
the 6d 3/2, 6d5 2 and 7s orbitals were considered as
outermost. The estimation gives IR=118 pm for
CN=6.

The thin film surface of dioxygenyl hexafluoroantimonate was used to study adsorption of 2 20Rn.
The 22 0Rn (T1 /2=55 s) was obtained from a 2 24 Ra
generator. Figure shows the gamma spectrum of the
dioxygenyl hexafluoroantimonate surface after
exposition to the 22 0Rn. The peaks in the gamma

Table. Ionization potentials and ionic radii of Hg, Xe, Rn and element 112.

Hg

Xe

Rn

5d

|56p

4

10.2

12.1

10.8

12.0

18.8

21.0

18.0

22.5

Ist + 2nd ionization potential [eV]

29.0

33.1

28.8

34.5

2

102

Electron configuration of M2
Ist ionization potential fcV]
2nd ionization potential

leV]

Ionic radius of M + [pm) (CN=6)

As shown in the Table, the ionization potentials
for 1122+ are higher than those for Hg and Rn, also
the ionic radius is greater than that for Hg 2 . so we
can conclude that the reactivity of element 112
would lay between those of Xe and Rn, probably
closer to Xe.
In this work we studied the chemical properties
of Rn as an expected homolog of element 112, with
the hope that the results would allow us to plan an
experiment on the chemical identification of element 112.
As a model experiment on the chemistry of
element 112 we studied adsorption of Xe and Rn
on a thin film surface of dioxygenyl hexafluoroantimonate. The dioxygenyl compounds of hexafluoroplatinate, heksafluoroarsenate and hexafluoroantimonate are well known as very effective oxidizing
and adsorbing agents for Xe and Rn 31I.We have
synthesized dioxygenyl hexafluoroantimonate in then
form of thin film surface. One drop of antimony
pentafluoride was placed on a stainless steel disc,
and then reacted with fluorine and oxygen from a
gas mixture according to the following reaction:
2°2
F2+ 2bF5hv 20+b,
202 + F 2 + 2SbF 5 -hv 2O~SbFg
Due to high reactivity of fluorine we used a
dilute gas mixture. The whole installation was made
from Monell alloy, teflon and Pyrex glass. The gases
were dried before the reaction. After less than one
minute of the contact of the gas mixture with dioxygenyl hexafluoroantimonate we obtained a white
solid film, which was stable at room temperature.
The product was highly sensitive for humidity.
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spectrum belong to 2 12Pb and 212 Bi, which are
descended from the decay 2 20 Rn.
Dioxygenyl hexafluoroantimonate oxidizes Rn
and adsorbs the product in the reaction:
Rn + 202 SbF 6 -a
RnF+Sb2 Fft + 202
The proposed studies would help us in explaining whether the element 112 is similar to its lighter
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Fig. TIhe gamma spectrum of O2SbF6 after exposition to the isotope of 220Rn.

congeners in Group 12 as indicates the normal
continuation of the Periodic Table, or to the noble
gases as suggested by the theoretical predictions
based on the relativistic calculation.
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HYPERVALENT TROPOLONATES OF 13 GROUP METAL IONS
AND THEIR TOPO ADDUCTS. THE DENSITY FUNCTIONAL STUDIES
Jerzy Narhutt, Marian Czerwifiskil/

0L

a Chemistry Institute, Pedagogical University, Czqstochowa, Poland
In an earlier communication [1] we reported on experimental studies on adduct formation between
trioctylphosphine oxide (TOPO) and tropolonates

of trivalent metal ions of Groups 3 and 13, supplemented by theoretical calculations of structures,
energies and charge distribution for the chelates
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and adducts, based on the Density Functional
Theory (DFT). Both experimental and calculation
results have shown that the 1:1 adducts formed by
Group 3 metal chelates are much more stable than
those formed by Group 13 metal chelates (Table),
the contribution from the differences in ion radii
being less important. We explained the obtained
order of increasing stability constants of the
adducts, In<TI< <Sc<Y, (equivalent to the
tendency to increase CN of a central metal ion in
the neutral chelates) in terms of electron structure
of the metal ions, in particular in terms of
hybridization theory. Because of lower energies of
(n-1)d than rid orbitals of an ion, promotion energy
required to transform a p-block metal ion to the
valence state V6 (nsinp3nd 2 hybridization) was
expected to be much higher than that for a d-block
metal ion [(n-1)d 3 nslnp2 ]. Also the promotion
energy E6 7, related to the transition V6 - V7, was
expected to be much higher for p-block elements
(ns'np3 nd 3 ) than that for the d-block ones
[(n-1)d3 nslnp 3], which should be reflected in the
energy of adduct formation.
The experimental stability constants of the metal
tropolonate - TOPO adducts given in the Table
have been corrected for the effects of tropolone TOPO association in the organic phase [2]. There is
also evidence for formation of some 1:2 adducts.
Also the chelates of Group 3 metals are much more
stable than those formed by Group 13 metals [21.

63

binding of the seventh ligand to the hypervalent
chelate should additionally decrease the electron
population on the MOL bonds in the adduct by
1/7. This has really been observed for In and TI,
where the M-O- populations in the TMPO adducts
are by about 13 ±2% less than those in the corresponding chelates (Table , contrary to the Sc and Y
adducts, where the M-O - populations remain practically the same as those in the chelates. Therefore,
we suppose that the adducts formed by In and Tl
chelates are also hypercoordinate, with their bonding MOs formed only from the ns and rip orbitals of
the d'11 ions, with no participation of either filled
(n-1)d or virtual nd orbitals. In contrast, Sc and Y
chelates form stronger `normal` adducts with seven
bonding MOs in which the vacant (n-1)d orbitals of
the metal do participate. Indeed, the analysis of
charge distribution on the metal ions shows that the
d-block ions accept some electron density from
TMPO in the adducts, in contrast to the p-block
metals, which increase their positive charge in the
adducts [21. Also the analysis of the electron population of basis metal AOs contributing to bonding
(MN-OL) MOs in the chelates betokens a contribution from the d orbitals of Sc and Y, but none
from those of In and TI. The same has been observed in the case of the adducts (M-OB bonding).
The expansion coefficients of the bonding MOs
show that the d orbitals of Sc and Y in the adducts
accept practically the whole charge equal to the

Table. Experimental stability constants of the M(trop)3.(T(PO)n adducts 121, calculated Mulliken populations of the M-O bonps in
the model M(adik)3 chelates and their TMPO adducts, and average energies (in atomic units; t a.u.=2262 ki mol
) of
selected orbitals in the model adducts.
tM

Adduct stability constants
1o09,3,1
og03,2

q(M-OL)
chelates

Orbital energies lau.l
E(7)

adductsE(o)

]

In

0.97 ±0.10

1.86 +0.10

0.177

0.150

-0.027 (15%)

-0.4132

-0.2904

T]

1.35 ±0.08

(0.3 ±5.9)a

0.134

0.119

-0.015 (11%)

-0.4129

-0.2897

Sc

4.27 ±0.03

-a

0.155

0.159

)004 (3%)

-0.4099

-0.2936

4Y

4.99 ±0.05

7.39 ±0.08

0.160

0.154

-0.006 (4%)

-0.4135

-02943_

(

a The P3,2 value could not be determined because of either insufficient TOPO concentration in the experiment (Sc) or the
antagonistic effect in solvent extraction at higher TOIPO concentration (TI).

In this work we have carried out additional DFT
calculations [1,2] of the charge distribution (Mulliken electron population) on the M-O bonds in the
model M(adik)3 chelates and their TMPO adducts
(Table), which throw more light on the problem. It
may be assumed that less stable both [ML 3]
chelates and [ML 3 .TMPOJ adducts of the dlj ions
(Table) do not necessarily imply that the high-lying
virtual nd orbitals of the (n-l)d ions participate in
bonding. Moreover, general considerations suggest
that the use of these distant nd orbitals is unlikely
[3,4J. Molecular orbitals of such a complex with e.g.
six ligands can be formed using only four orbitals of
the central ion (s and p) and six ligand orbitals.
Thus, four bonding and four antibonding MOs are
formed, and the two ligand orbitals remain nonbonding. This results in lowering the average bond
order and decreasing the electron population in the
MOL bond region, therefore in less stable hypervalent (or hypercoordinate) complexes [3,41. The

difference (ca. 0.03 a.u.) between the Aq values
calculated for the adducts of d-block and p-block
metals [2].
Rather high electron population on the In-OL
bonds (the population on the Tl-OL. bonds is low,
as expected) can be explained in terms of incomplete screening from nuclear charge by the filled d
shell, which increases the effective charge on the
p-block ion, and also the population of the bonds.
This is in line with the high negative AEdeh and
AEint values for In [2]. The lack of unoccupied
(n-1)d In orbitals able to accept the electron density
makes the M-O- charge separation in [In(adik) 3 J
the highest [2], i.e. the smallest shift of electron
density from the ligands to the metal ion. On the
other hand, particularly strong stabilization of TI 6s
and 6p112 orbitals, due to the presence of filled 4f
shell and relativistic effects [51, should result in a
greater shift of electron density from the ligand:.; to
these orbitals, which is the reason for the low
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ab

Fig.1.3D contours of selected bonding molecular orbitals in the [Y(adik) 3 TMPO adduct: (a) o symmetry, E(GT)
symmetry, E(.r) = -0.2874 a.u.

positive charge on the TI"', ion in the chelate, and
for the small electron population of the TI-O1bonds.
In all the adducts, the M-OH bond is significantly
shorter than the MOL bonds, though this is not
reflected in the bond populations. A possible
reason for shortening the M-O0 bond is its partially
jr-bond character, as discussed below. Its lower
electron population can be due, in turn, to the lack
of charge on the TMPO ligand, whereas the acdik
ligands are negatively charged. In any case, the In
and TI adducts studied give us an interesting case of
hypervalent bonding strenghtened byr-bonding.
The examination of the system by means of
MOLDEN, a program for visualization 161, shows
that there exist sets of lower-lying multicentred
bonding MOs of a symmetry, responsible for the
formation of TMPO adducts of Y and Sc chelates.
In the Y adduct, these strongly bonding MOs (ca.
-1.0 a.u.) are formed from the MOs of the chelate
(-0.957 a.u.) and TMPO (-0.923 a.u.), with the contribution from AOs of the metal (s and p, ca. 25%)
and 0 atoms only. In the Sc adduct, these MOs (ca.
-1.3 a.u.) are weakly bonding because they are formed almost entirely from the metal orbitals. The In
and TI adducts have no bonding MOs in the region
of lower energies. The only orbitals in the latter (ca.
-0.75 a.u.) are practically pure, occupied AOs (d) of
TI, while there is no contribution from indium A~s
in the former.
In all the adducts there are higher-lying (ca. -0.41
a.u.) bonding MOs of a symmetry (Fig. la). They are
more strongly delocalized (apart from mainly the 0
atoms, they also extend to the C atoms), and they
are formed with the participation of occupied
orbitals of a symmetry: the HOMO (ca. -0.22 a.u.)
of the chelates, and the HOMO-2 (-0.3317 a.u.) of
TMPO. Surprisingly, the latter does not describe a
lone electron pair on the OH atom, but the a
electron pair of the O=P bond. The energy gain is
due to redistribution of the electron densities of

-0.4006 a.u.; (b)'r

both MOs over the delocalized orbitals. This rather
unusual picture can be explained assuming that (1)
the lone electron pairs on the OB atom participate
in another bonding, and (2) the 0 B atom changes
its valence state and hybridization from Sp2 in the
free TMPO molecule to sp3 or rather spm in the
adduct (m is a fractional value less than 3). The
most important is the observation that the contribution from the metal AOs to these multicentred
bonding MOs in the adducts is quite different for
the d- and p-block metals. It is equal to about 7%
from the d orbitals of Sc and Y, but none from
those of In and TI, in line with the hypothesis of
hypervalent character of their adducts.
The expected additional bonding between TMPO
and the chelates has been exemplified by another set
of bonding MOs found in each adduct: higher-lying
(ca. -0.29 a.u.), of symmetry typical for jr-type interactions (Fig.lb). These MOs are greatly delocalized;
their electron density extends over the whole adduct
molecule, in particular the 0 B and OL atoms. These
MOs are formed from orbitals of the same symmetry, presumably the chelate LUMO localized
mainly on the 0 atoms (ca. -0.13 a.u.), and the
TMPO doubly degenerate HOMO (-0.2336 a.u.),
which accommodates two lone electron pairs localized on the TMPO oxygen. This 7r-type interaction
betwecn the two lone electron pairs and the adik
ligands enhances the deformation of the adduct
molecule and increases the MOP angle to 130-140"1,
as calculated.
The energies of both ar- and r-type bonding MOs
in the adducts (Table) are closer to the energies of
the original MOs in TMPO, not in the chelates.
This is in line with the earlier conclusion (based on
Aq values) that the TMPO electrons are mainly
responsible for the TMPO - chelate bonding. The
moderate asymmetry of this bond together with the
results of bond population analysis show that both
covalency and ionicity determine the bond character.
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THE STRUCTURES OF Bu4N [MX4] SALTS WITH M=AI, Ga, In, iiiNiiu
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distance between Ga and In is almost equal to the
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crease in the M-1 distance. The small increase in the
M-X distance between In and TI is no doubt the
effect of the 4f-block contraction and is probably
also a relativistic effect which confers a high degree
of covalence on the TI-I bond.
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CYTOTOXIC EFFECTS OF PLATINUM(II) AND PALLADIUM(II) CHLORIDES
COMPLEXED WITH DIMETHYLSULFOXIDE
AND METHYL 3,4-DIAMINE-2,3,4,6-TE:TRADEOXY-a-.lLYXO-HEXOPYRANOSIDE
STUDIED IN L1210 CELL LINE
Leon Fuks, Marcin Kruszewski, llanna Lewandowska, Wtodzimierz lewandowskil/, Waldemar Priebe 2 /,
Krystyna Samochocka3/
/ Division of Chemistry, Technical University of Bialystok, Poland
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sive fields. It would be difficult to provide even a

their use in biological systems are constantly expan-
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relating to their compounds as chematherapeutic
Biological activity of the newly synthesized comagents. Among the most active inorganic species
pounds was studied using mouse lymphoma L1210
with the antitumor properties are accounted the cell line. Cell suspension was diluted to the density
neutral complexes, i.e. the cis-IPt(NH 3 )2 C12 1 deriof 20)0 000 cells/mI and an appropriate aliquot of
vatives. However, chematherapeutic properties
the tested compound stock solution (1 mg/ml) was
have been reported also for the cationic platinum
added to obtain indicated final solution. Cis-placomplexes [Pt(R'R"SO)(diamine)Cl]NO 3 with diatinum was used as a reference. Cells were treated
mine being e.g. 1,2-diaminocyclohexane [11. These with tested compounds for 1 h in PBS. Immediately
complexes may act by binding to DNA with the after treatment, the cells were centrifuged and
subsequent release of sulfoxide ligand. Their antiresuspended in a fresh culture medium. The
tumor activity depends on the nature of both the
number of viable and dead cells was determined 48
amine and the sulfoxide molecules.
h after treatment using a Burker haemocytometer
Our previous studies on the neutral cis-dichloroand a nigrosine exclusion test. Relative cell number
platinum(I1) and cis-dichloropalladium(I1) corm- was determined as the ratio of the number of viable
plexes with the methyl-3,4-diamino-2,3,4.6-tetradeoxy-a-L-lyxopyranoside, C7 HI 6 N2 0 2 - a modified
14
CISPT
carbohydrate portion of daunorubicin have shown
1.2
o
PTDMS0
certain biological activity against leukemia cells
_
_
_
_
_
_
[2,3]. As a continuation of these studies we have
.c PhDDMSO
prepared cationic compounds with the dimethyl- E 08 __
_
sulfoxide (DMSO) molecule replacing one chloride
08
anion. It is well known, that platinum(I1) complexes
,
.
enter the tumor cells prior to their hydrolyse and X 04
formation of numerous cationic aquo-complexes.
i
C02
The latter bind the DNA providing its cytostatic
alterations. It has been already proposed, that these
00
cationic species assure the therapeutic properties of
Drug concentration Imgimll
the cis-platinum.
Fig. Relative cell number in L5178Y cell lines treated with the
In the present contribution we describe thc cationic
newly synthesized compounds.
complexes [M(diaminosugar)(DMSO)CIJNO 3 DMSO,
where M stands for the platinum(ll) or palladium(Il) catcells in the test culture to this in the control
ion, respectively. The investigated complexes have been
culture. Relative cell numbers at the tested concenprepared according to the reaction:
trations of the compounds are shown in Fig. The
M(C 7H 1 6 N2 0 2 )C12 + DMSO + AgNO 3
toxicity of the new platinum compound was similar
[M(C 7 H 1 6 N2 0 2 )(DMSO)CI]NO 3 + AgCI 4
to that of cis-platinum. On the contrary, the new
by mixing the [M(C 7 H16 N 2 02 )Cl2 ] with an
palladium compound was less toxic. Less toxicity of
equimolar amount of AgNO3 in methanolic-DMSO
the palladium compounds was already reported in
solution. Synthesis of the initial platinum-diaminothe literature and can be related to the lower
sugar compound is described elsewhere [4]. After
reactivity of the palladium derivatives [6].
filtering off the precipitated AgCI, the resulting
This research was supported by the Polish State
solutions were diluted with acetone until solid
Committee for Scientific Research (KBN) in the
reaction products appeared. The obtained crystals
frame of the Research Contract No 4 PO5F 037 15.
are stable in solution unless there is a competing
ligand. In the presence of the chloride ions their
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coordinated sulfoxide molecule has been already
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observed [5].
2001, p. 101.
The structure of the cationic complexes was [31. Kruszewski M., Boukyk E., Samochocka K., Fuks L..
studiedRLewandowski
uigte RpcpyTh
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studied using the FT-IR spectrosco~py. T he IR data
INCT, Warszawa 2001, p. 102.
have shown that the cationic complexes retain free 141.Samochocka K., Anulewicz-Ostrowska R., Kruszewski M.,
molecules of DMSO even after recrystallization from
Lewandowska H., Lewandowski W., Priebe W., Fuks L.: New
alcohol. The S=O stretching mode of free DMSO is
1. Chem., in preparation.
observed
1055at cri-1
about
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observed at about 1055 cmt and the coordination
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of DMSO through the sulphur atom is indicated by
16]. Curic M.. Tusek-Bozic l_.J., Vikic-Topic D., Scarcia V., Furan increase in the value of v(S=O) up to 1160 cm .
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The infrared spectra contain also characteristic vN-H
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absorptions in the 3000-3450 cm - i and strong bands
at 1592-1607 cm-1 , assigned to numerous NH 2
binding modes. The Cl-H bending vibrations at about
*Methyl - 3,4 -diamino -2,3,4.6- tetradeoxy - a - L - lyxopyranose
837 cm-1
~~~~~~~~~~~~(C71114N202)
has been synthesized in the Texas University, M.
837 cm 1 confirm the a-anomeric configuration of
D. Anderson Cancer Center (-louston, USA). The procedure of
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ELABORATION OF A METHOD OF GROUP SEPARATION OF REE
FROM BIOLOGICAL MATERIALS FOR THEIR DETERMINATION BY RNAA
Bozena Danko, Ra jmund Dybczynski

With the development of new materials technology,

REE

agriculture and medicine, the rare earth elements
(REEs) are increasingly moving into the ecosystem
[1,2]. Therefore, it is of significance to study the distribution of REEs in biological materials that can
help to evaluate the extent of their pollution of the
environment and to assess their potential hazard.
On the other side, the beneficial influence of REE
on the growth of plant, has been reported [3].
As a result of the increasing concern about the
control of REE concentration in the environment
and the urgent need for toxicological studies [2],
the accurate determination of REE in biological
materials is of great importance. However, chemical
and physical similarity of REE, their typically low
abundance in nature and small number of certified
reference materials make the quantification of
individual REE a difficult analytical task.
The suitability of radiochemical neutron activation analysis (NAA) for the analysis ofufg/g concentration levels of REE in biological materials as
complementary to ICP-MS, the method with highest potential, has been considered [4-61. Due to the
suppressive effect of highly radioactive biological
matrix and potential interference from uranium
fission products, the separation of REE from the
accompanying elements, with the high decontamination factor, is necessary.
The objective of this work was the elaboration of
reliable analytical scheme for quantitative and selective pre-irradiation isolation of lanthanide elements from biological materials and rapid post-irradiation separation into two groups, enabling interference free gamma-spectrometric measurements of
respective radionuclides and, in consequence, accurate determination of REE.
On the basis of the experiments with radiotracers

EDTA [81 allow intragroup separation. Macro
amounts of Th are added to the REE fraction dissolved in 0.005 M NaCI and after pH adjusting to 2
with 0.5 M HCI, EDTA (Na 2 H2 Y) is added to the
sample. The molar ratio of EDTA:Tb is preferably
1:3. Sample is passed through the column with
Dowex 50 WX4 [Na t]. After elution with 0.005 M
NaCI the light REE are retained on the resin and the
EDTA complexes of heavy lanthanides pass to the
eluate. Th is found in both fractions. The results of
experiments on a model solution are shown in Fig.

-

complexes

with aminopolycarboxylic

acid,

0
80
pH=

0"

pH =4,9

20

pH =2,7

0

pH=2

_

La Nd Eu Tb YbL
U
Fig. The iniluence o pH of sample solution on retention ot

1 0
4 I-a, 14 7 Nd, 15ZEu 16 0 -TbQ17 5 Yb and 17 7 Lu on Dowex
50 WX4 lNa+l in the presence of Na2H2Y and macro
amounts of 'b, molar ratio 1:3.

Special care was taken to check the recovery
efficiencies of REE ions during isolation of REE in
the devised procedure. The following radionuclides:
140
La, 141Ce, 153 Sm, 160Tb, 175 Yb, 177Lu in the
presence of non-irradiated samples of plant
(CTA-OTL-I) and animal (NBS1566 Oyster
Tissue) origin, after passing the pre-irradiation

we propose an effective separation scheme for the

procedure,

determination of lanthanides by NAA in combination with microwave digestion for sample decomposition and ion exchange column chromatography in
pre-irradiation and post-irradiation stage.
In the pre-irradiation stage of the procedure the
uranium is quantitatively isolated from the analytes
(together with the elements forming strong chloride
complexes) by column chromatography in the
system: Dowex 1 - X8 [Cl-] - 8 M HCI. Alkali
metals and alkali-earth metals are removed from
the sample using cation-exchange chromatography
on Dowex 50 WX4 [H'] and stepwise clution with
0.75 M HCI/H 2 0/1 M HNO 3 . The whole group of
REE is rapidly eluted from the column (with 100%

experiments were carried out to investigate the
matrix effect on the analytes during the procedure.
Additionally, the real irradiated sample of a small
mass (ca. 100 mg), in the mixture with non-irradiated materials, added to obtain the sample of
typical mass (ca. 500 mg) were passed through the
whole procedure. These experiments provide the
information about the real behavior of analytes,
without the risk of high activity.
Work on the application of the above procedure
to the determination of REE in several biological
CRMs is in progress.

of recovery) using 5 M HNO 3 .
In the post-irradiation stage the intra group separation is carried out, taking advantage of the slight
differences in physicochemical properties between
heavy and light REE metals due to "lanthanide contraction" 1[]. Differences in stability constants of

show the recovery

98-101%.

Thesc
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ELABORATION OF A PROCEDURE FOR THE DETERMINATION
OF SOME TRANSITION AND ALKALI METALS IN ENVIRONMENTAL SAMPLES
BY ION CHROMATOGRAPHY
Krzysztof Kulisa, Halina Polkowska-Motrenko, Rajmund Dybczynski
Studies aimed at the elaboration of an ion chromatographic (IC) determination procedure of some
chosen transition, alkali and alkaline earth elements [1,2] have been continued in the year 2001.
The efforts have been focused on the determination
of some elements difficult to analyze with the use of
neutron activation analysis (NAA) (e.g. Ca, Mg, Pb,
Cu, Fe, K, Na, Ni) in a variety of environmental
samples - mainly in the biological ones.

were weighed into two PTFE vessels (110 ml each)
and digested in a microwave oven (Plazmatronika
Service, Wroclaw, Poland) with 5 ml of concd.
HNO 3 (Merck) according to a 3-stage procedure (5
min - 60% of power, 5 min - 80% of power, 15 min 100% of power). After the mineralization, solutions
were transferred quantitatively into PTFE evaporation dishes, then 4 ml of concd. HF (Merck) was
added into each of the samples and the solutions

Table 1. Results of Fe, Mn, Cu and Zn determination in CTA-OTL-1 by IC.

~Dilution

Fe [ppm]
Information"

IC

IC

Mn [ppm]
Certified

Cu [ppm]
Certified

[

j value [12]

value [12]

IC

Zn [ppm]
Certified

value [121

I

value [12]

1:100

923 +46.2

n.d.

n.d.

1:50

1017 ±50.8

n.d.

n.d.

1:25

1021 +51.
t
1

1:10

1026+±51.1

398 ±19.9

13.62 ±1.4

50.56 +5.1

1:5

829 ±41.5

404 ±20.2

n.d.

47.14 ±4.7

non-diluted

670 ±33.5

532 ± 26.6

n.d.

65.00 ±6.5

989

401 +t2e0]

412 + 14

n.d.

n.d.
n.d.

j

14.1 +tO.S5

n d.

49.9 +z.4

n.d. - not determined

The reliability of the elaborated procedure has
been checked with the use of CRMs with a certified
content of determined elements and by applying the
"definitive" and/or "very accurate" methods for
several of elements in question (Cu, Co, Ni, Cd).
Those methods have been elaborated in our Laboratory previously [3-9].
The IC analytical procedure consists of chromatographic separation and quantitation step preceded by sample preparation steps consisting of mineralization of biological matrices, dilution of obtained solutions etc. before their injection to a chromatograph. The final mineralization procedure of
biological samples has been as follows [10,111. The
samples of biological material (ca. 350 mg cach)

were evaporated to wet residues in order to remove
silica. Then, 2 ml of concd. HNO 3 and 2 ml of
concd. HF were added into each of the samples and
the solutions were evaporated to dryness. Finally,
the residues were dissolved in 10 ml of HNO3
(1+4) each. All reagents used were of spectral
purity. The solutions have been transferred into
one PE vessel and then weighed. The blank solutions were prepared in the same way.
The obtained solutions (samples and blanks)
have been analyzed by ion chromatography according to [11, using an ion chromatograph Dionex
2000i/SP. In the case of determination of the transition metal cations, the ion chromatograph has been
equipped with an Ion Pac CS 5 analytical column,

Table 2. Results of determination of Na, K. Mg, Ca and Sr in certified reference biological materials by IC.
CTA-VTL-2
Element

Certified or
[ppm]

110 300 +±500

Mg

5500+270

Ca

34d800 +1 700

Na

n.d.

Sr

102 ±5.1

n.d. -not determined.

I

"information' value [131
[ppm]

_____ ________1
flK

CTA-OTL-1

1

Certified or

[ppm]

"information" value [121
[ppm]

10 300 +±400

15 300 +±760

15 600 +±500

5100±230

4562±228

4470 ±210

36e000
312
|

]

IAEA-78

110

1 500

31500
'

1 600

31i700

1 200

Certified or
IC
"information" value [14]
[ppm][pm
11 500 + 570 |
715 ±35.7
967 ±48.:|

11 400
773
920.3 _203

n.d.

345

9 921 ±496

9 663

n.d.

201 ±20

n.d.

n.d.
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Table 3. Results of determination of Fe, Mn, Zn, Cu and Ni in candidate reference biological materials - Mixed Polish Herbs
(INCT-MPH-2) and Tea Leaves (INCT--1) by IC and ASA 1171.

INC-MPI 1-2

Element

Fe

INCT-TL-1

IC [ppmj

ASA [ppm]

IC [ppm]

468 -23.4

476 ±14.3

461 ±23.1

Mn

194 +±9.7

Zn

34.7 ±3.5

Cu

7.13 ±0.71

Ni

n.d.

-

ASA [ppm]
469.5 -14.1

201 ±4.02

1334 ±66.7

1628 ±32.6

33.1 ±0.66

35.99 ±3.6

32.2 ±0.64

5.77 +1.15

-

13.62 ±1.36

18.48 ±3.7

6.20 ±0.62

11.4 ±3.4

1.8 ±0.54

n.d. -not determined.

an Ion Pac CG 5 guard column and a post column
Ion Membrane Reactor. Eluents used were: 6 mM

abundant transition metal cations (e.g. Fe 3 +) and
lower for trace transition metal cations (e.g. Cu2 +,

PDCA

Ni 2 +, Zn2+). When non-diluted sample solutions

CH

3

+

50

mM

CH

COOH

3

+

COONa and/or 50 mM oxalic acid

50

mM

+ 95 mM

have

been

analyzed,

the
3

dominating

peak

of

LiOH. When determining alkali and alkaline earth

macro-constituent

element cations, the analytical column CS 12A has

line and

been used with the guard column CG 12A. Eluent
used was 18 mM methanesulphonic acid.

trace-constituents. Then, detection limits for such
2
2
2
2
cations as Cu +, Zn +, Ni +, Co + have been con-

Examples

of the

results

of determinations

(Fe

+)

has disturbed the base

masked closely situated

small peaks

of

of

siderably less favourable. The results of determina-

metal

tions of some alkali and alkaline earth cations by IC

materials:

Oriental

in two new candidate certified reference biological

Virginia

Tobacco

materials - Mixed Polish Herbs (INCT-MPH-2) and

Leaves CTA-VTL-2 and IAEA-fH8 Horse Kidney

Tea Leaves (INCT-TL-1) are shown in Tables 3 and

are presented in Tables 1 and 2. Each result reflects

4.

some

transition,

cations

alkali and

for several

Tobacco

Leaves

alkaline

reference

CTA-OTL-1.

earth

Table 4. Results of determination of K, Mg and Ca in candidate reference biological materials - Mixed Polish Herbs (INCT-MPH-2)
and Tea Leaves (INCT-TI--1) by IC (dilution 1: 100) and by ASA 117].
Element

full

IC

INCT-MI'l [-2

INCT-TL-|

IC [ppm]l

\SA [ppm]

IC [ppml

ASA [ppm]

K

19 280 ±964

18 900 +567

16 649 ±832

16520 ±495

Mg

2 866 - 143

-

Ca

10 350 ±517

analysis

procedure

of

2 151 ±107
5626 ±281

single

sample.

The uncertainty of the whole analytical procedure

Expanded uncertainties have been estimated for a

has been evaluated. The main contribution to uncer-

coverage factor of 2 [15,161. As one can see from

tainty of this multi-stage procedure (sample weigh-

Tables 1 and 2 generally good agreement between

ing, mineralization, transferring to the evaporation

the

determined

observed

for

and

certified

appropriate

values

sample

has

been

dishes, silica removing, residue dilution, transferring

dilution.

This

to the PE vessels, sample dilution and measuring)

factor was empirically established for each of the
investigated cations (the factors are higher for

has been given by the last two stages. The proper
sample dilution was found to be a critical parameter.

alkali and alkaline earth cations as well as for more

The expanded uncertainty of analytical results for

Table 5. Results of determination of Cu, Zn, and Ni in environmental samples originating from the sewage-treatment plants in Blonie
and Piaseczno by IC and ASA 118].
Sample

IC [ppm

ASA [ppm]
Zn

Cu

Ni

Zn

Cu

Ni

1/1

918 ±18.3

207 ±41.4

71.1 +21.3

900 ±90

208 ±21

n.d.

1/2

884 ±17.7

195 ±39

68.8 ±20.6

887 ±88

197 ±20

nd.

2/1

994 +19.9

252 +50.4

61.2 +18.4

1 015 ±102

250 ±25

n.d.

934 ±18.7

226 ±45.2

58.6 ±17.6

933 ±93

226 +23

n.d.

-

1 264 ± 126

2/2
3/1

3/2
4/1

1

1 280

25.6

1 215

24.33

-

-

1199 ±120

878 ±17.6

-

-

883 ±88

864 ±17.3

-

-

885 ±89

nSd. -not determined.
Sample 1/1 and 2/2 - sediment collected in years 1996-2001.
Sample 2/1 and 2/2 - dehydrated sediment collected in 2001.
Sample 3/1, 3/2, 4/1 and 4/2 - limed sediment collected in 2001.
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macro-constituents such as Na, K, Ca, Mg and Fe
has been evaluated to be 5% and for trace-constituents (e.g. Zn, Cu, Ni) to be 10% with a coverage
factor of 2.
Satisfactory agreement between the cation contents determined by IC, certified values in CRMs
andwith
teithobtined
te
R~
the obtained
and
the useof
use of "dfinitve"
"definitive" RNAA
methods confirmed that the IC method is a useful
tool for analyzing environmental samples. In Table
5, one can see the results of Zn and Cu determinations
.
by C and ASA methods in sediments
minations by IC and ASA methods In sediments

from sewage-treatment plants Blonie and Piaseczno. Very good agreement of the results has been
achieved for both methods.
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PRECONCENTRATION AND DETERMINATION
OF PLATINUM AND PALLADIUM IN ENVIRONMENTAL SAMPLES
BY GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROMETRY
Jadwiga Chwastowska, Witold Skwara, Elibieta Sterlinska, Maria Dqbrowska, Leon Pszonicki
Recently, a method of platinum determination in
environmental samples such as road dust, soil and
plant materials was elaborated [1,21. It is based on
the digestion of platinum from the samples by aqua
regia, its reduction to platinum(II) and separation
from the sample matrix by sorption on a column
filled with a dithizone sorbent formed by immobilisation of dithizone on the macroporous resin Diaion
HP-2M6 (acrilic ester polymer). Then, platinum was
desorbed by thiourea solution in hydrochloric acid
and determined by graphite furnace atomic absorption spectrometry (GF AAS). Although this method
fulfilled well the parameters required for analysis of
most environmental samples it showed, however, in
the application for analysis of a large number of
samples some shortcomings. The most important
one is a quick destruction of the graphite tube and
the corrosion of the furnace caused by the products
of the thiourea pyrolysis during the atomization of
samples. The other one is too high determination
limit for plant material (5 ng/g). In most samples the
concentration of platinum in the ash obtained after
its mineralization is very close to or below this limit.
The mentioned detection limit could be obtained
only with the application of deuterium-arc correction
of the non-specific absorption that is not the best for
determination of platinum in the graphite tube. The
absorption peaks obtained in this way are not always
well formed and for some types of samples may be
difficult for interpretation. The application of the
more favourable Smith-Hieftje correction system,
based on the broadening of spectral lines, deteriorates the detection limit. The other requirement that

assures this detection limit is the large amount of
sample solution (50 pl) that must be put into the
tube. It causes that the drop in the tube is not always
well formed which can deform the results.
The aim of the presented work was to eliminate
thiourea from the sample solution to be introduced
into the graphite tube tor atomization and to improve the detection limit to 1 ng/g by applying
Smith-Hieftje correction system. The additional
task was to expand the method also for the determination of palladium. The platinum contamination
of environment is caused by the automobile catalysts that contain also palladium in the amount only
a half smaller than that of platinum and, therefore,
the platinum contamination is usually accompanied
with palladium contamination. Since both the metals can be separated from the sample matrix on the
same dithizone sorbent, the method should enable
direct AAS determination of these metals in the
eluate from the column.
To avoid the presence of thiourea in the
atomized sample, the desorption of platinum by
this reagent [2] was replaced by the decomposition
of platinum-dithizone and palladium-dithizone
complexes on the column and washing them away
by concentrated nitric acid. This solution was
evaporated to dryness, the residue was dissolved in
1 M hydrochloric acid and in this form used for GF
AAS determination of platinum and palladium.
The improvement of the detection limit was
achieved in two ways, by reduction of the size of the
column and by gradual cumulating of the sample in
the tube. 20 ul of the sample was dropped into the
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tube and dried. For platinum determination this
action was repeated twice or more, if necessary, and
then the sample was atomized. The applied absorption column was 3 mm in diameter and 7 cm long.
Its dead-volume was 0.15 ml. The amount of the
resin in the column was 30 mg.
Samples (5 g) were digested with hot aqua regia.
The dried plant samples were burned at 4000C before
digestion. The solution after digestion was filtered
and transformed into the chloride form by double
evaporation with hydrochloric acid. Platinum in the
3 M HCI solution was reduced to platinum(ll), using
tin(I1) chloride, and then platinum and palladium
were separated from the matrix elements by passing
the solution through the column filled with dithizone
sorbent. The dithizone complexes of both metals
were decomposed and washed away from the column
with 2 ml of the concentrated nitric acid. The ohtained solution was evaporated to dryness and the
residue was dissolved in 2 ml of 1 N hydrochloric
acid. 10 ,ul of this solution was used for GF AAS
determination of palladium and twice 20al for determination of platinum. The following measurement
parameters were applied: pyrolitic graphite tube, pyrolysis temperature 8500 C for palladium and 1250`C
for platinum; atomization temperature for palladium
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2500`C and for platinum 2550'C; Smith-Hieftje
non-specific absorption correction; peak high
absorbance was measured at a wavelength of 247.6
for palladium and 265.9 nm for platinum.
The parameters of the proposed analytical
method for platinum determination are as follows:
lower limits of determination 0.5 ng Pd/g and 1 ngg
Pt/g; relative standard deviation calculated on the
basis of seven parallel determinations SDR=0.09;
recovery of the added standards varies in the range
95-100% depending on the type of sample matrix.
In the samples of road dust, soil and grass
collected on or beside a busy suburban road on the
north side of Warsaw the following average level of
concentrations was found: in road dust 8 ng Pd/g
and 25 ng Pt/g; in soil 8 ng Pd/g and 35 ng Pt/g; and
in grass palladium was not detectable while platinum concentration was about 1 ng/g.
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RADIONUCLII)E CONCENTRATION MEASUREMENTS
IN SOLUTION AND COAL FLY ASH. A SECOND PROFICIENCY TEST
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Joachim Kierzek, .lozef Paru~s, Boiena Matoklewska-13ucko, Malgorzata gwiderska
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Introduction
The International Atomic Energy Agency's
(IAEA) Analytical Control Services organised in
2001 a second proficiency test for participants of
the regional project on Quality Control and Quality
Assurance for Nuclear Analytical Techniques.
The main objectives of the test were:
- to check the accuracy and precision with which
the analyst can measure environmentally important radionuclides,

- to examine the effect of matrix on the accuracy
and precision of radionuclide determination.
It was requested to measure the activity concentration of the gamma-emitting radionuclides: 54 Mn,
57
Co, 5 8 Co, 59 Fe, 60 Co, 88Y, 95Zr/9 5Nb, 99 Mo/99 m91c,
06 u, 109Cd 110nA 1 13 n, 25 b 133Ba, 134
Cs
137cs 140La/140Ba, 44 ce, 15 2Eu, 154 Eu, 203 Hg and
24'Am, in solution and coal fly ash samples delivered by the IAEA. Only some of the listed radionuclides were present in the samples.
Standards and samples preparation
for measurements
Activity standards
POLATOM Isotope Centre (Swierk, Poland)
delivered 2 radioactive standard solutions
1. JM/5/0 (2 4 tAm - 3.1 kBq/g)
2. JM/15/0/101 (t5 2 Eu - 41.61 kBq/g)
and AEA Technology QSA GmbH (Braunschweig,
Germany) delivered one mixture of standard solution of radionuclides:

3. Mixture NG1, code QCYB41 (' 3 3 Ba - 3.07
kBq/g, 57Co - 3.06 kBq/g, 13 9Ce - 2.89 kBq/g, 85Sr
- 15.2 kBq/g, '3 7Cs - 5.98 kBq/g, 5 7Mn - 6.04
kBq/g 8 8Y - 1.51 kBq/g, 6 5Zn - 1.50 kBq/g).
Preparationof the standardsolutions
20 ml liquid scintillation vials were used as containers. To 2 vials the portions of about 0.2 g of
each standard solution were weighed out. All solutions were diluted with distilled water to 3 ml and
weighed.

Preparationof the IAEA solution
The content of the ampoule was transferred with
a pipette (2.30 ml total volume of solution) to the
counting vial and weighed (2.4457 g). 700 ul of
water was added and weighed again.
Preparationof a powdered standard
About 100 g of dry fly ash (grain size below 100
jum) was mixed with 130 g of acetone. To this mixture (pulp) 200 ul (by weight) of each standard
solution was added. The pulp was mixed for 1 h with
the use of a multiaxial blender. After drying to the
initial weight, the fly ash was mixed again during 30
min. Finally, the powder was transferred to a measurement container of 125 ml volume.
Preparationof the powdered IAEA sample
The sample was blended during 1 h in the
multiaxial blender. Then it was transferred to the
measurement container identical with the one, in
which the powdered standard was prepared. The
height of layer of both standard and sample was 30
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mm for the same mass of both. In this way a cormeasurement uncertainty at ±1o level (in per cent
rection for density was avoided.
in parentheses).
Equipment and counting method
The calculation of the relative uncertainty of
The measurements were performed with the use
activity concentrations is done by combining the
of a gamma ray spectrometer equipped with an
relative uncertainties of the count rate for unknown
ORTEC detector of GEM-90205-P type, 1.9 keV
and standard sample and activity of the standard
FWHM at 1.33 McV and 92.4% relative counting source [1-31:
efficiency and a 16 k digital signal processor of
A(S(R+ (5A 5 ) 2
2
DSPEC type.
S(A1 ) =
+ S())
(2)
The activity concentration of the isotopes presv
,s
u
sent in the samples was determined based on count- with the relative uncertainty S(A,)/A5 of standard
ing efficiency for each specific radionuclide. The activity obtained from certificate and relative unsamples and standards in identical containers were
certainties of the count rate S(R,)/R, and S(R,)/R,
placed directly on the detector top.
for standard and unknown sample, respectively,
The counting time of the IAEA samples was 48 h
where S(...) is an estimator of the standard deviaand for the standards it was 3000 s. The count rate
tion of a variable given in parentheses.
in all measurements was not higher than 1000 cps.
The first two terms under the square root of Eq.
For the single, well resolved peaks a total area
(2) describe the uncertainty of detection efficiency,
method was used with a background from 3 channels
ei, for the radionuclide i.
on each side of the peak. For the closely separated
The relative uncertainty of the count rates was
or overlapped peaks the Gamma-Vision-32 program
calculated from a fivefold measurement. In this way
of ORTEC was applied.
the uncertainties of counting statistics, the repeatResults and discussion
ability of peak areas calculation, the background
The activity concentration of: 5 4Mn, 6 5 zn, 8 8 Y, stability, the reproducibility of a source position in
152 Eu and 2 41Am was calculated from the formula:
relation to the detector, were taken into account.
Table. The IAEA and our values of activity concentration measurements.
Material

Unit

Coal fly ash

[Bq/kg]

tAFAvilue -Iss 1%]

Nuclide
5

Mn
Zn

65

tl

t

88y
_

241

Standard solution

i

Bq/g]

Am
Mn

54

l65Zn
v l

|

88yi

EU

1s5[%]

94.8 ±0.93 (0.98)
63 ±1.6 (2.5)
106 ±1.2 (1.1)

99.7 ±2.4 (2.4)
66.4 ±1.5 (2.3)
110.5 ±3.4 (3.1)

11t0 2.6 (2.4)
8.65 ±0.047 (0.54)

105.0 ±4.4 (4.2)
8.59 ±0.18 (2.1)

11.69+-.094 (0.80)

11.75

±0.24 (2.0)

19.8 +O.20 (1.0)

19.39 ±0.52 (2.7)

0.300 ±0.003 (1.0)

0.305 ±0.026 (8.5)

.|6.74 +0.040 (0.59)
*

Ourvalue

|

6.53 ±0.21 (3.2)

Standard uncertainty expressed as the square root of the sum of variances of all known sources of uncertainty.

Ru(i,E) x fd(i)
Au(l) =
ej x m
(X)
where: Au(i) - the activity concentration of radionuclide i [Bq/g]; Ru(i,E) - the net counting rate per
second in full energy peak of energy E associated
with radionuclide i; Ei - the radionuclidc specific
counting efficiency for radionuclide i, at a given
energy E; m - the mass of the sample [g]; fd(i) - the
c~~~~rre~~~~~fi~~~~n~
correction factor
for decay of fatrfrdcyo.rdould
radionuclide i,
between the reference date (2001-01-01) and the
time of measurement and during the measurement.
The results of the activity concentration measurements for all nuclides in both samples are given in
Table. For comparison, the IAEA values are included. These values were made known to us after
receiving our results. All results are reported with a

The uncertainties of the sample and standard
weighing of the gamma ray branching ratios and of
the decay constants are small in comparison to the
uncertainties considered and have been neglected.
For example, the relative uncertainty of weighing
was not more than 0.1%.
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CHROMATOGRAPHIC INVESTIGATION OF NATURAL DYES
IN ARCHEOLOGICAL COPTIC TEXTILES
Jowita Orska-Gawrys1 /, Katarzyna Urbaniak-Walczak2 , Izabella Surowiec 31 , Jerzy Kehl21 ,
Ilanna Rejniak2 /, Marek 1'rojanowiczlt 31
11

Institute of Nuclear Chemistry and Technology, Warszawa, Poland
2/ National Museum in Warsaw, Poland

3/ Department of Chemistry,
Liquid chromatography methods play an increasing
role in the chemical investigation of archeological
objects. These methods are especially valuable for
investigation of natural dyes originating from
natural living sources such as plants or animals,
which were used for dying fibers and fabrics in the
past. Dyes can be found directly in extracts from
natural species or become colored after various
chemical pretreatment such as complexation with
metals, hydrolysis or oxidation.
The National Museum in Warsaw is preparing a
unique permanent presentation of Coptic art, to be
opened in the late 2002. This exhibition will provide
an opportunity for a broad presentation of the
treasures of Christian art from the Valley of Nile,
and especially the collection of 80 Coptic textiles
from 4th to 12th century held by the National
Museum. The chemical identification of natural
substances used for dyeing of Coptic textiles is a part
of comprehensive research programme supported by
the Polish State Committee for Scientific Rescarch
(KBN), which will be of great significance for the
conservation and restoration processes and for
complete documentation of natural dyes used in

Warsaw University. Poland
The chromatographic studies were initiated by
Wouters [1] by HPLC examination of extracts from
Coptic textiles from the 3rd to 8th centuries. From
this and later works [5,6] one can conclude that
main natural dyes used in Coptic textiles identified
so far were weld, madder, kermes, cochineal,
indigo, lac-lac, Tyrian purple and tannin. In each
case they are composed of various chemical species
depending on natural source. Some of dyes used
have not been identified as yet.
The aim of this work was to develop an effective
extraction procedure allowing to identify both
chemical composition of natural dyes used, and in
further stage, natural sources of dyes used in Coptic
textiles.
Instrumentation
Chromatographic measurements were carried
out using the Shimadzu HPLC system which consisted of a gradient pump LC-1OAT, a phase mixer
FCV-1OAL, a diode-array detector SPD-M1OA and
a column thermostat CTO-1OAS. Separations were
carried out on a C18 column Luna 5 xm, 250x4.6
mm. Chromatographic data processing was carried
out using software Class-Vp from Shimadzu.

textiles from archeological sources.

Extraction procedure

The main topic of this chromatographic investigation using HPLC with photodiode-array spectrophotometric detection (PAD) is identification of
antraquinone, indigoid and flavonoid dyes of plant
and insect origin. Since the introduction of HPLC
to investigation of dyes in historical textiles by
Wouters [1], several papers on this subject have
been already published [2-11]. In the pioneering
work a reversed-phase HPLC on C18 columns with
a UV/VIS detector was used with a water/methanol
eluent containing formate ill. This methodology
has been applied to extracts plant roots and insects
used as a source of red dyestuffs for dyeing textiles.
The anthraquinone derivatives present in ancient
red dyes were determined after acid hydrolysis of
textile fibre. HPLC investigation of red dyes of
insect origin was later also carried out using chromatographic set-up with a PAD detector, providing
in a short period of time more spectroscopic information about the examined sample [2,31. Chromatographic separation conditions can be significantly
improved by the use of gradient clution with change
of acetonitrile concentration and the presence of
trifluoroacetic acid. Additionally, acetonitrile provides wider observation window in the wavelength
range from 200 to 275 nm. This method has been
used for a wide range of dyes and lake pigments [41.
The analysis of the dyes in Coptic textiles based
on chemical reactions was pioneered by Pfistcr [1 21.

A sample of fibre 0.5 to 3.0 mg was hydrolyzed
for 15 min at 100 0 C in 4 0 0pu1 of a 1:1 mixture of 3 M
hydrochloric acid and ethanol. The obtained extract
was filtered using centrifuge filters VectaSpin Mico
0.45 pum and evaporated to dryness in a vacuum
desiccator, then the obtained solid was dissolved in
50% methanol solution. The indissolved residue on
the filter was treated with 2 0 0 pul of warm pyridine
and filtered again. 20 ul of the hydrolyzate or
pyridine extract was injected into the HPLC set-up.
HPLC neasuirements
Gradient program I: Chromatographic separation in the hydrolyzate was carried out at 40 0 C
using a linear gradient of acetonitrile from 5 to
100% in 60 min. Eluent A contained 5% acetonitrile (ACN) and 0.1% trifluoroacetic acid (TFA)
in water. Eluent B contained 0.1% TFA in ACN.
Gradient program II: Chromatographic separation of the pyridine extract was carried out at 40'C
at a gradient increase of ACN according to the
following way: isocratic elution with 80% A and
20% B up to 9 min, a linear gradient up to 100% B
up to 15 min, and then 100% B. Eluent A contained water, ACN and tetrahydrofuran 50:45:5. Eluent
B - 5% tetrahydrofuran in ACN.
Chromalograms were recorded in the wavelength range from 200 to 700 nm. The ratio of content of the identified species was measured at 255
nm.
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Results and discussion
The reported investigations were carried out in
three stages. First, chromatographic measurements

expected signal for luteolin there are numerous
other unidentified signals. Their assignment, based
on HPLC/PAD data only, is practically impossible,

Table 1. Chromatographic retention times and absorption maxima for examined dyes.
Chemical compound

Retention time [minI

Gallic acid

6.1

Laccaic acid B

14.7

286, 491

Lac-lac

Carminic acid

15.8

274, 309, 494

Armenian cochineal

Absorption maxima

Natural dye where a given compound occurs

Gradient program I
214, 270

Tannins

Ellagic acid

17.4

256, 368

Tannins

Laccaic acid A

18.9

285, 492

Lac-lac

Lawsoroe

22.0

248, 275, 337

Henna

Luteolin

24.6

347, 253, 265

Weld

Apigenin

27.6

336, 266

Weld

Munjistin

30.3

250, 288, 419

Madder

Alizarin

32.1

251, 278.428

Madder

Purpurin

35.5

255, 293,479

Madder

Indygotin

35.9

609

Indigo

Gradient program II
Indygotin

7.5

609

Indigo

Indyrubin

8.5

540

Indigo

6-bromoindygotin

12.7

604

Tyrian purple

6.6 -dibromoindygotin

18.3

597

Tyrian purple

were carried out for all the purified dyes and
natural dyeing substances collected from various
sources, then HPLC data have been obtained for
extracts of dyes from contemporary fibres, which
were received from the Conservation Department
of National Museum in Warsaw. Finally, the
extracts from fibres, taken from the ancient Coptic
objects were analysed.

however, when identified they might be helpful in
identification of the source of natural dye used for
dyeing. Such situation was encountered in several
natural dyeing materials. Further examination of
these samples by HPLC with mass spectrometry
detection (LC/MS) is in progress. This technique
was also employed already for the identification of
natural dyes from fabrics [13,14].

HPLC of main components of naturaldyes

HPLC of extractsfrom contemporary dyedfibres

List of main, available for our measurements isolated components of natural dyes with spectrophotometric data and retention times in optimized conditions in two gradient procedures is shown in
Table 1, together with the reference to natural dyes
where these species have been already identified.
Maxima of absorption spectra in the UV/VIS range
are in good agreement with earlier data of Wouters
111 and Halpine [4]. In natural dyeing materials
often there are recorded numerous peaks beside the
main expected species. As can be seen, for instance,
for the aqueous extract of weld (Fig.IA), beside the

This step in the present investigation was
necessary for optimization of extraction procedures
and for observation of differences between raw
natural dyes material and its extract from hydrolyzed fibre. The acid hydrolysis procedure was that
from Halpine 14], however, methanol was changed
for ethanol, that resulted in evident increase of
efficiency of extraction and larger chromatographic
signals from the same hydrolysed sample.
In most cases of the examined natural dyeing
materials there were no significant difference
between chromatograms of the raw material and its
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Fig.I.A -Chromatogram of aqueous extract of weld purchased from G. Weil with detection at 255 nm. Identified signals: I - luteolin.
B - Chromatogram of hydrolyzate of extract of weld from G. Weil with detection at 255 nm. Identified signals: I - luteolin, 2 apigenin.
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Table 2. Natural dyes and identified main components in Coplic textiles.
Colour

Fibre

Identified dyes, ratio between identified main components, all
integrated at 255 nm

40

yellow

wool

madder (Rubia tinctorum); 51 alizarin, 49 purpurin

27

orange

wool

madder (Rubia tinctorum); 69 alizarin, 31 purpurin

147784

26

orange

wool

madder (Rubia tinctorum); 39 alizarin, 61 purpurin

199434

48

orange

wool

madder (Rubia tinctorum); weld (Reseda luteola); 44
alizarin, 43 luteolin, 9 purpurin, 4 apigenin

20

red

| wool

red

silk

Armenian cochineal (Porphyrophora hamelii), lac-lac
(Laccifer lacca), madder (Rubia tinctorum), weld (Reseda
luteola), tannins; 41 carminic acid, 21 ellagic acid, 13 laccaic
acid A, 11 purpurin, 5 luteolin, 4 alizarin, 2 gallic acid, 2
laccaic acid B, l apigenin

red

wool

madder (Rubia tinctorum); 60 alizarin, 40 purpurin

red

wool

madder (Rubia tinctorum); 67 alizarin, 33 purpurin

red

wool

madder (Rubia tinctorum): 29 alizarin, 71 purpurin

wool

madder (Rubia tinctorum); 65 purpurin, 35 alizarin
madder (Rubia tinctorum), indigo; 90 purpurin, 10 alizarin,
indygotin (detected in pyridine extract)

Inventory number of fabric

Sample number

236792/127436
147779

I

149784
138407

25

147780

28

1

I

madder (Rubia tinctorum); 80 alizarin, 20 purpurin

147780

29

236792/127436

38

236791/127435

43

red

200967

2

brown

wool

199434

46

brown

wool

madder (Rubia tinctorum); 94 alizarin, 6 purpurin

138422

50

beige

wool

madder (Rubia tinctorum); 43 alizarin, 57 purpurin

green

wool

236792/127436

r

37
I__________

236791/127435

|

199434
l_________________________

I

-

L

_________

41

green

wool

49

green

!i L

ool

hydrolyzate from the wool fibre. In case of
flavonoids containing weld the observed difference
(Fig 1) can be assigned to the presence of glycosides
in the raw material which are hydrolysed during
extraction procedure. This illustrates that for cormparison of dyes of various origin rather their hydrolyzates (that can be obtained from ancient objects)
should be compared than isolated natural materials,
as was reported earlier [2,11]. It is, therefore, indispensable to use as reference fibres dyed contemporarily with natural dyes that might be used in
ancient dyeing processes.
HPLC of extracts front Coptic textiles
Sixteen samples mostly of wool fibres from Coptic textiles have been already examined using optimized extraction and HPLC/PAD analysis. From
-
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madder (Rubia tinctorum), indigo: 61 indygotin, 39 alizarin
| weld (Reseda luteola), madder (Rubia tinctorum), indigo: 76
|luteolin, 24 alizarin. indygotin (detected in pyridine extract)
chromatograms recorded at 255 nm the ratio of
detected species was calculated in each hydrolyzate,
which then can be used for assignment of possible
natural source of natural dyes used. Results are
shown in Table 2. In the examined fibres madder,
weld, lac-lac, indigo and cochineal have been identified, so far. The origin of indigo has not been already
concluded, whereas the detected cochineal was from
Armenian cochineal. In one of the examined silk
fibre tannins were detected. Figure 2 presents a
sample chromatogram obtained for red silk fibre
from one of the examined Coptic object. Based on
identification of detected signals shown in Fig.1 one
can conclude that fibre was dyed with Armenian cochineal (Porphyrophora hamelii), lac-lac (Laccifer
lacca'), madder (Rubia tinctorum), weld (Reseda luteola) and tannins. A complete list of dyes identified

in all the examined fibres will be given elsewhere.
Authors acknowledge kind gifts of indirubin, 6-dihbromoindigotin and 6,6'-dibromoindigotin from Mr.
Chris J. Cooksey (Watford, United Kingdom),
munjistin from Dr. N. P. Mischenko (Pacific Institute
of Bioorganic Chemistry in Vladivostok, Russia),
Armenian cochineal from Ms Ina Vanden Berghe
and Dr. Jan Wouters (Royal Institute for Culture

----

so

weld (Reseda luteola), madder (Rubia tinctorum), indigo; 75
luteolin, 16 alizarin, 9 indygotin

.

Minutes
Fig.2.An example chromatogram of the hydrolyzate from ( optic
textile, subject No 138407 - red fibre. Detection at 255 nm.
Identified species: 1 - gallic acid, 2 - laccaic acid [3. 3 carminic acid, 4 -elagic acid, S - laccaic acid A, 6 - luteolin,
7 - apigenin, 8 -alizarin, 9 -purpurin.

Heritage, Brussels, Belgium) and kermes from Mr.

Andre Verhecken (Mortsel, Belgium) and Mr. Witold Nowik (LRMH, Champs-sur-Marne, France).
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SOME OBSERVATIONS ON CRIZZLED GLASS
(PRELIMINARY RESULTS OF A SURVEY
THE 18TH CENTURY CENTRAL EUROPEAN TABLEWARE)
Jerzy Kunicki-Goldringer, Joachim Kierzek, Bozena Malolewska-Bucko, Aleksandra J. Kasprzak1 '
. LNational Museum in Warsaw, Poland
Crizzling is a phenomenon described by numerous
authors [1-7]. It is often considered as one of the
characteristic symptoms of the so called "glass
disease". Aknowledge of the phenomenon is crucial
for the preservation of glass heritage.
The results presented, regard a survey of over
seven hundreds of items of 18th century colourless
glass manufactured in numerous Polish, German.
Bohemian. Silesian and Russian glasshouses. The
vessels were subjected to a visual inspection (8x
magnification) and to an energy dispersive X-ray
fluorescence analysis (EDXRF). The detailed cxperimental parameters and the whole measurement
layout are shown in previous papers [8-91.
The results allowed us to distinguish several
kinds of glass "metal" melted at that time in the
central Europe [8-10]. The crizzled items have been
found only among the crystal glass, independently
of location of the glasshouses in which the vessels
had been manufactured in. It was impossible to distinguish crystal glass prior to their chemical analysis. Many discriminating features of this formulation have been disclosed. One of them is a higher
KICa ratio. Another example is an intentional addition of lead. There are far more such characteristic
features and they have already been described 19].
Among the objects examined, all the identified
crizzled glass items were manufactured in three
glass centres: Dresden in Saxony, Potsdam and
Zechlin in Brandenburg, and Naliboki in the
Polish-Lithuanian Commonwealth. Thanks to the
discriminating features disclosed by the use of
EDXRF analysis, it was possible to distinguish the
origins of each of the crystal glass items.
The crizzled objects made up over 5% among all
the glassware examined and a much bigger part
considering those vessels only, that had been made

of crystal glass formulation.

At first, we have not found any characteristic
relations between the phenomenon of crizzling and
the concentration of elements examined. This
regards the following elements: K, Ca, Mn, Fe, Zn,

Cu, As, Pb, Rb, Zr, Sr, Y, Sn, Ag, Ba, Sb and some
others more rarely found.
A low Ca content, which has been frequently
considered as one of the main causes of the phenomenon, did not appear as the main discriminating
feature of the crizzled items. Among the objects of
other formulations, no crizzled items have been
found, even in the cases of such a low Ca concentration.
Some works have pointed out the upper limit
CaO content to be characteristic of the crizzled
glass. The items with the CaO content below that
limit are considered as potentially unstable and
susceptible to crizzling. At least a few such values
are cited in the literature. These are, for example:
4% [111l, 5% [2], 6% [4], and 7.5% 112] (see the
data on the Y-axis in Fig.1). This divergence is due
to the fact that the authors supported themselves
with results of chemical analysis of technologically
different groups of glass. Hence, all the efforts of
extending these values to the whole glass heritage
seem faulty. The results represented as the quartile
boxplots in Fig.1 confirm that statement. For our
36 crizzled items identified during the course of the
project, this upper limit CaO content amounts almost to 10%. But separately considering the glass
products manufactured in various glasshouses, it
can be seen that the limit CaO content is the
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discriminating factor for each of these centres. It
amounts to almost 10% in the case of Naliboki
crystal glass, over 7% in the case of Dresden crystal
glass, and hardly over 4% for the Brandenburgian
one.
It seems, therefore, that not only the Ca content
is responsible for the susceptibility of glass to crizzling. The overall kind of glass formulation (glass
recipe) seems to be of no smaller significance. The
appearance of all the crizzled items among the crystal glass vessels is an example. Considering an approximate Ca/K ratio for these three groups of
crystal glass, each one is characterised by a different
range of the CaO content f8,9]. The differentiated
upper limit CaO content, that is characteristic of
the crizzled glass of these groups seems to be a consequence of the overall formulation applied.
Another finding has been made about the role of
arsenic. Attention has been already paid earlier 1o
that element, but it was a single case only [131. Figure
2 shows a triangular diagram for the following variables: Ca, As and As/Ca ratio for a limited batch of
As/Ca
Glass vessels

susceptible
to crizzling

77

course of the project. However, interpretation of
their occurrence is not included in the paper).
The concentrations and ratios of several contaminating elements can be used for distinguishing
the glass products originated from different glasshouses. The phenomenon of crizzling is influenced
by an overall batch formulation applied, but a main
cause for that still seems not so obvious and waits
to be disclosed.
It may also be stressed, that the crizzled glasses as
well as all the remaining crystal samples examined
one show a distinct ice-blue fluorescence under the
254 nm ultraviolet radiation. It seems to be the simplest way of finding the glass that can be susceptible
to crizzling among the 18th century colourless
vessels manufactured in the Central Europe. Within
the museum collections, there are far more crizzled
objects than the 36 items examined. Unfortunately,
it was not possible to take them to the EDXRF
laboratory. Nevertheless, all of them also showed a
blue fluorescence under the 254 nm radiation.
This work was supported by the Polish State
Committee for Scientific Research (grant no. 1
HOI E 028 18).
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ULTRAVIOLET BLUE FLUORESCENCE
OF THE 18TH CENTURY CENTRAL EUROPEAN GLASS:
AN AUXILIARY INDICATOR FOR CURATORS AND CONSERVATORS
Jerzy Kunicki-Coldlinger, Joachim Kierzek
The phenomenon of glass ultraviolet fluorescence

fluorescence spectroscopy seems to be undoubtedly

and the advantages of its applications are well

needed [11j.

known [1-31. Many aspects of application of this

The glass objects were also subjected to an energy

phenomenon to the examination of historic glass is
widely discussed in the literature, too [4-6]. Influenced by the content of lead, the blue fluorescence of the 18th century central European glass
phenomenon has also been known. But in most
cases it concerns vessels manufactured later that
contained a significant amount of lead, as in the
case of Lauenstein items [7]. Although there are
also such glass vessels originated from earlier
period and other regions [8-101.
The results presented hereunder regard simple
observations made under an ultraviolet radiation of
over two hundred items of 18th century colourless
glass manufactured in numerous Polish and German
glasshouses. Commercially available sources of the
UV-C ultraviolet radiation were used (two low-pressure TUVISV mercury lamps, Philips). They
were installed in a special chamber for a safe

dispersive X-ray fluorescence (EDXRF) analysis.
Detailed diagrams of measurement systems and
further data on the studies are already given elsewhere 110,121. The content of PbO was estimated
quantitatively. The concentrations of other elements
were shown in the arbitrary units. These units were
connected with the measured intensities of the
X-rays characteristic of the elements. They are used
in all Figures presented herein.
Above 3 0C/% of the vessels showed a distinct blue
fluorescence. Most of them were manufactured in
the first half or even at the beginning of the 18th
century. This effect was obviously associated with
the presence of lead, as it is a well-known phenomenon. There was a difference as small as 0.1% in
the PbO concentration between the lowest lead
content still being a cause for the blue fluorescence,
and the highest content of lead, which does not
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observation of the phenomenon. The total radiation

intensity (for the wavelength range of 200-398 rnm
4
in the chamber amounted to 8.257x10
i
W/CM
4
with a single dominant peak at 2.503x10a
W/cm 2
for the wavelength of 254 nm. The fluorescence
colour was determined with a naked e-ye by three
persons. Despite the number of observers involved,
such visual observations have to be considered as a
very subjective judgement. Nevertheless, numerous
similar observations are presented in the literature
and the method mentioned has still been a common
way of examining historical glass in many museums.
However, for further studies the application of

cause it. Moreover, all the glass items, which show-,.
ed the blue fluorescence, belonged to two well-defined technological groups, differentiated by the
means of EDcXRF analysis [121. This small difference in the lead content could not be the decisive
factor of the partition.
Simultaneous tracing the Mn and Fe variability
did not help to find an answer. In Fig.1A,B, the
glass items that were examined, in a sequence from
the maximum lead content to the vessels without
that element, are lined-up on the X-axis. Two
points correspond to each vessel on both the
Figures. Open circles and crosses denote Mn and
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Fe, respectively, and black dots - Pb. All the items
placed to the left side from the B line showed the
blue fluorescence. The results showed that neither
Mn nor Fe content considering alone did contribute definitely for emergence or disappearance of
the blue fluorescence.
In the case of a low Pb content, the phenomenon
surely has to depend on the overall glass formulation and technology applied. So, the differences in
the ratios of chosen elements that reflect the glass
recipe applied, can contribute to the appearance or
disappearance of the blue fluorescence phenomenon. The mutual Mn-Fe-Pb ratios seem to be one
of the disclosing factors for an explanation of the

lations defined earlier (crystal and so called `intermediate" group of glass) [121. Hence, the phenomenon may be considered as a preliminary indicator
for historical and technological studies.
All the crizzled 18th century glass items manufactured in the Central Europe that were examined
in the course of the project are made of crystal
glass. Therefore, the blue fluorescence of these
objects may be considered as a preliminary indicator for the conservators, who should pay particular
attention to this sort of glass as being potentially
susceptible to crizzling.
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low Pb content. It can be seen on a triangle diagram, where the variables are transformed in such a
way that the sum of their values is constant for each
case - Fig.2.
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SURFACE TREATMENT OF SMOOTH POLYMERIC MEMBRANESM
BY RF PLASMA DISCHARGES
Wojciech Starosta, Marek Buczkowski, Boiena Sartowska, Tadeusz ZMltowski, Danuta Wavszczak
Widening of application of filtration membranes
made of smooth polymeric films is possible thanks
to special treatment of their surfaces. This is
connected with changing such surface properties as
wettability or adhesion. One of methods of surface
treatment is plasma discharge in the atmosphere of
appropriate gases [1,21. Works, which were carried
out in this field concerned particle track-etched
membranes (PTMs) that had been investigated and
applied in the Institute of Nuclear Chemistry and
Technology (INCT) [3,41.
Preliminary experiments have been carried out in
Laboratoire de Sciences et Ingdniere des Surfaces
of Claude Bernard's University in Lyon (France).
For plasma treatment samples of PTMs of 0.4 Am
pore size made of poly(ethylene terephthalate)
(PET) film, 10 jum thickness (Joint Institute for
Nuclear Research, Dubna, Russia) were used. The

samples were treated at low pressure plasma discharge in the radio frequency (RF) mode (RIE80
reactor from Plasma Technology) in an atmosphere
of different gases (e.g. N2 , Ar, 02 and NH 3 ) With
different exposure times: 30 s and 5 min. Surfaces of
the samples were examined in the INCT by using
scanning electron microscope (SEM) (DSM 942
Zeiss-Leo type). Photographs from SEM after
plasma discharge in the atmosphere of differenit
gases during 5 min are given in Fig.1.
Results of experiments allowed us to formulatc
the following conclusions. The character of changes
on the PTM surface depends on the type of gas and
time of discharge. Al 30 s changes are relatively
small and the differences for the above gases are insignificant. In case of a longer time of discharge (5
min) the differences become very important. The
changes are the smallest in the case of discharge in
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a)
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b)

~~~~~~~~~~~~~. W-1
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c)

d)

Fight. SEM photographs of P'TMs surfaces after 5 min of plasma discharge in an atmosphere of differcnt gases: a) Ar, b) N2, c) NHI3, d) 02.

an Ar atmosphere. Discharge in the case of other
gases changes significantly the morphology of the
membrane surface. Discharge in 02 causes very
strong "etching" of the surface.
Further experimental research concerning plas-

signed. The device consists of a small chamber discharge with electrode systems covered by dielectric
plate for barrier discharge at atmospheric pressure
with appropriate gases and vapours admixture. The
scheme of such a chamber is given in Fig.2.

ma modification of polymeric membranes has been
carried out in the INCT.
An experimental device powered by existing high
frequency generator 2 kW, 1.25 MHz has been de-

Works concerning optimization of the above
device parameters and the application of modified
polymeric membranes are being performed. The
possibility of joining membranes with unwoven
fabric is a direction of this activity.
The present authors would like to thank prof. M.
Charbonnier and prof. M. Romand from Claude
'Bernard's University in Lyon for the possibility of
performing experiments and their kind help
throughout the study.
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DETERMINATION OF BURST STRENGTH
OF ELECTRON IRRADIATED PARTICLE TRACK-ETCHED MEMBRANES
Marek Buczkowski, Danuta Wawszczak, Boiena Sartowska, Wojciech Starosta
Radiation resistance is one of the factors which can
characterize particle track-etched membranes
(PTMs). Such investigations have been carried out
in the Institute of Nuclear Chemistry and Technology (INCT) for PTMs made of poly(ethylene
terephthalate) (PET), polycarbonate (PC) and poly(ethylene naphthalate) (PEN) films [1,21. There
are two main methods for the determination of
strength parameters of polymeric material samples:
tensile strength test and burst strength test [1]. In
case of the first method it is necessary to use a
tensile testing machine and the results depend on
the orientation of samples for the sake of a roller
(usually the base of polymeric film is biaxially
oriented).
Burst strength test has no the above inconveniences. This test requires only a simple equipment
consisting of a disc sample holder, gas source and
precise manometer. In such measurements polymeric film material orientation has no significance.
In previous investigations, tests with burst
strength determination were carried out but only in
case of PTM with small pores (0.2 upm) [31. For
bigger pores too high outflow of gas became the obstacle for measurements. Covering the samples of

PEN film was higher than in the case of PET film
with similar thickness but a relative decrease of this
.i::
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US :.

.
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i

*

PTMs with a thin layer of spray, a high quality
lacquer gave the possibility of measuring burst
strength regardless of the membrane pore size and
fragility of samples. Thickness of the lacquer layer
on a membrane surface was a few micrometers.
Samples of PTMs made of PET and PEN film
have been irradiated with electron beam from the
linear electron accelerator LAE 13/9 in the INCT.
Applied radiation doses ranged from 30 up to 990
kGy.
Measurements of burst strength for the irradiated PTMs samples have shown that such memn0.5
.
...
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layer of lacquer after burst strength measurements: a)
non-irradiated, b) after irradiation at dose 990 kGy.
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parameter after irradiation was the same. Figure 2
shows SEM photographs of fragments PTM cover-
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Fig.2.SEM photographs of fragments of PTMs covered with a
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Fig.I.The burst strength vs. absorbed dose for TEMs (0.4 pm
pore size) made of PET and PEN films.
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branes made of PET and PEN films were fairly
radiation resistant even at the highest dose. Some
results for PTMs of pore size 0.4 um made of PET
and PEN film are given in Fig.1. Burst strength for

ed with a layer of lacquer after burst strength measl
Surements:
non-irradiated (a), and after irradia-

1 tion at the dose 990 kGy (b).
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TEMPLATE SYNTHESIS OF NANOTUBULES AND KINETICS OF THIS PROCESS
Danuta Wawszczak, Wojciech Starosta, Boiena Sartowska, Marek Buczkowski
Nowadays, materials of nanoscale range are widely
a)
investigated due to their unusual physical properties. Template synthesis inside of the pores of partide track-etched membranes (PTMs) or anno.
pore membranes for getting new materials is widely
...
applied [1].
Interesting possibilities are connected wilh the
synthesis of electrically conducting polymers, among
them polypyrrole (PPy) is often used. This material
is prepared by electrochemical or chemical oxidative
polymerization of pyrrole (Py). In chemical oxidative polymerization, ferric chloride is the initiator of
choice that also acts as the dopant 12-4j.
Synthesis of PPy was carried out in pores of
PTMs by oxidizing polymerization of Py. For this
process PTMs made of poly(ethylene terephthalate)
b)
(PET) (Joint Institute for Nuclear Research, Dubna, Russia) with a pore size of 1.3 uim have been
used. In this case PTM was a kind of template for
Py polymerization. For the synthesis aqueous solution of Py (0.1 M) and of ferric chloride(III) FcC] 3
(0.3 M) as oxidant were used [5,61.
Dependence of the tubule thickness inside the
pores with 1.3,um diameter on the polymerization
time were determined. Results are given in Fig.l.
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Fig.2. SIM pholographs ol lormation nanotubules
pores: a) poI~~~~~~~~~~~~~~~~ymerimflion time - 10 min. h) polymerization in
time -30 min.

F_ 50
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Fig.l. Kinetics of nanotubules formation inside pores of PT-Ms.

Different stages of building up PPy layer in pores
of the template membrane were observed (Fig.2) by
using SEM.
As a result of the carried out tests, nanotubules
10 aum long with cylindrical shape and uniform
thicknes
hve
of wlls,
beenprepard. Thethickthickness of walls, have been prepared. The thick-

ness of nanotubules walls (from 76 to 197 nm) was

-,9

__
CD

of the

pores.
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SOLVENT INFLUENCED MESOSTRUCTURES IN POLYURETHANE-BASED

MEMBRANES OF DIFFERENT TRANSPORT PARAMETERS
USING SAXS SYNCHROTRON METHOD
Helena Grigoriew, Aleksandra Woliniska-(,rai)czykl/, Sigrid lBernstorlT 21
1/Institute of Coal Chemistry, Polish Academy of Sciences, Gliwice, Poland
2/Sincrotrone ELECTRA, Trieste, Italy

The state of solvent in a membrane and the membrane mesostructure are of prime importance for

the understanding of membrane transport phenomena. In our last SAXS (small angle X-ray scatter-
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ing) study we have given evidence that the model of
permeation with the permeate phase transition
level is not correct for the polyurethane membrane.
Instead, inside the membrane. a structure of the
system polymer-solvent is formed, which changes
gradually from structure of dry polymer to the one
saturated with solvent, depending on the depth in
the permeating membrane [1].
The aim ot this work was to find a change caused
by solvent in the structure of the previous lamellar
system in membranes differing in transport parameters.
The segmented polyurethanes of molar composttion: PU-P-1 - PTMO/2TDI/PP and PU-B-I PBD/2TDI/PP were studied. The permeation rate,
described as normalised flux F (kg u/m 2 h), was
determined from the variation in the condensate
mass with time and recalculated for a standard (1 t)
membrane thickness.
The SAXS measurements were carried out at the
Austrian SAXS beamline of the synchrotron
ELETTRA (Tricste, Italy). The samples for SAX.S
measurements were prepared in the dry state and
after saturation with solvents. After removing the
sample from the solvent, it was immediately put in a
small aluminium envelope to avoid solvent evaporation and measured.
All measurements were carried out in a transmission mode at room temperature. The measurement data were subjected to a preliminary treatment
using the OTOKO program. Because the theory of

83

diffraction strongly reco Emends the i .ntz correction for lamellar structu: . (S2 I(s) vs
this correction was introduced into,. 1 measurer
'.s.
To know details of st uctural chan,
caused by
solvents, we compared the SAXS t ves of the
same polyurethanes saturated with var. us solvents.
Therefore, we made a p-oper scaling, hich makes
it possible to subtract the curves fron each other,
and then subtracted from SAXS curves of saturated
samples, the SAXS curve of dry sample, for each
polyurethane. The results of the subtraction are
shown in Fig.1.
This operation made it possible tc, distinguish
the new structures, which appeared after saturation
with a solvent, in the following way:
- First type: The structural change of this type
appears for PU-P-1 (Fig.1b). A horizontal run of
the SAXS curve in the range of she previous
peak means that a subtraction of the same peaks
was done. So, the previous lamellar system is
impenetrable and preserved after sorption. An
additional peak visible at smaller s is evidence of
a new lamellar phase, of greater inter-lamellar
distance, which is formed during sorption. The
formation of this second lamellar phase causes
an increase in a general number of lamellar
aggregates.
- Second type: The SAXS curves of PU-B-1 presents another type of the structural change
(Fig.la). A deep minimum in the range of the
previous peak exists and a new peak visible at

a)
E-D

C-D

BI-D

0

0

0.1

0.2

0

0.3

s (nml)

C-D

b)
B-D

~~~~~~~~~0
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0

0.1

0.2
5 (nmn1)
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Fig.l. Substacted intensity curves, Loreniz corrected, for: a) P3[)/TDI1/PP 1/2/1, h) PTMO/TDI/PI' 1/2/1, where: B-D, C-D, E-D means
subtraction the SAXS curve for dry sample (D) frorn saturated onc with benzene (B), cyclohexane (C) or ethanol (E),
respectively.
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Table. Transport properties of the polyurcthane-based membranes.
Sample

Sorption equilibrium values jmol/100 g|
ethanol

|

benzene

cyclohexane

2
Diffusion coefficient [m /s]

Flux [kgu/mhlI
ethanol

cyclohexane

PU-P-I

1.39

1.10

0.23

-

L1

PU-B-I

0.32

2.04

0.53

1.04

16.1

smaller s appears. This means that the inter-lamellar distance of the previous lamellar system is
changed to the greater one. So, the previous
lamellar system occurred penetrable by a solvent
and is swollen. Because the maximum on the
curves is slightly weaker than the deep minimum.
the previous amount of lamellar aggregates decreased during saturation.
Comparing the transport parameters for the pair
of PUs (Table) one can see that for membranes
saturated with cyclohexane, the sorption rate of
PU-B-I is 2.3 times of that, but its transport parameters are much greater: the flux is almost 15 times
of that for PU-P-I and the diffusion coefficient is
about 6.5 times more than that for PU-P-1. On the
other hand, the PU-P-1 belongs to the first type of
mesostructure and PU-B-1 to the second type. The
comparison can be made also for other pairs of
membranes - solvent systems.
In our last paper Ill, we proved experimentally
that the structure of the permeating membrane
changes monotonically from the structure of dry
membrane to the structure of the saturated one in
its whole thickness. This is consistent only with models of permeation based on the simulation of solvent molecule random walk through the membrane.
The membrane transport is determined mainly by
sorption (s) as a thermodynamic parameter and diffusivity (d) that depends on geometrical parameters

ethanol

cyclohexane
1.4.10-12

-

1.8-10

12

9.2-10-12

of the solvent molecule and its way through the
polymer. Treating the diffusion as tortuous way of
solvent molecules between impermeable obstacles,
it can be assumed that in the case of their smaller
number the transport parameters would increase.
From our results, neglecting the influence other
than mesostructural parameters on solvent transport, it can be supposed that a more profitable
copolymer structure for permeation is the microseparated structure of not very dense packing of
hard-segment aggregations, where the solvent
molecule can go through a loose medium of soft
segments. This type of structure could be ascribed
to PU-B-I (Fig.la). Moreover, the structure of
PU-P-I involves much more aggregates after sorption. This can cause not very profitable conditions
for the penetration of the molecule.
For two studied polyurethanes (PU-P-1 and
PU-B-i), slightly differing in chemical composition
but of great difference in transport parameters, we
found very different structural changes influenced
by solvents.
The work was financially supported by the Polish
State Committee for Scientific Research under contract No 1297/T0'9/99/16.
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KINETICS OF THE STRUCTURAL CHANGES IN POLYURETHANES
SATURATED WITH BENZENE DURING DESORPTION PROCESS
Helena Grigoriew, Aleksandra Woliiiska-Grabczykl/, Malgorzata Plusa, Sigrid Bernstorff2/
1

/Institute of Coal Chemistry, Polish Academy of Sciences, Gliwice, Poland
2/ Sincrotrone ELETTRA, Trieste, Italy

The purpose of the present work is to examine
kinetics of the structural changes observed for
swollen segmented polyurethanes during the desorption of a swelling agent and to relate the
obtained results to the kinetics of the desorption
process. The explanation of the occurred effects
seems to be important from the fundamental
standpoints and relevant to the applications of the
polyurethanes as prospective membrane materials.
Structural studies of polyurethanes using the
SAXS (small angle X-ray scattering) method have
shown their lamellar mesostructure. This kind of
structure can be described as composed of alternating dense and more loose layers of the polymer
segments with the periodicity distance, L. From the
position of the peak on the SAXS curve the interlamellar distance, L [nml, can be found. More
sophisticated SAXS studies make it possible to

estimate both the layers (the denser and looser)
thickness, whose sum is equal to L.
In one of our work, we documented that dense
layers of the polyurethane lamellar structure are
impenetrable for benzene, and that the increase of
the L value can be attributed to the increase of the
thickness of the loose layer only [1].
The materials studied in this work are segmented
polyurethane block copolymers varying in the soft
and hard segment length as well as the hard segmcnt structure.
After sorption, the equilibrium was reached and
the sample was taken from the solvent, carefully
blotted to remove the excess liquid from the film surface and placed on the microbalance to monitor the
solvent loss with time during the desorption process.
The SAXS measurements were carried out at the
Austrian SAXS beamline of the synchrotron
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ELETTRA (Trieste, Italy). All measurements wAcre
carried out in a transmission mode at room temperature. The samples for the SAXS measurements
were taken from solvent after the equilibrium saturation was reached, immediately blotted, and placed
vertically in the X-ray beam without any cover.
Time-resolved sets of eighteen SAXS curves in 5
min steps were carried out for each sample.

1
I
E 0,8

X

PU-2

/
o,6
'

I
0,4
02

Table 1. Relative changes in interlamellar distance and solvent
mass after 6 steps of desorption lime.
Relative mass of solvent IRclative AlMaterial
_ _ _ _ _ _ M6/Mx
I
AL6/A1-o
PU-1
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*

n

1

0.29

0.05

0-28

0.28

t

0,8 /

0.38

0.27

a

0,6-

The main differences between the subsequcnt
SAXS curves recorded as a function of time were
observed during the initial period of time. After
that, the curves asymptotically approached their
shape to that registered for the dry material.
Therefore, the six first curves from each measured
sequence were chosen for further treatment.
The scattering patterns for all the investigated

X

polyurethanes

E 0,8
6

show a broad

/

0

maximum. The L

distance, found from the position of the maximum,
increases slightly with the solvent amount. The
values of the increase in interlamellar distances, AL
referring to the L value for a dry sample. determin-

_ 0,4

°
l

1,
-

0-4 0,2 -

_

at

exponential relation of AL vs. time. A similar expo-.
nential dependence of the mass loss with time was
found for these systems during the desorption

the desorption process, all the polymers retain
about 30% of the initial equilibrium amount of solvent in the sample (Table 1).
It also appeared that the reduction of the
lamellar distance increase for the swollen PU-2 and
PU-3 samples corresponds to the changes of the
amount of solvent in the sample within the same
time interval (Fig.).
Taking into account that the dense layer in the
lamellar structure is impenetrable for the solvent,
one can assume that the decrease in the L value is
caused exclusively by the decrease of the loose layer

*

'm

ed from the position of the maximum show an

process monitored by weighing the sample, according to the Fick's law of diffusion.
The obtained results show that, after six steps of

*

-J

0

0,2

0,4
0,6
0,8
rel. mass of sorbent

1

Fig Relation of relative solvent mass to relative change of inter-

lamellar distance. From top to bottom: TDVPTMO/650 1/0/1.
(1Dl-BH)1rfn-F['MO/050l
2/1/1. (TDI -EIQE) 3 /lDI/PTMO/650

For the PU-1 sample much faster changes in the
interlamellar distance, i.e. faster drying of the lamellar sets, comparing with the mass loss of benzene, were observed. Moreover, the polymer is of
chemical composition not very similar to the others
(Table 2), but proportionality of the decrease of L to
the mass loss of benzene is remained for this material.
In summary, the following main results were
found based on the structural studies performed by
us and presented in this paper:

Table 2. Sample characteristics.
Sample
SameMolar
composition

TDI/
ChExt/

'TMO

Hard segment
content

Dcnsim

[wt.%l

[g/cm- I

PU-I

TDI-PTMO-650

1/0/1

21

1.112

PU-2

(TDI-BI-1)1-TD1-P'I'MO-650

2/1/1

49

1.143

(TDI-HQE)3-TDI-P'T M0-650

4/3/1

56

1')4|42

|PU-3

thickness. It means that the thickness of this layer
changes freely for polyurethanes, independently of
the existing structure of the soft segments in the
layer.

-

Molecular
weight

MW/Mn

[g/mol]

Sorption equilibrium .g
value of benzene
[0Cl

[g/10 0 g]

l

115.6

-53
-30

38 900

2.7

53.8

600

2.0

52.3

-

39

Exponential relationship between interlamellar
distance, L, and time of desorption.
Proportionality in a relative decrease of L and
solvent mass, M, with time.
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- Structural change appears simultaneously with
sorbent mass loss.
The work was financially supported by the Polish
State Committee for Scientific Research under con-

References
[I]. Grigoriew 11., [Iernstortf S., Wolifiska-Grabczyk A., Domagala J.. Chlmiciewski A.G.: J. Membr. Sci., 186,1-8 (2001).

1111111
I1111111111
li
PLO201 758

tract no. 1297iT09/99/16.

REPROCESSING OF Li2TiO3 BY AN IChTJ VARIANT OF SOL-GEL METHOD
Andrzej Deptula, Wiestawa Lada, Tadeusz Olczak, Boiena Sartowska, Andrzej G. Chmielewski,
Carlo Alvani l. Sergio Casadiol
11

Italian Agency for the New Technologies, Energy and Environment (ENEA), C.R.E. Casaccia, Italy

Future Fusion Reactor (FR) power plants are
2Li 2 TiO3 + 2H 2 0 2 + H 2 0 - Li 4 Ti 2 05(0H) 6 (5)
based on the following nuclear fusion reaction:
Consequently, we decided to apply the IChTJ sol-gel
6
Li + D - 2He + 22.4 MeV
(1)
process for the fabrication of spherical powders with
The role of lithium-6 fuel is the generation oftritium by the following 6 Li(n,a)T nuclear reaction:
6
Li + n
(He + 2.1 MeV) + (T + 2.7MeV) (2) : r
inside the blanket of a thermonuclear reactor by
X
exploiting fast neutrons (n) coming from the D-T
a

-s

fusion as vectors carrying out of the plasma most of
the produced energy in this stage:
D + T - (He + 3.52 MeV) + (n + 14.1 MeV)(3)
Since the fission
products (tritons (T) and a
particles (He)) of Eq. (2) will release 4.8 MeV total
energy inside the blanket, the engineering must
provide removal and recovery of both the tritium

.
k

needed for Eq. (3) and heat, an amount which is an
important fraction (21.4%) of the overall process of

Eq. (1).
One of the research directions to make this process
(Eq. (2)) feasible for the FR is based on blanket engineering concept using Li-ceramics. Li 2 TiO3 in the
form of dense spheres (pebbles) is now undergoing
extensive investigation because of its good tritium
release properties, chemical stability, and low activation under irradiation [1]. These Li-titanate pebbles,
about 1.2 mm in diameter, are fabricated by the "cxtrusion-spheronization-sintering" of the powder 11]
obtained by the following solid state reaction:
Li2 CO 3 + TiO 2 - Li2 TiO 3 + CO 2
(4)
Lithium density in the blanket is an important
parameter for the economy of FR. An increase in
this value leads to a reduction of the lithium-6 enrichment needed to ensure `self-breeding` of the
stage of Eq. (2). The smear density of the pebble
bed cannot exceed the theoretical value of 62% of
TD (theoretical density, based on the Li2 TiO 3
single crystal density of 3.43 g/cm 3 ) for a packed bed
of spheres with nearly the same radius. A significant
increase of the pebble bed density to 88% of TD
may be obtained by a bimodal distribution of the
pebble size that is optimized by introducing pebbles
with diameters decreased by a factor of ten with
respect to the original diameter (-1 mm).
In former work [2,3] fabrication of dense Li 2 TiO 3
spheres with a diameter ranging from 1 to 100 pm
using the IChTJ variant of sol-gel process was described. As a starting material industrial TiCI4 was
used. However, ENEA reprocessing of depleted
Li 2 TiO 3 [1] consists of its dissolution in hydrogen
peroxide according to the following reaction:

mox
i g.l.St.M

mrcrographs

g
gels

of the Li4Ti2S(OH)6 xH2O

diameters < 100 pum using this solution instead of
classical hydroxyl-sols. There are not published any
literature data concerning the preparation of med-
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ium sized solid particles by any variant of the sol-gel
process.
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pared according to Eq. (5) was concentrated 2-3
times to -200 g/l (dried assay heated for 2 h at
900OC) and viscosity 1(00 cSt.
It has been found that effective gelation of the
peroxide titanium complex requests two times more
EH (it is 200 volumes of EH to 1 volume of the
aqueous phase) than for conventional hydroxide
sols. Gels grains obtained under this condition are
perfectly spherical (Fig.1). Washing of gels with
acetone or carbon tetrachloride did not change the
gel shape. Moreover, analytical data show that the
Li:Ti molar ratio remains practically unchanged
(1.97-2.05). Thermal analysis of the gel (Fig.2)
shows that decomposition is complete at 630°C.
XRD patterns indicate that initially amorphous
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In the IChTJ process, the formation of microspheres from aqueous phase consists of the follow-

ing steps:
ing~ePs *values
- formation of aqueous phase emulsion in 2-ethylhe-

xanol-1 containing the surfactants Iv/o SPAN-80
and lv/o Ethomen S-15 (EH);
- gelation of emulsion drops by extraction of water
with partially dehydrated EH;
- filtration and washing with carbon tetrachloride
or acetone;
- non-destructive thermal treatment.
According to routine principles of the IChTJ process, the aqueous phase should have a high concentration of solids (>100 g/l) and viscosity of at least
several cSt. Consequently, the parent solution pre-

200

30C

400

500

600

700

800

900

Temperature (C)
Fig.5. Concentration ot released tritium 'normalized` to the peak
(C'n) vs. temperature
for TPD runs in R-gas purge.
0

l-leating ratef=5 C/nin.

gels (Fig.3A) formed nearly perfect Li 2 TiO 3 crystalline structures (Fig.3B) with spherical shapes
(Fig.4) at 6500 C.
In order to evaluate tritium release properties, the
specimens sintered at 11()0°C were irradiated in the
TRIGA reactor of the Casaccia Center. Then, the
generated tritium implanted in the pebbles was removed by annealing them by an heating ramp (heating rate = 5 K/min) from 200 up to 800°C, while
helium containing 1-12 (0.1%) gas purge was flowing

Fig.4.SEM micrographsof the L2' i03 microsphleres prepar,-d from the Li4'1'i2O)5((1) , x112( at 650C. 2 h.

88

RADIOCHIEl:MISTRY, STABLE ISOTOPES,
NUCLEAR ANAL Y'TICAL METHODS, GENERAL CHEMISTRY

Fig.6. SEM photomicrographs of polished cross section of inorganic sol-gel and FNFIA samples L1i2Ti0
measurements from different Li2 Ti03 samples

at 200 cc/min. The tritium removal rate from the
pebbles is reported in Fig.5 as 'normalized` to the
maximum (peak) value. It seems that the sol-gel
sample releases tritium earlier that the others. This
can be connected with the morphology of speci-

mens. Polished cross sections shown in Fig.6 indicate lower grain size and more interconnected

3

used for tritium release rate
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SYNTHESIS OF LiNixCol.x0 2 POWDERS
COMPLEX SOL-GEL PROCESS (CSGP)
AND THEIR ELECTROCHEMICAL CHARACTERIZATION
e
Andrzej Deptula, Wieslawa
Lada, Tadeusz
e
Olczak, Fausto Crocel/, Alessandra D'Epifaniol/,
nAngelo
Dii Bartolomeo2 /, Aldo Brignocchi 2
1/ Department of Chemistry, University "La Sapienza", Rome, Italy
2/ Italian Agency for the New Technologies, Energy and Environment (ENEA), C.R.E. Casaccia, Rome, Italy
Recently, solid solutions such as LiNixCol-xO2
have attracted attention as alternative cathodes to
the state of art of LiCoO2 in commercial rechargeable Li-ion batteries. These materials are
comparable in performances to LiCoO 2 , howcver
their cost is considerably lower. The solid state
reaction routes commonly utilized to synthesize this
kind of materials have the drawback of the necessity
of high synthesis temperature. Recently, wet processing, especially various sol-gel procedures, have
been used also for mixed LiNixColi.O 2 layered
oxides.
In our previously published works [1,21 we reported
on the preparation by the Complex Sol-Gel Process
of the entire family of the layered mixed oxides,
LiNiXCol_,O 2 , in which x ranges from 0 to 1. The
main feature in this process is the use, for the preparation of sols, of ASC as a very strong complexing
agent. This procedure has been patented by the
Institute of Nuclear Chemistry and Technology
(INCT, Poland) and Argonnc National Laboratory

(ANL, USA) teams 13] and successfully applied to
the synthesis of superconductors. For all the samples prepared, using ASC, we observed that the
thermal treatment of gels is a very complex process,
which involves foaming, self-ignition, and sometimes formation of carbonates. The presence of
carbonates impurities is not surprising in samples
prepared by organic precursors, but using a similar
process we have been able to prepare carbonates
free LiMn2 04±6 [41 spinel.
In the present study we have pursued the goal to
trying to elucidate some aspects of thermal transformation of the gels into final crystalline spinels,
paying special attention to their purity in relation
to the presence of carbonates.
Following previous results [51, we selected Ni
and Co aq. acetates as a starting solution, to which
ascorbic acid was added. In order to decrease the
overall quantity of the organic compounds present
in the starting solution, we decided to use LiOH
instead of Li acetate. We observed that the pre-
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lure (SIT) and specific surface area (S) are report-

NiAc 2 (1.02M) Dissolving
CoAc2 (1.02M)
ascorbic acid
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ed. It can be noticed that the results of chemical
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analysis are roughly similar. An IR spectrum of a

representative sample presented in Fig.2 shows no
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Fig.2. Infrared spectra of LiNiO.75Co0.2502
various temperatures.

gel heated at

1700 C. It means that all the carbon is present as
organic carbon. It is quite evident that the hydrogen
atoms are only partially present in organic compounds, and nitrogen is present only in inorganic
-

4,
LiNiCol.,O2
Fig.i. Flow chart for preparation of LiNixCol -x 0 2 by CSGI'.

species. Consequently, we confirm the conclusion

sence of sufficient quantity of the ASC avoided any
precipitation. The flow chart of this modified process is shown in Fig.I.
Hleating at 1001C has as a consequence the formation of pitch - like substance. Further heating
caused intensive foaming and solidification at
170 0C. The resulting homogeneous, porous cakes
were grounded and analyzed. The results are shown
in Table 1. The carbonate concentrations were
determined by the internal standardization, usinlg
sodium nitride and V2 carbonate bands at 875 cm .
This method is very specific and accurate for the
determination of carbonates. Self-ignition tempera-

reported in a previous work [61 that the self-ignition temperature does not depend on the content of
carbonaceous compound. We suggested there that
SIT is determined rather by specific surface area of
the samples. Thc results of S shown in Table 1 do
not confirm this hypothesis. Actually, we suggest
that this temperature depends rather on the structure and moiphology of the carbonaceous materials
formed by decomposition of the ascorbic acid. It is
to be noticed that in the case of Li-Ni-Co layered
oxides SIT is definitely higher than that of
LiMn 20 4+, 161 and consequently, even in consideration of absence of self-ignition in pure ASC, we
suggest a catalytic role of Ni or/and Co species.

-

Table 1. Chemical analysis, self-ignition temperature (SIT) and specific surface area.
Sample and heating

SIT
locil

C

%11

%N

LiNiO2 - 170 0 C

380

30.91

4.02

3.10

LiNio.75Coo.2502- 1700C

390

36.08

4.31

6.44

LiNiO.75C00.2502 -after S, >390 c
LiNio.75Co0.2502 -after SI, sintered 750 C, 12 h
LiNiO.5CoO.502 - 1700 C
LiNio.25Co0.7502 - 170 0 C
Aocc(mg

0
LiCoO2 -170sob
C

Acriacd(oinwa

1.2

460

not observed)

1.5
3.1

390
et

S

m2

420
no obselr.vd

L

35.90

3.81

36.0)1
31.92

5.63

3.2

4.50

6.73

2.8

4.39

4.17

3.4
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\shown in Fig.3. IR spectra and the XRD patterns of
the heated samplcs are shown in Figs.4 and 5 respcctively. The results of the carbonates determination are shown in Table 2. In the case of LiCoO 2 gel
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sample, a continuous large weight loss accompanied
by small cndothermic effects was observed up to
- 4()C. At this temperature starts a very distinct
Meo
exothermic peak, which represents the combustion
co^ co".- of residual organic compounds. This temperature
14
roughly corresponds to the SIT (Table 1) observed
during stationary heating. X. Xi, G. Zaiping et al.
have
X / obscrved [71 in Li-Co gels a large exothermic
effect at 35()C. They attributed this latter effect to
preliminary
. ;,,S formation
'
of LiCoO 2 . We, in a similar
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Fig.4. Infrared spectra of LiNixCol -x 0 2 sintered at 8000 C for
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Product characterization: Shard -very hard (partially sintered),
LiNij0 Co0 .5O2 , D - LiNi0 .75 Co0 2 O2 , E - LiNiO 2 .
I'wd -powder.
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Fig.6.XRD patterns of LiNixCol-x02sintered at 800 0 C for 8h

way to other authors [8], who also used a chelating
agent (acrylic acid), have not observed this onset. It
has been also reported [8] that the large exothermic
peak with onset at 389 0C (similarly to that observed
by us at - 400IC) corresponds to the combustion of
organic constituents. In both papers as well as in
our previous work [2] the possibility of formation
of Li2 CO 3 in this temperature region was not
considered. The results presented in Table 2 show
that during thermal treatment of the LiCoO 2 gel,
carbonates are never formed, as was the case with
Li-Mn spinels [6].
Figure 3 reports TG and DTA traces of pure ASC.
It can be noticed that the peak of final exothermic
effect due to the complete combustion of the whole
sample is shifted at higher temperatures. However
self-ignition was never observed despite the same
12OM

91

heating rate. These observations could indirectly
confirm the crucial role the metallic species play in
the self ignition process.
Dramatical changes of the thermal decomposition traces were observed for the gels containing Ni.
The final exothermic effect, which was observed for
the Li-Co gel, is roughly similar and corresponds to
SIT. However, at temperatures around 350TC, it
appears another distinct exothermic peak. It can be
associated with the formation of Ni carbonates
from acetates as was described in [9]. The results of
the analysis shown in Table 2 indicate that after
heating at 300oC large quantities of carbonates are
still present. After a long heating treatment at temperatures >750o1 C the content of carbonates considerably decreases. However, even at 90TC, we
found the presence of carbonates in the samples
having x>0 .75, despite that according to Tabon-Zapata et al. 1101 the decomposition of Li2 CO3 starts
immediately after its melting point at 7501C.
However, too high final temperatures cannot be
used due to the decomposition of the samples
above 850`C 111 1 according to the following reaction:
(I-x) LiNiO 2 Li_-,Nil _,O 2 + xLi2 O + 0.502
favoured by the sublimation of Li 2 0 [12]. In the
case of LiNiO 2 gel a phase separation was observed
at 6IOI 0C, Ibllowed by a weight increase up to
650'C. This phenomenon can be associated with
the reduction of Ni3 + to metallic Ni by the carbonaccous species and to the subsequent reoxidation
of the metallic Ni, as similarly observed by Elmasry
et al. [91 during decomposition of the Ni acetate.
Visual observations of the cakes after sintering
(shard) indicate (Table 2) that, for samples containing larger quantity of the Ni, hard shards are
formed. We belicve that this phenomenon is
connected with sintering of the mentioned products
"via" a liquid phase inter-granular neck formation.
The XRD patterns of all studied LiNixCol-x0 2
samples are shown in Fig.6. They are similar to
those reported recently by G.H. Wang et al. [13] for
the identical compositions compounds synthesized
from LiOH H 2 0. NiO and CoO at 750'C under
oxygen flow. As in our products sintered at 8001C
for x>0.5 the presence of carbonates demonstrated,
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we confirm the observation of the authors of paper
[141 that, very low concentrations of carbonates
impurities cannot be identified by X diffraction.

Process (CSGP). MRS Fall'97 Meeting, Boston, USA, 1-5
December 1997. Proceedings, Vol. 496, Symposium Y: Materials [or Electrochemical Energy Storage and Conversion
11- Batteries, Capacitors and Fuel Cells. Pittsburg, USA,

'[able 3. Discharge comparison for the 70th cycle at I mA/cm 2 at
25 0 C

1

Propeny LiCoO2

1

LiNi0.5Co0.502 |LiNio.75C(o0.2502

mAh/g

125.4

-80

mid
voltage

3.66

3.87

Wh/kg

459.0

I[

-70
3.95
,

309

|

276.5

Results of preliminary electrochemical tests arc
shown in Table 3. It is worthy of notice that only
carbonate free LiCoO 2 compound has promising
electrochemical properties. We believe that the
unsatisfactory results for the LiNiCo samples, arc
evidently connected with the presence of carbonates. It has been previously reported by some of the
present authors that carbonates can hinder the
formatton of High Temperature Superconductors
[151. In the above cited paper a new process [16]
was described for the removal of carbonates from
ceramics by low temperature treatment with nitric
acid.In the presented work we carried out preacid. In the presented work we carried out prliminary experiments on removing carbonates from
just formed at 750 0 C oxide LiNio 7 5 CoO.5 2 by
treating with concentrated nitric acid (I cm- on 1 g
.
, .
of powder). Obtained slip was heated with melting

step till a final temperature of 7500 C. We obtained
non-agglomerated powders with perfect XRD
structure (Fig.7). We believe that the same process
could be effectively applied for decarbonization Ofr
other LiNiCol -x 0 2 compounds synthesized using
CSGP and - presumably - by other techniques
where organic precursors are used.
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PL201 760
ASYMMETRIC HYDROGEN BONDS IN CENTROSYM METRIC ENVIRONMENT.
II: NEUTRON STUDY OF VERY SHORT HYDROGEN BONDS
IN POTASSIUM HYDROGEN DICHLOROMALEATE AT 90 AND 170 K
Ivar Olovssonl/, llalina Iltasiewicz-11qk, Torhiorn Gustafsson1 1
/ Angstrrim Laboratory, University of Uppsala, Sweden
In our earlier neutron diffraction study of the title
compound at 30 and 295 K an unconventional strategy in the refinement of hydrogen was applied and the
same procedure has now been followed in the present
investigation at 170 and 90 K. There are two short
O--H--O hydrogen bonds (2.437(2) and 2.442(2) A at
30 K) and the "heavy atom" structure is centrosymmetric (P-i) with centres of symmetry in the middle of
the O---O bonds (Fig.). However, statistical significance tests clearly show that an asymmetric location
of both hydrogen atoms gives the most satisfactory
description of the structure at all temperatures.

Several different types of refinements were applied
in our previous investigation, including an unconventional model with all atoms except hydrogen
constrained in P-I, but with hydrogen allowed to
refine without anv constraints in P1. Standard
deviations and significance tests clearly showed that
the "heavy atom" structure is best described as centrosymmetric. However, even when the heavy-atom
structure was constrained to be perfectly centrosymmetric, the protons still refined to off-centred
positions. This structure was described as "pseudo-centrosymmetric with non-centred protons".
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Fig.The H-bonds and numbering of the atoms in the hydrogen-honded network. The hydrogen atoms are off-centred in a
centrosymmetric. heavy atom environment: at 295 and 170 K (as shown) atom [12 is closer to molecule M but H4 is closer to
molecule M' (Mt is related to M by a centre of symmetry; atoms are denoted 04', 031 etc.), at 90 and 30 K both hydrogen atoms
are closerto molecule M. Symmetry codes: (i) -x-, -y-l. -Z+I; (ii) -x, -y, -z; (iii)x-lV-1. I.+1.

Another remarkable feature was that the proton
distribution was found to be different at 295 and 30
K, although no phase transition was observed on
lowering the temperature: at 295 K one hydrogen
atom (H2) was closer to one of the maleate ions
(M), whereas the other one (H4) was closer to
maleate ion M' (related to M by a centre of
symmetry). At 30 K both H atoms were closer to
molecule M'; for details see below and previous
work [1I. The heavy atom structure was practically
identical at the two temperatures and there seemed
to be no obvious reason for this difference in the
proton distribution. In order to investigate if any
abnormal changes could be detected at some
intermediate temperature the unit cell parameters
have now been determined in great detail by X-ray
diffraction in the whole temperature range from 30
to 295 K. The data points of the cell parameters as a
function of temperature have been found to fall on
two different straight lines with a sudden change in
the slope around 135 K. Attempts have been made
to observe some phase change at this temperature

by DTA analysis but the results are negative. It
appears likely that the difference in proton distribution at 30 and 295 K observed in our earlier
investigation is related to the sudden change in the
slope of the unit cell parameters with temperature
at 135 K. It therefore seemed very interesting to
determine the hydrogen distribution at temperatures closer to the transition point, 135 K, and the
structure has now been determined with neutron
diffraction at two intermediate temperatures, 90
and 170 K.
At 17(0 K: R(F) = 0.029 for 1236 reflections; at
90 K: R(F) = .030)for 1457 reflections.
The shift of' hydrogen from the centre of
symmetry is t).15( 0.14, 0.15 and 0.15 A for H2 at 30,
90, 170) and 295 K, respectively, and 0.15, 0.15, 0.15
and 0.12 A for H4 (a=0.0)l A).
References
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NEUTRON DIFFRACTION STUDY OF MAGNETIC PROPERTIES
OF R5Rh4Gel( (R=Tb,Ho,Er) COMPOUNDS
Malgorzata Kolendal/, Michael llofmann 2 /, Janusz Leciejewicz, Boguslaw Pence/, Andrzej Szytulal

-

1

Institute of Physics, Jagiellonian University, Krak6w, Poland
2/Berlin Neutron Scattering Center, Hahn-Meitner Institute, Berlin-Wannsee, Germany
The title compounds have recently became of large
interest due to their physical properties, among them i
magnetism, superconductivity and charge-density
waves. They crystallize in the tetragonal system and
the lanthanide ions occupy three non-equivalent
crystallographic sites in the space group P4/mbm.
Neutron diffraction data collected in the temperature
range from 1.5 to 10 K for polycrystalline samples
havc shown that a magnetic phase transition takes
place at 3.8 K in the Th compound. A collinear
antiferromagnetic structure observed above 3.8 K is
schematically displayed in Fig. The magnitudes of
ordered magnetic moments on the Th ions located at
the non-equivalent sites are 5.0(3), 0.9(3) and 8.5(2)
Bohr magnetons. The temperature dependence of
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Fig.A scteniatic representation of the magnetic structure of
Ih.51h4G(i chllscrvcd above3.8K.
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magnetic peaks' intensities on neutron diffraction
patterns gave the Neel point at 11.5 K.
Only one colinear antiferromagnetic ordering has
been detected between 1.4 K and the Neel point at 7
K in the Ho compound. The magnitudes of ordered
magnetic moments at 1.5 K located on the Ho ions
are 6.2(3), 2.5(2) and 0.7(2) Bohr magnetons.
At 1.5 K the Er compound exhibits an antiferromagnetic, sine modulated structure based on the propagation vector k=[l/4, 1/4, 0]. The ordered magnetic

moments on the Er ions are 6.6(2), 0.4(3) and 4.6(2)
Bohr magnetons. This structure transforms at 4.2 K
into a structure based on the propagation vector
k=I 1/3, 1/3. ()1. The ordered magnetic moment values
are 6.5(2), 0.4(3) and 4.6(2) Bohr magnetons at 4.8
K. The Neel point is at 5.5 K.
An interplay of RKKY and crystal field effects is
suggested as the major factor which explains the observed magnetic properties of the title compounds.

CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXXVI: THE CRYSTAL AND MOLECULAR STRUCTURE
OF A CALCIUM(I1) COMPLEX WITH PYRIDINE-3,5-DICARBOXYLATE
AND WATER LIGANDS
Wojciech Starosta, lialina Iltasiewicz-lBk, .lanusz l eciejewicz
The crystal structures of two calcium(Il) complexes
with pyridine-3,5-dicarboxylate (dinicotinate) and
water ligands have been recently reported [3,6].
Both were obtained by reacting the dinicotinic acid
with calcium nitrate tetrahydrate. While testing the
products of reactions of this acid with different
calcium compounds we have synthesized and grown
single crystals of a new complex.
The crystals of [hexaquacalcium(,u-hydrogen
pyridine-3,5-dicarboxylatc-O,O')J [triaqua calcium
(hydrogen pyridine-3,5-dicarboxylate-O,O)(hydrogen pyridine-3,5-dicarboxylate-O)l (hydrogen pyridine-3,5-dicarboxylate) dihydrate contain unipositive cations formed by two calcium(ll) ions bridged
by oxygen atoms belonging to two carboxylic groups
of a ligand molecule forming a dimer. One calcium
atom, apart from the bridging carboxylate atom,
coordinates six water oxygen atoms. The second

calcium atom in the dimer coordinates the bridging
oxygen atom, two oxygen atoms donated by one carboxylate group of a second ligand, one oxygen atom
from a carboxylate group of a third ligand and three
water oxygen atoms. One hydrogen atom in the
bridging ligand and in the third ligand is attached to
the azine ring nitrogen atom. while it is bonded to
the carboxylate oxygen atom in the second ligand.
The charge of this dimerie cation is plus one. The

univalent anion is represented by a ligand molecule
with one hydrogen atom attached to the azine ring
nitrogen atom. Cation-anion assemblies form
ribbons aligned along the [1101 direction in the
crystal. The alignment of the ribbons is illustrated
in Fig. A network of hydrogen bonds is operating
between the coordinated water molecules, two
hydration water molecules per one cation-anion
assembly. carhoxylate oxygen atoms and hydrogen
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atoms attached to the azine ring nitrogen atoms.
The crystals of the title compound belong to the Iriclinic system, space group P1.
X-ray diffraction measurements were carried out
using the KUN4A KM4 four circle diffractomer at this
Institute. Data processing and structure refinement was

performed using SHELXL program package.

95

131 Part XXXl. Slarosta Wv.,l't;LSiewc2-B~ k H., Leciejeicz J. Dimcnc moiecules in the erystals of calcium complex with pyridine-3.5-dicatrl t)xylitac ligainds.A. Coord. Chem., X51(2002).

141 Part XXXiI. Starostla W. l'tasiewicz-uBk H., Leciejewicz J.:

[51.

l)imcric molecules in the crystals of a calcium(ll) complex
with pyridinc-2.(6-dicairlhoxylaic and water ligands. J. Coord.
Cherm.. _5,409 (20)02).
Part XXXIUl.
xowskLK R..

T[he crystal and molecular structures of Pb(ll) complexes
with furan-2-carhoxylate and furan-3-carboxylate ligands. J.
Coord. Cherm.

References
111. Part XXIX PaluchcMwska B., Maurin JKt, LdciejewiczJ.: 'Thecrystal
and molecular structure of a furan-2-carloxylatc hieterohiimetilic
complex [Zn(H7O)6] 2 + [ZnsNa2(CsH3os)1s(Ol1)21 2 - J.
Coord. Chem.,L2, 252(2001).
[21. Part XXX. Starosta W., Ptasiewicz-Bjlk 1I.. t ccicjcwicz .. :
Polymeric molecular pattern in the crystals of calcium(lI)
complex with pyridine-3,4-dicarhoxviatc and water ligands. J.
Coord. Chem., 52, 265 (2001).

[61. Part XXXIV. Starosta w.. Ptasiewicz-B3qk H., Leciejewicz J.:
Molecular chains in the crystals of a calcium(lI) complex with
pyridine-3.5-dicairhoxvlitc (dinicotitatc) and water ligands. J.
Coord. Cherm.
[71. Plrt XXxv. Starosti W.. Ptasiewicz-B 4 k H., Leciejewicz J.:
Ihe crystal tructtjrS. of tWO polymorphic forms of a calcium(Il) complex witt pyridine-2,6-dicarboxylate, water and
nitrate ligans I Coord. (hem.

CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXXVII: THE CRYSTAL AND MOLECULAR STRUCTURE
OF A CALCIUM(II) COMPLEX WITH PYRIDINE-2,6-DICARBOXYLATE, WATER
AND NITRATE LIGANDS
Wojciech Starosta, llalina Iltasiewicz-llqk, ,lanusz Leciejewicz
The crystals of {catena-[Cu-aqua-Olhisi(u-pyridine-2,6-dicarboxylato-O,N-O']}
{ [monoaqua-nitrato,O-calcium(II)][diaqua-calcium(ll)]1}
contain
dimeric units composed of two calcium(lI) ions and
two ligand molecules, in which the calcium ions are
bridged by two bidentate oxygen atoms each
donated by one carboxylic group of the ligand. Each
Ca(II) ion is also coordinated by one oxygen atom
of the second carboxylate group of the ligand molecule and the azine ring nitrogen atom. The dimers
form molecular chains through protons situated at
the symmetry centers halfway between the non-bridging carboxylate oxygen atoms 1. In additi:n,
both calcium ions in the dimer are bridged to calc-

ium ions in adjacenl dimers. each by a pair of water
oxygen molecules, giving rise to a two dimensional
molecular sheets. The coordination of the Ca ion in
the dimer is completed either by two water oxygen
atoms or by one water oxygen atom and an oxygen
atom donated by a nitrate group. The molecular
sheets are held together by an extended system of
hydrogen bonds. A fragment of the molecular sheet
is shown in Fig. The crystals of the title compound
are triclinic: space group PI.
X-ray diffraction measurements were carried out
using the KUMA KM4 four circle diffractomer at this
Institute. Data processitlg and structure refinement was
performed using SHELXL program package.

Fig. Molecular sheets composed of Ca2(2,6-PI)DC) {1 1(2,6-1'DDC)1(1 120)SN(O)3 structural units. Black circles indicate calcium(II)
ions.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXXVIII: THE CRYSTAL AND MOLECULAR STRUCTURE
OF PYRAZINE-2,6-DICARBOXYLIC ACID DIHYDRATE
AND ITS MAGNESIUM(II) SALT
l1alina Ptasiewicz-Bqk, Janusz 1Lecie.jewicz
A polymeric molecular pattern composed of magnesium(lI) ions bridged by the acid ligand molecule
has been detected in the structure of magnesium(ll)
complex with pyrazine-2,3-dicarboxylate and water

links it with the azine ring nitrogen atom N2 belonging to a pvra/ine moiety in the adjacent chain.
Planar molecular lavers, which are approximately
normal to the c axis are formed. Figure 2 shows a

021p

M2~~~~~~~~~~~M2

080
Fig.il. Mg(H20)6 cations and 2,6-PZDC anions. Dashed lines indicate hydrogen bonds.

ligands [1]. On the other hand, Mg(H 2 O)+2 cations
and pyrazine-2,5-dicarboxylate anions have been
observed in structure of the magnesium compound
with the latter ligand [2]. In both compounds the
Mg ion is coordinated by six oxygen atoms situated
on the apices of an almost regular octahedron The
crystals of the magnesium pyrazine-2,6-dicarboxylate hexahydrate contain also
and pyrazine-2,6-dicarboxylate anions. Each Mg+ 2
ion is sorrounded by six water molecules located at
the apices of an octahedron with mean Mg:-0 bond
distance of 2.060 A. The anion is planar and shows
bond distances and angles close to those observed
in the parent acid. Two cation-anion assemblies are
illustrated in Figil. The symmetry of the crystal is
triclinic,space group2P1.
C23
Acid and water molecules in the crystals of
H2 (2,6-PZDC) *2H2 0 interact via a network Of hydrogen bonds. Both hydroxylic groups Of each ac id
molecule donate their hydrogen atoms to bonding
the water molecule 04 [d=2.624(12) Al fomig
molecular chains propagating along the a axis in the
crystal. The water molecule 04 acts also as a donor
in the hydrogen bond 04 jd=2.,752(11) Al which

fragment of the chain. The water molecule 03 is
situated at ().1()6(4) A, while the water molecule 04
is located 0.941(4) A above the plane of the
pyraz~ine ring. The water molecule 03 is hydrogen
bonded to both carbonyl oxygen atoms of each acid
MMg(HOO)2
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molecule with the bond length of 2.968(12) A. This
water molecule interacts also with the 04 water
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molecule in the adjacent layer via a hydrogen bond
[d=2.677(11) Al constituting the interlayer links.
The bond distances and angles in the molecule of
the title compound are in fair agreement with those
observed in pyrazine-2,3-dicarboxylic acid dihydratc
[3] and pyrazine-2,5-dicarboxylic
acid dihydrate ili.
[3]
The symmetry of the title compound is monoclinic,
space group C2Im.
X-ray diffraction measurements were carried out
using the KUMA KM4 four circle diffractomer at this
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Institute. Data processing and structure refinement was
performed using SHELXL program package [4j.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS.
PART XXXIX: THE CRYSTAL AND MOLECULAR STRUCTURE
OF A STRONTIUM(II) COMPLEX WITH PYRAZINE-2,6-DICARBOXYLATE
AND WATER LIGANDS
Halina l'tasiewicz-13qk, janusz leciejeivicz
The crystals of Sr4(2,6-PZDC)4(H 20) 1 4 .3H 2 0 catena-tetraqua {[hexaquabis~u-pyrazine-2.6-dicarboxylato-O,O') distrontium(lI)] [tetraquabis(u-pyrazine-2,6-dicarboxylato-0,0') distrontium(ll)]Jhrihy-

boxylatc oxygen atoms, each acting in the bidentate
mode, donated by a different ligand. The metal ion
is also coordinated by one hetero ring nitrogen
atom, one carboxylate oxygen atom and five water
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Fig. A fragment of the molecular ribbon containing two dirncric units with dificient coordination around the Sr ions.

drate are triclinic, space group Pi. Two types of
symmetry independent dimeric structural units
composed of two Sr(II) ions, two ligand molecules
and water molecules are bridged by a pair of water
molecules which simulteously are coordinated to
the metal ions in the adjacent dimers. In both types
of the dimers the Sr(Il) ions are bridged by two car-

,
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molecules in one dimer and two water molecules in
the other. Two of the water molecules attached to
each Sr(ll) ion are bridging the dimers into an infinite molecular ribbon. Figure shows a fragment of
this molecular ribbons. The coordination numbers
of the Sr(11) ions in the first and second type dimers
are nine and eight, respectively. Solvation water

98

RAI)IOCH EMISTRY. STABLE ISOTOPES
NUCLIEAR ANALYTICAL METFIODS, GENERAL CHEMISTRY

molecules, the coordinated water molecules and the
carboxylate oxygen atoms take part in an extended
system of hydrogen bonds.
X-ray diffraction measurements were carried out
using the KUMA KM4 four circle diffractomer at this

Institute. Data pr(mxesing and structure refinement was
pcrformed using SHELXL program package.
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CHROMOSOMAL ABERRATIONS AND MICRONUCLEI
IN LYMPHOCYTES OF FIVE BREAST CANCER PATIENTS
FOLLOWING AN ACCIDENT
DURING RADIOTHERAPY WITH 8 MeV ELECTRONS
Andrzej W6jcik, Gunter Stephan'/, Sylwester Sommer, Iwona Buraczewska, Graiyna Kobialko,
Joanna Pontek
1/ Budesamt fur Strahlenschutz, Neuherberg, Germany

In February 2001 a radiation accident has occurred
in a radiotherapy unit of a hospital in Poland. Due
to a malfunction of a NEPTUN 10p accelerator, 5
breast cancer patients received a single, high dose
of 8 MeV electrons. The patients were at various
50
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results were compared to values of chromosomal

2

aberrations and micronuclei of 10 control patients
not involved in the accident, 9 of whom were
in a different hospital but who received
similar radiotherapy treatments.
The results of chromosomal aberration analysis are
presented in Fig. It can be assumed that the differences in aberration frequencies between the control
patients and the accident patients is due to the ac-
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reached 100 Gy or higher.
In order to assess whether such a radiation exposure would be detectable in peripheral blood lymphocytes chromosomal aberrations and micronuclei
were analyzed in lymphocytes of the accident
patients and plotted against the equivalent whole
body doses received prior to the accident. The
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radiation. ]n addition, with one exception, the
patients received chemotherapy. Owing to various
circumstances a precise reconstruction of the accident was not possible. Thus, the exact doses received
during the accident are not known. However, based
on the early and late skin reactions and a crude
estimate of the medical physicist, they may have
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Fig. Frequencies of dicentrics in peripheral lymphocytes of patients irradiated during the accident and of control patients.
The equivalent whole body doses are those received during
regular radiotherapy.

stages of therapy and received, prior to the accident, different ttimor doses of both electrons and

cident dose. In three of the accident patients more
dicentrics were found than expected indicating that
they received the highest accident doses. Similar
results were observed for micronuclei.

MODELLING THE FREQUENCIES OF CHROMOSOMAL ABERRATIONS
IN PERIPHERAL LYMPHOCYTES
OF PATIENTS UNDERGOING RADIOTHERAPY
Witold Urbanik'1 , Pawel Kukolowicz 21, Toniasz Kuszewski2 1, Stanistaw G6jdi2 1, Andrzej W6jcik

I/nstitute for Inorganic Chemistry, Economic Academy, Wroclaw, Poland
2/ Swictokrzyskie Oncology Center, Kielce, Poland
Biological dosimnetry based on the analysis of cytogenetic damage in peripheral lymphocytes of the
exposed person is a well established technique [1].
The absorbed dose is estimated by comparing the
scored number of aberrations with a calibration
curve, obtained by in vitro irradiating of whole
blood collected from a control person. Several
authors have validated this procedure by testing
experimentally that, after a uniform whole body
exposure of animals, the frequency of aberrations
induced by a given dose was essentially the same as
that induced in vitro [21. Also, Liniecki et al. [3]
found a good agreement between results of in vitro
irradiation of blood and partial-body irradiation of
rabbits, when the in vivo exposure time was long
enough for the whole peripheral blood to flow

through the irradiated field. The calibration curves
and the dose-response curves following in vivo irradiation are best fitted by a linear-quadratic equation [1].
Following partial-body exposure of a short duration
the dose estimation becomes less precise because
the cell population in a collected blood sample will
be composed of irradiated and non-irradiated cells.
Clearly, the imprecision is inversely related to the
size of the exposed part of the body and the
exposure time [3]. A situation where this problem is
readily seen is the irradiation of patients during
radiotherapy. The exposed part of the body is small
and the exposure times are in the range of a minute.
In addition, the total tumour dose is applied in
fractions, usually of 2 Gy per day, 5 days a week.
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The frequencies of chromosomal aberrations and
micronuclei in peripheral lymphocytes of patients
undergoing radiotherapy have been analyzed by
several authors [4,5]. They all found a linear dose-dependency of aberrations with the tumour dose.
More recently, several attempts have been undertaken to correlate the frequencies of micronuclei
and aberrations with an in vitro dose-response
curve [6]. In order to bring the radiation doses
applied during therapy to the same order of magnitude as those used to construct the calibration
curves, equivalent whole-body doses were calculated by dividing the integral dose received by each
patient by his body mass. It was generally found,
that both curves overlap in the dose range of 0 to
approximately 2 Gy. Above that, the in vitro curve
increases more steeply with dose than the in vivo
dose-response curve. Interphase death and variation in the lymphocyte proliferation kinetics during
the course of radiotherapy are made responsible for
this [6].
00
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small part of the lymphocyte pool is irradiated
during a single fraction. Since the radiation fractions are generally applied at an interval of 24 h, it
can be assumed that the lymphocytes in the circulating and extravascular pools will have reached
equilibrium before the next fraction is applied [11.
Thus, each dose of radiation will `hit" a certain
number of previously non-exposed lymphocytes and
a certain number of lymphocytes, which already
have been exposed. The latter will increase with the
number of radiation fractions. An interesting question is what are the expected aberration frequencies
under such irradiation scenario.
We have constructed a mathematical model with
the help of which the kinetics of aberration formation during radiotherapy can be calculated (Fig.). In
addition to the frequencies of aberrations, the distributions were also computed. The model assumes
no elimination of cells from the irradiated pool and
a complete mixing of cells before each fraction of
radiation. The results show a good agreement with
the majority of published experimental results and
indicate that the observed linear dose-response
curves are a result of the fractionated irradiation
schemes of the patients. Furthermore, the good
agreement between our simple model and the in
Isvivo results suggests that elimination of lymphocytes during radiotherapy, which could, among
I
other factors, be responsible for the frequently
high inter-individual variability of the
observed frequencies of dicentrics and micronuclei
in patients undergoing radiotherapy, does not
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influence the frequency of aberrations in peripheral
lymphocytes in any particular way.

20

References
11. IAEA Technical Reports Series No 260. International Atomic

________________

1D

5
0

15

frsdion nunber
Fig. Modelled frequencies of dicentric chromosomes in peripheral blood lymphocytes of a patient receiving radiation fractions
5 Gy. of 1, 2,3 and

What is seemingly disregarded in the above
correlations is the difference between the exposure
conditions of in vitro irradiation of blood and in
vivo irradiation of patients. During radiotherapy
the total dose is applied in fractions and only a
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A CYTOGENETIC ANALYSIS OF THE LONG-TERM EFFECT
OF URANIUM MINING ON PERIPHERAL LYMPHOCYTES
USING THE MICRONUCLEUS-CENTROMERE ASSAY
Anna Krysciol/, Wolfgang-Ulrich Mullerl", Andrzej W6jcik, Nicole Kotschy21 , Sabine Grobelny1 1 ,
Christian Streffer t'

-

11

Institute for Medical Radiobiology, University Clinics, Essen, Germany
2/ Clinics for Occupational Disease, Falkenstein, Germany

Epidemiological studies of uranium miners reveal a
close correlation between the incidence of lung
cancer and the level of exposure to radon and its
progeny (reviewed in [1]). Analyses of chromosomal aberrations also show a higher frequency of

cytogenetic damage in lymphocytes of uranium
miners as compared to control population indicating an association between these two phenomena
[2-5]. The leading producer of uranium for the
Soviet Union was the Wismut A.G. in the German
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Democratic Republic. Between 1946 and 1990 the
Wismut Company employed about 200 000 workers
(156 000 in Sachsonia and 44 000 in Thuringia) in
underground and open pit mining and in uranium
processing. Due to insufficient working conditions,
especially in the late forties and in the early fifties,
miners were exposed to high levels of radiation
(approx. 150 WLM y-1) from radon and its
progeny. Overall, approx. 9000 cases of lung cancer

in lymphocytes of miners with a history of lung
cancer, with miners without lung cancer being
intermediate (Fig.).
Our results demonstrate the applicability of the
micronucleus-centromere assay to detect long-last___

were reported to the company, of which 5276 were

E

classified as occupational diseases [61. In 1992 the
German Uranium Miner Study was initiated with
the goal of analysing various health effects of
uranium mining by the Wismut A.G. [7]. Within
the framework of the study, freshly drawn peripheral blood of selected miners was shipped to the
Institute for Medical Radiobiology in Essen for
cytogenetic analysis. The blood came from two
groups of miners: those with a history of lung
cancer and those without.
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The micronucleus test is a frequently applied

assay in biological
18,9].
the
assayindosimetry
doimety
bilogial
[8,1. However,
Hwever the
sensitivity of the test to low doses of ionizing radiation is limited by the large interindividual variabi-

lity of the spontaneous frequency of micronuclei
[101. Since spontaneous micronuclei arise mainly
from non-disjunction of chromosomes and radiation-induced micronuclei contain predominantly
acentric fragments [91 it was suggested that the
sensitivity of the micronucleus test to radiation
could be enhanced by selectively scoring only those
micronuclei which do not contain centromeres [11].
Vral et al. [12] confirmed this by identifying micro-
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Fig. Mean per group values and standard deviations of micronuclei (Mn) and percent MnC+ (micronuciei with centromeres) in lymphocytes of analysed donors. BNC: binucleated

cells.
ing effects of chronic exposure to radon. It appears
especially valuable to analyse the relative frequency
of MnC+ as this endpoint shows a surprisingly low
individual variability and seems to be free from
factors influencing the overall Mn frequency.
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However, significant differences were observed with

respect to the percentage of micronuclei containing

centromeres: the highest value was found in lymph.ocytes of healthy, control donors and the lowest
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SCE FORMATION AFTER EXPOSURE OF CHO CELLS
PRE-LABELLED WITH BrdU OR BIOTIN-dUTP
TO VARIOUS DNA-DAMAGING AGENTS
Lubomir Stoilovt1 , Andrzej W6jcik, Elisabeth Bruckmann 21 , Ashok K. Giri31, Gunter Obe21
Department of Molecular Genetics, Institute of Genetics, Sofia, Bulgaria
21
Institute of Genetics, University of Essen, Germany
3/ Indian Institute of Chemical Biology, Calcutta, India
Despite the fact that the phenomenon of sister
Following treatment with Alu 1, similar frechromatid exchanges (SCE) is known for a long
quencies of SCE were observed in cells pre-labelled
time [11, the mechanisms of their formation are not with BrdU and biotin-dUTP. DNase I induced
well understood. Uncertainties also prevail regardsignificantly more SCE in cells pre-labelled with
ing the nature of lesions leading to SCE. It is BrdU than with biotin-dUTP (Fig.). This could
known that not all types of DNA damage give rise either be due to an enhanced frequency of dsh
to SCE. S-phase dependent agents such as Mitoformation in cells pre-labelled with BrdU or to a
mycin-C (MMC) or UV-light are among the most steric hindrance of DNase I by biotin-dUTP. DNase
effective inducers of SCE [1]. It is generally assumI induced SCE most effectively when cells were
ed that SCE arise during the S-phase of the cell treated in G1 (Fig.). MMC induced slightly morc
cycle, when damaged DNA is replicated [21. The SCE in cells labelled with biotin-dUTP, but the
nature of SCE following treatment of cells in G,
with agents which induce DNA double strand
25
Bldj
|UT
DNasebreaks (dsb) like ionising radiation has been a
matter of debate [3]. lonising radiation is a poor
20inducer of SCE and is only effective when applied *
I
to cells in Gt with chromosomes unifilarily substi8 15tuted with 5-bromodeoxyurdine (BrdU) 13,41.
e
Therefore, it was proposed that SCE induced by
ionising radiation in G, result from chromosomal
aberrations, mainly from inversions, and are "false"
SCE [5]. In a previous study, we have analyzed the
frequency of SCE associated with inversions in the
short arm of human chromosome 3 and could show
o
that most radiation-induced SCE do not result from A
A
m
inversions [61. We have developed a technique to
Te
G -phase
Treatren in 5-piase
visualise SCE by labelling cells with biotinylated
Fig. Frequencies of SCE in cells treated with DNase I in G1 and
dUTP (biotin-dUTP) [7] enabling the analysis of
S-phase of the cell cycle. Treatment in S-phase was only
the role of BrdU in the formation of SCE. With this
performed with cells pre-labelled with BrdU. ' - difference
technique we have shown that X-rays induce `true`
significant with p<0.05.
SCE via radiation-induced damage to BrdU [5].
The present investigations were performed in
difference was not significant. Time-kinetic experiorder to study the role of BrdU in the induction of
ments with X-rays showed the highest SCE freSCE by DNasc 1, Alu I and MMC. Both DNase I quency in cells irradiated during G,.
and Alu I have been shown to be effective inducers
of SCE in CHO cells unifilarily labelled with BrdU
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canalso induceDNA single
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NITRIC OXIDE INDUCED DNA DAMAGE
IN TWO MOUSE LYMPHOMA L5178Y CELL LINES
EVALUATED AT THE SINGLE CELL LEVEL
Marcin Kruszewski, Teresa Iwaneiiko, Barbara Sochanowicz, Teresa Bartiomiejczyk, Pawet Lipifiskil/
1/Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzqbiec, Poland
Reactive oxygen species released, such as hydroxy
peroxide and hydroxyl radical are known to be a
potent genotoxic agents, and have been proposed as
mediators of apoptosis, necrosis or mutagenicity at
the cellular level, and carcinogenesis and ageing at
the organismal level. Recent studies suggest that reactive nitrogen species, such as nitric oxide or peroxynitrite, can also be involved in induction of cell
death and/or carcinogenesis [1,2]. Both oxygen and
nitrogen reactive species are generated in living
organisms as signalling or toxic molecules. Hydrogen peroxide and nitric oxide at low concentrations
constitute a part of intra- and extracellular signalling pathways, whereas large amounts of NO are
released by macrophages to inhibit growth of
foreign organisms [31.
To evaluate the ability of NO to induce DNA
strand breaks in living cells, the genotoxic effect of
NO was studied in two mouse lymphoma L5178Y
cell lines differing in antioxidative defence. SpermineNoNoate was used as a source of NO. The
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for 2 h and washed. The comet assay was conducted
according to the standard procedure [4] immediately
after washing. As shown in Fig., SpermineNoNoate
induced DNA damage in both cell lines in a dose
dependent manner. We found a linear correlation
between concentration of the donor and DNA
damage (expressed as tail moment). The correlation
curves were as follows: y=3x+20.8 and y=1.5x+6.6,
for LY-R and LY-S cell lines, respectively.
The pattern of DNA damage induced by SpermineNoNoate in L5178Y cell lines is similar to that
induced by hydrogen peroxide (HP) [53. We have
previously proposed that the difference in
sensitivity of L5178Y cell lines to HP might be due
to the better antioxidant defence in LY-S cells as
compared with the LY-R cells [6]. It has also been
proposed that glutathione can serve as an intracellular `sink` of NO and nitrosoglutathione is
actively exported from the cell [7]. Since LY-S cells
are richer in glutathione as compared with LY-R
cells, the likely explanation is that the higher glutathione content in these cells lowers the amount of
NO available for DNA damaging processes.
by Research Contract No 6 P04A 064 20
(MK), a statutory grant for Institute of Genetics and
Animal Breeding, Polish Academy of Sciences and a
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Fig. SpermineNoNoate-induced DNA damage (expressed as tail
moment) in LY cell lines plotted vs. SpermineNoNoate concentration. Standard deviation indicated. See text [or curve
parameters.

half-life of this donor is about 200 min. Cells were
incubated in the appropriate donor concentration
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THE IRON CHELATOR SALICYLALDEHYDE ISONICOTINOYL HYDRAZONE
PREVENTS NITRIC OXIDE INDUCED DNA DAMAGE IN MAMMALIAN CELLS
Marcin Kruszewski, Teresa Iwanenko, Barbara Sochanowicz, Teresa Bartlomiejczyk, Pawel Lipifiskil/
1

Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzqbiec, Poland

We have previously reported that nitric oxide
(NO)-induced DNA damage in two mouse lyrnphoma L5178Y cell lines. L5178Y-R (LY-R) and
L5178Y-S (LY-S) cell lines differ in sensitivity to
hydrogen peroxide (HP). This might be due to the
differences in antioxidant defence system in the
L5178Y cell lines, as previously reported [1], how-

ever the main cause of the different sensitivity of
LY cells to the HP seems to be the difference in
iron content. In LY-R cells we found twice as much
iron available for Fenton-type reaction than in
LY-S cells [2]. Since the pattern of NO-induced
DNA damage in LY cells is similar to that induced
by HP, and, according to the Fenton chemistry,
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toxicity of HP depends on the iron content, we
expected that the iron content in the cell may also
determine the genotoxic effect of NO.
To see whether the depletion of cells of iron will
affect the genotoxicity of NO we used the iron
chelator, salicvlaldehyde isonicotinoyl hydrazone
(SIH). The cells were treated with SIH at a concen0.9
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Fig.2. DNA damage measured by the comet assay as tail moment
in LY-R cells and LY-S cells after treatment with 25 ,uM
SpermineNoNoate for 2 h, with or without SIH pre-treatment or after SIH treatment alone.
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nitric oxide-induced apoptosis or necrosis [5]. Our

._a

data are consistent with these results and indicate

_

-SIH

+SIH

Fig.l. Alteration of the labile iron pool in LY cells after 1 h treatment with 100,uM SIH.

tration of 100 pM for I h. Treatment with 100OpM
SIH almost completely depleted LY cells of labile
iron pool (Fig.1). After SIH pre-treatment the cells
were treated with 25 ,uM SpermineNoNoate for 2 h
(with S1H still present in the culture medium). In
agreement with our previous results, the SpermineNoNoate treatment induced more damage in
LY-R cells than in LY-S cells (Fig.2). SIH alone
did
an ntDNA
indce amage Inteestinly SI
did not induce any DNA damage. Interestingly, S1H
pre-treatment completely abolished the genotoxic
effect of SpermineNoNoate in both cell lines.
Cellular non-heme iron has been proven to be a
key factor in hydrogen peroxide-induced geno- and
cytotoxicity [3,41. Cellular non-heme iron has also
been claimed to be an intracellular determinant of

that cellular non-heme iron could be a mediator of
the NO-induced DNA damage and toxicity.
Supported by the Polish State Committee for
Scientific Research (KBN) in the frame of the Research Contract No 6 P04A 064 20 (MK), a statutory grant for Institute of Genetics and Animal
Breeding, Polish Academy of Sciences and a statutory grant for the INCT.
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ELABORATION OF A NONRADIOACTIVE, PFGE-BASED ASSAY OF DNA
oDOUBLE-STRAND BREAKS IN HUMAN LYMPHOCYTES
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Iwona Grq~dzka, Irena Szumiel
Pulse-field gel electrophoresis (PFGE) became a
specific tool for estimation of double-strand breaks
(DSBs) in DNA [1,2]. The principle of the method
was estimation of DNA fraction released (FR) from
the well to the gel during electrophoresis [1-31:
FR = DNA release (gel)
total DNA (well)

intercalator - SYBR-Gold (BioProbes, USA) were
checked. The relationship between DNA content in
12
11
* SYBR-Gold
10 -_-_-__

9
.

E

Most of the commonly used procedures included
pre-labelling of the cells with 114C]- and [3 H1-thyO
midine to enable subsequent DNA evaluation in c
2
the gel [1,2,4]. The main disadvantage of such an
c
approach was a significant increase in DNA frag.
mentation during storage, caused by the incore
porated radionuclides. We followed other protocols, in which DNA amount in the gel was
measured as a fluorescence intensity, after staining
with a specific dye [1,5,6]. In this method ethidium
bromide

(EthBr) and a new generation

DNA
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D
integrated optical density (recorded on the electrophoretic
image) for two fluorescent DNA-binding dyes.
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the gel and the integrated fluorescence intensity
(recorded as integrated optical density, IOD, on the
electrophoretic image negatives) was determined

DNA size markers

I-

+

-

...

600 Gy

for both fluorochromes (Fig.1). The following
equations were applied to convert IOD into the
relative DNA content in the gel (ODcorr):
IODcorr=-10- 5 10D 2-1.75.10D (for EthBr) and
1ODeor= 107 IOD 71 (for SYBR-Gold).
Two alternative ways of FR estimation were
examined. The first one was based on the finding
that a dose of 600 Gy of ionizing radiation was
sufficient to release all the DNA to the gel [7].
Thus, the experimental samples were applied to the
gel as pairs of equally sized plugs, one plug of each
pair additionally irradiated with 600 Gy of y-ravs
(Fig.2, upper panel). FR was calculated from comparison of DNA content in the gel, as a ratio of
DNA amount released from the plug "-600 Gy" to
the amount released front the plug "+600 Gy",
FR = IODcorr (-600 Gy)
IODcrr (+600 Gy)

The second method consisted in comparison of
DNA content in the pairs of plugs, of which one
was excised from the well after the electrophoresis
(non-released DNA) and the other never applied to
the gel (total DNA):
FR = total DNA - non-released DNA
FR
~~total DNA
The DNA content in the plugs was measured, after
melting the agarose, by a reaction with a fluorescent dye, Pico-Green (BioProbes, USA).
In comparison with the DSBs level assessment as
sole FR [1-3], a substantial improvement in accuracy has been obtained when FR was multiplied by
a coefficient of DNA fragmentation in the gel [6].
The fragmentation coefficient was determined from
DNA distribution along the electrophoretic lane,
divided into ca. 80 segments. Only a part of the
electrophoretic lane within a range of DNA molecular size markers (Fig.2, bottom panel) was taken
into account. DSBs level was calculated as follows:
n
~~~IODcorr (segment i)
DS1s level =
100 . FR IODcorr
°
(lane) AM i
where lODcor jrksegment i) and IODcorr (lane)
denoted relative DNA content in an individual
segment i and in the whole lane respectively, while
AM i was the range of DNA molecular sizes corresponding to the segment i. A good correlation has
been found between the DSBs levels obtained with
the use of FR estimated by the two methods
mentioned earlier (Fig.3).
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Fig.2.Upper panel: PFGE pattern, the gel stained with
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The non-radioactive method of DSBs estimation
had an important limitation: it was not reliable in
the case of asynchronous cell cultures, as DNA
release from S-phase cells diminished considerably
compared to interphase cells [8J. We omitted this
problem by using human lymphocytes, 20-24 h after
stimulation with phytohemagglutinin A. At that
13M
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Fig.4.Dose-response curves for DSBs induction in lymphocytes
from three donors. The slopes of the linear regression
curves were: 52.6% G -1 (for J.P.), 47.8% Gy- 1 (for
D.M.) and 51.8% Gy-Y (for P.O.).

a_

time, the cells made a synchronous population in
the G1 phase of the cell cycle. Figure 4 presents
dose-response curves for DSBs induction in human
lymphocytes by X-irradiation. The relationship was
linear within the whole range of the doses applied.
The slopes of the linear regression curves were very
similar for the lymphocytes obtained from all the
three donors, with the sensitivity of the assay below
0.5 Gy. These parameters confirm that the method
is suitable for estimation of DSBs in stimulated human lymphocytes exposed to low doses of ionising
radiation.
Supported by the Polish State Committee for
Scientific Research in the frame of the Research
Contract No 6 P04A 064 20 and a statutory grant
for the INCT.
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REPAIR OF DNA DOUBLE STRAND BREAKS
IN ATAXIA TELANGIECTASIA HOMO- AND HETEROZYGOTE CELLS
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L Ataxia

telangiectasia (AT) is an autosomal recessive
disorder characterized by progressive neurological
impairment, immunodeficiencies and high cancer
frequency. In vitro cells from AT patients are more
sensitive that normal cells to killing by ionizing radiation and also show a greater incidence of chromosomal aberrations. Even AT heterozygotes (approximately 1% of the population) show increased incidence of some cancers, and cells from heterozygotes
show a sensitivity to radiation that is intermediate
between that of AT homozygotes and normal cells.
The gene responsible for the AT defect is ATM (for
AT mutated).

(Fig.) that the AT cells, both heterozygous and homozygous (GM00736A and GM00717C) repair radiation-induced DNA damage as efficiently as normal
cells (GM03798A and GM01953C). The initial DNA
damage in GM00717C (homozygous) after X-irradiation with 5 Gy was the highest but the difference was
not statistically significant. Irradiated AT cells were
shown to exhibit various in vitro abnormalities, such
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nornma lymphobiast GM03798A
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The following lymphoid cell lines were used to
study the initial DNA damage and repair after X-irradiation (5 Gy): two human ataxia-telangiectasia (AT)
Epstein-Barr virus-tranformed; GM00736A and
GM00717C, heterozygous and homozygous for the
ATM gene, respectively, and, as control, two apparently normal cell lines GM03798A and GM01953C.
We measured the DNA lesions using the alkaline

version of the comet assay [11. To determine the
initial DNA damage, cells were irradiated on ice. For
the DNA repair experiments cells were irradiated at
room temperature and, after medium change, were
incubated at 37`C for 3 and 24 h. We have shown
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Fig. DNA damage and repair kinetics measured by the alkaline
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mean
moment with
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±SD of 3 independent experiments (100 comets were measured per experimental point).
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as elevated frequencies of chromosome aberrations
[2] and micronuclei induction [31 and defective mitogen and cell-cycle responses to radiation [41. Sikpi et
al. proposed that AT cells rather than possessing an
actual DNA repair defect are defective in regulating
radiation-induced DNA repair and less-than-normal
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VALIDATION OF A NEW MODIFICATION OF THE NEUTRAL COMET ASSAY
Maria Wojew6dzka, Iwona Buraczewska, Malgorzata Rasitiska
Comet assay under neutral conditions allows the
detection of DNA double-strand breaks, considered
to be the biologically relevant radiation-induced
lesion. In this report we describe modifications of
the neutral comet method, which simplifies and
facilitates its use for estimation of DNA double
strand breaks in X-irradiated mammalian cells in
culture. The analysis carried out according to this
protocol takes less time than those most often
applied. Also, the use of lysis at 50 0C is avoided;
this is important in view of the presence of heat-labile sites in the chromatin of irradiated cells,
recently reported by Rydberg [1]. The comets have
well defined, sharp limits, suitable for image
analysis.*The specificity of the assay forn DSB was
analysis. he specificity of the assay for Loon was
confirmed by measuring the repair rate of
X-ray-induced lesions in DSB repair-competent
Chinese hamster ovary cells, CHO-KI cells (wild
type) and in the DSB repair-defective xrs-6 mutant.
As shown in Fig.h, the mutant cells do not repair
efficiently the DNA damage revealed by the neutral
comet assay, in agreement with the defect in
non-homologous rejoining of double strand breaks.
To further verify the specificity of the method we
measured the DNA lesions that should be "invisible" under neutral, but not under alkaline condi-
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Fig.2. Ihe DNA damage representing incomplete excision
repair
2

sites after exposure to
UV-C (fluence of 7 J/m ) and 30
min incubation at 370 C estimated in CHO-KI cells by the
alkaline or neutral comet assay. Bars represent mean tail
moment values ±SD of 3 independent experiments (100
comets were measured per experimental point).

The results point to a satisfactory sensitivity of
the modified neutral comet assay and its specificity
for DSB.
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tions. Such criteria are fulfilled by DNA damage

induced by UV-C (254 nm) (Fig.2) or H 20 2 (Fig.3).
For the alkaline assay the cells were processed as
described by Kruszewski et al. [21.
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Fig.l. Repair of the DNA damage in CHC1-KI and xrs-6 cells
after X-irradiation (10 Gy) at time zero or repair intervals
(0.5-24 h). The mean tail moment values were measured by
the neutral comet assay. Bars represent mean tail moment
values ±SD of 3 independent experiments (100 cornets
were measured per experimental point).
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Fig.3. DNA damage induced in CHO-KI cells by 15 min treatment with 10,uM H2 02 measured by the alkaline or neutral comet assay. Bars represent mean tail moment values
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:tSD of 3 independent experiments (100 comets were measured per experimental point).
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APPLICATION OF THE ANTI-SSDNA ANTIBODY
IN THE ALKALINE COMET ASSAY
Maria Wojew6dzka, Marcin Kruszewski, Teresa Iwanenko
We used a mouse antibody specific to ssDNA [1]
conjugated with FITC to estimate the presence of
single stranded DNA (ssDNA) in comets obtained
under alkaline or neutral conditions. Wild-type
Chinese hamster ovary (CHO-KI) cells were grown
in a minimum essential medium (MEM) supplemented with 8% foetal calf serum at 37 0 C and 5%
C0 2 . Exponentially growing cells were trypsinized,
suspended in the MEM medium at a concentration
of 4x105 cells/ml and equal volumes of cell suspension were mixed with low melting point agarose
Type VII at a final concentration of 1%. The suspensions were cast on microscope slides pre-coated
with 0.5% regular agarose Type IA and allowed to
set under cover slips on an ice-cooled metal plate.
After solidification, the cover slips were removed
and the slides were placed for 15 min in ice-cold 10
uM H 2 0 2 in PBS. Next, the slides were washed with
PBS and further processed for lysis. For the
alkaline assay the cells were processed as described
by Kruszewski et al. [2J. After electrophoresis, the
slides were neutralised (two washes of 400 mM
Tris-HCI, pH 7.4), drained and 100 ul of the first
antibody (mouse antibody specific to ssDNA) was
pipetted onto the agarose layer. The slides were
incubated overnight at 40C in a humidified atmosphere and subsequently washed three times with 5

mil of 100 mM Tris-HCI, pH 7.0). The secondary
antibody (FITC-conjugated goat anti-mouse IgG
antibody, Sigma) was immediately pipetted onto
agarose layer. The slides were incubated for 1 h at
room temperature in a humidified atmosphere and
washed three times as indicated above. After
washing, 100 ul of counter-stain (DAPI, I ug/mi)
was pipetted onto agarose layer. Individual comets
were photographed using a Nikkon Eclipse E600
microscope equipped with a U-Ill multi-sensor,
advanced auto-photomicrographic film camera. The
same comet was photographed using an UV2-A
filter set to visualise DAPI-stained DNA and a
B2-A filter set to visualise FITC-staining.
In the alkaline version of the assay the DAPI-

CD

0
X

..

=

cold 1uM E1202 for 15 min.

-staining (not shown). This indicates the absence of
denatured (single-strand) regions of DNA in the
comets obtained under neutral conditions and
shows that these conditions are truly non-denaturing.
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PRE-TREATMENT WITH NOVEL PLATINUM COMPLEXES
oRADIOSENSITISES
CHO CELLS
Iwona Buraczewska, Nella Jarocewicz, Irena Szumiel, Janina Kuduk-Jaworskal/
1/ Department of Chemistry, University of Wroclaw, Poland
We have previously examined the anti-proliferative
effect of thirteen recently synthesized platinum dicarboxylate complexes, very similar in their chemical, structural and kinetic properties to carboplatin.
We used the L5178Y model: two murine lymphoma

sublines, which differ in nucleotide excision repair
ability and hence, in sensitivity to those platinum
complexes that react with DNA [11. The anti-proliferative effect of the examined compounds mainly
depends on the kind of amine ligand. Complexes
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with the primary amine (ethylenediamine) (group 1
complexes, moderate toxicity and moderate to high
reactivity with GSH) are more effective than cormplexes containing the tertiary amine (1-alkylimidazole) (group II complexes, low toxicity and moderate to low reactivity with GSH).
The group I or ethylenediaminemalatoplatinum(I1) complexes show a differential in vitro anti-proliferative activity in the L5178Y (LY) murine
lymphoma cell model; hence, it may be expected
that they inflict DNA lesions that are repaired by
the nucleotide excision system, present in LY-S, but
not in LY-R cells. The cytotoxicity of these complexes is directly correlated with reactivity with
glutathione (GSH).
The group II or 1-alkylimidazole complexes are
of low toxicity and moderate to low reactivity with
GSH; in contrast to the ethylenediaminemalatopla- _
tinum(I1) complexes, their cytotoxicity is inversely
correlated with reactivity with GSH. Two of these
1-alkylimidazole complexes, were tested for in
L5178Y cells for effects on cell cycle progression
and showed a considerable ability to arrest cells in
G2 phase.
We tested one complex of each of these two

groups of platinum complexes in CHO cells subjected to combined platinum complex treatment
and irradiation. From group I we chose ethylenediamine(L-malato)platinum(I1), Ptl; from group II
- bis(1-ethylimidazole(L-malato)platinum(Il),
Pt4.
The hydroxydicarboxylatoplatinum(II) complexes
were prepared, purified and identified as described
earlier [2]. CHO cells were pre-treated for 24 h with
the respective Pt complex at concentrations indicated, X-irradiated (1 Gy) and immediately counted
and subcloned for survival determination. Thus, the
Pt complex was present during X-irradiation, but
not during the recovery period until clone counting
(5 days). Sham-irradiated, Pt complex-untreated
cells served as controls, sham-irradiated, Pt-comp-

lex treated cells served for normalization of survival
for cells subjected to combined treatment.
Figure shows surviving fractions for CHO cells
treated as described above. Ptl at 0.1 ,ug/ml is
practically non-toxic and does not radiosensitise.
Higher concentrations (0.5, 1.0 and 2 .0,ug/ml) show
increasing cytotoxicity and a radiosensitising effect,
which, however, is not very pronounced and does
not much increase with increasing concentration.
Similarly, Pt4 at the lowest concentration (1 ug/nml)
is practically non-toxic and does not radiosensitise
(the difference is statistically not significant).
Higher concentrations (50 and 100 ug/ml) show
increasing cytotoxicity and a radiosensitising effect.
Note the considerable difference between concen-

trations of P11 and Pt4 applied for obtaining a
comparable effect at the cellular level.
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It should be added that the same treatment
schedule was applied to LY sublines and gave
strictly additive results (not shown), in agreement
with the previously formulated rule concerning the
effects of combined treatment 131: both damaging
Ptl
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Fig. Surviving fractions of CHO cells pre-treated for 24 h with the
respective Pt complex (A - PU; B - PN4) at concentrations
indicated, X-irradiated (1 Gy) and immediately counted and
subcloned for survival determination. The third bar in each
group of bars indicates survival normalized to that for Pt
complex treatment alone; it should be compared with the
second bar from the left in each graph, which shows survival
after X-irradiation alone. K denotes control.

agents must inflict sublethal damage in order to
interact. This is the case with CHO cells, whereas is
not - with LY cells.
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POLY(ADP-RIBOSE) POLYMERS
IN TWO L5178Y MURINE LYMPHOMA SUBLINES
DIFFERENTIALLY SENSITIVE TO DNA-DAMAGING AGENTS
Hanna E. Kleczkowska, Maria Malangal/, Irena Szumiel, Felix R. Althaus 2 /
21

l/ Department of Biological Chemistry, University "Federico 11", Naples, Italy
Institute of Pharmacology and Toxicology, University of Zurich-Tierspital, Zurich, Switzerland

Although the contribution of PARP-1 to DNA repair has long been implicated, its exact role remains
ill defined, as reviewed in [1]. Hence, examination
of ADP-ribosylation in cells with impaired DNA
repair could bring some relevant information on
the relations between these processes. The present
study was undertaken to characterize the poly
ADP-ribosylation reaction in X-irradiated LY-S
and LY-R cells, differentially radiation-sensitive.
The high sensitivity of LY-S cells to X-rays is
associated with impaired DNA double strand break
(DSB) rejoining. The post-irradiation DNA repair
in these cells is refractory to the DNA-PK specific
inhibitor, OK-1035, in contrast with that in the
DSB repair-competent LY-R cells [2].
ADP-ribose polymers were purified according to
[3], separated by electrophoresis on a 20% polyacrylamide gel and stained with silver for quanti-a
fication by densitometry. Polymers isolated from
the same number of cells (in terms of DNA quan-

The radiation-induced decrease in the NAD+ content in LY-S cells (not shown) concomitant with the
disappearance of larger polymers (>40 ADP-ribose
residues, Fig.2) is compatible with the elevated
polymer turnover and the higher poly(ADP-ribose)
glycohydrolase activity of LY-S cells that has been
reported earlier [3]. Poly(ADP-ribose) glycohydrolase
preferentially attacks larger polymers and degrades
them at a higher rate than shorter polymers [4]. Our

A

LY-R

'toe
-D*

_4

tity) were compared. Upon visual inspection of the

silver stained gels, differences in the constitutive
polymer size distribution were apparent. Quantification by computer-aided densitometric scanning
(Fig.1) revealed more polymers in the polymer size
classes (ranging from 5-13 ADP-ribose residues) in
LY-S cells and fewer long polymers in the range of
37 residues and larger. The most abundant size
classes were between 6mers and 20mers in both cell
sublines. Following a radiation challenge with 2 Gy,
the polymers formed in LY-S cells (Fig.2B) showed
a striking deficit in the polymer size classes 40
residues and longer, when compared to the
response of LY-R cells (Fig.2A).

L 5 1Fig.2.

p3Nss

53 Sg

;

Figi. (ADP-ribose)n polymer size distribution of constitutive
polymers from lY-R and LY-S cells.

2

4

B

LY-S

Relative size distributions of (ADP-ribose)n polymers at
different times after X-ray exposure of LY cells. The relative amounts of distinct polymer size classes synthesized in
control cells, and 5, 10, 15 and 20 min after irradiation,
respectively, were determined. A - polymers synthesized in
LY-R cells; B -polymers synthesized in LY-S cells. Typical
results of 2-3 separate experiments are shown.
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results show that the poly ADP-ribosylation system of
LY-S cells is largely unresponsive to stimulation by
X-irradiation, while LY-R cells react to this treatment

with a - 4-fold stimulation of polymer synthesis. On
the other hand, the amount of constitutive polymers
(in terms of ADP-ribose residues) in LY-S cells is
twice as high as in LY-R cells.
Supported by the Polish State Committee for
Scientific Research (KBN) - statutory grant for the

INCT.
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APPLICATION OF RTD AND CFD
FOR FLUE GAS IRRADIATION REACTOR INVESTIGATION
Andrzej G. Chmielewski, Jacek Palige, Andrzej Dobrowolski, Antoni Rozen1 /
1/Chemical and Process Engineering Faculty, Warsaw Technical University, Poland

Introduction

And,

Bigger and bigger environmental pollution has
become a serious problem. The electron-beam (EB)
process has been succesfully applied for pollutant
destruction and for their removal from gas, liquid
and solid phases. One of the radiation process,
successfully demonstrated in many laboratories,
pilot plant facilities and in the last time on an
industrial scale, is the reduction of SO 2 and 1N-

+
|4,
E

bustion in electrical power and heat production [1].
When high energy electrons - about 700-800 keV
- are applied for flue gas irradiation, quantities of
free radicals and free atoms are generated in a
primary process as a result of ionization and
dissociation. During the process, a stoichiometric
quantity of NH 3 is added. SO2 and NO, are
oxidized in water presence to H2 S0 4 and HNO 3 .
In the third stage, the intermediate products
react with ammonia to form ammonium sulphate
and ammonium nitrate. The dry powdery ammonium salts are then collected by the filtering units
and can be used after as a fertiliser. In optimal
conditions, an amount of 5 kGy is required for 95%
removal efficiency of SO2 and 7 kGy for 70%
removal of NO,. Total duration of all radiation
reactions is less than 1 s.
Pilot plant facility installed
at the Warsaw Electro-Power Station KAWF:CZYN
The pilot plant for flue gas treatment by EB
application has been installed at the Electro-Power
Station KAWECZYN in Warszawa. The flow capacity through the installation is up to 20 000 Nm /h.
The installation is equipped with two EB accelera-

tors.

From the chemical engineering point of view the
radiation chamber presents the gaseous continuous
flow tube chemical reactor. In such an installation

the efficiency of chemical reactions strongly depends on mixing conditions and flow structure of
gas phase inside the reactor.
For this reason two series of radiotracer experiments were carried out, one for the accelerators
switched off and the second for the accelerators
switched on. Using 8 2Br in the form of methyl
bromide for gas labelling, the residence time distribution (RTD) of gas in the installation for different
technological conditions was determined. The
tracer distribution in different points of the installa-

A

D

C

1

lLX

pollutants from flue gases emitted during fuel com

1,

[1s1

--

,,

Fig l Principal scheme of installation for flue gas irradiation: Al
A2 -accelerators; A-E -detectors.

tion were measured by collimated scintillation
detectors located along the installation outside the
tube for gas transportation and reaction vessel. The
principal scheme of installation with accelerators
Al, A2 and detector localization indication is presented in Fig. 1.
Results of experiments
A total of seven experiments were carried out.
During experiment No I the conditions of radiotracer investigations were established. In next cxperiments the radiotracer 8 2 Br activity was 70 MBq,
time intervals for data acquisition were 100 ins.
Total duration of experiment was about 20 s.
Experiments 2, 3, 4 and 5, 6, 7 were carried out
for accelerators switched off and switched on, respectively. Technological parameters of the installation during the experiments are presented in Table.
Table. Technological parameters of installation.

[

Experiment

2

3

4

5

6

7

341

341

356

345

341

337

Eprmn

1Temperature [K]
3

Flow rate [Nm fhl 5300 10 400 15 000 14 940 10 262 5 028
Real flow rate
1.83 3.61
5.43 5.24 3.56 1.72

[m3 /s].
_ .
The gas flow between B-D sections of the reaction vessel was modelled by a series of two piston
flow regions with axial dispersion connected with
region of flow stagnation. The model parameters
were optimized by comparison of experimental
signals in point D with experimental signals in
point B convoluted with an impulse characteristic
of proposed model. The comparison for experiments 2, 3 and 4 are presented in Fig.2. The comparison of experimental and CFD (Computational
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Fig.2. Comparison of experimental and model curves in outlet of
installation - point D.

Fig.3.. K
Comparison of RTD curves experimental and CFD for
(A
B-D part of reactor.

Fluid Dynamic) RTD curves for part of reactor
betwveen B and D sections is presented in Fig.3. As
flw
q _te
A
[5
an example,
the ct/svelocity 0 field>O in time:
experiment
3 is

step of CFD calculations for accelerators switch on
is realized. In thts case we have the gas flow in tube
flwae
.1s
0
in
presence of .m
two heat sources,
so ithee problem is

k

Fig.4. Velocity

Li

--;4--

.

- .-.
.

field
obtained b CFD
a in experiment
l
No 3.

presented in Fig.4. For identification of radial
dispersion matter the injection of tracer in the axis
of inlet tube were simulated. The trajectories of gas
particles were calculated. The results confirmed the
importance of radial dispersion of tracer in the
initial part of reactor
and
to take
inital prt
andthe
f the
rectonecessity
ecesityto
ake into
nto
account an exchange of mass between "dead" and
active volumes of installation. Actually, the second

non symmetrical and 3D. The present authors
expect to explain the influence of accelerators operation on gas mixing conditions.
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STUDY ON THE NOx REMOVAL BY USING EB IRRADIATION
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Introduction
Industrial off-gas (mainly S02 and NOX) treatment by using electron beam (EB) irradiation in the
presence of ammonia has been studied for many
years [1-4]. From laboratory and pilot plant results
it is known that S0 2 removal efficiency is enhanced
by increasing flue gas humidity and NH3 addition
(ammonia stoichiometry: 0.90). The S0 2 removal
efficiency reached up to 90% at the absorbed dose
below 6 kGy, while the NOx removal efficiency,
which mainly depends on the absorbed dose, was
less than 70% NO, at a 6 kGy dose. Higher removal
efficiency of NO, could be reached by increasing
the applied dose.
There is an energy consumption problem encountered in NOx removal. Scientists are looking

for effective methods to increase NOx removal efficiency, e.g.: by injection organic compound method
[5], by using catalysis method [6] or a combination
of both the methods. We studied the possibility of
applying the injection of a selected organic compound (alcohol) into flue gas. This approach was
applied for the first time in an industrial pilot plant
and the obtained results are here demonstrated.
Experiment
The experiment was carried out at the Electro-Power Station (EPS) KAWECZYN. Two different
kinds of alcohols were injected. Ethanol (95% purity
+ water) was injected in the fist run experiment and
line-clean ethanol (96% purity + acetone + dimethyl ether) was injected in the second run experiment. The flue gas flow rate was 5000 Nm3Ih, humi-
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reduce the absorbed dose by 1-2 kGy. For example,
to remove 70% of NOx without alcohol addition 8
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drawn that the NOx removal efficiency, in the presence of alcohol, was increased by 10% when the
absorbed dose was below 6 kGy, Put the NOx
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Fig.3. Laboratory results of NOx removal efficiency vs. dose in
the presence of alcohol. (No ale.): flue gas=20 m3/h,
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removal of 70% NO, at the EPS KAWECZYN by
the EB process is given. It should be added here
that this calculation did not include the costs of
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Fig.2. EPS second run experimental results of NO 5 removal efficiency vs. dose under the influence oft alcohol (ine-clean
ethanol). S0?2(ini)=235 ppm, NOx(ini )=120 ppm,
NH3=2.90 m /h, flue gas=5000 m3/h, alc.=550 I/h (when

ale, was added). s(alc.:N0x)=0.92, s(N113 )=0.98, 60%
S02 was removed.

removal efficiency was decreased when the absorbed
dose was higher than 10 kGy (Figs. 1 and 2).
Results and discussion
Alcohol influences the NOx removal
Ethyl alcohol addition into the flue gas increased
NOx removal efficiency at the dose below 6 kGy.
Figure 3 (laboratory results carried out in this
Institute) and Fig.1 proved it. With increasing absorbed dose (>10 kGy), the NOx removal efficiency
in the presence of alcohol decreased. The reason
for this effect will be described in the future.
Economicalcomparison
Table 1 lists dose vs. power relationship for one
accelerator (50 kWf700 keV) at the EPS KAW1VCZYN in experimental conditions.

Without alcohol

20.9 PLN

With alcohol (line-clean ethanol)

30.6 PLN

This calculation was based on the assumption

Ti aclto
a ae
nteasmto
that the cost of electricity is 0.60 PLN/(kW h , and
that of line-clean ethanol is 12 PLN/1. Experi-

mental conditions were the following: inlet of NOx
was 120 ppm, and that of flue gas was 5000 m3 /h.
The fate of alcohol in flue gas
From a Fig.1 it follows that alcohol addition
increased the NO, removal efficiency by 10%; in
other words, 10% of the alcohol was involved in the
NOx reaction. For an initial NOx concentration of
120 ppm, 12 ppm of alcohol reacted with NO5,
about 100 ppm alcohol was involved in other reactions, e.g.: to form acetaldehyde, H2 , and other or
emitted into atmosphere.
Conclusion
Alcohol injection into the flue gas increases the
NOx removal efficiency by 10% when the dose is
s6 kGy. However, from economical point of view
this is not a promising method to combine alcohol
injection into flue gas with the present EB technology to remove NO, at industrial plants.
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TRACER STUDIES ON POLLUTANT DISPERSION
IN IRREGULATED RIVERS
Andrzej Owczarczyk, Andrzej Dobrowoiski
Surface waters are the primary receiver for wastes
discharged in the liquid form. Continuous expansion
of industrial and urban agglomerations results in a
still increasing amount of pollutants discharged into
rivers, lakes and coastal sea areas. This results in
harmful effects on the environmental equilibrium in
natural water reservoirs affected with discharged
pollutants leading, in extreme cases, to complete
disappearance of biological life in water regions
highly loaded with pollutants. On the other hand,
the surface waters constitute one of most important
water sources for municipal and industrial use. High
degree of their pollution, beside of technical difficulties, associated with treatment of water in order

mation. Such solutions do not take into account the
river bed morphology which is suspected to play a
significant role in pollution transport in irregulated
rivers. There are a few publications, in which the
authors introduce the factors depending on the
river morphology to the model equation, such approach complicates very much analytical solutions
of model equations even for a single dimension.
One of more promising approaches seems to be the
dead volume model [3-51.
ac
ac
2
+ v -x - D 2 = ET(Cd - C)
where: Cd - effluent concentration in dead zone, c effluent concentration in the stream, v - mean
-t

Table 1. Statistical moments of experimental residence time distribution curves for 2,3,5,6 and 7 river cross-sections and fitting
parameters with model curves.
Statistical moments
Fitting
paraeter

C

Curve
2 [Curve

Mean residence time, MRT [h]
7.582
2
Variance. V [h 2 1
1.062 0.753
Dimension less variance, DV -] 0.018 0.013
Coefficient of skewness, s[-]
2.595
1.286
Correlation coefficient, r[0.9993
Objective function. fc [%]
4.8

Curve
ure
2 084
1.025
0.010
1.946 j

3

10.097
1.143
0.011
2.392

Curve
Curve
13.259
30.885
0.147
5.010

0.9998
2.02

to make it suitable for both household and process
purposes, creates numerous hazards of secondary
nature through various kinds of potable water, fish
and industrial water contamination.
The proper understanding of the effluent transport process mechanism and the influence of hydrological and morphological conditions on it will
approach us to more precise assessment of ecological hazards.
The previous experience [1,2] has based on the
solutions of dispersion for straight channel approxi-

313.169
25.469
0.329
4.302

Curve

6 Curve 6

18.343
110.600
0.155
3.312

16.822
43.965
0.155
3.657

Curve 7 Curve 7

Curve 7

71

0

7

23.324 23.227
122.700 103.900
0.226
0.193
3.121
3.121

20.086
6.000
0.015
1.613

0.9997

0.9981

0.9968

0.9962

3.21

5.24

9.83

14.3

stream velocity, E - ratio of the dead zone volume, T
- kinetical constant (penetration time of effluent in
dead zone), x - longitudinal coordinate, t - timc.
The dead volumes are generated by river bed
irregularities. Validation of such an approach can
be checked in natural conditions.
In 1998, a series of field experiments was carried
out at a river being cerefully selected from the view
point of experimental conditions. The 5 km section
of the Wkra River has been selected after hydrological analysis. The Wkra River is a small irregu-

Table 2. Model parameters for river sections.
Parameters

._.__

Dispersion coefficient, D [km 2 /hl
Ratio of dead volume to flow volume in river stream, epsilon
Time of tracer penetration to dead volume, T [h[
Mean flow velocity. u [km/h]
Dead volume contribution, d [%]

[ - 2]1
0.0027
0.0920
0.4530
0.5200
8.4

[2 -3
0.0220
0.0120
0.6550
1.8400
1.2

1

River sections_
[3 -5
[5 -6]
0.0051
0.0338
0.7920
0.3690
11.2570
7.0706
0.4880
1.6200
44.2
27.0

l

[6 -7]
0.0034
0.2260
0.9030
0.7800
18.4

[0 -7]
0.0120
0.1020
1.4440
0.9190
9.3
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Table 3. Comparison of measured and calculated flow velocity for selected river sections.
Section
[0 - 21
12 -3i
[2 -31
l -51
[3
1115.
[5 - 61
j5j 61 -~
_6 - 7_

Length
[kim]
3.62
4.72
4.72
0.89
0.89

4.35
4.35
3.25

Mean velocity
[km/h]
[mi/s]
0.520
0.144
1.840
0.511
1.840
0.511
0.488
0.136
0.488
0.136
1.620
0.450
1.620
0.450
0.780
0.217

Profile

lated right tributary of the Vistula River (average
depth 1.5 m and width 30 m).
Due to rather low dead volume contribution
(< 10%), the results obtained do not allow strictly
to decide if the proposed approach is a good approximation of real effluent transport processes.
This was the reason for continuation studies on
rivers with a larger dead volume contribution.
The upper Narew River has been selected.
Experiments have been carried out in 2001 on the
18 km river section characterized by a very developed bed morphology between the villages Sura and
Bokiny.
The six measuring cross-sections have been
localized in the selected region.
The full hydrodynamic and hydraulic characteristics of the river has been measured just before
the tracer experiment. The Rhodamine-WT has
been used as a tracer. The spacial distribution of
the tracer has been fluorometrically measured in
each cross-section. The experimental results have
been processed statistically and approximated with
the presented above model of one-dimensional
(longitudinal) dispersion with dead volume and
mass transport between the flow and dead volumes.
The results are presented in Table 1.
The presented data prove that the proposed
model fits very well for the transport processes in
the river even for most variable morphological conditions.

2
2
3
3
5
5
6
6

Calculated mean velocity
[m/si
0.328
0.328
0.324
0.324
0.293
0.293
0.334
0.334

Measured mean velocities
[m/S]
0.271
0.271
0.305
0.305
0.405
0.405
0.277
0.277

The model parameters for pulse response curves
in the 1° - 2], [2 - 3], [3 - 5], [5 - 6], [6 - 7] and [0 - 71
river sections are shown in Table 2. The dead
volume differs very much in the selected river sections e.g. 1.2% in [2 - 3] section and 44.2% for section [3 - 5].
The flow velocities predicted by the model are in
quite good agreement with the measured ones (Table
3).
So, it can be concluded that the proposed model
is valid for transport processes description in rivers
even for such complex and variable flow conditions
as were met in the Narew River.
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ULTRAFILTRATION COMBINED WITH COMPLEXATION

FOR REMOVAL OF RADIOACTIVE COMPOUNDS

=

Grazyna Zakrzewska-Trznadel, Marian Itarasimowicz, Bogdan Tyminski, Andrzej G. Chmielewski
Ultrafiltration membranes that were permeable to
small ions, retain macromolecules or particles formed in the process of complexation or adsorption.
The selection of appropriate complexing agents is
the main problem of such an ultrafiltration/coinplexation method. Each ion needs application of a
specific ligand, which has to fulfil special requirements, such as high molecular weight, good solubility, ability of selective binding with ions and
molecules and stability of complexes.
Many different complexing agents and absorbents
were examined in the laboratory of the Institute of
Nuclear Chemistry and Technology. As ligands attaching radioactive ions, polyethyleneimine (PEI),
polyacrylic acid (PAA) of different crosslinking, and
suspension of hexacyanoferrates were used. In ex-

periments with radioactive solutions ceramic membranes were tested. They were MEMBRALOX1
tubes, 250 mm long and 7/10 mm in diameter with a
membrane sintered inside the tube and CeRAM
INSIDEa three-channel tubes. The pore size of
ceramic barriers was in the 1 kD-100 nm range.
The experiments showed a significant increase of
retention factors and decontamination factors, while
the macromolecular compounds were added. An
example of the results is shown in Fig.1. There are
results for two membranes: the MEMBRALOX'
tube with a 50 nm filtering layer and CeRAM
INSIDES 15 nm. The retention factors for caesium
ions were similar for both membranes. However,
when they combined with a macromolecular ligand
some difference occurred: the retention factors for
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Fig.2.The influence of pH on decontamination factor and retention of Co-60. PAA in the form of sodium salt was used as a
complexing agent.

Advantages of ceramic membranes employed in
the nuclear industry are found in their extremely
high chemical and physical stability (full pH range),
resistance to oxidation and solvents and resistance
to ionizing radiation. Ceramic materials are advan-

MEMBRALOX® 50 nm were higher. An exception
was the case when sodium cyanoferrate was used: for
both membranes the retention factors were high,
close to 1. For both membranes the application of
macromolecules led to an increase of retention. As
in previous expriments, the significant dependence
of retention and decontamination factors on pH was
observed (Fig.2).

tageous especially for solutions composed of
organic compounds or high radioactive wastes containing alpha emitters. High temperature resistance
allows the washing with warm streams and sterilization by steam. This is very important when macromolecular ligands causing fouling phenomena are
used.

DETERMINATION OF SULFUR ISOTOPE RATIO
IN THE COAL COMBUSTION PROCESS
Andrzej G. Chmielewski, Ryszard Wierzchnicki, Malgorzata Derda
ao°
Co
_.
-

Power generation all over the world is mainly based
on the fossil fuel combustion. These fuels contain
sulfur and are the main source of anthropogenic
sulfur, mostly emitted to the atmosphere as sulfur
dioxide. Due to the sulfuric acid, which is the product of oxidation and reaction with atmospheric
water, acidic rain occurs. Very important is the
evaluation of economic responsibility for emitted
pollution. Therefore, scientists look for a suitable
marker, which could be used as environmental
tracer.
S02 emission has a great impact on the environment and human health conditions. Therefore,
different technologies have been applied for air
pollution control. There are no other methods
beside sulfur isotope ratio measurements to investigate the fate of anthropogenic sulfur (emission and
desulfurization products) in the atmosphere and
environment.

In some deposits isotopic composition is similar at
different depths of the whole region, while in the
other, this composition can even change at the deep
of several meters [21. There is a big differentiation
in the received results not only in the concentration
of sulfur but also in composition of its isotope
ratie.
The isotope ratio can be used as a tracer for
environmental samples (aerosol, air, plants, rain,
water) to track the products of the combustion of
the particular coal.
The next stage of this work was to check the
possibility of application of sulfur isotope ratio to
investigate the sulfur pollution coming from the coal
combustion process. The stable samples (coal, ashes,
slag) were taken from the Electro-Power Station
KAWECZYN to determine sulfur isotope ratio in
coal combustion process. Coal used in this power
station originated from the Upper Silesian Basin.

Literature review shows that there are few data
on sulfur isotope ratio in Polish coals and on frac-

Table. Sulfur isotope ratio d

34

tionation of sulfur isotopes in the process of coal

combustion. Results of available preliminary inves
tigatlion concerning characteristics of the Polish
coals was presented earlier [1]. The received results
(634S/325
1l. -6.62 to + 8 8 c) suggest that the sulfur

in coal originates from the sulfur being originally
bounded by plants and depleted in the isotope 34S.

S,

in different solid samples

Coal

32

S in particular form of sulfur

lol.
Slag

Ash

-Ii
Orgic sulfur

P~ritesulfur
Sulfate sulfur

±0.03

8.

±0.0

9.78 ±0.03

0.81 ±0.05

15.83 ±0.07

0.94 ±0.02

l7.2
-4.09±0.02

Each form of sulfur has been prepared by extraction 13I of solid samples taken from the power plant
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and transformed into a stable compound, which can
be subsequently converted to gas phase (SO2 ) for
mass spectrometric analysis [4].
The received results (Table; 634S/32S values
ranged from +7.45 to +15.83%c), suggesting that
the sulfur in coal originates from sulfur bounded by
plants and depleted in the isotope 34 S. The sulfur
was probably produced in the process of sulfate
bacterial reduction.
634S values in the slag are enriched in the light
i
p
isotope 32S in the coal combustion process. Similar

results were observed for the sulfate sulfur in the
ashes. 334S organic sulfur in the ashes (29.35%v) is
enriched in the heavy isotope 34S in the same
process. We do not confirm the presence of pyrite
sulfur in the ash samples.
These data are providing important information
concerning the origin of sulfur. This method may be

applied for the investigation of different air pollution control technologies as an environmental
tracer and further fate of deposits e.g. elution of
gypsum from landfilled wastes.
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INVESTIGATION OF EQUILIBRIUM SULFUR ISOTOPE EFFECTS
BETWEEN GASEOUS SO2 AND SO 2 DISSOLVED IN WATER AND METHANOL
Andrzej G. Chmielewski, Ryszard Wierzchnicki, Agnieszka Mikolajczuk
Natural sulfur comprises the four stable isotopes
32S, 33s, 34S and 36S whose relative abundances are
95.018, 0.750, 4.215 and 0.017%, respectively [1].
Small deviations in literature values may be caused
by isotope fractionation effects. Sulfur is an important element of organic matter. Due to high chemical reactivity, it takes part in biological and geological processes in which isotope effects occur.
In our laboratory we have used gas solubility methods. In 1939 H.C. Urey did not observe any
separation of sulfur isotopes in the S0 2 -H 2 0,
S0 2 -CH 3 OH and S0 2 -C6 H5 NO 2 systems [2],
however the analytical methods were then not so
accurate as they are now.
During the past two years sulfur isotope fractionation factors (34 S/3 2S) were determined experimentally for the system SO2 -H2O. The enrichment
of the heavier isotopic species ( 4S02) in the aqueous phase may be mainly due to its lower hindered
translational frequency as compared with that of
32
S02. However, a quantitative interpretation of

.40

the isotope fractionation and its temperature dependence would require information on the shifts
of the internal vibrational frequencies of SO 2
molecule when it is transferred from gaseous into
the aqueous phase. The influence of temperature
on the investigated separation of sulfur isotopes
between phases was studied as well. With increasing
temperature both the solubility of sulfur dioxide
and the fractionation factor decrease, at 200 C
a=1.00140,andat70 0 Ca=1.00090 ±0.00024[3].
Isotope fractionation factors between gaseous
SO2 and SO 2 dissolved in methanol were experimentally investigated last year. The solubility of
sulfur dioxide in methanol was higher than in water
(Fig.1).
The experimental results presented in Fig.2 show
that the isotopically heavier molecule are enriched
in the solution compared with the gas phase
(normal isotope effect) and isotope effects in methanol are lower in comparison with water.
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Fig. 1. Solubility of S02 in water and methanol (solvent phase was
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Isotope fractionation effects between the liquid
and gaseous phases is a quantum effect, because the
isotope fractionation factor between two phases is
equal to 1 according to the classical theory. Figure 2
shows that the experimental isotope fractionationG,
factor for water is equal to 1.00140 ±0.00024, and
for methanol is equal to 1.00040 ±0.00024 at 20"C.
The isotope effects can be explained by the diffe-

rence betweenrenebetwen
the
isotopic molecules. The sotoic
te isoopicmoleules.The isotopic
molecule 3 4S0 2 has a lower zero-point energy and
needs higher activation, therefore bonds towards a
heavier isotope are stronger than towards the
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lighter one. The sulfur isotope 34S is enriched in the
solution compared with the gas phase.
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MATERIAL ENGINEERING, STRUCTURAL STUDIES, DIAGNOSTICS
SEM OBSERVATIONS OF POLYMER TRACK MEMBRANE FRACTURES
OBTAINED USING UV IRRADIATION

_

Blozena Sartowska, Oleg Orelovitchl/

o

l/ Flerov Laboratory of Nuclear Reaction, Joint Institute for Nuclear Research, Dubna, Russia
Particle

Track Membranes

(PTMs) are a unique

9

.

filtration material. They have some characteristic
features, for example: small pores with precisely

. ......

de

termined diameters, homogeneity of pore distribu .
tion, identical pore shape for majority of pores.

. .........

-

. . .

Process of membrane production is well known and
described in the literature [1,21. Depending on the
process conditions, channels can be shaped as cylinders, cones or else. Information about membranes
structure can be obtained by analysing the images of
their surfaces and cross-sections. To obtain the
brittle fracture we usually break the sample in
liquid nitrogen 131. Temperature -195 C is higher
than the PET polymer brittle point. Often quality

..

'-'...'..'

.

Fig. 2Fracture of PET 'ariicle Track Membrane obtained by
breaking in liquid nitrogen; measured pore diameter
0.575 pm.
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i"
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the sample can be easy broken at room temperature. Figure 3 presents the fracture obtained by
UVB irradiations. It can be seen that the measured

>'',
9*'

R

RR

diameters are almost the same at surface and

::':."""''pore

fracture (462.3 nim). It can be also observed that the
walls of pores are better seen.
Surfaces and fractures of membranes were observed using SEM DSM 942. Samples were prepared

for

SEM

observations

according

to

the

standard procedure: fixed with conductive glue and
Fig.L.Surface of PET Particle Track Membrane, measured pore
diameter = 0.453pm.

of observed cleavages is not good enough. Pores in
the membrane look larger than pores at the surface.

covered with thin (15-20 nm) layer of gold using a

vacuum evaporator JEE-4X (Jeol, Japan).
We obtained the brittle fracture'cleavages of
PET Particle Track Membranes for SEM observa....

.....

Figure 1 shows the surface of PET membrane. The

~

measured here pore diameter is 452.6 nm. The
fracture made in liquid nitrogen is presented in
Fig.2. The measured pore diameter is 575.2 nim. We
can also see that the cleavage edges look like a
fringe. This is the effect of the strain in membrane
during breaking it.
So, we tried to obtain the brittle fracture using
other membrane destruction process. Photooxidation destruction can be carried out under special
conditions [41. The irradiation with A=320 nm is
absorbed by PET membrane molecules and initiated foil destruction. In our experiment, PET mem-

brane was irradiated with UVB light with wavelengths 280-320 nm during 48 h for each side using
a UV lamp Philips TLD 18W/08. After this process

_

_

_

Fig.3. Fracture of PET Particle Track Membranes obtained with
UVB irradiation; measured pore diameter = 0.462um.
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tions using a new method - UVB irradiation. The
method is more time consuming than the breaking
liqid
innitogen, but the
otained
membrane inmembran
liquid nitrogen, bt
the obtained
fracture can give us proper information about the
inner parameters of membrane.
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THERMAL EVOLUTION OF SOLID TARGETS
IRRADIATED BY PULSED PLASMA BEAMS
Wiadyslaw Szymczykl/, Jerzy Piekoszewski
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Over the past two decades several groups all over
the world investigated applications of high intensity
pulsed ion and plasma beams (HIPIPB) to surface
treatment of materials. The HIPIPB techniques
combine some features of laser treatment and of
ion implantation, since both heat and mass transfer
occurs in the "beam-target` system. Beam parameters vary widely depending on the kind of application. Ion energy may range from few keV to 1 MeV,
pulse duration from 10 ns to 10 ms, and energy
density from 0.01 to 50 J/cm 2 . The most charac-

solve numerically this equation, we used an ETLIT
computer code based on the Finite Element Method. It takes into account phase transitions (melting and solidification of the sample material), as
well as gives an opportunity to make temperature-dependent not only the heat conductivity K(T), but
also the specific heat C,.
In the present calculations, the above mentioned
K(T), Cs and other necessary material data (melt
temperature, thermal conductivity) have been taken
from the literature. G(T) was assumed to be of

teristic feature of HIPIPB technique is that pulse

Gaussian form with different full width at half

irradiation results in the melting of near-surface
layer of the target material in time scale from ns to
us. The ultimate properties of the processed
materials depend on the kind of material itself, kind
of ions in the beam and heat evolution in the
substrate. In the literature published thus far, there
exist a lot of papers dealing with dynamics of the
processes induced by pulse laser or electron
irradiation of solids. However, the considerations of
the thermal processes induced by HIPIPB are
rather sparse.
The aim of the present investigation is to get
insight into the heat evolution in the targets of
various materials irradiated with beams of energy
densities E in the range 1-10 J/cm 2 and pulse
duration Tp between 0.1 and 3 jis FWHM. These
beam parameters are typical for pulses generated in
rod plasma injector and magnetically insulated high
voltage diode type of facilities which are most frequently used in materials treatment experiments.
Heat diffusion in sample bulk in the x direction
(which is the case in our experiments), one-dimensional equation was used to calculate thermal
evolution:
C
T(xt) = a [ K(T). aT(xt)] + G(xjt)

magnitude (FWHM) and amplitude.
In order to get insight into heat evolution in
materials with thermal properties spanning over the
wide range, at first we performed calculations for
copper, iron and alumina, i.e. materials with growing melting temperature and decreasing heat conductivity. The calculations of the dependences of
melt depth dm on pulse energy density E, for
FWHM=0.1, 1.0 and 3.0 us for materials studied
show the following qualitative trends:
(a) the energy density thresholds for melting EM
and their ranges for 0.1, 1.0 and 3.0 ps pulses,
both decrease in the sequence Cu-Fe-A]20 3 ;
(b) the melt depth vs. energy curves for different
pulse durations converge with an energy rise,
and an energy density ECM, at which the convergence occurs, decreases also in the sequence
Cu-Fe-A1 2 03 ;
(c) the slope of melt depth vs. pulse energy also
decreases in the above sequence of materials.
Qualitatively, the trend observed in (a) is comprehensible in view of the fact that for a given
power density dissipated at the surface, the heat
accumulation in this region is more effective for
lower heat conductivity of material which coincides
with the sequence Cut-Fe-AI20 3 . The convergence of dM vs. E curves for different pulse duration
i.e. trend (b) can be accounted for by the time of
heat diffusion tD required to travel over the molten
region and to reach the liquid-solid interface. If tD
is sufficiently greater than FWHM, which occurs at
large E and thereby large tD, then dM vs. E run

at

ax

ax

where C, is the sample material specific heat, p is
the sample material density, T is the temperature in
t time at x depth within the sample, and K(T) is the
sample material heat conductivity (generally temperature-dependent). The G(xt) term describes
heat generated on the surface of the sample. To
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become non-sensitive on the pulse duration. The
decrease of ECM with lowering heat conductivity is
simply due to an increase of tD as it is the case of
the Cui-Fe-AI20 3 sequence. The trend observed
in (c) is probably connected mainly with increasing
melting temperature and thereby increases of
amount of heat required to melt a given material in
the sequence.
The calculations of the dependencies of liquid
duration tt. on energy density for different FWIHIM
shows the following qualitative main trends:
(d) ti, increases with energy density in the
Cu-Fe-Al20 3 sequence;
(e) tL vs. energy tL=f(E) curves for different pulse
duration converge with an energy rise, and an
energy density ECL, at which the convergence
occurs, decreases also in the sequence
Cu -Fe-AI20 3 ;
(f) the tL=f(E) curves in the energy range
EM<E<ECL differ in a shape and numerical
values for 0.1, 1.0 and 3.0 jIs pulses for all
materials Cu, Fe and A1 2 03 ; the slopes At1 JAE
being always greater for longer pulses.
The behavior (d) is obvious intuitively in view of
the fact that solidification always takes longer,
when the heat flowing away from the liquid-solid
interface is poorer due to the lower heat con-
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ductivity of the substrate. The convergence of
tL=f(E) curves mentioned in (c) can be readily
understood by considering the relations between
pulse FWHM and liquid duration tt .
When tL is sufficiently longer than FWHM, for
further tL=f(E) evolution, it is not significant how
long it takes to deposit an energy into the substrate
material. The behavior mentioned in (f) is for us at
a moment beyond the intuitive reach, since such
factors as melting point heat conductivity and heat
capacity influence the heat evolution in a quite
complicated way.
It is obvious that in pulsed-beam techniques, the
process time is too short to allow any real-time
control. Moreover, plasma, ion as well as laser or
electron pulses have a finite reproducibility. Therefore, if it is intended to carry out the irradiation
process with relatively short liquid duration times
(say below 2 Is) i.e. at energy densities below ECL,
then clearly the short FWHM is desirable. In such a
case, a given fluctuation in energy density causes a
small variation in liquid duration time. In the case
of large FWHM the reverse is true. On the other
hand, if liquid duration time has to be long and
hence energy density exceeds ECL, then long
FWHM is desirable, since at lower power density
the effects of surface deterioration is less probable.

IMPROVEMENT OF SURFACE PROPERTIES OF TITANIUM
BY ITS ALLOYING WITH SILICON
USING INTENSE PLASMA PULSES TECHNIQUE
Edgar Richterl/, Jerzy Piekoszewski 2'31 , Egbert Wieserl/, Fridrich Prokertl, Jacek Stanislawski 3 /,
Lech Walis', llelfried Reutherl
Forschungszentrum Rossendorf, Institut fur lonenstrahlphysik und Materialforschung, Dresden, Germany
2/ Institute of Nuclear Chemistry and Technology, Warszawa, Poland
3/ The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland
Titanium and its alloys have been widely used in
many branches of technology because of their
strength-weight ratio, good corrosion resistance
and biocompatibility. However, in some applications the surface of these materials is recommended. For example, recently it has been found that low
dose silicon ion implantation into titanium enhances its adherence to the ceramic coatings improving quality of the dental prosthesis on titanium
skeleton. Also recently, we demonstrated the
feasibility of Ti 5Si3 silicide formation on Ti6A14V
with grain size as large as 75 um. The formation
method in the latter case is based on the use of high
intensity pulsed plasma beams (HIPPB). In this
technique, the short, intense plasma pulses (1 UIs,
3-4 J/cm 2) serve as a source of heat to melt the near
surface layer of the substrate together with a film
material pre-deposited on it. In the molten state,
which lasts couple of microseconds, the rapid diffusion of film-substrate elements occurs leading to
the formation of new stable and/or metastable
phases and compounds when rapid solidification is
completed. In the present work, the system Si

film-Ti substrate subjected to HIPPB treatment is
investigated. The main subject has been an attempt
to improve the mechanical properties of titanium
surface as well as to study the kinetics of the silicon
transport in the molten titanium substrate and
thermal stability of the silicide formed by HIPPB
technique.
The Si-Ti structures were manufactured in a two
step procedure. In the first, the commercially available pure titanium plates after cleaning were coated
with silicon films using an e-gun evaporator. The
thickness of the films were 30 and 70 ,Ig/cm2
referred to hereafter as "thin" and "thick", respectively. In the second step the coated surfaces
were irradiated by 1, 2, 3, and 5 nitrogen plasma
pulses with an energy density of 3.5 J/cm
Some of the samples were annealed after plasma
irradiation in vacuum at 800'C for 1 h. The samples
were characterized by the following methods: Auger
electron spectroscopy (AES) and X-ray diffraction
(XRD) measurements carried out on a step scan
diffractometer with a thin film attachment in
grazing incidence geometry (w= 10) using CuK,
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radiation, wear rate measurements carried out with
oscillating type of device. The main results can be
summarized as follows:
- For the thickness of Si films used in the present
experiments, i.e. 30 and 70 ,ug/cm2 , the optimum
number N of pulses was found for creation
silicides (TisSi3) is in the range l<N<5. When
the dopant is introduced into Ti by a single pulse
then it cumulates just beneath the surface and
does not react with the substrate material. On
the other hand, for N=5 the silicon penetrates
the substrate so deeply that its concentration is
too small to assure the stoichiometry needed to

EROSION OF ELECTRODES IN COURSE OF PLASMA GENERATION
IN ROD PLASMA INJECTOR TYPE OF ACCELERATOR

o O
5
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o
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form silicides. The thicker films (70 ,ug/cm2) are
generally more convenient for formation silicides.
- Annealing the Sifri structures at 8000 C for 1 h
leads to partial transformation of Ti5Si into TiSi
phase.
- Presence of silicides in the near surface layer of
titanium increases dramatically its wearing resistance.
The above results were presented on the SMMIB
2001 International Conference (Marburg, Germany, 9-12 September) and will be published in
Surf. Coat. Technol.
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A rod plasma injector (RPI) type of pulse plasma
generator can be used to modify the surface properties of the solids in two ways:
1. In the mode referred to as pulse implantation
doping (PID) the plasma pulses (duration in ,us
range, ion energy from few to several keV, energy
density 1-10 J/cm 2 ) consist exclusively of ions of the
working gas. The pulses melt the near-surface layer
of the substrate to a depth of 0.1 to 2,pm. Atoms
contained in plasma and those pre-deposited on the
surface diffuse rapidly into the bulk of molten layer.
II. In the mode referred to as deposition by pulse
erosion (DPE), apart from the working gas plasma
generation (as in PID) also erosion of the metallic
electrodes takes place. Part of the eroded material
reaches the substrate surface. -lowever, eroded
atoms do not undergo ionization and acceleration
in the same way as the working gas atoms. In most
cases, they land on the substrate when its surface is
already re-solidified after being molten by the
working gas plasma pulse. So they form a film (few
to several nm thick).
However, recently we noticed that the relation
between the Ti film thickness on the top of A12 0 3
substrate and bulk concentration of Ti in the
substrate depends on the number of pulses. The
aim of the present work was to make a more systematic observation of the behavior mentioned in
the previous sentence and to derive some conclusions about ionization and energy of the eroded
metallic atoms.
Titanium was alloyed into the alumina substrates
by irradiation with different number (2-20) of
plasma pulses generated in an RPI (IBIS) device.
Energy density and pulse duration were 4 J/cm2 and
about 1,ps, respectively.
Samples were examined by X-ray diffracticn
(XRD) and Rutheford Back Scattering (RBS) tech-

niques. Detailed analysis of the XRD patterns
revealed also evidence of the presence of A15 0 6N
and AIN phases. The phases such as Ti 3 AIN and
A12TiO 5 were identified with a less probability.
RBS spectra have shown that for 2 pulses there is a
well pronounced peak representing Ti atoms
deposited on the surface, but not being mixed into
the bulk of the surface. On the other hand, for 10
pulses the surface peak practically does not exist.
An increase of Ti concentration in the bulk, i.e.
beneath the surface, with a number of pulses is
quite comprehensible with a view of the fact that
each pulse brings a new dose of Ti atoms that are
subsequently mixed into the bulk by the diffusion in
liquid state process. However, less obvious is a
decrease of the amount of titanium deposited on
the surface. This fact could be accounted for by a
decrease of the melting temperature Tm of the top
layer of the substrate with rising number of pulses
and hence an increase of melt duration rm.
In order to gain certain semi-quantitative information about the relation between Tm and melt
duration we solved numerically one-dimensional
heat flow equation with material parameters for
A12 03 taken from the literature and pulse parameters corresponding to our experimental conditions. In several computation runs all input parameters were kept the same except for the melting
point. We introduced an "artificial" melting temperature Tm such that the ratio of Tm/Tm varies
from 0.5 to 1.0 for a real melting point Tm of
A12 03 equal to 2303 K and we computed Tm vs.
Tm/Tm dependence. To estimate at least the range
of average energy of titanium we assume that melting temperature of the top layer of the substrate
after processing with 10 pulses was reduced by
about 10%, i.e. to the lowest melting temperature
for the phases identified by XRD. For Tm/Tm=0.9
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the melt duration amounts to 11 ps which corresponds to Eminm200 eV. This means that if the
average kinetic energy of expanding motion of the
Ti ions/atoms were somewhere between 200 to 300
eV then these ions would reach the substrate when
its top layer is still melted and they would diffuse
totally into the substrate as it was the case for 10
pulses treatment.
Careful analysis of I-V transients observed our
experiment shows that erosion of the electrode material occurs exclusively in the last (III) phase of the
discharge. In this phase an overvoltage is already
ceased and the gas discharge transforms into the arc
discharge between the open end of the electrodes.
Ion energies in the range of few hundreds eV,

estimated in the present work - fall well into the
range of energies determined by other authors for
plasma in vacuum arcs. Therefore, we finally condude that electrode erosion in RPI plasma generator occurs via vacuum mechanism. If so, an amount
of ionized metallic atoms is on the level of 90%.
In conclusion:
- Metallic atoms eroded from electrodes during
gas discharge in the rod plasma injection type of
generator are not ionized and accelerated in the
same way as atoms of the working gas.
- Energy of metallic ions is in the range of few tens
to few hundreds eV.
- Most likely the electrode erosion occurs via
vacuum arc mechanism.

ANALYSIS OF LATE ROMAN COINS BY THE PGAA METHOD
Barbara l,ichockal/, Zsolt Kasztovsky 21 , Ewa Panczyk, VWadyslaw Weker3
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Department of Mediterranean Archaeology, Polish Academy of Sciences, Warszawa, Poland
2/ KFFI Atomic Research Institute, Budapest, Hungary
/ National Archeological Museum in Warsaw, Poland
Prompt Gamma Activation Analysis (PGAA) is
based on the radiation capture of neutrons by the
nucleus of a given element. The method is suitable
for qualitative and quantitative analysis of all elements. It is a unique method for non-destructive hydrogen assay because, as a result of the 1H(n,y) 2 H
reaction, a single gamma quantum of 2223.3 keV
energy is emitted. The biggest advantage of this
method is its non-destructive character and the fact
that the specimen does not need to be specially
prepared for the test. Moreover, it allows for
determining such elements as H, B1,N, Si, Ca, Cd,
Gd, Pb and Bi, the analysis of which with the INAA
method is difficult or almost impossible. On the
other hand, the sensitivity of the PGAA method is
lower than the INAA method by a few orders of
magnitude. Therefore, it requires specimens of 0.5 g
minimum weight.
The instrument for PGAA in Europe is located
in the KFFI Atomic Research Institute in Budapest
(Hungary) next to a 10 MW reactor. The flux of low
energy neutrons is transported to the measuring
unit via a slightly curved 35-metre long neutron

_

Phot. Roman copper coin No 24 excavated in Kom cl-Dikka.

guide. The effective flux of thermalized neutrons is
2.5x10 6 ncm- 2 s-.t The tested specimens are put
directly in the neutron flux at a distance of 23 cm
from the detector surface. The neutron flux is
collimated to the 2x2 cm2 area. An anticoincidence
spectrometry system for analysis of prompt gamma
quanta consists of HPGe and BGO detectors. The
efficiency of the HPGe detector manufactured by
Canberra is 25%, and the resolution for 1332 keV
60
Co line is equal to 2 keV. The gamma rays spectra
are recorded by an S100 analyzer from Canberra
[1,2]. Thc recorded spectra arc analyzed by the
`Hypermat PC` computer software [3].
Elements are identified on the basis of their energies. The identification correctness is controlled
by various statistical parameters. The mass of assayed elements is determined by the so-called ko method [4,51. The ko coefficients have been determined with the use of internal standardization [61.
The subject of the research has been an analysis
of the copper used for the coins discovered during
archeological excavations conducted by the Polish
archaeological mission from the Kazimierz Michalowski Centre of Mediterranean Archaeology of
Warsaw University in Kom el-Dikka in Alexandria
(Egypt). The coins are of about 1 mm in thickness,
5-12 mm in diameter and 0.2-0.5 g in weight
(Phot.). Their identification and dating is very
important for the stratigraphy of the explored area.
The careful context exploration at Kom el-Dikka,
and the comparison with the findings from other
exploration sites shows that these had been the
dominating coins in everyday trade until the end of
the 4th century, and that they did not disappear
from the circulation until mid of the 7th century.
The purpose of this research has been to analyze
the metal assay from which the coins were made
land to determine
the production method of the
coins.
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Table. Concentration of determining elements in coins, slags. crucible and Cu ore by PGAA.
%"
Concentration
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20

21

22

iElement

H
B
Na

=
_-_

0.31182 0.37331 0.26789 0.35555
0.00358 0.00209 0.00034
|=

Mg
Sit18.6402
S
0.48359
Cl
3.71749
K
Ca
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Mn
Fe
_
Co
.
Ni
.
Cu
70.3356
Zn
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0.29566
A
0.19768
Sn
23.7525
Sb
1.13121
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0.00233
Au
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Hg
|.
Pb
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0.4898 0.31079
6.61868 11.2472
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Slag2
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Slag 1

7.62666 5.44635
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0.45153
0.00082

0.26776
0.01133
1.12485

2811-

1

2.71867

16.8782
0.34183 0.58859 0.32709 0.21404
10.3368 9.05322 0.32787 0.53549

0.98363 0.70891

7.25896
1.83635
1.83842
1.54096
47.6721
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62.9008
0.3628
0.27814
2.94416
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0.34024
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9.21804 9.3495
0.08667 0.19559 0.24019
60.3526 65.3577 |
2.83091 2.70986 _
0.24052
0.48261
56.6833
51.76 55.3822 64.4924 70.3835 50.8413 47.0443 2.13196 2.33437 36.8127
2.7859
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0.17349 0.10861
_
0.12763
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_
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0.07322|,
l
l
0.00482
_|
|0.00089l
l
l
.
2
2651 17.4968 14.561 32.6707 28.1539
0.08739 0.31081

0.08562 0.16024 0.13112
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For PGAA, tests selected have been: seven best
preserved coins numbered 19, 20, 21, 22, 23, and 24
of the largest weight, fragments of the coin No 3,
specimens of two various slags, preserved part of
the crucible, and the Cu ore fragments. The analysis
of all these specimens have been carried out in cooperation with the KFFI Atomic Research Institute
in Budapest within the European Union Programme HPRI-CT-1999-00099.

The specimens No 19-24 have been exposed to the
neutron flux for 5 h, specimens No 3 for 24 h, whereas the crucible, stags and Cu ore for 3 h. 25 elements
have been identified and assayed in the tested
specimens. The test results have been summarized in
Table. The dominating element in the coin is Cu; its
concentration varies from 40 to 70%. Pb concentration varies from 19 to 32%, Sn from I to 24%. Ag
is present in all coins (;1%), whereas Au, Sb, Mn,

Observations on axes 1 and 2 (92%)

Crus

-30
-10

oi3...

on2l3cin

10

.1

h&1(73%)

Fig. Analysis of principal components of the studied objects.
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Ta, Hg, S, B plus Cl and H are present in small
amounts. The presence of the last two elements is
probably the result of surface contamination.
A statistical method of the so-called main components has been used to determine the similarity
degree of the tested specimens. Its results are pre

[2]. Belgya T., Revay Zs.. Fazekas B., Hlejja 1., Dabolmzi L.
Molnar G.L. Kis Z., Ostor J., Kaszas Gy.: Proceedings of the
9th International Symposium on Capture Gamma Ray,
Spectroscopy. Eds. (i.L. Molnar, T. Belgya, Zs. Revay.
Springer Hungarica, Budapest 1997, p. 8 2 6.
131 Fazekas B., Ostor 1., Kis Z., Simonits A., Molnar G.L.: J.
Radioanal. Nuel. Chem., 233, 101 (1998).
[4].Molnar G.L., Revay Zs., Paul R.L., Lindstrom R.M: J
Radioanal. Nucl. Chern., 234,21 (1998).
[5]. Kasznovsky Zs., Revay Zs., Belgya T., Fazekas B., Ostor .1.,
Molnar G L., Vaday A., Figler A.: Proceedings of the 31st
International Symposium on Archaeometry, Budapest 1998.
in print.
16]. Revay Zs., Molnar G.L., Belgya T1.,Kasztovsky Zs., Firestone
~~~~~~~~~~~~R.B.:
J. Radicanal. Nuct. Clhem., 244, 379 (2000).

sented in Fig. T his analysi s shows thatlts all tetd
sented in Fig. This analysis shows that all tested

coins are similar to each other, the Cu ore is close
to this similarity area, whereas the slags and the
crucible show no similarity to the coins.
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EFFECTIVENESS OF A SILICA-ETHANOLAMINE SORBENT
IN REMOVING HEAVY METALS FROM POTENTIAL INDUSTRIAL WASTES
Andrzej Lukasiewicz, Lech Walis, Luzja Rowinska, Dagmara Chmielewska
Silica gel (SiO 2 ) modified with ethanolamine (EA)
was described previously [1,2] as effective sorbent
(SiO 2 -EA)

i

for most heavy metals. Purifcation of

ecological

problems.

Many

heavy

metals

in

--

,
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these wastes are dangerous pollutions.

#.

We investigated the possibility of using an
SiO2 -EA sorbent for the removal of heavy metals

e
.

1O4

5,0E..

from industrial wastes on an example of Co(lI).

_

Two methods of experiments were used:
removal of Co(I1) from water by stirring the metat solution with SiO 2 -EA
3
100 cm of 0.01% solution of Co(CH 3 COO) 2 (10
mg) in water was stirred with 0.2 g of SiO 2 -EA for
-

20 min. The sorbent became intensively coloured
(blue). The liquid was decanted and stirred again
with 0.1 g of SiO 2 -EA. No colouring of the sorbent
took place indicating practically complete renoval
of Co from water.
The coloured sorbent was treated with 1 cm 3 of 2%
H2 S0 4 - complete decolouring of the solid and characterictic for Co(I1) colouring of H2 S0 4 occurred
within a few minutes. The solid was washed with
water and 2 cm 3 of 5% ethanolamine in water was
added. After 30 min EA was decanted, the solid

SiO 2 -EA washed with water and used again for
binding Co(I1) as above, giving a similar result.
Capacity of SiO 2 -EA in binding Co(I1) was 5% (by
weight) of bound Co(CH 3 CO0) 2 .
- by passing the metal solution over SiO2-EA in a
column
A column was filled with 2 g of SiO 2 -EA (1 1 cm)
and 20 cm 3 of radioactive Co acetate containing
3.56x10- 2 g of Co was passed through the column.
Radioactivity of the solution was 1875 imp/mincnm3 .
Activity of each 2 cm3 of the effluent was measured.
Results are shown in Fig.l. Up to 14 cm3 of the
solution no activity was present in the effluent, then
it appeared with increasing intensity. Capacity of
the sorbent was -0.02 g of Co or 0.06 g of
Co(CH 3 C00)2 . To the moment of saturation of the
sorbent capacity no Co was present in the effluent

*_i

a-________-___

zX

industrial wastes becomes one of the most important
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Fig.l. Estimation of Co bound by the SiO2-EA sorbent (2 g) in
the column (11 cm).

water. Desorption of Co was carried out with 2%
H 2 S0 4 . Result is shown in Fig.2 (activity of H 2S0 4
effluents was measured). 100% of desorption was
obtained.
Recovery of the metal from the sorbent and regeneration of SiO 2 -EA were also checked.
Conclusions:
- the SiO2-EA sorbent removes Co(1]) practically
in 100% from water;
1_____2_
_
3
1,OOE-02

/
5,0OE-03

i
0,OOE+00
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VaWuned2% HS04
SMuEIm[Cn9
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Fig.2. Desorption of Co from the sorbent with 2% 112S04.
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the sorbent can be used by stirring with metal
solution or filling of a column;
- the adsorbed metal is completely removed with
dilute mineral acid;
-

-

of heavy metals from industrial wastes. Simple regeneration of the sorbent makes the method economically profitable.

the sorbent is easily regenerated by treating SiO 2
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These results confirm the possibility of using the
SiO 2 -EA sorbent for a simple and effective removal
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NUCLEONIC CONTROL SYSTEMS AND ACCELERATORS
THE INFLUENCE OF AEROSOL CONCENTRATION IN AIR
ON THE INDICATION OF A RADON PROGENY CONCENTRATION GAUGE

C4

Bronislaw Machaj
Aerosol concentration influences the fraction of
attached and unattached radon progeny in air 11-41.
The higher is the concentration of aerosol in air the
higher is the fraction of attached and the lower of
unattached of radon daughters. It can be expected
that from such a mixture of attached and unattached radon progeny part of them will not be detected
due to the plate-out to the walls, if a filter is placed
inside the gauge, limited deposition efficiency of
the filter and limited detection efficiency. The first
two effects are bound with the attached and
unattached fractions. In consequence, the radon
daughter monitor indication will vary when aerosol
concentration changes. To assess how big is the
influence on the indications of a mining radiometer
RGR-30 15,61, investigations were carried out in a
radon chamber in the measuring arrangement
shown in Fig.1.

'

International Intercomparison in Las Vegas 1994.
Its indication of alpha potential energy was on the
average 0.908 ±0.053 of the reference indications.
The RGR monitor operates on the principle of
measurement of alpha activity of deposited radon
daughters on the air filter from 10 1 sample (2 1/min
air flow within 5 min). Concentration of radon
progeny and its alpha potential energy is determined from the alpha activity measured at two time
intervals and a fiber glass filter. The attached and
unattached radon daughters are measured together.
Cigarette smoke was used as aerosol source in the
radon chamber. The radon chamber is equipped
with a window and rubber sleeves permitting
manipulation of the monitor (not shown in Fig.1).
Aerosol concentration was measured with a laser
spectrometer LAS-X in differential mode. An
example of aerosol spectrum is shown in Fig.2. It
could be noticed that the maximum diameter of the

aerosols does not exceed 0.7lam.

RV

SE
12
. (
5V

--- EJ A series of measurements was carried out. Inside
_L _ RU ( )theradon chamber the RGR monitor and a lighted
:

AF

AF

I; iV

"M
- 1lain 11
Fig.i.Measuring

arrangement

for

RGR -30

investigations:

- aerosol

spectrometer (Grimm, Labortechnik
GmbH, Germany); RGR - mining radiometer RGR-30;
RS - open Ra-226 source; LC - Lucas chamber; PPC programmable pulse counter; Al) -air pump; AF -air filter;
LAS-X

SE - sealed entrance opening; SO - scaled opening (or
aerosol spectrometer connection; SC sealed connector;
SV -valve with rubber sealing for injection of radon with a
medical syringe; RV - radon chamber valves; V - radon
source valve SS - aerosol source (smoke); BL - blower;
TPH - temperature, pressure, humidity gauges.
.

cigarette were placed. Radon was introduced into
the radon chamber, the air inside the chamber was
mixed within 2 min and an air sample was taken for
radon concentration measurement (Lucas cell).
After radiation equilibrium had been attained (at
least 3 h), the daughter concentration was measured with the RGR monitor. During the measurement

3
~400
of approximately 10 Bq/cm3 . Radon
concentration
in the radon chamber is varying by forcing the air

flow from the radon source through the radon
chamber with an air pump AP, when the valves RV
and V are open, or by injecting radon with a syringe
through the valve SV. To control radon concentra-

tion in the radon chamber, an air sample from the
radon chamber to a Lucas cell is taken by forcing
the air flow through the Lucas cell in a closed loop.
The investigated RGR monitor participated in the

3

840-14 300 Bq/cm . The radon progeny concenaoon

_

l

-
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--- ------
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The volume of the radon chamber is 0.8 cm3 , and
that of a radon source 5 1 at a rador. concentration

the aerosol concentration varied from

40-12 000 particles/cm , radon concentration from
3
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Fig.2. Differential spectrum of smoke aerosols. Presented spectrum was measured at a concentration of 3160 particdes/cm3.
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Regression curve y=ao+aix+a2x2 describes the cton.
n A/Q, B/Q, C/Q. Regression curve: y=ao+ax+a2x
a3x3
describes the (E/Ea ). o - measured values taken for computation of regression curves,
oreeced measured values. Root
Mean Square Error rMSE) is computed with respect o the regression curves.

trahion indicated bv the RGR monitor was normalized to the radon concentration in the radon charm
ber and was plotted against aerosol concentration.

rejected and were not taken for computation of the
regression curves as well as for computation of
RMSE. It can bea seen from Fig.3. that the indica-

'.e

tion of radon progeny and of alpha potential energy

results of measurements are shown in Fig.3 to-

gether with the corresponding regression curves.
changes with the variation of aerosol concentration
The measurements that differ very much fron the and is higher with higher aerosol concentration in
curve for Po-218 concentration were
1egression
the range from 0.3 at low to 0.9 at high aerosol
concentration at which the indication stops to
2
increase. In Figtl , a comparison of regression
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concentration is shown. The comparison
indicates that the concentration of Po-218 is lower
about
14% than the concentration of Pb-214 and
tBi-214. the
In
closed of
Volume
radon the
chambera
the concentration of Pb-214 and Bi-214, the
Fig.4 is~~~~~'~~~~~>~~~~~'
t~~ ~~~'~~~daughters
of Po-218, cbe higher
annot
than the
t by ration
1-2% in respect to its daughters
by plateout of Po-218

~~~~~~~~~could
eventually be explained

.

to the walls of radon chamber and then recoil of
0.3

- -a- -----

-- -- ---- --- ---- --- ----- -- ----120:C

Pb-214. The conclusion that can be drawn from
Fig.4 is that the indication of Po-218 concentration
is incorrect (incorrect calibration).

Fig.4.Comparison of regression curves from Fig.3. AQl - continuous curve, B/Q - continuous curve, C/Q - circles. The
B/Q and C/Q curves overlap (the same shape). A/Q curve
on average 1.14 times lower than the two others.
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DETERMINATION OF RADON CONCENTRATION IN WATER
IN THE FIELD ENVIRONMENT
Bronislaw Machaj
Radon concentration in water varies in a wide
range and is measured employing different methods
[1-4]. Radon concentration in the field environment can be measured by flushing water sample in a
closed loop with Lucas cell. Thus, the measurement
of flushed out radon from the water can be performed. Part of the radon washed out from the
water depends on the volume of water sample,
volume of air (including the volume of Lucas cell),
solubility of radon in water and the intensity (time)
of flushing water sample.
The solubility coefficient of radon in water
depends on the temperature of water and is given in
Fig.1. Thus, if the water sample with the radon concentration Q [Bq] is placed in a vessel and is well
0.55

,

F

05 ok----0 4

.5

0

%0.4----°035
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,

-

.
.
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S
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a .

i

AFLC
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l
Fig.2. Block diagram of the measuring arrangement: W - water
sample 1 I in a vessel 1.5 1, AP - air pump, AF - air filter,
LC -Lucas cell 0.17 1, PM - photomultiplier tube, A - pulse
amplifier, D - pulse discriminator, PPC - programmable
pulse counter, rc -rubber pipe connector.

. is. from
.
the. Acomputed
count rate from the Lucas cell
at radiation equilibrium. To determine which part
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i;; radon
L . rcontained
Xof
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Waler ternperature 1C9I1
Fig. .Radon

solubilitv coefficient in water against water
temperature. o - measured points, -- regression curve
R=a2T2+alT+ao, T- water temperature[C,
c]

- solubility coefficient, Vw - water volume, VP

ment was made. This procedure was repeated until

all the radon from the water was flushed out. The

results of measurements are shown in Table. As can
be scen from the data in Table, from the flushing
wtrsml
otiig18Io
iol
.9pr
wae smlcoting
1. 1 oainl029par
of the activity expected from the solubility coeffi-

5,6.

mixed with the air inside the vessel (the concentration of radon in the water is at equilibrium with the
radon concentration in the air), the following
relation can be written:
Q = Qw + Qp = qRVw + qVp
(1)
where: Q - total radon concentration, Qp - radon
concentration in air, Qw - radon concentration in
water, q - unity radon concentration [Bq/l] in air, R
-

cient at equilibrium of the radon in air was obtained. The Root Mean Square Error (RMSE) of the
flushing out radon from water is 10%.
The final relations for the radon concentration
in the water after a counting time of 15 min (started
after the water sample is flushed) are:
R VW
QV-Q (1 +
)/kR
(3)

air

volume. After transformation radon concentration
in the air is given by:
Q= qV
VPP
Q
Q
(2)
RVw + Vp

in the water was measured

during the first flushing, the vessel with water,
Lucas cell, air pump, air filter and connecting pipes
were
---....
flushed
w... with
* Beclean
.......
airz and the next measure-

*
5

rc

through the sample (except the last measurement
in Table). Radon concentration of the air was then

---

02
0

AP

r
rc

-----------

02---01

[

5--------w---E-------------

\

03

,

[

tions were carried out in an arrangement shown in
Fig.2. 1 1 water samples were flushed in a closed
loop with the Lucas cell (and an air filter) within I
min by an air pump forcing 1.8 I the air flow

1 + RVW/Vp

From the above relation it follows that when the
ratio Vw/Vp is very small it can be considered that
the total radon from the water sample is flushed
away into the air. In the field measurements such an
assumption was not observed.
To investigate sensitivity and errors of measurements of radon concentration in water, investiga-

n V

60 v3 kn £
(4)
where: n - average count rate in the period 1-15 min
=

[cpm], n=nt-nb, nt - total count rate, nb - background
count rate; Vw - volume of water sample; R - solu-

bility coefficient; kR=0.29 - coefficient of lack of
radon equilibrium in water and air; v=0.17 Lucas cell
volume; kn=0.6 1 - ratio of count (n 1 1 5 /n16 1 -18 0 );
c=0.66 - detection efficiency of alpha radiation. For
water temperature 200C, Vp=0.732 l, Lucas cell
background nb= 2 cpm, estimated sensitivity is 0.27
(Bq/l)/(cpm), minimum detectable radon concentra-
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Table. Measured radon activity and total activity in water samples.
Measured
.
.
activity Qa) Total activityQb
(Bq]l
[Bq]

Water

(Qp/Q)meas.
Qp/Q meas. QpQ theor
na.'p/l
er

(Qp/Q)theor.

ater
V.d
temperature
temeraur
[I]

Oligocene.
Warszawa, Barska Str.

1.44 ±0.06

Oligocene,
Warszawa, Wawelska Str.

0.49 ±0.06

2.42

0.20

0.73

0.274
0.2

18

1.8

Oligocene,
Warszawa. Wawelska Str.

0.413 ±0.03

2.163

0.19

0.76

0.25

22.5

1.8I

11.1 ±0.14

44.8

0.247

0.78

0.317

25

1.8

18

5.1

5.71

0.25

0.78

-25

1.8
l

INCT + radone)

|

Average ±RMSE

0.29 ±0.030

Oligocene,
Warszawa, Wawelska Str..
a)
b)
c)
d)
c)

0.321

1.03 +0.03

2.716
_.

0.38
.

0.73

0.52

Qp -radon concentration in air computed from the first measurement.
Q - total radon concentration.
(Qp/Q) theor. calculated according to Eq. (2).
V0 -air flushing volume.
INCT+ radon water is the water from the INCT installation saturated with radon several days before measurement.

tion is equal (2/15)12.0.27=0.1

Bq/l. The random

error of the measurement at a high radon concentra-

fion is±10%
relative(owing
at a
uncertaion
nty).
tion is ± 10% relative (owing to kR uncertainty). At a
radon concentration of 1 Bq/l, the random error is
16.8% relative, including the random error of count
rate measurement.
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THE DOSIMETRIC STAND SD-SOB
Jan Mirowicz, Jan Piefikos, Jan Strzatkowski, Edward Swistowski
Introduction
The dosimetric stand SD-50B (Fig.1) for fast
check up of hand and shoes contamination with
beta radioactive isotopes of the personnel in the
area under dosimetric control was developed in the
Department of Isotope Instruments and Methods
of the Institute of Nuclear Chemistry and Technology. The stand is an autonomic instrument
equipped with a microprocessor system powered
from 220 V 50 Hz mains. Electronics of the stand is
based on the CMOS technique. The block diagram
of SD-50B is shown in Fig.2.
Construction

* HV power supply unit:
- 5 sets of discriminators with pulse shaping circuits;
- HV power supply for supplying the detection
probes.
0 Control unit ZSL:
- set of 5 programmable counters 16 bits each;
- control circuit for IR sensors;
- audio communication signal generator.
* 4 pcs detection probes type SGB IP with GM
BOJ-53 detectors.
* External detection probe SGP 2P with connection cable approximately 2 m long.

* Microprocessor unit ZMC:

0

- 8 bit microprocessor Z84C000 with 8 MHz clock;
- 32 kB EPROM memory type 27C256 with software of the stand;
- 32 kB RAM non volatile memory type 4C256 designed for storage of measuring results, measuring parameters etc.;
- real time clock, automatic power supply decline
circuit and battery switch on;
- automatic re-start circuit in case of interference
and hang up of the microprocessor;
- CENTRONIC parallel interface;
- RS232 serial port for transmission of measuring
results to an external computer.

* Alphanumeric display type AC204 BYJLY18H,
4 lines, 20 characters in line.
* 4 pcs IR sensors type IRM-8601S and TWVS5400.
* Low voltage power supply type MPS-60EUS-3./2.
Principle of operation
The first operation carried out after the mains is
switched on, the background is measured that is
kept in the memory of the stand until the mains is
switched off. This operation lasts not more than 9 s.
After measurement of the background the stand is
ready for the measurement of radioactive contamination. Results of measurement of contamination
are also stored in the non-volatile memory of the

Foil keyboard for communication with the stand.

NUCLEAR TECHNOLOGIES AND METHODS

137
Whole body contamination measurement is also
possible with an external probe type SGB 2P placed
at the stand column. The measuring results can be
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Fig.1. General view of closimetric stand SD-50B.
8183
stand. In the measuring panels for legs (shoes) and
hands, IR sensors sensitive to IR light from LEDs
modulated with 38 kHz frequency are installed.
This ensures that the sensors are not sensitive to
other infra-red radiation from other sources (e.g.
heaters, bulbs). The task of the sensors is to control
if the hands and the legs are resting on the measuring panels.
The measurements of contamination starts when
all the sensors are covered by hands and shoes of
the person (hands and legs placed on the measuring
panels). Start of the measurement is signalled by
voice and the same information is displayed on a
display of the stand. It is necessary that all the time
during the measurement of contamination, hands
and shoes have to rest on the measuring panels. In
case any hand or leg is withdrawn from the measuring panel the measurement is interrupted and an
error is signalled. After a correct measurement is
terminated, the contamination count rate, corrected for background, is displayed in p/s. The next
measurement is possible after all the measuring
panel are emptied (the measuring stand is left).

Fig2BlockdiagramofthedosimetricstandSD-50B
stored in the stand memory, if requested, and sent
to an external computer PC type.
Setting of parameters such as: measuring time,
alarm threshold of background and contamination
should be set by a qualified personnel after a
proper password is written down. The dosimetric
stand is designed for continuous operation and
does not require special attention.
Basic technical parameters
- Measured contaminating radiation: beta.
- Minimum detected energy: 770 keV.
- Minimum detectable contamination at 2 mm distance from the probe: 3.7 Bq/cm2 (37 000 Bq/m2).
- Detection probes: GM type ]P - 4 pcs.
- Whole body detection probe: GM type 2P - 1 pc.
- Contamination and background measuring time:
1-9 s in 1 s steps.
- Weight: 35 kg.
- Dimensions: 400x700x1400 mm width x length x
height.

AN INSTRUMENT FOR ACQUISITION AND PROCESSING DATA
FROM RADIOMETRIC EXPERIMENTS
Jan Mirowicz, Andrzej Owczarezyk, Jan Piefikos, Edward Swistowski, Piotr Urbafiski
Introduction
An instrument for the acquisition and processing
data from radiometric experiments performed in industrial and field conditions was developed. It consists of a control unit, dust-proof and splash-proof
scintillation probes and water-proof probes with

G-M counters. Four scintillation or G-M probes as
well as one spectrometric probe can be simultaneously connected to the control unit.
Construction and operation
The control unit with microprocessor system
provides collecting the data fed by the probes and

-0
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mitted to a PC using RS232 serial port. The block
A

diagram of the control unit is shown in Fig. 1 and its
general view is presented in Fig.2. The main features of the instruments are:
- Signalling when any probe is disconnected or out
of order.
Continuous control of the battery voltage.
Simultaneous operation and access to all the
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Results registered by the control unit and transmitted to a PC may be processed using specialized
software based on the MATLAB [1] and LabVIEW
[2] packages. There are three main software blocks:
preliminary data processing (e.g. filtering, smoothing, interpolation, extrapolation);

Fig.l. Block diagram of the control unit.

-

storing them in the internal memory. Operation of
the instrument, programming, read-out and results
transmission are controlled from the foil keyboard.

- determination and processing of the residence
time distribution functions;
- modelling output signals of investigated industrial dynamic system.
The software ensures visualisation results during
measurement and processing.

..............
....

....................... .... .
. ...
j.....

Application
§^

The presented instrument is intended mainly for
of ionizing radiation from radioactive
tracers used for the investigation of technological
processes in industry. It can also be used in field
measurements, particularly for investigations with
radiotracers performed in streams, rivers and other
water pools. The instrument can be considered as a

_jmeasurement

modern tool for research groups or commercial
companies performing radiotracer experiments in
industry or the environment.

Fig.2. General view of the instrument.
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APPLICATION OF THE MULTIVARIATE STANDARDIZATION
.(0

CCD

IN AN XRF ANALYSER
Ewa Kowalska, Adrian Jakowiuk, Piotr Urbafiski

C4

L

Spectroscopic instruments standardization has received a good deal of attention, mainly owing to the
two reasons. First, one would like to transfer calibration model obtained using many samples on one
instrument to another instrument operating in different conditions. Secondly, instruments sometime
"drift", and it is necessary to recalibrate such an
instrument. In any case, it would be desirable to
perform a calibration without running all of the
calibration samples for the second time. The prob-

lem has been widely presented in the literature in
the past decade e.g. [1-4].
Application of standardization for X-ray fluorescence (XRF) spectra measured with proportional
counters was presented in [5,6] for the case of
measurements of coating thickness. Recently, an
attempt has been made to develop a program for
spectra standardization and to implement it directly
into the XRF analyser AF-20. The program was
prepared using the LabVIEW package [7] and was
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ti-on samples was chosen from the calibration set, to
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dardization (DS) or Picewise Direct Standardiza(PDS). Drift of the instrument was simulated
by the changes in HV bias of the radiation detector
(proportional counter). The changes in X-ray spectra measured for different voltages are shown in
400
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samples. It can be seen from Fig.3 how relatively
determination of Ca and Fe in flying ashes was small changes in HV bias can lead to dramatic
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Fig.3. Predicted vs. reference values of Ca and Fe content obtained from calibration model P and changed spectra sets 1Band K.
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mean square error for prediction (RMSEPr) was
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APPLICATION OF THE BOOTSTRAP METHODOLOGY
FOR THE ASSESSMENT OF SMOOTHED SPECTRA
Piotr Urbafiski, Ewa Kowalska
introduction
Recently, data and signal smoothing became
almost standard procedures in the spectrometric and
chromatographic methods. Most of the smoothing
are based on the following principles [1]:
- Additive model of the noise is assumed

distribution with the variance equal to their mean
value [3j. Thus, the noise observed in the spectra
has to be considered as heteroscedatic [4,5]. In such
a case, the criterion based on maximization of the
SNR cannot be used since its value is dependent oil
the collected count number. Another important

w = WP + w,

question is the purpose of smoothing. In radio-

(1)

where: w - vector of the measured spectrum, wp vector of the "ideal spectrum", w% - vector of the
noise.
- It is assumed that the noise is normally distributed N (0, 1) [2].
- Value of the signal to noise ratio (SNR) is often
used for assessment of the smoothing quality [21.
Sometime other criteria, as e.g. maximal entropy
[11, or mean square error related to the ideal
spectrum are used [2].
In case of the data collected in radiometric experiments the above principles are hardly applicable. Generally, fluctuations (noise) of the collected count number (or count rate) have Poisson

metry the main purpose to apply smoothing is minimization of the Mean Square Error (MSE) of the
statistical fluctuation of the number of counts in
the smoothed spectrum. Therefore, the criterion of
the smoothing quality should be closely related to
the value of the estimator of that error. The aim of
this work was an attempt to apply the bootstrap
[6-9] for estimation of the MSE of the number of
counts in the smoothed radiometric data.
Theoretical consideration
Assuming that the collected count number in
each of the channel of a spectrum w are distributed
according to the Poisson law [3], its theoretical
MSE value is equal:
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n

The theoretical MSE value for sum N of the counts

collected in k channels (N=twi, where wi are
elements of the vector w) can bi,;ritten as:
a(N) = || a(w) II= N 1 2
(3)
However, the above equations cannot be used for
the determination of MSE of the smoothed spectrum because owing to the applied smoothing procedure the statistical distribution of the counts
number in each channel of the spectrum has been
changed. Estimation of some parameters of an unknown statistical distribution is possible provided
that the experiment can be repeated several times.
In such a case, instead of vector w a matrix W
consisting of the 1 spectra measured in k channels
can be determined. Having such matrix, the estimators of the MSE of the count number in each of the
channel s(w) as well as an estimator of the MSE for
the summed counts in each spectrum can be easily
computed:
1
1 1W)2
(4)
S(W,

=

--

s(N)

1
1

I

-

(W -

- 1W2

F-

1t

s(w)

(.4)

(5)

where: 1 - sum matrix (Ixl), f - sum vector (1xl)
[10]. The quantities s(w) and s(N) are estimators of
a(w) and cr(N) respectively, computed from a
sample obtained from an experiment repeated I
times. The Eq. (4) and (5) can be used for the
determination of MSE of the number of counts in
the smoothed spectra provided that each vector w
was smoothed to w%(and W to Ws) using the same
procedure.
In practice, it is not always possible to repeat the
experiment a sufficient number of times to ensure
satisfactory precision of calculations. To overcome
the above difficulty, application of the bootstrap
approach [6-91 is proposed. The basic principle of
the bootstrap is sampling with replacement from
the data. In this way, a large number of "bootstrap
samples" is generated from which statistical parameter of interest is calculated [9]. The boostrap
samples were generated from vector of the noise
removed by the applied smoothing procedure and
calculated parameters of interest were the values of
s*(w,) and s*(NJ) used for assessment of the
smoothing quality.
Simulation
To check whether the parameters s(w5 ) and s(NJ)
can be modelled by those determined using bootstrap s*(ws) and s*(Ns), some simulations have
been made. An ideal spectrum wp being the sum of
two unresolved gaussian peaks with some bias was
corrupted with the Poisson distributed noise [ 1]. A
matrix W of 100 such spectra registered in 256
channels was then smoothed using the Savitzky-Gola method '121
ay
° I IQualimetrics:
In Fig. there are shown: one of the raw (w) and
smoothed (w%) spectra, the theoretical values of
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Fig. Simulated spectra and distribution of the MSE: 1 -simulated
raw spectrum corrupted with the Poisson noise (w), 2 smoothed spectrum (ws), 3 - MSE for the raw spectrum
computed from a sample of 100 simulated raw spectra
(s(w)), 4 -theoretical MSE for the raw spectrum (u(ws)), 5 MSE for smoothed spectrum computed using bootstrap
(s*(ws)), 6 - MSE for smoothed spectrum computed from a
sample of raw smoothed spectra (s(w,)).

c(w,), vectors s(w) and s(ws) computed from the
matrix W, and finally the values of s*(wS) obtained
using bootstrap. It can be seen, that MSE of the
count number in each channel of the smoothed
spectrum w%is several times lower than that for the
raw spectrum w. The values of s(w,) computed from
the matrix W, are very close to s*(w,) obtained
using bootstrap technique.
Conclusions
The estimators of the MSE of the smoothed
count number s*(w,) and s*(Ns) computed by the
bootstrap method can be used for assessment of the
smoothing quality of the ionizing radiation spectra.
They can be used for (i) optimization of the
smoothing procedure, (ii) comparisons of the various smoothing procedures and (iii) as a measure of
the MSE of the count number in a single or several
channels of the smoothed spectrum.
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21. Czaus K., Baranowski J., Sadowski M., Skladnik-Sadowska E., Zebrowski J.
Anisotropy of the neutron emission from PF-360 facility operated without and with solid-state targets.
22. Zoita V., Lungu S.
A fusion-fision hybrid reactor driven by high-density pinch plasmas.
23. Tafreshi M.A., Farrahi M., Lamehi M., Goudarzi S., Habibi H., Memarzadeh M., Siahpoush V.,
Saeedzadeh E., Vinogradov V.P., Krauz V.1., Krivtsov V.A, Karakin M.A., Myalton V.V., Tykshaev V.P.
Dena, a new PF device.
24. Martin D.l., Zoita V.1., Cotruta D.A., Jianu A.V., Ighigeanu DI., Bestea V.1.
Technical solutions for the control and command system of a Plasma Focus device.
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25. Venere M., Moreno C.H., Clausse A., Barbuzza R., Del Fresno M.
Tomographic system based on Plasma Focus X-.rays.
26. Ryc L., Kaczmarczyk J., Martinez J.F., Scholz M., Slysz W.
Three-channel X-ray detection head for diagnostics of plasma in noisy environment.
27. Vinogradov V.P.
Multichannel calorimeters for measurement of flows of X-ray radiation in the range from 10 up to 200
keV.
28. Verri 0., Tartari A., Rapezzi L., Mezzetti F., Gribkov V.A., Da Re A.
An internal standard for Fast Neutron Activation Analysis spectra obtained by means of Plasma Focus
devices.
29. Dubrovsky A.V., Gribkov V.A., Ivanov Yu.P., Lee P., Lee S., Liu M., Samarin V.A.
0.2-kJ and 2-kJ high rep rate Dense Plasmafoci: their design, technology, and applications.
30. Evtikhin V.A., Lyublinsky I.E., Vertkov A.V., Ivanov L.I., Ivanov Yu.P., Krokhin O.N., Nikulin V.Ya.,
Polukhin S.N., Safronova T.V., Tikhomirov A.A.
Investigation of the pulse plasma stream influence on the lithium Capillary Porous System.
31. Borowiecki M., De Chiara P., Dubrovsky A.V., Dyomina E.V., Gribkov V.A., Ivanov L.I., Maslyaev
S.A., Mezzetti F., Miklaszewski R., Pimenov V.N., Pizzo L., Scholz M., Szydlowski A._ Ugaste Y.E.,
Volobuev I.V.
Experimental study of a powerful energy flow effect on materials in PF-1000 installation.
32. Da Re A., Mezzetti F., Tartari A., Verri G., Rapezzi L., Gribkov V.A.
Preliminary study on X-ray source from Plasma Focus device for fast radiography.
CONTENTS OF No. 2/2001
1. Cebulska-Wasilewska A., Niedzwiedz W., Florjan D., Wierzewska A., Schneider K., Kopec M., Kreft A.
Efficiency of a 252Cf source in normal or in B-10 enriched lymphocytes evaluated by SCGE assay,
classical cytogenetics and FISH technique.
2. Bakewicz E., Daniel K., Doruch H., Sulikowski J., Taraszkiewicz R., Morozov N.A., Samsonov E.V.,
Shakun N.G., Vorojtsov S.B.
A new extraction system for the upgraded AIC-144 cyclotron.
3. Bruzzone H., Bernal L.
The need of using anomalous resistivity due to Lower Hybrid Instabilities in plasma-magnetic field
interfaces.
4. Kaczmarek S.M.
Influence of gamma and proton radiation on the absorption, photoluminescence and birefringence of
lithium niobate single crystals doped with Cu, Fe and Cr ions.
5. Ligeza M., Panczyk E., Rowiriska L., Walis L., Nalepa B.
A contribution of INAA to the determination of the provenance of the fourteenth century sculpture.
6. Navratil J.D., Wei Y.-Z.
Actinide ion exchange technology in the back end of the nuclear fuel cycle.
CONTENTS OF No. 3/2001
1. Kruszewski M., Zaim J., Grqdzka I., Szumiel I.
Comparison of the effects of bleomycin and ionizing radiation in two sublines of murine lymphoma
L5178Y.
2. Aydin A.
Monte Carlo calculations of positron implantation profiles and backscattering probabilities in gold.
3. Wysocka A., Maciszewski W.
The photon beam characteristics of linear accelerator equipped with additional narrow beam collimator.
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4. Deptula A., Lada W., Olczak T., Sartowska B., Chmielewski A.G., Alvani C., Casadio S.
Preparation of lithium titanate by sol-gel method.
5. Kozak K., Budzanowski M., Gaca P.
Response of Permanent Monitoring Station (PMS) to increased radioactivity level in comparison with
termoluminescent detectors and Gamma Tracer monitor.
6. Moroz Z., Bouzyk J., Sowifiski M., Chmielewski A.G.
Computer simulation of the genetic controller for the EB flue gas treatment process.
7. Kol1ek K., Bohddek V., Schmidt J., Sunka P., lipa M., KravArik J.
Refined design of a new driver for fast capillary discharge.
CONTENTS OF No. 4/2001
Proceedings of the Third International Meeting on Low-Level Air Radioactivity Monitoring, 25-29
September 2000, Dqbrowno near Nidzica, Poland
1. Jaworowski Z.
Foreword
2. Miyamoto Y., Oda T., Adachi T., Noguchi H., Nishimura H., Usuda S.
Technical preparation for atmospheric radioactivity monitoring.
3. Green N.
The NRPB environmental radioactivity surveillance programme.
4. Deurwaarder Ch.P., Hoogeboom K., Van Tuinen S.T.
The national radioactivity monitoring network of the Netherlands.
5. Alonzi A., Mancioppi S., Notaro M., Zeppa P.
Environmental radioactivity surveillance system of ANPA.
6. Lipitiski P., Isajenko K.A., Biernacka M., Zak A.
Integration of Polish Monitoring Networks (ASS-500 and PMS systems).
7. Grabowski D., Kurowski W., Muszyfiski W., Rubel B., Smagala G., gwiqtochowska J.
Radiation monitoring network in Poland.
8. Komosa A., Chibowski S., Orzel J.
Study on analytical procedure of plutonium, separation from air aerosols collected on Petrianov filter.
9. Wershofen H., Arnold D., Steinkopff T.
Measurement of plutonium isotopes in ground-level air in Northern-Germany - history and recent
results.
10. Cortds G., Sempau J., Ortega X.
Automated measurement of radon daughters Bi-214 and Pb-214 in rainwater.
11. Kozak K., Mietelski J.W., Jasitiska M., Gaca P.
Decreasing of the natural background counting - passive and active method.
12. Bysiek M., Biernacka M., Lipifiski P.
Radioactivity of ground-level air in Poland in 1998-1999. Results from ASS-500 stations network.
13. Kownacka L.
Natural and artificial radionuclides in the tropospheric and lower stratospheric air over Poland.
14. Blinova L.D., Goloubeva L.V., Dushin V.N., Michurina T.G.
Assessment of regularities of ground-level air radionuclide contamination at the Russian coast of the
Baltic Sea in the course of the long-term Leningrad Nuclear Power Plant (1983-1999) operation.
15. Jasiulionis R., Savickaite I.
Radionuclides in ground-level air and deposits near the Ignalina NPP.
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16. Krajny E., O~r6dka L., Wojtylak M., Michalik B., Skowronek J.
Correlation between the meteorological conditions and the concentration of radionuclides in the
ground layer of atmospheric air.
17. Myslek-Laurikainen B., Matul M., Mikolajewski S., Trzaskowska H., Kubicki M.
The airborne radioactivity and electrical properties of ground level air.
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PATENTS
1.A process for removal of S02 and NOx from combustion flue gases and apparatus used therefor.
Z. Zimek, A.G. Chmielewski, 1.Artukh, G. Lysov, N. Frank
Chinese Patent no. 179421
2. Sposib vidalennja S02 i NOx z potoku produktiv zgorannja topkovich gaziv ta pristrij dlja jogo
zdijsnennja (Method for removal of SOz and NOx from combustion flue gases and apparatus used
therefor).
Z. Zimek, A.G. Chmielewski, 1. Artukh, G. Lysov, N. Frank
Ukrainian Patent no. 41259

PATENT APPLICATIONS
1. Nowy preparat do zabezpieczania przed grzybami, plesniami i owadami (A new preparation to protect
against fungi, moulds and insects).
A. Lukasiewicz, L. Rowiriska, L. Walis
P. 346720
2. Spos6b otrzymywania dwutlenku tytanu oraz tytanian6w litu i baru z czterochlorku tytanu (Method for
obtaining titanium dioxide and titanates of lithium and barium from titanium tetrachloride).
A. Deptula, W. Lada, T. Olczak, A.G. Chmielewski, S. Casadio, C. Alvani, F. Croce
P. 350109
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1. III KRAJOWA KONFERENCJA RADIOCHEMII I CHEMII JADROWEJ (THIRD
NATIONAL CONFERENCE ON RADIOCHEMISTRY AND NUCLEAR CHEMISTRY), 6-9 MAY 2001, KAZIMIERZ DOLNY, POLAND
Organized by the Institute of Nuclear Chemistry and Technology with the participation of the Committee
of Nuclear and Radiation Chemistry of the Council for Atomistics
Organizing Committee:
Assoc. Prof. A. Bilewicz, Ph.D., I).Sc.; L. Fuks, Ph.D.; M. Wasek
PLENARY LECTURES
* Wplyw specyficznych wlagciwogci jader izotopowych na wielko96 efektu izotopowego w chemicznych
reakcjach wymiany (Influence of specific properties of isotope nuclei on the magnitude of isotope effect
in chemical exchange reactions)
W. Dembifiski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Aktualne tendencje rozwojowe radiofarmacji (Current development tendencies in radiopharmacy)
J. Liniecki (Medical Academy of L6di, Poland), E. Mikiciuk-Olasik (Medical Academy of t6di, Poland)
* Radiochemia i chemia jadrowa w Polsce. Stan i perspektywy (Radiochemistry and nuclear chemistry in
Poland. The status and perspectives)
J. Narbutt (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Synteza pierwiastk6w najciezszych (Synthesis of the superheavy elements)
R. Smolaniczuk (The Andrzej Soltan Institute for Nuclear Studies, Otwock-§wierk, Poland)
LECTURES
Section:
METODY RADIOANALITYCZNE (RADIOANALYTICAL METHODS)
* Oznaczanie zawartosci izotopu 224Ra w wodach mineralnych i oligocefiskich (Determination of 224Ra
content in mineral and oligocene waters)
B. Bartog (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Bilewicz (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)
* Pomiar aktywnosci naturalnych radionuklid6w na filtrach powietrza technikq spektrometrii a i y
(Measurement of radioactivity of natural radionuclides on air filters by a and y-spectrometry)
H. Bern (L6di Technical University, Poland), E.M. Bem (L6di Technical University, Poland), M.
Krzemiriska (L6di Technical University, Poland), M. Ostrowska (L6di Technical University, Poland)
* Pafistwowy wzorzec jednostki miary aktywnosci promieniotw6rczej radionuklidow i wzorce pochodne
(National standard of radioactivity unit and derivative units)
R. Broda (the Radioisotope Center POLATOM, Otwock-Swierk, Poland), A. Chylinski (the Radioisotope
Center POLATOM, Otwock-Swierk, Poland)
* Oznaczenie sladowych ilosci palladu w materialach geologicznych i srodowiskowych za pomoca NAA ze
wstepnym wydzielaniem na jonitach (Determination of trace quantitites of palladium in geological and
environmental materials by means of NAA with preliminary separation on ion-exchangers)
E. Chajduk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), R. Dybczynski
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Wplyw warunk6w aktywacji w strumieniu neutron6w na wyniki oznaczefi kobaltu w materialach pochodzenia roslinnego za pomoca RNAA (Influence of activation conditions in a neutron flux on determination results of cobalt in plant materials by RNAA)
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B. Danko (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), H. Polkowska-Motrenko (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), R. Dybczyfiski (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)
* Wyznaczanie radioaktywnosci 2 26 Ra i 2 24Ra poprzez pomiar radonu i toronu rejestrowangch przy
pomocy czterocalowego detektora krzemowego (Determination of radioactivity of 2 Ra and 24Ra by
measuring radon and thoron recorded by means of a four-inch silicon detector)
A.J. Kordvasz (Heavy Ion Laboratory, Warsaw University, Poland), B. Barto• (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland), A. Bilewicz (Institute of Nuclear Chemistry and
Technology, Warszawa, Poland)
* Sorpcja Cs na szegciocyjanozelazianach(ll) metali przejsciowych z roztwor6w kwas6w nieorganicznych
(Cs sorption on hexacyanoferrates(I1) of transition metals from mineral acids)
B. Kubica (H. Niewodniczaniski Institute of Nuclear Physics, Krak6w, Poland), M. Tuteja-Krysa (H.
Niewodniczafiski Institute of Nuclear Physics, Krak6w, Poland)
* Rutynowa metoda oznaczania zawartosci pierwiastk6w sladowych w zanieczyszczeniach atmosferycznych
gromadzonych na filtrach celulozowych za pomoca INAA (A routine method for the determination of
trace elements in atmospheric impurities accumulated on cellulose filters by means of INAA)
Z. Szopa (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), K. Kulisa (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland), R. Dybczyriski (Institute of Nuclear Chemistry
and Technology, Warszawa, Poland)
Section:
EFEKTY IZOTOPOWE ORAZ ZASTOSOWANIE RADIONUKLIDOW DO BADANJ CHEMICZNYCH
(ISOTOPIC EFFECTS AND APPLICATION OF RADIONUCIIDES IN CHEMICAL STUDIES)
* Kinetyczne efekty izotopowe trytu w reakcji eliminacji katalizowanej przez /3-tyrozynazq (Kinetic
isotope effects of tritium in an elimination reaction catalyzed byfl-tyrosinaze)
W. Augustyniak (Warsaw University, Poland), P. Suchecki (Warsaw University, Poland), R. Kanski
(Warsaw University, Poland), M. Kaniska (Warsaw University, Poland)
* Mechanizm debrominacji kwasu erytro-a43-dibromocynamonowego i jego para pochodnych (Debromination mechanism of erythro-a,8-dibromocinnamylic acid and its para derivatives)
J. Bukowski (Warsaw University, Poland), R. Kanski (Warsaw University, Poland), M. Kaniska (Warsaw
University, Poland)
* Charakterystyka wegli z polskich kopalri. Stosunki izotopowe siarki w produktach spalania wqgla
(Characteristics of coals from Polish mines. Isotope ratios of sulphur in coal combustion gases)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), R. Wierzchnicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Mikolajczuk (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)
* Efekty izotopowe siarki w reakcjach chemicznych (Isotope effects of sulphur in chemical reactions)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), R. Wierzchnicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Mikolajczuk (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)
* Badanie adsorpcji wqglan6w (znakowanych 14C) na elektrodzie niklowej (Studies on adsorption of
carbonates (labelled with 14C) on a nickel electrode)
M. Dmochowska (Warsaw University, Poland), A. Czerwiniski (Industrial Chemistry Research Institute,
Warszawa, Poland)
* Kinetyczne efekty izotopowe trytu i wegla 1 4 w reakcji katalizowanej przez liaze fenyloalaninowq (Kinetic
isotope effects of tritium and carbon 1 C in a reaction catalyzed by phenylalanine ammonia Iyase)
J. Jemielity (Warsaw University, Poland), R. Kariski (Warsaw University, Poland), M. Kaniska (Warsaw
University, Poland)
* Enzymatyczna synteza [2- 2H]- i 2-3H]-L-tryptofanu (Enzymatic synthesis of [2-2H]- and [2-3 H]-L-tryptophan)
M. Kaniska (Warsaw University, Poland), E. Boroda (Warsaw University, Poland), R. Kafiski (Warsaw
University, Poland)
* Wyznaczanie wsp6lczynnika samodyfuzji wody w solach jodk6w tetraalkiloamoniowych (Determination
of a self-diffusion coefficient of water in tetraalkylammonium iodide salts)
A. Kuba (L6d2 Technical University, Poland), E. Hawlicka (L6di Technical University, Poland)
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* Zastosowanie rentgenowskiej analizy fluorescencyjnej do badafi i konserwacji zabytkowego szkla
(Application of X-ray fluorescence to study and conserve antique glass)
J. Kunicki-Goldfinger (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), J. Kierzek
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland), B. Malozewska-Budko (Institute
of Nuclear Chemistry and Technology, Warszawa, Poland), A. Kasprzak (National Museum in Warsaw,
Poland)
* Zastosowanie metody radiometrycznej do badania adsorpcji tiomocznika na monokrystalicznych elektrodach miedzianych (Use of radiometric method to study the adsorption of thiourea on monocrystalline
copper electrodes)
A. Lukomski (Warsaw University, Poland), S. Smolifiski (Warsaw University, Poland), J. Sobkowski
(Warsaw University, Poland)
* Serenissima - gwiatlo Wenecji. Zastosowanie lechnik jadrowych w badaniu obraz6w szkoly weneckiej z
XV-XVIII w. (Serenissima - the light of Venice. Application of nuclear techniques to study pictures from
the Venice school - XV-XVIII centuries)
E. Paiczyk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Ligeza (Academy
of Fine Arts, Krak6w, Poland), L. Walis (Institute of Nuclear Chemistry and Technology, Warszawa,
Poland), A. Kalicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), L. Rowiniska
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland), S. Stos (University of Oxford,
Great Britain)
* Efekt izotopowy rozpuszczalnosci polistyrenu w cykloheksanie (Isotope effect of solubility of polystyrene in cyclohexane)
A. Siporska (Warsaw University, Poland), J. Szydlowski (Warsaw University, Poland)
* Zastosowanie metod radiometrycznych do badania efekt6w strukturalnych w adsorpcji elektrochemicznej (Application of radiometric methods to study structural effects in electrochemical adsorption)
S. Smolifiski (Warsaw University, Poland), J. Sobkowski (Warsaw University, Poland)
* Wplyw podstawienia izotopowego na mieszalnosc uklad6w heksadekan-aceton i tridekan-aceton (Influence of isotope substitution on the miscibility of systems: hexadecane-acetone and tridecane-acetone)
E. Starosciak (Warsaw University, Poland), J. Szydlowski (Warsaw University, Poland)
Section:
CHEMIA PIERWIASTKOW PROMIENIOTw6RCZYCH (CHEMISTRY OF RADIOELEMENTS)
* Wyznaczanie promienia jonowego No 3 + (Determination of ionic radius of No 3 +)
A. Bilewicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), B. Wlodzimirska
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Analiza widm absorpcyjnych i pola krystalicznego uwodnionych kompleksowych chlork6w uranu(lII)
(Analysis of absorption spectra and crystal field of hydrated complex uranium(lII) chlorides)
M. Karbowiak (University of Wroclaw, Poland), J. Drozdzyfiski (University of Wroclaw, Poland), Z.
Gajek (Institute of Low Temperature and Structural Research, Polish Academy of Sciences, Wroclaw,
Poland)
* Modelowe badania nad oddzielaniem i indentyfikacja pierwiastka 107 (Bh): Badania wymiany jonowej
radionuklid6w Tc, Re, Nb, Ta, Eu i Lu na zywicach jonowymiennych i optymalizacja warunk6w
wsp61stracania radionuklid6w Tc i Re z mieszaniny rozcieniczonych roztwor6w kwas6w HNO3 i HF
(Model studies on the separation and identification of element 107 (Bh). Studies on sorption of
radionuclides Tc, Re, Nb, Ta, Eu i Lu on ion-exchange resins and optimization of coprecipitation
conditions of Tc and Re from dilute solutions of HNO3 and HF acids)
A.F. Novgorodov (Joint Institute for Nuclear Research, Dubna, Russia), R. Misiak (H. Niewodniczar¶ski Institute of Nuclear Physics, Krak6w, Poland), D. Schumann (Walisch-Miller, Rossendorf-Dresden,
Germany), F. Rosch (Johannes Gutenberg Universitat, Mainz, Germany)
* Badanie jonowymiennego zachowania sie rteci jako mozliwego analoga pierwiastka 112 (Studies on
ion-exchange behaviour of mercury as a possible analog of element 112)
Z. Szeglowski (H. Niewodniczafiski Institute of Nuclear Physics, Krak6w, Poland), Dinh thi Lien (Joint
Institute for Nuclear Research, Dubna, Russia), S.N. Timokhin (Joint Institute for Nuclear Research,
Dubna, Russia), G.Ya. Starodub (Joint Institute for Nuclear Research, Dubna, Russia), A.B. Yakushev
(Joint Institute for Nuclear Research, Dubna, Russia)
* Badanie jonowymiennego zachowania siq platyny jako analoga pierwiastka 110 (Studies on ion-exchange behaviour of platinum as an analog of element 110)

176

CONFERENCES ORGANIZED AND CO-ORGANIZED BY THE INCT
IN 2001

Z. Szeglowski (H. Niewodniczariski Institute of Nuclear Physics, Krak6w, Poland), Dinh thi Lien (Joint
Institute for Nuclear Research, Dubna, Russia), S.N. Timokhin (Joint Institute for Nuclear Research,
Dubna, Russia), G.Ya. Starodub (Joint Institute for Nuclear Research, Dubna, Russia), A.B. Yakushev
(Joint Institute for Nuclear Research, Dubna, Russia), I. Zvara (Joint Institute for Nuclear Research,
Dubna, Russia)
* Hydroliza jonu Ra2+ (Hydrolysis of Ra2+ ion)
B. Wlodzimirska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Bilewicz
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Section:
RADIONUKLIDY W MEDYCYNIE NUKLEARNEJ (RADIONUCLIDES IN NUCLEAR MEDICINE)
* Znakowanie leukocyt6w - modyfikacja wlasna (Labelling of leucocytes - a modification)
E. Bartkowiak (Pomeranian Medical Academy in Szczecin, Poland), B. Birkenfeld (Pomeranian
Medical Academy in Szczecin, Poland), P. Zorga (Pomeranian Medical Academy in Szczecin, Poland)
* Wiqzanie morficeptyny i jej analogu przez mysi rak sutka (Binding of morphiceptine and its analog by
mouse cancer of nipple)
G. Birnbaum (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), R. Wiercioch (Medical
Academy in L6di, Poland), A. Janecka (the Radioisotope Center POLATOM, Otwock-Swierk,
Poland), D. Pawlak (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), E. Byszewska (the
Radioisotope Center POLATOM, Otwock-§wierk, Poland), M. Mirowski (the Radioisotope Center
POLATOM, Otwock-Swierk, Poland; Medical Academy in L6di, Poland)
* Wplyw wybranych zwiazk6w chelatujqcych na przyswajanie i eliminacje radiocezu u szczur6w (Influence
of selected chelating compounds on assimilation and elimination of radiocaesium in rats)
A. Grosicki (State Institute of Veterinary, Pulawy, Poland), B. Kowalski (State Institute of Veterinary,
Pulawy, Poland)
* Diagnostyka 99rTc i terapia 1311 a narazenie radiacyjne personelu Osrodka Medycyny Nuklearnej (Diagnostics with "Tc and therapy with 13'1 and radiation hazard of the staff of the Centre of Nuclear Medicine)
J. Jazwiniski (Military Institute of Hygiene and Epidemiology, Warszawa, Poland), J. Chag (Military
Institute of Hygiene and Epidemiology, Warszawa, Poland), D. Palijczuk (Military Institute of Chemistry
and Radiometry, Warszawa, Poland), A. Kowalczyk (Central Clinical Hospital, Military Medical Academy,
Warszawa, Poland), E. Dziuk (Central Clinical Hospital, Military Medical Academy, Warszawa, Poland),
M. Siekierzyniski (Central Clinical Hospital, Military Medical Academy, Warszawa, Poland), M.K Janiak
(Military Institute of Hygiene and Epidemiology, Warszawa, Poland)
* Utrwalanie rutenu-106 i jodu-125 na srebrze metodq elektrolizy wewnqtrznej (Fixation of ruthenium-106 and iodide-125 on silver by the method of inner electrolysis)
M. Mielcarski (the Radioisotope Center POLATOM, Otwock-gwierk, Poland)
* Modelowanie komputerowe pochodnych chinoksaliny jako potencjalnych radiofarmaceutyk6w osrodkowego ukladu nerwowego (Computer modelling of quinoxaline derivatives as potential radiopharmaceuticals of central nerve system)
E. Mikiciuk-Olasik (Medical Academy in L6di, Poland), E. Zurek (Medical Academy in L6dz, Poland),
T.J. Bartczak (L6di Technical University, Poland)
* Badanie wlasnosci peptydu Tyr 3-octreotide znakowanego 99nTc w obecnosci r6inych koligand6w.
Wstqpna ocena kliniczna radiofarmaceutyku (Studies on the properties of peptide T'r 3-octreotide labelled
with mTc in the presence of various co-ligands. Preliminary clinic evaluation of the radiopharmaceutical)
R. Mikolajczak (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), A. Markiewicz (the
Radioisotope Center POLATOM, Otwock-Swierk, Poland), W. Zulczyk (the Radioisotope Center
POLATOM, Otwock-Swierk, Poland)
* Badanie wlasciwogci kompleks6w EDTMP z r6znymi radionuklidami (A study of properties of EDTMP
complexes with various radionuclides)
D. Pawlak (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), P. Garnuszek (Drug
Institute, Warszawa, Poland), 1. Licifiska (Drug Institute, Warszawa, Poland), R. Mikolajczak (the
Radioisotope Center POLATOM, Otwock-Swierk, Poland)
* Urzadzenie do aktywacji tarcz wiqzk4 wewnqtrzn4 cyklotronu AIC-144 (A system for activation of
targets with an inner beam of the AIC-144 cyclotron)
B. Petelenz (H. Niewodniczariski Institute of Nuclear Physics, Krak6w, Poland), L. Zr6dlowski (H.
Niewodniczaiiski Institute of Nuclear Physics, Krak6w, Poland), E. Ochab (H. Niewodniczariski
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Institute of Nuclear Physics, Krak6w, Poland), J. Halik (H. Niewodnicza6ski Institute of Nuclear
Physics, Krak6w, Poland), E. Bakewicz (H. Niewodniczafiski Institute of Nuclear Physics, Krak6w,
Poland), R. Misiak (H. Niewodniczaniski Institute of Nuclear Physics, Krak6w, Poland), M. Bartyzel (H.
Niewodniczafiski Institute of Nuclear Physics, Krak6w, Poland)
* Radiofarmaceutyki zawierajace 99mTc(V) oraz "6/188Re(V) (Radiopharmaceuticals containing 99mTc(V)
and 18 6[1 88 Re(V))
K. Samochocka (Warsaw University, Poland), J. Kozlowicz-Grudzifiska (Maric Sklodowska-Curie Cancer
Center and Oncology Center, Warszawa, Poland), J. Kaniewska (Marie Sklodowska-Curie Cancer Center
and Oncology Center, Warszawa, Poland)
* Analiza preparat6w promieniotw6rczych technikq optycznej spektrometrii emisyjnej z plazma wzbudzona
indukcyjnie ICP-OES (Analysis of radioactive preparations by optical emission spectrometry with
inductively coupled plasma ICP-OES)
1. Sasinowska (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), R. B13k (the
Radioisotope Center POLATOM, Otwock-gwierk, Poland), R. Mikolajczak (the Radioisotope Center
POLATOM, Otwock-§wierk, Poland)
* Metody otrzymywania beznonikowego nadrenianu 188Re z wolframu 188W (Methods for obtaining
carrier-free perrhenate 188 Re from is8W)
K. Sawlewicz (the Radioisotope Center POLATOM, Otwock-§wierk, Poland), K. Chrustowski (the
Radioisotope Center POLATOM, Otwock-Swierk, Poland), K. Maletka (the Radioisotope Center
POLATOM, Otwock-§wierk, Poland), A. Markiewicz (the Radioisotope Center POLATOM,
Otwock-§wierk, Poland), D. Pawlak (the Radioisotope Center POLATOM, Otwock-gwierk, Poland)
* Metody wytwarzania i badanie stabilnosci radiofarmaceutyk6w 131I- MIBG i 123I- MIBG (Methods for
producing and studies on stability of radiopharmaceuticals 13 I-MIBG and 123I-MIBG)
E. Zakrzewska (the Radioisotope Center POLATOM, Otwock-Swierk, Poland), D. Pawlak (the
Radioisotope Center POLATOM, Otwock-Swierk, Poland), 1. Wozniak (the Radioisotope Center
POLATOM, Otwock-§wierk, Poland), A. Markiewicz (the Radioisotope Center POLATOM,
Otwock-Swierk, Poland), Z. Kusnierz (the Radioisotope Center POLATOM, Otwock-Swierk, Poland),
I. Liciniska (Drug Institute, Warszawa, Poland)
Section:
RADIONUKLIDY W SRODOWISKU NATURALNYM ORAZ ODPADY PROMIENIOTWORCZE
(RADIONUCLIDES IN THE ENVIRONMENT AND NUCLEAR WASTES)
* Radiochemical methods used in radioactivity monitoring at NRPI, Czech Republic
V. Beckova (National Radiation Protection [nstitute, Praha, Hradec Kralove, Czech Republic), R.
Filgas (National Radiation Protection Institute, Praha, Hradec Kralove, Czech Republic), Z. Holgye
(National Radiation Protection Institute, Praha, Hradec Kralove, Czech Republic), V. Michalek
(National Radiation Protection Institute, Praha, Hradec Kralove, Czech Republic), P. Rulik (National
Radiation Protection Institute, Praha, Hradec Kralove, Czech Republic), E. Schlesingerova (National
Radiation Protection Institute, Praha, Hradec Kralove, Czech Republic), J. Vlcek (National Radiation
Protection Institute, Praha, Hradec Kralove, Czech Republic)
* Systematyczne pomiary stezce radionuklid6w naturalnych oraz izotop6w cezu w powierzchniowej
warstwie gleby w Polsce (Systematic measurements of concentration of natural radionuclides and
caesium isotopes in the surface layer of soils in Poland)
M. Biernacka (Central Laboratory of Radiation Protection, Warszawa, Poland), W. Bekiert (Central
Laboratory of Radiation Protection, Warszawa, Poland), A. Koczyriski (Central Laboratory of
Radiation Protection, Warszawa, Poland), A. Sosiriska (Central Laboratory of Radiation Protection,
Warszawa, Poland)
* Promieniotw6rczosc naturalna surowc6w i materia16w budowlanych z obszaru Malopolski (Natural
radioactivity of raw and building materials from the region of Little Poland)
J. Bogacz (H. Niewodniczaniski Institute of Nuclear Physics, Krak6w, Poland), T. Cywicka-Jakiel (H.
Niewodniczanski Institute of Nuclear Physics, Krak6w, Poland), J. Mazur (H. Niewodniczafiski Institute
of Nuclear Physics, Krak6w, Poland), G. Tracz (H. Niewodniczafiski Institute of Nuclear Physics,
Krak6w, Poland)
* Szybkie metody oznaczania 226Ra w materialach srodowiskowych - zalety i ograniczenia (Fast methods
for the determination of 22 6Ra in environmental materials - advantages and limitations)
R. Bojanowski (Polish Academy of Sciences, Institute of Oceanology, Sopot, Poland), Z. Radecki
(International Atomic Energy Agency, Vienna, Austria)
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* Depozycja i dyfuzja uranu w osadach dennych poludniowego Baltyku (Deposition and diffusion of
uranium in bottom sediments in the Southern Baltic Sea)
A. Borylo (University of Gdahisk, Poland), B. Skwarzec (University of Gdafsk, Poland)
* Radioaktywnogd przyziemnej warstwy powietrza atmosferycznego w Poisce. Wyniki badat!
prowadzonych w sieci stacji ASS-500 (Radioactivity of the ground layer of atmospheric air in Poland.
Results obtained during studies with a network of ASS-500 stations)
M. Bysiek (Central Laboratory of Radiation Protection, Warszawa, Poland), M. Biernacka (Central
Laboratory of Radiation Protection, Warszawa, Poland)
* Badania nad wt6rnym wymywaniem izotop6w radu z osad6w dennych z osadnik6w kopalnianych (Studies
on the secondary washing of radium isotopes from bottom sediments in coal mine settling ponds)
S. Chalupnik (Central Mining Institute, Katowice, Poland)
* Oczvszczanic w6d kopalnianych z radu - dwa lata doswiadczefi przy eksploatacji podziemncj stacji
oczyszczania w KWK PIAST (Purification of mine waters from radium - two years of experience during
exploitation of an underground purification station in the Coal Mine PIAST)
S. Chalupnik (Central Mining Institute, Katowice, Poland), M. Wysocka (Central Mining Institute,
Katowice, Poland), E. Molenda (Coal Mine PIAST, Bieruti, Poland)
* Badanie zawartosci pierwiastk6w promieniotw6rczych i metali cie2kich w porostach rodziny
Parmaceliacca z terenu wschodniej Poiski (Studies on the content of radioelements and heavy metals in
the lichen (family Parmaceliacea) from the eastern region of Poland)
S. Chibowski (Marie Skdodowska-Curie University, Lublin, Poland), M. Reszka (Marie Sklodowska-Curie
University, Lublin, Poland)
* Wplyw wsp6lczynnik6w podzialu na szybkosc pionowej migracji 137Cs w glebach (Influence of distribution coefficients on the vertical migration rate of 137Cs in soils)
S. Chibowski (Marie Sklodowska-Curie University, Lublin, Poland), J. Zygmunt (Marie Sklodowska-Curie
University, Lublin, Poland)
* Cs-137 w mleku wskaznikiem skazenia srodowiska (13 7Cs in milk as an indicator of environmental
contamination)
D. Grabowski (Central Laboratory of Radiation Protection, Warszawa, Poland), W. Kurowski (Central
Laboratory of Radiation Protection, Warszawa, Poland), W. Muszyniski (Central Laboratory of
Radiation Protection, Warszawa, Poland), B. Rubel (Central Laboratory of Radiation Protection,
Warszawa, Poland), G. Smagala (Central Laboratory of Radiation Protection, Warszawa, Poland), J.
&wiqtochowska (Central Laboratory of Radiation Protection, Warszawa, Poland)
* Aktywnosc Cs-137 w grzybach w Polsce w 2000 roku (137 Cs in mushrooms in Poland in 2000)
D. Grabowski (Central Laboratory of Radiation Protection, Warszawa, Poland), W. Kurowski (Central
Laboratory of Radiation Protection, Warszawa, Poland), W. Muszyfiski (Central Laboratory of
Radiation Protection, Warszawa, Poland), B. Rubel (Central Laboratory of Radiation Protection,
Warszawa, Poland), G. Smagala (Central Laboratory of Radiation Protection, Warszawa, Poland), J.
Swietochowska (Central Laboratory of Radiation Protection, Warszawa, Poland)
* Ocena dawki efektywnej pochodzacej od r6znych zrodel promieniowania dla statystycznego mieszkafica
Polski w 2000 roku (Evaluation of an equivalent dose originating from various radiation sources for a
statistical inhabitant in Poland in 2000)
J. Henschke (Central Laboratory of Radiation Protection, Warszawa, Poland), M. Biernacka (Central
Laboratory of Radiation Protection, Warszawa, Poland), K. Florowska (Central Laboratory of
Radiation Protection, Warszawa, Poland), D. Grabowski (Central Laboratory of Radiation Protection,
Warszawa, Poland), B. Rubel (Central Laboratory of Radiation Protection, Warszawa, Poland), A.
Sosiniska (Central Laboratory of Radiation Protection, Warszawa, Poland)
* Kontrola skazeri promieniotw6rczych srodowiska w Polsce za pomoca sieci automatycznych stacji
monitoringu (Inspection of radioactive contamination of the environment in Poland by means of a
network of automatic monitoring stations)
K.A. Isajenko (Central Laboratory of Radiation Protection, Warszawa, Poland), P. Lipinski (Central
Laboratory of Radiation Protection, Warszawa, Poland), M. Biernacka (Central Laboratory of
Radiation Protection, Warszawa, Poland), W. Bekiert (Central Laboratory of Radiation Protection,
Warszawa, Poland)
* Ocena czynnik6w wplywajqcych na zmiane koncentracji radiocezu w przyziemnej warstwie powietrza
atmosferycznego na podstawie wynik6w uzyskanych ze stacji ASS-500 w Bialymstoku (Evaluation of
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factors influencing the changes in concentration of radiocaesium in the ground layer of atmospheric air
on the basis of results obtained by means of an ASS-500 station in Bialystok)
J. Kapala (Medical Academy in Bialystok, Poland), M. Zalewski (Medical Academy in Bialystok,
Poland), M. Tomczak (Medical Academy in Bialystok, Poland), M. Karpitiska (Medical Academy in
Bialystok, Poland)
* Udzial zawiesin w migracji 137Cs w grodowisku morskim i rzecznym (ekosystem pId. Baltyku) (Participation of suspensions in migration of 137Cs in the marine and river environment (ecosystem of the
Southern Baltic Sea)
D. Knapifiska-Skiba (Polish Academy of Sciences, Institute of Oceanology, Sopot, Poland), R.
Bojanowski (Polish Academy of Sciences, Institute of Oceanology, Sopot, Poland)
* Termoluminescencyjne pomiary dawki promieniowania gamma w grodowisku naturalnym w Polsce
(Thermoluminescent measurements of y-radiation dose in the natural environment in Poland)
A. Koczyfiski (Central Laboratory of Radiation Protection, Warszawa, Poland), M. Biernacka (Central
Laboratory of Radiation Protection, Warszawa, Poland), A. Chqc (Central Laboratory of Radiation
Protection, Warszawa, Poland), A. Sosifiska (Central Laboratory of Radiation Protection, Warszawa,
Poland)
* Migracja izotop6w plutonu w glebach doliny Wieprza (Migration of plutonium isotopes in soils of the
river Wieprz valley)
A Komosa (Marie Sklodowska-Curie Universitv, Lublin, Poland), S. Chibowski (Marie Sklodowska-Curie
University, Lublin, Poland)
* Rozklady pionowe 7Be i 210Pb w powietrzu troposfery i dolnej stratosfery (Vertical distributions of 7Be
and 2 10Pb in the troposphere air and lower stratosphere)
L. Kownacka (Central Laboratory of Radiation Protection, Warszawa, Poland)
* Przechodzenie 137Cs do roslin w zaleznosci od wielkosci potencjalu wychwytu tego radionuklidu w
r6inych typach gleb w Polsce (Transfer of 1 Cs into plants as a function of the escapement potential of
this element in various soil types in Poland)
P. Krajewski (Central Laboratory of Radiation Protection, Warszawa, Poland), L. Rosiak (Central
Laboratory of Radiation Protection, Warszawa, Poland)
* Stezenie radonu w wodzie pitnej na terenie trzech rejon6w poludniowo-zachodniej Polski (Concentration of radon in drinking water in three regions of South-Western Poland)
M. Kusyk (Central Laboratory of Radiation Protection, Warszawa, Poland), K. Mamont-Ciesla
(Central Laboratory of Radiation Protection, Warszawa, Poland)
* Mchy i porosty jako biomonitory promieniotw6rczych skazeri srodowiska (Mosses and lichens as
biomonitors of radioactive contamination of the environment)
M. Matul (The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), B. Myslek-Laurikainen (The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), S. Mikolajewski (The
Andrzej Soltan Institute for Nuclear Studies, Otwock-§wierk, Poland), H. Trzaskowska (The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), N. Blaszczyszyn (Warsaw University, Poland)
* Zachowanie sie radu w powierzchniowym osadniku w6d dolowych (Behaviour of radium in a settling
pond of mine waters)
B. Michalik (Central Mining Institute, Katowice, Poland), K. Skubacz (Central Mining Institute,
Katowice, Poland), S. Chalupnik (Central Mining Institute, Katowice, Poland), M. Wysocka (Central
Mining Institute, Katowice, Poland)
* Owady jako bioindykatory skazer; promieniotw6rczych Srodowiska (Insects as bioindicators of radioactive contamination of the environment)
J.W. Mietelski (H. Niewodniczafiski Institute of Nuclear Physics, Krak6w, Poland), P. Szwalko (Hugo
Koll4taja Academy of Agriculture, Krak6w, Poland), E. Tomankiewicz (H. Niewodniczariski Institute of
Nuclear Physics, Krak6w, Poland), P. Gaca (H. Niewodniczaniski Institute of Nuclear Physics, Krak6w,
Poland), M. Jasif~iska (H. Niewodniczaniski Institute of Nuclear Physics, Krak6w, Poland)
* Pilotaiowe badania zawartosci niekt6rych radionuklid6w w pr6bkach gleby i porost6w z terenu
Tatrzafiskiego Parku Narodowego (Pilot studies on the content of radionuclides in soil and lichen
samples from the Tatra National Park)
J.W. Mietelski (H. Niewodniczatiski Institute of Nuclear Physics, Krak6w, Poland), B. Kubica (H.
Niewodniczaihski Institute of Nuclear Physics, Krak6w, Poland), E. Tomankiewicz (H. Niewodniczariski
Institute of Nuclear Physics, Krak6w, Poland), M. Jasiriska (H. Niewodniczafiski Institute of Nuclear
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Physics, Krak6w, Poland), P. Gaca (H. Niewodniczafski Institute of Nuclear Physics, Krak6w, Poland),
K. Kozak (H. Niewodniczanski Institute of Nuclear Physics, Krak6w, Poland), M. Tuteja-Krysa (H.
Niewodniczariski Institute of Nuclear Physics, Krak6w, Poland)
* Radionuklidy w ekosystemach legnych (Radionuclides in forest ecosystems)
B. Myslek-Laurikainen (The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), M.
Matul (The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), S. Mikolajewski
(The Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland), H. Trzaskowska (The
Andrzej Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland)
* Badanie efektywnosci dekontaminacyjnej sorbent6w p61syntetycznych w miqsie pochodz4cym od
zwierzat napromienionych, skazonych nastqpnic Cs-137 (Studies on the decontamination effectiveness
of half-synthetic sorbents in meat from animals irradiated and susbsequently contaminated with ' 3 7Cs)
B. Osiak (Military Institute of Hygiene and Epidemiology, Pulawy, Poland), J. Gawel (Military Institute
of Hygiene and Epidemiology, Pulawy, Poland)
* Depozycja 1-129 w Polsee okreslona na podstawie oznaczenia tego radionuklidu w glebie (Deposition of
129I in Poland, based on the determination of this radionuclide in soil)
Z. Pietrzak-Flis (Central Laboratory of Radiation Protection, Warszawa, Poland), P. Krajewski
(Central Laboratory of Radiation Protection, Warszawa, Poland), 1. Radwan (Central Laboratory of
Radiation Protection, Warszawa, Poland), Y. Muramatsu (National Institute of Radiological Sciences,
Chiba, Japan)
* Rozmieszczenie Cs-137 po awarii czarnobylskiej w nieuprawianych glebach w Polsce (Distribution of
37Cs in uncultivated soils in Poland after the Chernobyl accident)
Z. Pietrzak-Flis (Central Laboratory of Radiation Protection, Warszawa, Poland), 1. Radwan (Central
Laboratory of Radiation Protection, Warszawa, Poland), P. Krajewski (Central Laboratory of Radiation
Protection, Warszawa, Poland)
* WystQpowanic 2 2 6Ra j 2 28 Ra w wodach podziemnych Sudet6w Polskich (Occurrence of 226Ra and 228Ra
in underground waters of the Polish Sudeten Mountains)
T. Przylibski (Wroclaw Technical University, Poland), J. Dorda (Silesian University, Katowice, Poland),
B. Kozlowska (Silesian University, Katowice, Poland)
* Zastosowanie zelazocyjanku zelazowo-amonowego i krajowego bentonitu w dekontaminacji brojler6w
skazonych radiocezem (Use of iron(llI)ammonium ferrocyanide and domestic bentonite for decontamination of broilers contaminated with radiocaesium)
J. Rachubik (State Institute of Veterinary, Pulawy, Poland), B. Kowalski (State Institute of Veterinary,
Pulawy, Poland)
* Zaleznosc pomiedzy 226Ra, Ba i Ca w roslinach i w glebie (Relation between 226Ra, Ba and Ca in plants
and soil)
L. Rosiak (Central Laboratory of Radiation Protection, Warszawa, Poland), Z. Pietrzak-Flis (Central
Laboratory of Radiation Protection, Warszawa, Poland)
* Radionuklidy polonu (210PO), olowiu (210Pb), uranu (234U i 238U) oraz plutonu (238Pu i 239+240Pu) w

ekosystemie poludniowego Baltyku (Radionuclides of polonium ( 20Po), lead (2 Pb), uranium (
and 238U) and plutonium (238Pu and q39+240Pu) in the ecosystem of the Southern Baltic Sea)
B. Skwarzec (University of Gdafisk, Poland)

U

* Badanie poziomej i pionowej migracji izotopu strontu 90Sr w glebach z doliny Bugu (Studies of
horizontal and vertical migration of 90Sr in soils of the river Bug valley)
J. Solecki (Marie Sklodowska-Curie University, Lublin, Poland), S. Chibowski (Marie Sklodowska-Curie University, Lublin, Poland)
* Czarnobylski pluton w ekosystemie Zatoki Gdaiiskiej (The Chernobyl plutonium in the ecosystem of
the Gdanisk Gulf)
D.I. Strumifiska (University of Gdafisk, Poland), B. Skwarzec (University of Gdafisk, Poland)

Rok}lad pionowy stzei 137Cs, 210Pb, 226Ra oraz 239,240Pu w osadach dennych poludniowego Baltyku
(Vertical distribution of 137Cs, 210Pb, 226Ra and 239240Pu concentrations in bottom sediments of the
Southern Baltic)
M. Supliniska (Central Laboratory of Radiation Protection, Warszawa, Poland), A. Adamczyk (Central
Laboratory of Radiation Protection, Warszawa, Poland), E. Chrzanowski (Central Laboratory of
Radiation Protection, Warszawa, Poland)
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* Polon ( 210Po) w papierosach oraz radiologiczne skutki ich palenia (Polonium (210Po) in cigarettes and
radiological consequences of their smoking)
J. Ulatowski (University of Gdafisk, Poland), B. Skwarzec (University of Gdaflsk, Poland)
* Rozmieszczenie 137Cs w wodach poludniowego Baltyku po 15 latach od awarii w Czarnobylu
(Distribution of 137CS in waters of the Southern Baltic Sea 15 years after the Chernobyl accident)
T. Zalewska (Institute of Meteorology and Water Management, Marine Section, Gdynia, Poland)
* Zr62nicowanie depozycji Cs-137 w glebie i osadach dennych na terenie p61nocno-wschodniej Polski
(Differentiation of 13 Cs deposition in soil and bottom sediments in the region of the North-Eastern
Poland)
M. Zalewski (Medical Academy of Bialystok, Poland), J. Kapala (Medical Academy of Bialystok,
Poland), P. Zalewski (Medical Academy of Bialystok, Poland)
* Surowce i materialy o podwyzszonych stqzeniach naturalnych radionuklid6w stosowane w budownictwie
mieszkaniowym oraz dziatalnosci przemyslowej w Polsce (Raw materials of enhanced concentrations of
natural radionuclides used in building housing and industrial activity in Poland)
A Zak (Central Laboratory of Radiation Protection, Warszawa, Poland), M. Biernacka (Central Laboratory of Radiation Protection, Warszawa, Poland), K. Florowska (Central Laboratory of Radiation
Protection, Warszawa, Poland)
* Sytuacja radiologiczna w rejonie stawu osadowego odpad6w pouranowych w Kowarach (Radiological
situation in the region of a settling pond of post-uranium wastes at Kowary)
A. Zebrowski (Wroclaw Technical University, Poland), W.A. Charewicz (Wroclaw Technical
University, Poland), W. Walkowiak (Wroclaw Technical University, Poland)
* Tr6jstopniowa instalacja RO do zatezania cieklych odpadow promieniotw6rczych (Three-stage RO installation for the concentration of liquid radioactive wastes)
AG. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Harasimowicz
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland), B. Tymiriski (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland), G. Zakrzewska-Trznadel (Institute of Nuclear Chemistry
and Technology, Warszawa, Poland), W. Tomczak (Institute of Atomic Energy, Otwock-Swierk, Poland),
A Cholerzyiiski (Institute of Atomic Energy, Otwock-~wierk, Poland)
* Badanie proces6w zestalania cieklych promieniotw6rczych odpad6w organicznych zaadsorbowanych na
stalych materialach sorpcyjnych (A study on solidification processes of organic liquid radioactive wastes
on solid sorption materials)
J. Oglaza (Institute of Atomic Energy, Otwock-gwierk, Poland), A. Cholerzyniski (Institute of Atomic
Energy, Otwock-§wierk, Poland), W. Tomczak (Institute of Atomic Energy, Otwock-§wierk, Poland)
* Triskarbonylkowe kompleksy technetu(l) z lipofilowymi ligandami chelatujacymi (Tricarbonyl complexes of technetium(I) with lipophilic chelating ligands)
J. Narbutt (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), E. Gniazdowska
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Zasepa (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland)

2. VI SZKOLA STERYLIZACJl I HIGIENIZACJI RADIACYJNEJ (6th TRAINING
COURSE ON RADIATION STERILIZATION AND HYGIENIZATION), 24-25 MAY
2001, WARSZAWA, POLAND
Organized by the Institute of Nuclear Chemistry and Technology
Organizing Committee:
Prof. A.G. Chmielewski, Ph.D., D.Sc. (Chairman); Z. Zimek, Ph.D.; 1. Katuska, M.Sc.; W. Gluszewski, M.Sc.
LECTURES
* Sterylizacja radiacyjna na tie innych metod wvjalawiania (Radiation sterilization against a background
of other sterilization methods)
W. Stachowicz (Institute of Nuc.ear Chemistry and Technology, Warszawa, Poland)
* Podstawy oddzialywania promicniowania jonizujqcego z materiq (The elements of the effects of ionizing

radiation on the matter)
P. Panta (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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* Mikrobiologiczne aspekty sterylizacji radiacyjnej (Microbiological aspects of radiation sterilization)
E. Czerniawski (University of L6di, Poland)
* Akceleratory elektron6w przeznaczone do sterylizacji radiacyjnej prowadzonej w instalacjach przemyslowych, uslugowych i szpitalnych (Electron accelerators for radiation sterilization used in industrial,
service and hospital installations)
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Izotopowe zr6dia promieniowania w sterylizacji sprzqtu medycznego i konserwacji zabytk6w (Isotopic
sources of radiation used for medical device sterilization and for preservation historical monuments)
J. Perkowski (University of L6di, Poland)
* Ocena wplywu sterylizacji radiacyjnej na substancje lecznicze w stanie stalym (Estimation of the
influence of radiation sterilization on therapeutic substances in solid state)
B. Marciniec (Medical Academy in Poznafl, Poland)
* Normy dotyczqce sterylizacji radiacyjnej (Standards concerning radiation sterilization)
1. Kaluska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Sterylizacja radiacyjna wyrob6w medycznych w IChTJ (Radiation sterilization of medical devices at the
INCT)
1. Kaluska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Zastosowanie promieniowania jonizujqcego w wytwarzaniu produkt6w farmaceutycznych (Application
of ionizing radiation for pharmaceutical production)
D. Prokopczyk (Institute of Drugs, Warszawa, Poland)
* Biologiczne dzialanie i ryzyko promieniowania jonizujpcego (Biological action and risk of ionizing
radiation)
A. W6jcik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland) , 1. Szumiel (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)
* Sztuczne materialy implantacyjne - rola biomaterial6w w inzynierii tkankowej (Artificial implant materials
- the role of biomaterials in tissue engineering)
M. Lewandowska-Szumiel (Medical Academy in Warsaw, Poland)
* Wplyw warunk6w sterylizacji radiacyjnej (dawki, temperatury) oraz stopnia uwodnienia pr6bek na
inaktywacjq patogen6w oraz na radiacyjnie indukowane zmiany w przeszczepach l4cznotkankowych i ich
skladnikach (The influence of radiation sterilization parameters (doses, temperature) and the degree of
samples hydration on inactivation of pathogens and on radiation induced changes in allografts and their
components)
A. Dziedzic-Goclawska (Medical Academy in Warsaw, Poland)
* Nowy system rejestracji grodk6w farmaceutycznych i material6w medycznych w Polsce (A new system of
registration of pharmaceutical agents and medical devices in Poland)
T. Achmatowicz (Medical Academy in Warsaw, Poland)
* Kontrola dozymetryczna przemyslowej sterylizacji sprzqtu medycznego (Dosimetric monitoring of
industrial radiation sterilization of medical devices)
P. Panta, W. Gluszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Radiacyjna modyfikacja wlagciwogci material6w (Radiation modification of material properties)
P.Panta, W. Gluszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Postqpy w sterylizacji radiacyjnej na tle ostatniego wydania monografii (Developments in radiation
sterilization against the background of the latest edition of monography)
Z.P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Wykorzystanie metody Monte Carlo dla oceny dawki pochloniqtej w obiektach poddanych dzialaniu
wiqzki elektron6w (Utilization of the Monte Carlo method for the estimation of absorbed dose in the
objects treated with electron beam)
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Radiacyjna inzynieria biomaterialowa (Radiation biomaterial engineering)
J. Rosiak (University of L6di, Poland)
* Samodzielne Laboratorium Identyfikacji Napromieniowania Zywnogci (Laboratory for Detection of
Irradiated Food)
W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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* Radiacyjna dekontaminacja przypraw ziolowych (Radiation decontamination of herbal spices)
W. Migdal, K. Malec-Czechowska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Kompozycje polichlorowinylowe o podwykszonej odpornosci radiacyjnej (Polyvinyl chloride compounds
with increased radiation resistance)
B. Swierz-Motysia (Industrial Chemistry Research Institute, Warszawa, Poland)
* Zastosowanie izotop6w trwalych w medycynie (Application of stable isotopes in medicine)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Opatrunki hydrozelowe (Hydrogel dressings)
P. Kik (Manufacturer of hydrogel dressings, L60d,

Poland)

3. INTERNATIONAL CONFERENCE "2001 AN ISOTOPE ODYSSEY: NEW APPLICATION FOR A NEW MILLENIUM", 24-29 JUNE 2001, ZAKOPANE, POLAND
Organized by the Institute of Applied Radiation Chemistry, Technical University of L6di and the Institute
of Nuclear Chemistry and Technology
Organizing Committee:
P. Paneth (Chairman), V.E. Anderson (Co-chairman), A.G. Chmielewski, D. Sicifiska, G. Zakrzewska-Trznadel, A. Dybala-Defratyka, M. Kolodziejska-Huben, T. Dlugoborski
Scientific Committee:
P. Paneth (Poland), V.E. Anderson (USA), D.G. Truhlar (USA), J. Klinman (USA), M. O'Leary (USA), 0.
Matsson (Sweden), V.L. Schramm (USA), 1. Williams (Great Britain), P. De Bievre (Belgium), P.E.
Hansen (Denmark), A. Jarczewski (Poland), A.G. Chmielewski (Poland), J. Szydlowski (Poland)
Session
THEORY OF TUNNELING ISOTOPE EFFECTS
Chairman: Prof. D. Truhlar (University of Minnesota, USA)
Invited lectures
* Theory of isotope effects and tunneling
Prof. D. Truhlar (University of Minnesota, USA)
* Multiple proton tunneling along hydrogen-bond bridges: theory vs. experiment
Z. Smedarchina (National Research Council of Canada)
* Theoretical studies of some isotope effects due to tunneling
J.L. Luch (Universitat Autonoma De Barcelona, Spain)
Session
CALCULATION OF ISOTOPE EFFECTS ON ENZYMATIC REACTIONS
Chairman: Prof. 1. Williams (University of Bath, United Kingdom)
Invited lectures
* Computional studies of compression effects on enzyme-catalysed methyl transfer
I. Williams (University of Bath, United Kingdom)
* Combined QM/MM calculation of kinetic isotope effects in enzymatic reactions
J. Gao (University of Minnesota, USA)
* QM/MM kinetic isotope calculations on enzymatic reactions
V. Molinar (Universitat Jaume I Castello, Spain)
* Enzymatic transition states: the difference between being an oxocarbenium ion and just looking like one
P. Berti (McMaster University, Hamilton, Canada)
Session
TUNNELING ISOTOPE EFFECTS - PRACTICE
Chairman: Prof. J. Klinman (University of California-Berkeley, USA)
Invited lectures
* Hydrogen tunneling as a probe of protein dynamics
J. Klinman (University of California-Berkeley, USA)
* Probing enzymatic H-transfer via H/Drf KIEs and their temperature dependency
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A. Kohen (University of Iowa, USA)
* Quantum mechnical tunneling in H-atom transfer by B12-depenedent methylmalonyl-CoA mutase
R. Banerjee (University of Nebraska, USA)
* Theoretical studies of hydrogen tunneling in enzymes
M. Sutcliffe (Leicester University, United Kingdom)
Session
ISOTOPE EFFECTS ON ENZYMATIC REACTIONS - PRACTICE
Chairman: Prof. V. Schramm (Albert Einstein College of Medicine, USA)
Invited lectures
* Binding and equilibrium isotope effects in enzymatic reactions
V. Schramm (Albert Einstein College of Medicine, USA)
* Enzymatic reactions of phosphothioates
A.C. Hengge (Utah State University, USA)
* Stability of the oxalacetate intermediate in the tartrate dehydrogenase-catalyzed C-malic enzyme reaction
P.F. Cook (University of Oklahoma, USA)
* Mechanistic variation in the glycosyltransfer of N-acetylneuraminic acid
B. Horenstein (University of Florida, USA)
* Computational and experimental studies of transition state. Structure in cholinesterase catalysis
D. Quinn (University of Iowa, USA)
Session
GLOBAL ISOTOPE CYCLES
Chairman: Prof. M. O'Leary (California State University, Sacramento, USA)
Invited lectures

* Principles and regularities in the formation of the intermolecular and intramolecular isotope
distributions in biological systems
H.-L. Schmidt (Technische Universitat Munchen, Germany)
* Isotope effects in the global hydrological cycle
K. R62atiski (Stanislaw Staszic Academy of Mining and Metallurgy, Krak6w, Poland)
Session
KINETIC ISOTOPE EFFECTS
Chairman: Prof. A. Jarczewski (A. Mickiewicz University, Poznahi, Poland)
Invited lectures
* Factors influencing kinetic isotope effects in some proton transfer reactions in aprotic solvents
A. Jarczewski (A. Mickiewicz University, Poznafi, Poland)
* Mechanisms of synthetically useful reactions: carbonyl additions
J.J. Gajewski (Indiana University, USA)
* The relation between geometric and other isotope effects
M. Kreevoy (University of Minnesota, USA)
* Isotope effects to model SN 2 transition states
K. Westaway (Laurentian University, Canada)
Session
ISOTOPE EFFECTS IN SPECTROSCOPIES
Chairman: Prof. P.E. Hansen (Roskilde University, Denmark)
Invited lectures
* New isotope effects as observed by NMR
P.E. Hansen (Roskilde University, Denmark)
* NMR-studies of kinetic and geometric hydrogen isotope effects and tunneling
H. H. Limbach (Freie Universitat Berlin, Germany)
* Fast collective dynamics in molecules of biological interest. A Raman spectroscopic studies by isotopic
substitution
O.F. Nielsen (University of Copenhagen, Denmark)
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Session
RADIOCHEMISTRY
Chairman: Prof. 0. Matsson (University of Uppsala, Sweden)
Invited lectures
* Elucidation of reaction mechanisms using kinetic isotope effects of short-lived radionuclides
0. Matsson (University of Uppsala, Sweden)
* Primary and secondary hydrogen isotope effect in the reaction catalyzed by phenylalanine ammonia
lyases
M. Kafiska (Warsaw University, Poland)
* Positron emitting tracers - P.E.T. - for non-invasive measurements of in vivo biochemistry. Perspectives
in medicine and pharmacology
B. LUngstrom (P.E.T. Center, Uppsala, Sweden)
Session
THERMODYNAMIC ISOTOPE EFFECTS
Chairman: Prof. J. Szydlowski (Warsaw University, Poland)
Invited lectures
* Isotope effects on chemical and phase equilibria - yesterday and today
J. Szydlowski (Warsaw University, Poland)
* Interpretation of isotope effect on the solubility of gases
G. Jancs6 (Hungarian Academy of Sciences)
* Isotope effects of lanthanide elements in exchane systems
W. Dembiniski (Institue of Nuclear Chemistry and Technology, Warszawa, Poland)
* Isotope effects on vapor phase 2nd virial coefficients
A. Van Hook (University of Tennessee, USA)
YOUNG SCIENTISTS FORUM
Chairman: Prof. 0. Breas (J.R.C.-I.R.M.M., E.C.)
POSTER SESSION

4. THE THIRD COORDINATION CONSORTIUM MEETING FOR PROJECT OF
EUROPEAN COMMISSION "ELECTRON BEAM PROCESSING OF FLUE GASES,
EMITTED IN METALLURGICAL PROCESSES, FOR VOLATILE ORGANIC COMPOUNDS REMOVAL", 23-24 AUGUST 2001, WARSZAWA, POLAND
Organized by the Institute of Nuclear Chemistry and Technology
Organizing Committee:
Prof. A.G. Chmielewski, Ph.D., D.Sc.; A. Ostapczuk, M.Sc.; G. Giers
OPENING: A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
ADMINISTRATIVE PART
SCIENTIFIC PART
Reporting of work done in the frame of project:
* Physical and chemical modelling of electron beam process
V. Honkonen (Pohjois-Savo Polytechnic, Kuopio, Finland)
* Analytical procedure for PAH emission from a metallurgical plant. Emission from the metallurgical
plant Mariupol
0. Fainchtein (Research and Design Institute "Energostal", Kharkiv, Ukraine)
* Kinetics of decomposition of PAH under the action of electron beam
H. Nichipor (Institute of Radiation Physical and Chemical Problems, Academy of Sciences of Belarus,
Minsk, Belarus)
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* Utilization of C02 contained in the fuel gas
N. Getoff (Ludwig-Boltzmann Institute, Vienna, Austria)
* Solution to the material problem (window)
F. Bonilla (University of Manchester, Institute of Science and Technology, Great Britain)
* A flow installation for electron beam treatment of volatile organic compounds. Presentation of the flow
installation for electron beam VOCs treatment in the Department of Radiation Chemistry and Technology, INCT
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Project programme for the next 6 months; tasks and their action plans:
* Electron beam experiments for volatile organic compounds on a laboratory scale and in a pilot plant
unit
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
* Programming and testing (simulation program)
V. Honkonen (Pohjois-Savo Polytechnic, Kuopio, Finland)
* Necessary data for preparing a pre-feasibility study
0. Fainchtein (Research and Design Institute "Energostal", Kharkiv, Ukraine)
* Mechanism of PAHs decomposition under electron beam
H. Nichipor (Institute of Radiation Physical and Chemical Problems, Academy of Sciences of Belarus,
Minsk, Belarus)
* Pulse radiolysis experiment for chosen PAHs
N. Getoff (Ludwig-Boltzmann Institute, Vienna, Austria)
* Production of coatings
F. Bonilla (University of Manchester, Institute of Science and Technology, Great Britain)
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Ph.D. THESES
1. Jacek Dziewifiski, M.Sc.
Eksperymentalne opracowanie nowatorskich proces6w przetwarzania odpad6w jqdrowych (Experimental development of novel processes for nuclear waste treatment)
supervisor: Prof. Zbigniew Zag6rski, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 15.02.2001
2. Pawel Wigniowski, M.Sc.
Wplyw grup funkcyjnych na inicjowane radiacyjnie procesy rodnikowe w tioeterach (Influence of
functional groups on the initiated radiation radical processes in thioethers)
supervisor: Prof. Krzysztof Bobrowski, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 26.04.2001
3. Beata Dasiewicz, M.Sc.
Spektroskopowe badania wplywu wybranych metali na uklady elektronowe kwas6w o-, m-, p-hydroksybenzoesowych (Spectroscopic studies of the influence of selected metals on the electronic systems of o-,
m-, p-hydroxybenzoic acids)
supervisor: Prof. Wlodzimierz Lewandowski, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 21.06.2001

D.Sc. THESES
1. Marcin Kruszewski, Ph.D.
Podloie odwrotnej krzyiowej opornosci kom6rek L5178Y na promieniowanie jonizujqce i nadtlenek
wodoru (Cellular determinants of the inverse cross sensitivity of mouse lymphoma L5178Y cell lines to
ionizing radiation and hydrogen peroxide)
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.
Head: Prof. Jacek Michalik, Ph.D., D.Sc.
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, in a 30 h
specialization course and in practical exercises carried out in different departments of the Institute. He/she
is obliged to deliver a lecture on 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, Dr. Ewa Gniazdowska (phone: (+48-22) 811-27-35).
In 2001 there were held the following lecture series and exercies:
* 'Nuclear Chemistry" - Assoc. Prof. Aleksander Bilewicz, Ph.D., D.Sc. (Institute of Nuclear Chemistry
and Technology);
* "Elements of Coordination Chemistry" - Prof. Jerzy Narbult, Ph.D., D.Sc. (Institute of Nuclear
Chemistry and Technology);
* 'Chemistry of Radicals" - Prof. Krzysztof Bobrowski, Ph.D., D.Sc. (Institute of Nuclear Chemistry and
Technology);
* "The X-rays fluorescence phenomena and possibility of its applications' - exercises carried out in the
Department of Radioisotope Instruments and Methods, Institute of Nuclear Chemistry and Technology.

TRAINING OF STUDENTS
Insitution

Country

Numer of

participants

Period

Ecole des Mines de Nantes

France

2

3 months

gwieqtokrzyska Academy

Poland

4

1 month

Technical School of Chemistry

Poland
(Warszawa)

6

1 month

Warsaw Agricultural University, Faculty of Food Technology

Poland

40

one-day practice

40

one-day practice

5

one-day practice

18

one-day practice

2 _

1 month

Warsaw University of Technology

Poland
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RESEARCH PROJECTS AND CONTRACTS
RESEARCH PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH
IN 2001 AND IN CONTINUATION
1. Electron beam processing technology for modification of various types of cellulose mass for preparation of derivatives.
supervisor: Assoc.Prof.Edward filer, Ph.D., D.Sc.
2. Influence of the structural changes in membrane-penetrant system on permeation process using synchrotron methods.
supervisor: Assoc.Prof. Helena Grigoriew, Ph.D., D.Sc.
3. Radiation processing of polyolefines and their composites devoted to thermoshrinkable products.
supervisor: Zbigniew Zimek, Ph.D.
4. Problems of the attribution of works of art: examples of 18th century Central European decorative
glass.
supervisor: Jerzy J. Kunicki-Goldfinger, Ph.D.
5. Investigations in the range of functionalization technology of particle track-etched membranes and
their application.
supervisor: Assoc.Prof. Tadeusz 26towski, Ph.D., D.Sc.
6. Radiation and photochemically induced radical processes in aromatic carboxylic acids containing thioether group.
supervisor: Prof. Krzysztof Bobrowski, Ph.D., D.Sc.
7. Application of ceramic membranes for liquid low- and medium-level radioactive waste processing.
supervisor: Grazyna Zakrzewska-Trznadel, Ph.I).
8. Decomposition of organic compounds emitted during coal burning with the use of electron beam.
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
9. Detection of irradiated additives (spices) in foodstuffs.
supervisor: Kazimiera Malcc-Czechowska, M.Sc.
10. Multiphase flow dynamics determination by radiotracer and computational fluid dynamics (CFD)
methods.
supervisor: Jacek Palige, Ph.D.
11. Estimation of post-irradiation chromosomal translocations in human blood lymphocytes for biological
dosimetry purposes with the use of chromosome painting and PCC.
supervisor: Prof. Irena Szumiel, Ph.D., D.Sc.
12. Factors that define sensitivity to oxygen stress: characteristics of new mutants of V79 Chinese hamster
cells susceptible to reactive oxygen species.
supervisor: Assoc. Prof. Marcin Kruszewski, Ph.D., D.Sc.
13. Influence of relativistic effect on hydrolytic properties, stabilization of lower oxidation states and 6s2
and 6p2/1/2 lone pair character of the heaviest elements.
supervisor: Assoc. Prof. Aleksander Bilewicz, Ph.D., D.Sc.

IMPLEMENTATION PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH
IN 2001 AND IN CONTINUATION
1. Small dimensions universal electrofilter for inorganic hygroscopic salts capture.
8T1OA 083 98
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2. New Polish certified reference materials of biological origin for inorganic trace analysis: tea leaves and
mixture of Polish herbs.
3T09A 001 99C/4265
3. Development of activity and dose rate gauge of Ru-106 beta sources for irradiation of eye cancer.
8T 11 E 04 099 C/4311
4. The Christian art in Egypt. Studies and conservation of Coptic art in the collection of the National
Museum in Warsaw.
1HO lE 002 99C/4402
5. An instrument for collecting and processing data from radiometric experiments carried out in field and
industrial conditions.
8TIOC 061 20
6. Manufacturing technology of joints of preisolated pipes for heat transportation.
FTO8E 678 2000C/5023

IAEA RESEARCH CONTRACTS IN 2001
1. Decontamination of herbal raw materials and herbal drugs by irradiation.
10355/Regular Budget Fund
principal investigator: Wojciech Migdal, Ph.D., D.Sc.
2. Electron beam treatment of gaseous organic compounds emitted from fossil fuel combustion.
11093/RO
principal investigator: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

1AEA TECHNICAL CONTRACTS IN 2001
1. Industrial scale demonstration plant for electron beam purification of flue gases.
POL/8/014
2. Control laboratories for radiation processing.
POL/8/16
3. Accredited laboratory for the use of nuclear and nuclear-related analytical techniques.
POL/2/014

EUROPEAN COMMISSION RESEARCH PROJECTS IN 2001
1. Electron beam for processing of flue gases, emitted in metallurgical processes, for volatile organic compounds removal.
ICA2-CT-200010005
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
Programme coordinated by the INCT

OTHER FOREIGN CONTRACTS IN 2001
1. Elaboration of wet method for reprocessing of lithium in the form of lithium carbonate from ceramic
materials Li2TiO3, provided by ENEA.
Contract with ENEA, Italy
principal investigator: Andrzej Deptula, Ph.D.
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LIST OF VISITORS TO THE INCT IN 2001
No
Name
1. Abendizadch Zohreh
2. AI-Fadhl S.F.
3. AI-Gothmi Haitham
4. AI-Showaish Khalid
5. Asmus Klaus Dieter
6. Burns Kerry

Institution
Universitd Rend Descartes
Institute of Atomic Energy Research, King
Abdulaziz City for Science and Technology
Institute of Atomic Energy Research, King
Abdulaziz City for Science and Technology
Institute of Atomic Energy Research, King
Abdulaziz City for Science and Technology
University of Notre Dame
International Atomic Energy Agency

_________________

7. Cooper William

Country
Period
France
13-20.09
Saudi Arabia 02.07-01.10
Saudi Arabia 13.08-11.11
Saudi Arabia 11.06-06.09
USA
United

11-23.02
30-31.05,

Nations

01.06

Center of Marine Science

9. Didyk Jurij A.

USA
Academy of Science of Belarus, Institute of Ra- Belarus
diation Pysical and Chemical Problems
Joint Institute for Nuclear Research, Dubna
Russia

10. Dziewifiski Jacek

Los Alamos National Laboratory, New Mexico

USA

11. Fainchtein
Aleksander
12. Frank Norman

Research and Design Institute ENERGOSTA-L

Ukraine

International Business Consultants

USA

13. Fremery Kees

Gemmaster B.V.

8. Dashouk Eliena

14. Gabor J.

[5.

Gebicki J.M.
16. GryzIov Anatolij

17. Guldi Dirk M.
18. Hashim Siti A'iasah
19.1 ook Aleksander
20. Hu Sumin

2Xi.Lang

21. Jiang Yiming
i __________________

22. Johannes Christian
23. Kotusova Valentina
24jKume Tamikazu
25. Lai Weiguan
261
Lazurik Vladimir
26._!_Lazurik Vladimir

22-29.07
01-29.10
11-12.01
13-14.12
16-31.01
15-22.07
13-25.05
07-15.06
16.11-01.12

The
Netherlands
Institute of Isotope and Surface Chemistry, Hungary
Chemical Research Center
Macquarie University, Sidney
Australia
State Research and Production Corporation Russia

05-07.11
25-29.01

"TORlJ", Moscow

22.05-21.06

University of Notre Dame
Radiation Technology Division, Malaysian
Institute for Nuclear Technology
University of Tennessee
Research Institute of High Energy Physics,
Chinese Academy of Sciences
Institute of Environmental Protection Engineer{ing,

19.09
17-18.06

USA
Malaysia

02-12.10
25.10-09.11
21-23.09
16-29.06

USA
China

19-24.06
12-18.05

China

03-08.02

Germany

07-12.06

Ukraine
Japan
China

02.04-02.06
.31.07-02.08
107-14.01

China Academy of Engineering Physics

Institute of Genetics, University of Essen
Research and Design Institute ENERGOSTAL
Japan Atomic Encrgy Research Institute
Shanghai Institute of Nuclear Research, Chinese
Academy of Sciences
| Kharkiv National University

|Ukraine

103-07.09

l
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27. Li Minxi

Shanghai Institute of Nuclear Research, Chinese
Academy of Sciences
Japan Atomic Industrial Forum Inc.
Atomic Energy Commission (CNEA)
Institute of Environmental Protection Engineer-

28. Machi Suco
29. Magnavacca Cecilia
30. Mao Benjiang

China

7-14.01

Japan
Argentina
China

06-09.03
16-22.09

China

12-18.05

03-08.02

ing, China Academy of Engineering Physics

31. Mao Xueying

Research Institute of High Energy Physics,
Chinese Academy of Sciences
Ecole des Mines de Nantes
Slavyanskaya Power Plant
State Research and Production Corporation,

32. Martin Stephane
33. MezinVitaly
34. Miasnikov Vadim

France
Ukraine
Russia

TORIJ

105.05-07.08
113-19.05
f25-29.01
_

35. Miljevie Nada

Institute of Nuclear Sciences VINCA

Yugoslavia

06.05-06.06

36. Mizusava Kenichi

Nissin High Voltage Co. Ltd.
Research and Design Institute ENERGOSTAL
International Business Consultants
State Research and Production Corporation

Japan

08-09.03
02.04-02.06

37. Morgunov Volodymyr
38. Mosure Tom
39. Nazarov Vladimir
___

Ukraine
USA
Russia

07-15.06
25-29.01

|______________
TORIJ", Moscow

_

40. Nichipor Henrieta
Oleg

Institute of Radiation Physical and Chemical Belarus
Preiovitc~.i
c~?roblems, Academy of Sciences of Belarus

18.02-04.03

41. Orelovitch Oleg

Joint Institute for Nuclear Research, Dubna

Russia

17.06-01.07|

42. Paur Hans
43. Paviet-Hartman

Forschungszentrum KarIsruhe
Los Alamos National Laboratory, New Mexico

Germany
USA

15-22.07

-

19.08-31.08*

15-22.07

Patricia

44. Persson Ingmar
|

Swedish University of Agricultural Sciences, Sweden

_________________

45. Pieszekhonov
Vladimir
46. Politowskij Fiodor

|State Research and Production Corporation Russia
TORIJ, Moscow
I State Research and Production Corporation Russia
TORIJ, Moscow
| Kharkiv National University

48. Popov Sergey
49. Roussel Loic
50. Rubio Poli Dora de
_ _

_

_ _

_ _

_

_ _

Ukraine

Slavyanskaya Power Plant
Ukraine
Ecole des Mines de Nantes
France
Instituto de Parsiquisas Energeticas de Nuclear Brazil
_

_

|- IPEN

International Atomic Energy Agency

52. Shunk Christian

Institute of Genetics, University of Essen
Joint Institute for Nuclear Research, Dubna
Russia
State Research and Production Corporation Russia

United
Nations
Germany

TORIJ, Moscow

55. Sigalajcv Valerij
56.JTachlan Lili Tjarli
57. Vermaercke Peter
58. Wang Min

I

59. Yarcheva Svetlana

22.05-21.06
02-12.10
103-0709.
113-19.05
105.05-07.08
07-16.07

_

5 1. Samiei Mossoud

53. Semina Viera
54. Senatov Oleg

'22.05-11.06

~~~~~~~~~~~~~~~~~~~
j

i ,

47. Popov Genadij

_

17-18.04

U ppsala

_

State Research and Production Corporation Russia
TORIJ, Moscow
National Nuclear Energy Agency
International Atomic Energy Agency
United
_ _ _ _ _ __ __ _ _ _ __ __ _
_
_ _
_
_ _
_
_ _
_
_
N ations
Shanghai Institute of Nuclear Research, Chinese China

T08-09.03
i07-12.06
13-14. 12
102-12.10

I_

_

25-29.01

-

|

!Indonesia

t Academy of Science

I

Research and Design Institute ENERGOSTAL Ukraine

02-07.11
130-31.05
l1.06

07-14.01

L

113-19.05

LIST OF VISITORS TO ITHE INCT IN 2001

193

60. Yatsko Svetlana

Academy of Science of Belarus, Institute of Ra- Belarus
diation Pysical and Chemical Problems

01-29.10

61. Yurkovskaya

International Tomography Center, Novosibirsk

Russia

23-25.10

Institute of Environmental Protection Engineer- China
ing, China Academy of Engineering Physics
Research Institute of High Energy Physics, China
Chinese Academy of Sciences
Shanghai Institute of Nuclear Research, Chinese China
]Academy of Science

03-08.02

Alexandra
62. Zhao Hunke
63. Zhifang Chai
64. Zhu Xikai
-____________________

12-18.05
07-14.01
.
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1. Prof. Klaus-Dieter Asmus (University of Notre Dame, USA)
The never-ending amino acid story. Yields, rate constants and isotope effects for radical intermediates
2. Prof. Klaus-Dieter Asmus (University of Notre Dame, USA)
Time-resolved conductivity methods in pulse radiolysis. Part 1: Technical basis
3. Prof. Klaus-Dieter Asmus (University of Notre Dame, USA)
Time-resolved conductivity methods in pulse radiolysis. Part II: Chemical applications
4. Prof. Andrzej G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Wykorzystanie izotop6w trwalych w medycynie (Use of stable isotopes in medicine)
5. Prof. Jan Gebicki (Macquarie University, Sidney, Australia)
Early events in the interaction of oxygen radicals with biological systems and their significance
6. Wojciech Gluszewski, M.Sc. (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Efekty ochronne w chemii radiacyjnej polipropylenu (Protective effects in the radiation chemistry of
polypropylene)
7. Dr. Dirk M. Guldi (University of Notre Dame, USA)
Charge - separation in fullerene and porphyrin containing antenna and reaction center constructs
8. Dr. Sumin Hu (Research Institute of High Energy Physics, Academia Sinica, Beijing, China)
Study of bioavailability of several calcium supplements by nuclear analytical techniques
9. Anna Korzeniowska-Sobczuk, M.Sc. (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Reakcje rodnikowe z udzialem kationorodnik6w centrowanych na siarce w wybranych aromatycznych
tioeterach (Reactions of radicals with the participation of radical cations centered on sulphur in
selected aromatic thioethers)
10. Dr. Cecilia Magnavacca (Centro Atomico Ezeiza, Buenos Aires, Argentina)
Application of ionizing radiation for environment protection
11. Dr. Andrzej Pawlukojc (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Badanie wlagciwogci dynamicznych chloro i bromo pochodnych fenolu za pomoca nieeelastycznego
rozpraszania neutron6w termicznych (Studies of dynamic properties of chloro- and bromo-derivatives
of phenol by means of inelastic scattering of thermal neutrons)
12. Prof. Ingmar Persson (Swedish University of Agricultural Sciences, Uppsala, Sweden)
Structure of solvated metal ions in strongly solvating solvents. Examples of coordination figure variation
13. Prof. Alexander Van Hook (University of Tennesseee, Knoxville, USA)
Interpretation of the vapor phase virial coefficient isotope effect: correlation with vapor pressure isotope
effects
14. Prof. Alexandra Yurkovskaya (International Tomography Center, Novosibirsk, Russia)
Time-resolved study of reversible photochemical reactions of protein related compounds by Chemically
Induced Dynamic Nuclear Polarization (CIDNP)
15. Prof. Zbigniew P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Chemia radiacyjna odpad6w promieniotw6rczych na przykladzie Los Alamos-WIPP, USA (Radiation
chemistry of radioactive wastes - experience of Los Alamos WIPP, USA)
16. Prof. Chai Zhifang (Research Institute of High Energy Physics, Academia Sinica, Beijing, China)
Present status of mercury pollution in China
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1. Krzysztof Bobrowski
Stabilization of sulfur radical cations via intramolecular sulfur-carbonyl oxygen bond formation
University La Sapienza, Roma, Italy, 06.03.2001
2. Krzysztof Bobrowski
OH-induced oxidation processes in methionine-containing peptides
Shanghai Institute of Nuclear Research, Shanghai, China, 09.05.2001
3. Krzysztof Bobrowski
Neighbouring group participation during radiation-induced radical processes in thioethers
University of Science and Technology, Hefei, China, 15.05.2001
4. Krzysztof Bobrowski
Photo-induced oxidation mechanisms of methionine derivatives
University of Science and Technology, Hefei, China, 21.05.2001
5. Krzysztof Bobrowski
Pulse radiolysis set-up in the INCT (Warsaw, Poland)
University of Science and Technology, Hefei, China, 21.05.2001
6. Krzysztof Bobrowski
Oxidation processes in methionine-containing peptides
Beijing University, Beijing, China, 23.05.2001
7. Krzysztof Bobrowski
Oxidation processes in methionine-containing peptides
Beijing Normal University, Beijing, China, 25.05.2001
8. Krzysztof Bobrowski
Oxidation processes in methionine-containing oligopeptides
University Tor Vergata, Roma, Italy, 31.07.2001
9. Krzysztof Bobrowski
Stabilization of sulfur radical cations via intramolecular sulfur-carbonyl oxygen bond formation
National Research Council, L.Co.C.E.A., Bologna, Italy, 04.09.2001
10. Andrzej G. Chmielewski
Electron beam flue gas treatment
Turkish Atomic Energy Commission (TAEK), Ankara, Turkey, 15.10.2001
1 1. Andrzej G. Chmielewski
Application of electron accelerators for radiation processing
Ankara Nuclear Research and Training Center, Ankara, Turkey, 17.10.2001
12. Andrzej G. Chmielewski
Electron beam flue gas treatment
institute of Environmental Protection Engineering, Chinese Academy of Engineering Physics, Mianyang,
China, 03.12.2001
13. Andrzej G. Chmielewski
Electron beam VOC and PAH treatment
Institute of Environmental Protection Engineering, Chinese Academy of Engineering Physics, Mianyang,
China, 05.12.2001
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14. Jacek Michalik
Silver atom reactions in irradiated zeolites
Linkoping University, Sweden, 28.08.2001
15. Jerzy Narbutt
Chelatowe kompleksy metali jako potencjalne radiofarmaceutyki. Amfifilowogc chelatu i liczba koordynacyjna metalu (Chelate metal complexes as potential radiofarmaceuticals. Amfifilicity of the chelate
and coordination number of the metal)
Medical Academy, Department of Nuclear Medicine, L6di, Poland, 08.02.2001
16. Jerzy Narbutt
Wstep do chemii fizycznej radiofarmaceutyk6w (Introduction to physical chemistry of radiopharmaccuticals)
Medical Academy, Department of Nuclear Medicine, Warszawa, Poland, 24.10.2001
17. Jerzy Narbutt
Karbonylkowe kompleksy technetu(I) - potencjalne radiofarmaceutyki (Carbonyl complexes of technetium(I) - potential radiopharmaceuticals)
Research Centre of Reactors and Isotopes, the Radioisotope Centre POLATOM, Otwock-Swierk,
Poland, 07.11.2001
18. Przemyslaw P. Panta
Zagadnienia przenoszenia energii elektron6w w akceleratorowych dozymetrach procesowych i w
materialach poddawanych przemysowej obr6bce radiacyjnej (Problems of electron energy transfer in
accelerator processing dosimeters and in materials irradiated on industrial scale)
University of Mining and Metallurgy, Faculty of Physics and Nuclear Techniques, Krak6w, Poland,
24.11.2001
19. Waclaw Stachowicz
Higienizacja radiacyjna i identyfikacja napromienionej zywnosci (Radiation hygienization and identification of irradiated foods)
Federation of Polish Medical Societes, Warszawa, Poland, 07.12.2001
20. Zbigniew P. Zag6rski
Exceptional radiation stability of certain rare earth oxides in view of their DRS and EPR spectra
Los Alamos National Laboratory, Los Alamos, New Mexico, USA, 03.10.2001
21. Zbigniew P. Zag6rski
Radiation chemical aspects of waste radioactive material management - possible role of the Institute of
Nuclear Chemistry and Technology in Warsaw
Los Alamos National Laboratory, Carlsbad Operations, Carlsbad, USA, 10.10.2001
22. Zbigniew P. Zag6rski
Najnowsze odtajnienia w zakresic broni jqdrowych (Recent declassification in the field of nuclear
weapons)
Federation of Polish Medical Societes, Warszawa, Poland, 07.12.2001
23. Graiyna Zakrzewska-Trznadel
Zastosowania izotop6w trwalych w medycynie (Application of stable isotopes in medicine)
Federation of Polish Medical Societes, Warszawa, Poland, 07.12.2001
24. Zbigniew Zimek
Accelerators for radiation processing
Institute of Nuclear Physics, Almaty, Kazakhstan, 19.07.2001
25. Zbigniew Zimek
Sterylizacja radiacyjna sprzetu medycznego, przeszczep6w, wyrob6w farmaceutycznych i kosmetycznych
(Radiation sterilization of medical devices, grafts, pharmaceutical and cosmetic products)
Federation of Polish Medical Societes, Warszawa, Poland, 07.12.2001
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1. Hanns Langendorff Medal for radiobiological studies
Irena Szumiel
The 42nd Annual Meeting of the German Medical Association for Radiation Protection, Jena,
11-12.05.2001
2. Award in the field of radiobiology for a series of papers concerning application of the comet method in
screening studies
Marcin Kruszewski
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
3. Second degree group award in the field of radiation chemistry for a series of papers concerning free
radicals induced radiolytically in microporous systems
Jacek Michalik, Waclaw Stachowicz, Jaroslaw Sadlo
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
4. Maria Sklodowska-Curie Medal no 28 of the Polish Radiation Research Society in recognition of his
outstanding contribution to the development of radiation research
Zbigniew Szot
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
5. Award in the field of radiobiology for a series of papers concerning application of the comet method in
screening studies
Irena Szumiel
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
6. Second degree Individual Award in the field of radiobiology for a paper "Monitoring and signalling of
radiation-induced damage in mammalian cells"
Irena Szumiel
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krakow,
10-12.09.2001
7. Award in the field of radiobiology for a series of papers concerning application of the comet method in
screening studies
Maria Wojew6dzka
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krakow,
10-12.09.2001
8. First degree group award in the field of radiobiology for a series of papers concerning induction of
sister chromatid exchanges by ionising radiation
Andrzej W6jcik and coworkers
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
9. Honourable Member of the Polish Radiation Research Society
Zbigniew P. Zag6rski
The 12th Meeting of the Maria Sklodowska-Curie Polish Radiation Research Society, Krak6w,
10-12.09.2001
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10. Boleslaw Skarzyiski Award for the best review paper published in 2000 in "Advances in Biochemistry" !'Apoptosis: decision rests with mitochondrion"
Iwona Gr~dzka
XXXVII Meeting of the Polish Biochemical Society, Toruft, 10-14.09.2001
11. The Cup of the Rector of the Navil University for the preparation method of high temperature superconductors
Andrzej Deptula, Wiestawa Lada, Tadeusz Olczak
International Exhibition of Inventions, Industrial Design Showroom "INNOWACJE'2001", Gdatisk,
Poland, 17-19.10.2001
12. Gold Medal in "Medicine and Biotechnology" category for the preparation method of calcium
phosphates layers, especially hydroxyapatite
Andrzej Deptula, Wiestawa Lada, Tadeusz Olczak
International Exhibition of Inventions, Industrial Design Showroom "INNOWACJE'2001", Gdatisk,
Poland, 17-19.10.2001
13. The Cup of the Rector of the University of Ecology and Management in Warsaw for the method of
purification of radioactive wastes and the method of improvement of purification effectiveness of low
and medium radioactive wastes concentrated by reverse osmosis
Andrzej G. Chmielewski, Marian Harasimowicz, Bogdan Tymifiski, Graiyna Zakrzewska-Trznadel
International Exhibition of Inventions, Industrial Design Showroom "INNOWACJE'2001", Gdarisk,
Poland, 17-19.10.2001
14. The Cup of Minister of National Economy for the Best Domestic Exhibitor
Institute of Nuclear Chemistry and Technology
International Exhibition of Inventions, Industrial Design Showroom "INNOWACJE'2001,
Poland, 17-19.10.2001

Gdabsk,

15. Wiktor Kemula Medal for outstanding scientific achievements conferred by the Polish Chemical
Society
Rajmund Dybczyfiski
16. Commemorative Medal of the Polish Chemical Society
Slawomir Siekierski
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INSTRUMENTAL LABORATORIES AND TECHNOLOGICAL
PILOT PLANTS
I.

DEPARTMENT OF NUCLEAR METHODS OF MATERIAL ENGINEERING
1. Laboratory of Materials Research
Activity profile: Studies of the structure and properties of materials and historical art objects.
* Scanning electron microscope
DSM 942, LEO-Zeiss (Germany)
Technical data: spatial resolution - 4 nm at 30 kV, and 25 nm at 1 kV; acceleration voltage - up to
30 kV; chamber capacity - 250x 150 mm.
Application: SEM observation of various materials such as metals, polymers, ceramics and glasses.
Determination of characteristic parameters such as molecule and grain size.
* Scanning electron microscope equipped with the attachment for fluorescent microanalysis
BS-340 and NL-2001, TESLA (Czech Republic)
Application: Observation of surface morphology and elemental analysis of various materials.
* Vacuum evaporator
JEE-4X, JEOL (Japan)
Application: Preparation of thin film coatings of metals or carbon.
* Gamma radiation spectrometer
HP-Ge, model GS 6020; Canberra-Packard (USA)
Technical data: detection efficiency for gamma radiation - 60.2%, polarization voltage - 4000 V,
energy resolution (for Co-60) - 1.9 keV, analytical program 'GENIE 2000".
Application: Neutron activation analysis, measurements of natural radiation of materials.

11.

DEPARTMENT OF STRUCTURAL RESEARCH
1. Track-Etched Membranes Studies and Application Laboratory
Activity profile: Studies on structural defects in polymers created under influence of heavy ion
beam irradiation. Manufacturing and determination of physical and structural parameters of TEM
(Track-Etched Membranes) - modern filtration materials, obtained by chemical etching of latent
heavy ions tracks in polymer films. Modification of TEM surface properties by physical methods.
Research and developments on application of TEM in the field of sterilization, filtration and as
microbiological barrier.
* Coulter Porometer 11
Coulter Electronics Ltd (Great Britain)
Application: Pore size analysis in porous media.
* Vacuum chamber for plasma research
POLVAC Technika Pr6zniowa
Technical data: dimensions - 300x300 mm; high voltage and current connectors, diagnostic windows.
Application: Studies on plasma discharges influence on physicochemical surface properties of
polymer films, particularly TEM.
2. Laboratory of Diffractional Structural Research
Activity profile: Studies on magnetic properties of new materials using neutron diffraction method.
X-ray diffraction structural studies on metal-organic compounds originating as degradation
products of substances naturally occurring in the environment. Rontgenostructural phase analysis
of materials. Studies on interactions in a penetrant-polymer membrane system using small angle
scattering of X-rays, synchrotron and neutron radiation. Studies of structural changes occurring in
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natural and synthetic polymers under influence of ionising radiation applying X-ray diffraction and
differential scanning calorimetry.
* KM-4 X-ray diffractometer
KUMA DIFFRACTION (Poland)
Application: 4-cycle diffractometer for monocrystal studies.
* CRYOJET - Liquid Nitrogen Cooling System
Oxford Instruments
Application: liquid nitrogen cooling system for KM-4 single crystal diffractometer.
* HZG4 X-ray diffractometer
Freiberger Prazisionsmechanik (Germany)
Application: powder diffractometers for studies of polycrystalline, semicrystalline and amorphous
materials.
* URD 6 X-ray diffractometer
Freiberger Prazisionsmcchanik (Germany)
Application: powder diffractometers for studies of polycrystalline, semicrystalline and amorphous
materials.
3. Heavy Metal and Radioactive Isotopes Environment Pollution Studies Laboratory
Activity profile: Determination of elemental content of environmental and geological samples,
industrial waste materials, historic glass objects and other materials by Energy Dispersive X-ray
Fluorescence Spectrometry using a radioisotope excitation source as well as a low power X-ray
tube and using 2 kW X-ray tube in total reflection geometry. Determination of radioactive isotopes
content in environmental samples and historic glass objects by gamma spectrometry.
* Gamma spectrometer in low-background laboratory
EGG ORTEC
Technical data: HPGe detector with passive shield; FWHM - 1.9 keV at 1333 keV, relative
efficiency - 92%.
* Total reflection X-ray spectrometer
Pico TAX, Institute for Environmental Technologies (Berlin, Germany)
Technical data: Mo X-ray tube, 2000 W; Si(Li) detector with FHWM 180 eV for 5.9 keV line; analysed elements: from sulphur to uranium; detection limits - 10 ppb for optimal range of analysed
elements, 100 ppb for the others.
Application: XRF analysis in total reflection geometry. Analysis of minor elements in water (tap, river,
waste and rain water); analysis of soil, metals, raw materials, fly ash, pigments, biological samples.
* X-ray spectrometer
SLP-10180-S, ORTEC (USA)
Technical data: FWHM - 175 eV for 5.9 keV line, diameter of active part - 10 mm, thickness of
active part of detector - 5.67 mm.
Application: X-ray fluorescence analysis.
4. Sol-Gel Laboratory of Modern Materials
Activity profile: The research and production of adavanced ceramic materials in the shape of
powders, monoliths, fibres and coatings by classic sol-gel methods with modifications - IChTJ
Process or by CSGP (Complex Sol-Gel Method) are carried. Materials obtained by this method are
the following powders: alumina and its homogeneous mixtures with Cr20 3 , TiO 3 , Fe203,
MgO+Y203, MoO3, Fe, Mo, Ni and CaO, CeO2, Y 20 3 stabilized zirconia, P and P" aluminas,
ferrites, SrZrO3, ceramic superconductors, type YBCO (phases 123, 124), BSCCO (phases 2212,
2223), NdBa2Cu3Ox, their nanocomposites, Li-Ni-Co-O spinels as cathodic materials for Li
rechargeable batteries and fuel cells MCFC, BaTiO3, LiPO 4 , Li titanates: spherical for fusion
technology, irregularly shaped as superconductors and cathodic materials, Pt/W0 3 catalyst. Many
of the mentioned above systems, as well as sensors, type SnO2, were prepared as coatings on
metallic substrates. Bioceramics materials based on calcium phosphates (e.g. hydroxyapatite) were
synthesized in the form of powders, monoliths and fibres.
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* DTA and TGA thermal analyser
OD-102 Paulik-Paulik-Erdey, MOM (Hungary)
Technical data: balance fundamental sensitivity - 20-0.2 mg/100 scale divisions, weight range 0-9.990 g, galvanometer sensitivity - 1x10--10 A/mm/m, maximum temperature - 1050 0C.
Application: Thermogravimetric studies of materials up to 10500 C.
* DTA and TGA thermal analyser 1500
MOM (Hungary)
Technical data: temperature range - 20-15000 C; power requirements - 220 V, 50 Hz.
Application: Thermal analysis of solids in the temperature range 20-15000 C.
* Research general-purpose microscope
Carl Zeiss Jena (Germany)
Technical data: General purpose microscope, enlargement from 25 to 2500 times, illumination of
sample from top or bottom side.
* Metallographic microscope
EPITYP-2, Carl-Zeiss Jena (Germany)
Technical data: enlargement from 40 to 1250 times.
Application: Metallographic microscope for studies in polarized light illumination and hardness
measurements.
* Laboratory furnace
CSF 12/13, CARBOLITE (Great Britain)
Application: Temperature treatment of samples in controlled atmosphere up to 15000 C with automatic adjustment of final temperature, heating and cooling rate.
III. DEPARTMENT OF RADIOISOTOPE INSTRUMENTS AND METHODS
Laboratory of Industrial Radiometry
Activity profile: Research and development of non-destructive methods and measuring instruments
utilizing physical phenomena connected with the interaction of radiation with matter: development of
new methods and industrial instruments for measurement of physical quantities and analysis of
chemical composition; development of measuring instruments for environmental protection purpose
(dust monitors, radon meters); implementation of new methods of calibration and signal processing
(multivariate models, artificial neural networks); designing, construction and manufacturing of
measuring instruments and systems; testing of industrial and laboratory instruments.
* Multichannel analyser board with software for X and y-ray spectrometry
Canberra
IV.

DEPARTMENT OF RADIOCHEMISTRY
1. Laboratory of Heavy Elements
Activitv profile: Studies on chemical properties of the heaviest elements: nobelium, rutherfordium,
dubnium, element 112. Studies on the influence of relativistic effects on the chemical properties
(oxidation state, hydrolytic properties etc.) Elaboration of new analytical techniques for the
determination of radium isotopes in natural waters.
2. Laboratory of Radiopharmaceutical Chemistry
Activity profile: Preparation of novel complexes, potential radiopharmaceuticals, e.g. derivatives of
tricarbonyltechnetium(I) (99mTc) with chelating ligands: diketones and other similar extractants.
Studying of their hydrophilic-lipophilic properties, structure and their interactions with peptides.
The new complexes will be studied as prospective agents for labelling blood cells (leukocytes for
inflammation imaging) and possibly in cerebral blood perfusion studies.
* Two radiometric sets
ZM 701, ZZUJ POLON (Poland)
Application: For measurements of radioactivity of radiotracers and radioelements.
* Spectrometric set
ORTEC

202

INSTRUMENTAL LABORATORIES AND TECHNOLOGICAL PILOT PLANTS

Multichannel analyser, type 7150, semiconductor detector
Application: Measurements and identification of y- and a-radioactive nuclides.
* Spectrometric set
TUKAN, IPJ (§wierk, Poland)
Multichannel analyser, type SILENA with a PC card type TUKAN
Application: Measurements and identification of y-radioactive nuclides.
* Gamma radiation counter
ZR- 1, ZZUJ POLON (Poland)
Application: For measurements of y-radioactive samples, the volume of samples up to 5 ml.
* Counter of low activities
ZR-16, ZZUJ POLON (Poland)
Application: For measurements of low activities of a- and P-radioactive nuclides, also of low energies.
* Gas chromatograph
610, UNICAM (England)
Description of usage: Analysis of the composition of mixtures of organic substances in the gas and
liquid state.
* Isocratic HPLC pump
High Performance Liquid Chromatography system Waters 501 with y-radiation detector.
Application: Analytical and preparative separations of radionuclides and/or various chemical
forms of radionuclides.
* UV-VIS spectrophotometer
DU 68, Beckman (Austria)
Description of usage: Recording of electronic spectra of metal complexes and organic compounds
in solution. Analytical determination of the concentration of these compounds.
* FT-IR spectrophotometer
EQUINOX 55, Bruker (Germany)
Description of usage: Measurements of the IR spectra of metal complexes and other species in the
solid state and in solution.
V.

DEPARTMENT OF NUCLEAR METHODS OF PROCESS ENGINEERING
1. Pilot Plant for Flue Gases Treatment
Activity 1profile: Pilot plant was installed for basic and industrial research on radiation processing
application for flue gases treatment at the Electric-Power Station KAWECZYN.
* Two accelerator ELW-3A
Technical data: 50 kW power, 800 kV
* Analyser of gases
Model 17, Thermo Instrument (USA)
Application: measurement of NO, N02, NO,, NH3 concentrations.
* Analyser 10AR (Shimadzu, Japan) with analysers NOA-305A for NO concentration determination and URA-107 for SO2 determination
* Analysers CO/C0 2 , 02
2. Laboratory for Flue Gases Analysis
Activity profile: Experimental research connected with elaboration of technology for SO 2 and NOx
and other hazardous pollutants removal from flue gases.
* Ultrasonic generator of aerosols
TYTAN XLG
* Gas chromatograph
Perkin-Elmer (USA)
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* Gas analyser LAND
Application: determination of SO 2 , NOx, 02, hydrocarbons, and C02 concentrations.
* Impactor MARK Ill
Andersen (USA)
Application: measurement of aerosol particle diameter and particle diameter distribution.
3. Laboratory of Stable Isotope Ratio Mass Spectrometry
Activity profile: study of isotope ratios of stable isotopes in hydrogeological, environmental, medical and food (wines and juices) samples.
* Mass spectrometer DELTAPlUs
Finnigan MAT (Bremen, Germany)
Technical data: DELTAPIUs can perform gas isotope ratio measurements of H/D, 13C/12 C,
15 N/14

18i/ 16,

34S 32S

Application: for measurements of hydrogen (H/D) and oxygen ( 180/160) in water samples with two
automatic systems: H/Device and GasBench II. The system is fully computerized and controlled by
the software ISODAT operating in multiscan mode (realtime). The H/Device is a novel preparation
system for hydrogen from water and volatile organic compounds determination. It is based on the
reduction with hot chromium and is fully automated using an autosampler. Precision of hydrogen
isotope ratio determination is about 0.5o, for water. The GasBench 11 is a unit for on-line oxygen
isotope ratio measurements in water samples by "continuous flow" techniques. The essence of the
method consists in oxygen of isotope equilibration between water and C02 in isothermal conditions.
For water equilibration a precise thermostat sample tray is used for 96 vials. With GasBench 11, water
samples (0.5 ml) can be routinely analyzed with a precision and accuracy of 0.08%o. The total volume
of water sample for oxygen and hydrogen determination is about 2 ml.
4. Radiotracers Laboratory
Activity profile: Radiotracer research in the field of: environment protection, hydrology, underground water flow, sewage transport and dispersion in rivers and sea, dynamic characteristics of
industrial installations and wastewater treatment stations studies.
* Heavy lead chamber (10 cm Pb wall thickness) for up to 1 Ci radiotracer activity preparations in
liquid or solid forms
* Field radiometers for sample activity measurements
* Apparatus for liquid sampling
* Multichannel analyser DIDAC
* Liquid chromatograph Perkin-Elmer
* Turner fluorimeters for dye tracer concentration measurements
* Automatic devices for liquid tracers injection
* Liquid-scintillation counter
Model 1414-003 "Guardian", Wallac-Oy (Finland)
Application: extra-low level measurements of a and PBradionuclides concentration, especially for
H-3, Ra-226, Rn-222 in environmental materials e.g. underground waters surface natural waters; in
other liquid samples as waste waters biological materials, mine waters etc.
5. Membrane Laboratory
Activity profile: Research in the field of application of membranes for radioactive waste processing
and separation of isotopes.
* Membrane distillation plant for concentration of solutions
Technical data: output -0.05 m3 /h, equipped with spiral-wound PTFE module G-4.0-6-7 (SEP
GmbH) with heat recovery in two heat-exchangers.
* Multi-stage MD unit (PROATOM) with 4 chambers equipped with flat sheet membranes for
isotope separations research
* US 150 laboratory stand (Alamo Water) for reverse osmosis tests
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Technical data: working pressure - up to 15 bar, flow rate - 200 dm 3 /h, equipped with two RO
modules
* Laboratory stand with 5 different RP spiral wound modules and ceramic replaceable tubular
modules
* Laboratory set-up for small capillary and frame-and-plate microfiltration and ultrafiltration
modules examination (capillary EuroSep, pore diameter 0.2 pum and frame-and-plate the INCT
modules)
* The system for industrial waste water pretreatment
Technical data: pressure - up to 0.3 MPa; equipped with ceramic filters, bed Alamo Water filters
with replaceable cartridge (ceramic carbon, polypropylene, porous or fibrous) and frame-and-plate
microfiltration module
* The set-up for chemically agressive solutions (pH 0-14), high-saline solutions (-50 g/l) in the
whole pH range, and radioactive solutions treatment
Technical data: equipped with TONKAFLO high pressure pump, up to 7 MPa, chemically
resistant Kiryat Weizmann module (cut-off 400 MW), and high-pressure RO module
V1.

DEPARTMENT OF RADIATION CHEMISTRY AND TECHNOLOGY
1. Pilot Installation for Radiation Processing of Polymers
Activity. profile: The research is being performed in the field of polymer materials development
particularly in relation with medical quality polypropylene suitable for radiation sterilization,
thermomeltable glue and PE based composites for thermoshrinkable products applications.
* Accelerator ILU-6
INP (Novosibirsk, Russia)
Technical data: beam power - 20 kW, electron energy - 0.7-2 MeV.
Application: radiation processing.
* Extruder
PLV-151, BRABENDER-DISBURG (Germany)
Technical data: Plasti-Corder consists of: driving motor, temperature adjustment panel, thermostat,
crusher, mixer, extruder with set of extrusion heads, (for foils, rods, sleevs, tubes) cooling tank, pelleting machine, collecting device.
Application: preparation of polymer samples.
* Equipment for mechanical testing of polymer samples
INSTRON 5565, Instron Co. (England)
Technical data: High performance load frame with computer control device, equipped with Digital
Signal Processing and MERLIN testing software; max. load of frame is 5000N with accuracy below
0.4% in full range; max. speed of testing 1000 mm/min in full range of load; total crosshead travel 1135 mm; space between column - 420 mm; the environmental chamber 319-409 (internal dimensions 660x230x240 mm; temperature range from -70 0C to 250 0C).
Application: The unit is designed for testing of polymer materials (extension testing, tension,
flexure, peel strength, cyclic test and other with capability to test samples at low and high temperatures).
2. Radiation Physics Laboratory
Activity profile: The influence of nuclear radiation (electrons, ions) on solid state, especially on
semiconductor materials. Radiation lattice defects. The distribution of dose radiation in gaseous
media.
* Electron accelerator
AS-2000 (Holland)
Technical data: Energy - 0.1-2 MeV, max. beam current - 100uA.
Application: Irradiation of materials.
* Spectrometer
DLS-82E, SEMITRAP (Hungary)
Application: Research in radiation physics of semiconductors.
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* Argon laser
ILA-120, Carl Zeiss (Jena, Germany)
Application: Measurements of optical properties.
* Spectrometer
DLS-81 (Hungary)
Application: Measurements of semiconductor properties.
* Argon laser
LGN-503 (Russia)
Application: Measurements of optical properties.
3. Radiation Sterilization Pilot Plant of Medical Devices and Tissue Grafts

Activity profile: Research and development studies concerning new materials for manufacturing
single use medical devices (resistant to radiation up to sterilization doses). Elaboration of monitoring
systems and dosimetric systems concerning radiation sterilization processing. Introducing specific
procedures based on national and international recommendations of ISO 9000 and PN-EN 552
standards. Sterilization of medical utensils, approx. 70 million pieces per year.
* Electron beam accelerator
UELW-10-10, NPO TORIJ (Moscow, Russia)
Technical data: beam energy - 10 McV, beam power - 10 kW, supply power - 130 kVA.

Application: Radiation sterilization of medical devices and tissue grafts.
* Spectrophotometer UV-VIS
Model U-1100, Hitachi
Technical data: wavelength range - 200-1100 nm; radiation source - deuterium discharge (D2)
lamp, and tungsten-iodine lamp.
* Dose reading apparatus
CD-96, INCT
Technical data: wavelength range - 300-720 nm.
Application: only for measurements of dosimetric foils.
* Bacteriological and culture oven with temperature and time control and digital reading
Incudigit 80L
Technical data: maximum temperature - 80 0C, homogeneity - ±2%, stability - +0.25% "C,
thermometer error - +2%, resolution - 0.1 0C.
4. Laboratory of Radiation Microwave Cryotechnique
Activity profile: Radiation processes in solids of catalytic and biological importance: stabilization
of cationic metal clusters in zeolites, radical reactions in polycrystalline polypeptides, magnetic
properties of transition metals in unusual oxidation states; radical intermediates in heterogeneous
catalysis.
* Electron spin resonance X-band spectrometer (ESR)
Bruker ESP-300, equipped with: microwave power meter HP 436A, continuous flow helium
cryostat Oxford Instruments ESR 900, continuous flow nitrogen cryostat Bruker ER 4111VT,
ENDOR-TRIPLE unit Bruker ESP-351.
Application: studies of free radicals, paramagnetic cations, atoms and metal nanoclusters as well as

stable paramagnetic centers.
* Spectrophotometer UV-VIS
LAMBDA-9, Perkin-Elmer
Technical data: wavelength range - 185-3200 nm, equipped with 60 nm integrating sphere.
5. Pulse Radiolysis Laboratory
Activity profile: Studies of charge and radical centres transfer processes in thioether model
compounds of biological relevance in liquid phase by means of time-resolved techniques (pulse
radiolysis and laser flash photolysis) and steady-state y-radiolysis.
* Accelerator LAE 10 (nanosecond electron linear accelerator)
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INCT (Warszawa, Poland)
Technical data: beam power - 0.2 kW, electron energy - 10 MeV, pulse duration - 7-10 ns and
about 100 ns, repetition rate - 1, 12.5, 25 Hz and single pulse, pulse current - 0.5-1 A, year of
installation 1999.
Application: research in the field of pulse radiolysis.
* Gas chromatograph
GC-14B, Shimadzu (Japan)
Specifications: two detectors: thermal conductivity detectors (TCD) and flame ionization detector
(FID). Column oven enables installation of stainless steel columns, glass columns and capillary
columns. Range of temperature settings for column oven: room temperature to 399 0C (in 10C steps),
rate of temperature rise varies from 0 to 40 0C/min (in 0.1"C steps). Dual injection port unit with two
lines for simultaneous installation of two columns.
Application: Multifunctional instrument for analysis of final products formed during radiolysis of
sulphur and porphyrin compounds and for analysis of gaseous products of catalytic reactions in
zeolites.
* Dionex DX500 chromatograph system
Dionex Corporation
Specifications: The ED40 electrochemical detector provides three major forms of electrochemical
detection: conductivity, DC amperometry and integrated and pulsed amperometry. The AD20
absorbance detector is a dual-beam, variable wavelength photometer, full spectral capability is
provided by two light sources: a deuterlium lamp for UV detection (from 190 nm) and a tungsten
lamp for VIS wavelength operation (up to 800 nm). The GP40 gradient pump with a delivery system
designed to blend and pump mixtures of up to four different mobile phases at precisely controlled
flow rates. The system can be adapted to a wide range of analytical needs by choice of the chromatography columns: AS11 (anion exchange), CS14 (cation exchange) and AS1 (ion exclusion).
Application: The state-of-the-art analytical system for ion chromatography (IC) and high-performance liquid chromatography (HPLC) applications. Analysis of final ionic and light-absorbed
products formed during radiolysis of sulphur compounds. The system and data acquisition are
controlled by a Pentium 100 PC computer.
* Digital storage oscilloscope
9354AL, LeCroy
Specifications: Bandwidth DC to 500 MHz; sample rate 500 Ms/s up to 2 Gs/s (by combining 4
channels); acquisition memory up to 8 Mpt. with 2 Mpt per channel; time/div range: 1 ns/div to
1000 s/div; sensitivity: 2 mV/div to 5 V/div, fully variable, fully programmable via GPIB and
RS-232C.
Application: Digital storage osciloscope (DSO) with high speed and long memory controls pulse
radiolysis system dedicated to the nanosecond electron linear accelerator (LAE 10). The multiple
time scales can be generated by a computer from a single kinetic trace originating from DSO since
the oscilloscope produces a sufficient number of time points (up to 8 M points record length).
* Digital storage oscilloscope
9304C, LeCroy
Specifications: Bandwidth DC to 200 MHz; sample rate 100 Ms/s up to 2 Gs/s (by combining 4
channels); acquisition memory up to 200 kpt. per channel; time/div range: 1 ns/div to 1000 s/div;
sensitivity: 2 mV/div to 5 V/div, fully variable.
Application: Digital osciloscope (DO) is used in pulse radiolysis system dedicated to the nanosecond electron linear accelerator (LAE 10).
* Nd:YAG laser
Surelite 11-10, Continuum (USA)
Specifications: energy (mJ) at 1064 nm (650), 532 nm (300), 355 nm (160) and 266 nm (80); pulse
width - 5-7 ns (at 1064 nm) and 4-6 ns (at 532, 355 and 266 nm); energy stability - 2.5-7%; can be
operated either locally or remotely through the RS-232 or TFL interface.
Application: a source of excitation in the nanosecond laser flash photolysis system being currently
under construction in the Department.
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6. Research Accelerator Laboratory
Activity profile: Laboratory is equipped with accelerators providing electron beams which make
capable to perform the irradiation of investigated objects within wide range of electron energy
from 100 keV to 13 MeV and average beam power from 0.1 W do 20 kW, as well as with gamma
sources Co-60 with activity 3.7x101 to 1.71x10 14 Bq and dose rate from 0.03 to 1 kGy/h. The
described above irradiators are completed in a unique in the world scale set of equipment which
can be applied in wide range of electron beam and gamma-ray research and radiation processing.
* Linear electron accelerator
LAE 13/9, Institute of Electro-Physical Equipment (Russia)
Technical data: electron energy - 10-13 MeV; electron beam power - 9 kW.
Application: radiation processing.
* Cobalt source I
`Spectrophotometric", INCT (Warszawa, Poland)
Technical data: provided for the optical, periscopic access to the irradiation chamber surrounded
with Co-60 rods. 6 rods - loaded initially to 3.7x1013 Bq, after many reloadings actual activity is
1.9x10 10 Bq.
Application: radiation research.
* Cobalt source II
Issledovatel (Russia)
Technical data: 32 sources with an actual activity of 1.71x101 4 Bq.
Application: radiation research.
* Cobalt source III
Mineza, INR (Swierk, Poland)
Technical data: 6 rods with an initial activity of 2.66x1013 Bq; an actual activity is 1.9x10
Application: radiation research.

Bq.

* Transiluminator UV
STS-20M, JENCONS (United Kingdom)
Technical information: six 15 W bulbs, emitted 312 nm wavelength, which corresponds to the
fluorescence excitation maximum of ethidium bromide. Product description: For visualisation of
ethidium bromide - stained nucleic acids fluorescence detection systems. Fluorescence intensity is
enhanced, while photobleaching and photonicking of stained nucleic acids are reduced.
VII. DEPARTMENT OF ANALYTICAL. CHEMISTRY
1. Laboratory of Spectral Atomic Analysis
Activity profile: atomic absorption and emission spectroscopy, studies on interference mechanisms, interpretation of analytical signals, service analysis.
* Atomic absorption spectrometer
SH-4000, Thermo Jarrell Ash (USA); equipped with a 188 Controlled Furnace Atomizer (CTF
188), Smith-Heftie background correction system and atomic vapor (AVA-440) accessory.
Application: for analyses of samples by flame and furnace AAS.
* Atomic absorption spectrometer
SP9-800, Pye Unicam (England); equipped with SP-9 Furnace Power Supply, PU-9095 data graphics system, PU-9095 video furnace programmer and SP-9 furnace autosampler.
Application: for analyses of samples by flame and furnace AAS.
2. Laboratory of Neutron Activation Analysis
Activity profile: The sole laboratory in Poland engaged for 40 years in theory and practice of
neutron activation analysis in which the following methods are being developed: reactor neutron
activation analysis (the unique analytical method of special importance in inorganic trace analysis),
radiochemical separation methods, ion chromatography.
* Laminar box
HV mini 3, Holten (Denmark)
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Technical data: air flow rate 300 m3/h.
Application: protection of analytical samples against contamination.
* Ion chromatograph
2000i/SP, Dionex (USA)
Technical data: calculating program AI-450, conductivity detector, UV/VIS detector.
Application: analyses of water solutions, determination of S02, S03 and NOx in flue gases and
air.
* Well HPGe detector
CGW-3223, Canberra, coupled with analog line (ORTEC) and multichannel gamma-ray analyzer
TUKAN
Application: instrumental and radiochemical activation analysis.
* Coaxial HPGe detector
POP-TOP, ORTEC (USA), coupled with analog line (ORTEC) and multichannel gamma-ray analyzer TUKAN
Application: instrumental and radiochemical activation analysis.
* Well HPGe detector
CGW-5524, Canberra, coupled with multichannel gamma-ray analyzer (hardware and software)
Canberra
* HPLC
Shimadzu, LC-1OATVp pump, diode detector SPD-MIOAVp
Application: analyses of natural dyes, water and waste water samples.
VIII. DEPARTMENT OF RADIOBIOLOGY AND HEALTH PROTECTION
Laboratory of Cellular Microbiology
Activity profile: The laboratory serves for production of plasmid DNA, subsequently used for studies
on DNA recombination repair, determination of topoisomerase I activity and for EPR studies.
* Equipment for electrophoretic analysis of DNA
CHEF III, BIO-RAD (Austria)
Application: analysis of DNA fragmentation as a result of damage by various physical and chemical
agents.
* Microplate reader
ELISA, ORGANON TEKNICA (Belgium)
Application: for measurement of optical density of solutions in microplates.
* Hybridisation oven
OS-91, BIOMETRA (Germany)
Technical data: work temperatures from 0C to 800C; exchangeable test tubes for hybridisation.
Application: for polymerase chain reaction (PCR).
* Spectrofluorimeter
RF-5000, Shimadzu (Japan)
Application: for fluorimetric determinations.
* Transilluminator for electrophoretic gels
Biodoc, BIOMETRA (Great Britain)
Application: for analysis of electrophoretic gels.
* Laminar flow cabinet
1446, GV 1920
Application: for work under sterile conditions.
* Liquid scintillation counter
LS 6000LL, BECKMAN (USA)
Application: for determinations of radioactivity in solutions.
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* Research microscope universal
NU, Carl Zeiss Jena (Germany)
Application: for examination of cytological preparations.
Comments: Universal microscope for transmission and reflected light/polarised light. Magnification from 25x to 2500x. Possibility to apply phase contrast.
* Incubator
T-303 GF, ASSAB (Sweden)
Technical data: 220 V, temperature range - 25-75 0C.
Application: for cell cultures under 5 % carbon dioxide.
* Larminar flow cabinet
V-4, ASSAB (Sweden)
Application: for work under sterile conditions.
* Image analysis system
Komet 3.1, Kinetic Imaging (Great Britain)
Application: for comet (single cell gel electrophoresis) analysis.
* ISIS 3
Metasystem (Germany)
Application: Microscopic image analysis system for chromosomal aberrations (bright field and
fluorescence microscopy).
IX.

LABORATORY FOR DETECTION OF IRRADIATED FOODS
Activity profile: Detection (identification) of irradiated foods. The analytical methods used are:
electron paramagnetic resonance spectroscopy (epr) and thermoluminescence measurements
(TL). The research work is focused on the development of both methods mentioned as well as on
the implementation of some other detection methods (gas chromatographic determination of
volatile hydrocarbons in fats, comet assay method (DNA decomposition in single cells, statistical
germination method). The quality assurance system has been adapted in the Laboratory in
agreement with the PN-EN 45001 standard and ISO/IEC Guide 25:1990. The Laboratory has at
disposal full documentation of the adapted quality assurance system. The Laboratory obtained a
Certificate of Testing Laboratory Accreditation NR L 262/1/99 issued by the Polish Centre for
Testing and Accreditation.
* Thermoluminescence reader
TL-DA-15 Automated, RisO National Laboratory (Denmark)
Technical data: 24 samples turntable, heating range 50-500 0C, heating speed 0.5-10.00 C/s, optical
stimulated luminescence (OSL) system.
Application: detection of irradiated foods, research work on irradiated foods, thermoluminescence
dosimetry.
* Fluorescence microscope
OPTIPHOT Model X-2, NIKON (Japan)
Technical data: halogen lamp 12 V-100 W LL; mercury lamp 100 W/102 DH; lenses (objectives)
CF E Plan Achromat 4x, CF E Plan Achromat 40x; CF FLUOR 20x.
Application: detection of irradiated foods by the comet assay method, research work on apoptosis
in mammalian cells, biological dosimetry, analysis of DNA damage in mammalian cells.
* Compact EPR spectrometer
EPR 10-MINI, St. Petersburg Instruments Ltd. (Russia)
Technical data: sensitivity 3x10 t 0 , operating frequency (X band) - 9.0-9.6 GHz, max. microwave
power 80 mW, magnetic field range 30-500 mT, frequency modulation 100 kHz.
Application: detection of irradiated foods, bone and alanine dosimetry, research work on irradiated foods and bone tissues.

X.

EXPERIMENTAL PLANT FOR FOOD IRRADIATION
1. Microbiological laboratory
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Activity profile: optimization of food irradiation process by microbiological analysis.
*

Sterilizator

ASUE, SMS (Warszawa, Poland)
Application: autoclaving of laboratory glass, equipment, and microbiological cultures.
*

Fluorescence microscope

BX, Olimpus (Germany)
Application: quantitative and qualitative microbiological analysis.
2. Experimental Plant for Food Irradiation
Activity profile: Development of new radiation technologies for the preservation and hygienization
of food products and feeds. Development and standarization of the control system for electron
beam processing of food and feeds. Development of analytical methods for the detection of
irradiated food. Organization of consumer tests with radiation treated food products.
*

Accelerator ELEKTRONIKA (10 MeV, 10 kW)

UELW-10-10, NPO TORIJ (Moscow, Russia)
Application: food irradiation.
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