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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.

The fundamental research on radiobiology, radio- and coordination chemistry and
radiation chemistry is continued.

The Institute offers academic and resedrch programmes for Ph.D. and D.Sc. thesis in
chemistry.

Institute is one of the most advanced science and technology centres working on
development of technologies and methods in the field of:

e radiation chemistry and technology,

application of nuclear methods in material and process engineering,

design and manufacturing of instruments based on nuclear techniques,

trace analysis and radioanalytical techniques,

environmental research.

At this moment, with its nine electron accelerators in operation and with the staff

experienced in the field of electron beam applications, the Institute is one of the most

advanced centres of science and technology in this domain. The following activity should
here be mentioned:

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 SO2 and NOx from tlue gases.

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). With its 1200 MW electron accelerators, the plant is the biggest radiation

processing facility ever built in the world. On the turn of the XX century, a new challenge

emerges before radiation chemistry, researchers and engineers in the field of nuclear
process engineering.

This event together with the above mentioned plants in operation places the Institute
among the most developed world accelerator centers.

In 2000 the Institute organized:

e The First Coordination Consortium Meeting for Project "Electron Beam Processing of
Flue Gases, Emitted in Metallurgical Processes, for Volatile Organic Compounds Re-
moval",

¢ An International Mini-Symposium on "Radiation-Induced Radical Processes in Systems
of Biological Relevance"

and co-organized

e A Bilateral Workshop on "Radiation-Induced Paramagnetic Defects in Solids", Ghent,
Belgium;

¢ A Seminar on "Polish Science and Technology for Nuclear Energy of To-morrow",
Madralin, Poland.
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The Institute also sponsored the 30th Annual Meeting of the European Society for
Radiation Biology "European Radiation Research 2000".

Common research projects were performed in the frame of grants from the FEuropean
Union: |
e Accreditation for high dose measurement (INCO Copernicus);

e Electron beam for processing of flue gases, emitted in metallurgical processes for
volatile organic compounds removal.

At the 3rd International Exhibition of Invention "Innowacje’2000" (Gdansk, Poland)
the Institute has been awarded with the Cup of President of the Polish State Committee
for Scientific Research for the separation of water isotopomers by a porous hydrophobic
membrane and the bronze medal for the method of making hollow spherical ceramic and
metallic materials, reduced by hydrogen. The congratulations were sent to the Institute by
the Prime Minister.

Two scientific workers of the Insitute received D.Sc. degree, two other Institute’s
researchers were granted with Ph.D. degree.

Two students from Ecole des Mines de Nantes (France) and thirteen fellowship
holders from the IAEA were trained at the Institute.

The Institute is the editor of NUKLEONIKA - a world wide recognized journal for
nuclear research.
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RADIATION-INDUCED CHANGES IN AMINOGLUTETHIMIDE

Hanna Ambroz, Ewa Kornacka, Graiyna Przybytniak

In this paper we present EPR investigations of
paramagnetic species in aminoglutethimide (AA),
which has a wide application in anticancer therapy
and is administered to patients to block adrenal
androgen secretion, e.g. in male breast cancer [1,2}.
AA (3-ethyl-3-(p-aminophenyl)-2,6-dioxopiperidine,
see Scheme) was obtained from the Institute of
Pharmacy, Warszawa, Poland. The samples were irra-
diated to a dose of 25 kGy under aerated conditions.

CoHs
HoN— |
07" Y0
!
H
AA

Scheme.

EPR spectra were measured with a Bruker X-band
ESR-300 spectrometer at room temperature or at 77
K using a microwave power of 2 mW. After irradia-
tion AA was stored at ambient temperature. Double
integration of the experimental spectra and the
signals recorded for standard DPPH-benzene solu-

DPPH

LW_MA\/_/\“\AM

Fig.1.Spectra of AA radicals and radical pairs: (a) on irradiation,
(b) after 1 h, (c) after 3 h, (d) after 1 day, (e) after 3 days,
(f) after 6 days, and (g) after 5 months.
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Fig.2. Decay of paramagnetic intermediates of AA vs. time.

tion enabled us to estimate the concentrations of
spins in the irradiated materials. EPR signals were
measured after irradiation and subsequently after
days and months of storage. The results of studies
carried out at room temperature are depicted in
Figs.1 and 2. Two radical pairs were detected with the
following ZFS parameters: (1st radical pair): d ; =4.8

b
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Fig.3.EPR spectra of AA: (a) irradiated, kept and recorded at 77
K, the dashed line indicates the zone distorted by a signal
of quartz tube; (b) irradiated and measured at room
temperature soon after irradiation; (¢) irradiated at room
temperature, measured at 77 K soon after irradiation; (d)
irradiated and recorded at room temperature after 4 weeks
room temperature storage.
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mT and dp=9.8 mT, r;, =0.83 nm and r;;=0.83 nm,

and (2nd radical pair): d; =3.2 mT and dj;=8.5 mT,
r; =095 nm and r;;=0.87 nm. The unpaired spin
concentration just after radiolysis is ca. 2.8 x 1018 per
gram. The spectrum recorded after 5 months of sto-
rage still exhibits weak features of radical pairs and,
furthermore, anisotropic, slightly resolved central ab-
sorption of g factor = 2.0050.

The primary radicals of the samples irradiated
and examined at 77 K (Fig.3a) exhibit a broad ani-
sotropic signal and a highly resolved spectrum
which belongs to radicals of clearly different line
widths (central part of the spectrum is not depicted
as it was distorted by the intense signal of the
quartz EPR tube). No fine interaction can be ob-
served on (a) the contrary to spectrum (b) of the
sample irradiated and examined at room tempera-
ture. Comparison of spectra (a) and (b) suggests
that the primary radicals combine or rearrange at
higher temperature (higher mobility of the species)
leaving more stable secondary radicals in pairs.
Spectrum (c) recorded at 77 K, following irradia-
tion at room temperature, seems to indicate that
the higher mobility of the paramagnetic species in
spectrum (b) forces the unpaired spins to localisa-
tions, which lead to non-zero energy splitting at
zero magnetic field. The stable set of free radicals
(spectrum (d), recorded at room temperature after

4 weeks of storage) reveals that the radical pairs are
still visible but remain as a little admixture to the
now dominating transients exhibiting doublet and
singlet lines, which are evident in spectrum (b). The
character and stability of radicals and their pairs
following ionising radiation vary, depending on
their structure and the propensities of the solid
matrix towards radical trapping and stabilisation.
The population of paramagnetic species and their
stability in time are very important for an estima-
tion of possible chemical changes in the pharma-
ceutical products and for the determination of
recommended time before irradiated drugs are
administered to the patient. Although it is imposs-
ible to predict radiation-induced physico-chemical
changes, the sensitivity towards irradiation meca-
sured by EPR spectroscopy gives fast and reliable
resuits [3]. As paramagnetic species may remain in
a crystalline matrix even for a few years it seems
appropriate to determine a drug’s post-treatment
quarantine before products are delivered to pa-
tients.
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IDENTIFICATION OF RADICALS
IN ELECTRON BEAM IRRADIATED IFOSFAMIDE

Hanna Ambroz, Ewa Kornacka, Grazyna Przybytniak

lonising radiation can be applied as a convenient
method of drug decontamination, particularly re-
commended for unstable substances, e.g. thermo-
labile or unsuitable for chemical sterilisation. As
ionising radiation generatcs paramagnetic products,
especially stable in solid state materials, it is im-
portant to control radical concentrations and their
stability. This study was undertaken to determine
the kinetics of the decays and structures of gene-
rated radical intermediates in 3-(2-chloroethyl)-2-
{2-chloroethyl) amino]tetrahydro-2H-1,2,3-0xaza-
phosphine-2-oxide(ifosfamide, IA). In addition, we
consider, possible mechanisms of formation of the
radicals and their fate during storage, all on the
basis of developments and transformations of their
EPR spectra.

IA play an increasing role in combination of
chemotherapy with other antitumour agents. This
heterocyclic compound consists of a six-membered
ring including three saturated carbon, oxygen,
nitrogen and phosphorus atoms, substituted with
two chloroalkyl groups, thus presenting a system
making the stabilisation of paramagnetic centres of
the various possible sites. We separated two signals
from the composite EPR spectrum recorded after
irradiation (Fig.1). One of them (radical A, Sche-
me) belongs to the radical formed upon the loss of
chlorine atom due to breakage of weak C-Cl bonds.
We cannot unambiguously confirm which chlorine

atom is detached as the difference in their EPR
signals is probably insignificant. Both resulting
intermediates might exhibit hfs originating from «

DPPH

Fig.1.EPR spectra of [A radicals; (a) experimental spectrum
upon irradiation, (b) experimental spectrum after 1 day, (c)
spectrum of radical A and {d) spectrum of radical B, see
text.
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NHCH2CH,CH
O\P= 0 1A
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NCH7 CH;Cl
NHCH2CHy NHCI 15CHaCl
o
1;: 0 - >
NCHy CH,Cl N CH’;CHQ
radical A

Scheme.

and B protons, respectively a(2H)=1.8 mT and
a(2H)=0.55 mT. The CI substitucnt remaining in
the TA molecule probably stabilises thc paramag-
netic centre in the crystalline matrix. The spectrum
of the other component (radical B) reveals a broad
anisotropic signal reflecting a strong hyperfine in-
teraction, a(1P)=5.3 mT, characteristic of a phos-
phorus atom, together with a narrow splitting of 0.7
mT due to unidentified protons. If the major, or
cven a significant spin-density, was localised on the
S-valent phosphorus atom, then one should expect
very hlgh hyperfine coupling constants [1,2] as Ajso
for the 'P nuclei cquals to 363.2 mT. Since radical
B docs not reveal such strong interactions and,
moreover, the influence of other atoms is distinct,
we belicve that the paramagnetic centrc¢ is not
situated at the phosphorus atom. The much lower
stability of radical B (its characteristic spectrum de-
cays after 1 day, Fig.2) indicates, that, for example, a
fast hydrogen atom transfer can be taking place.
Only 30% of the initial radicals remains after 6
days, which might result from the low melting point
of IA (47°C) and, therefore, from the lower rigidity
of the microcrystalline matrix as compared to that
exhibited by other drugs at the storage temperature,
This property of FA influences the level of radicals
produced with different sourccs of ionising radia-
tion. The gradual character of irradiation using a
y-source, at a dose rate of only 5 kGy/h means the
samplc is only slightly warmed duc to cffective heat
exchange between the irradiated object and its

environment. On the other hand, if irradiation is

performed with an electron beam, then the tempe-

rature increases significantly {3] due to the adiaba-

tic character of energy absorption, which results in
30

25
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Fig.2. Concentrations of IA radicals: (&) all radicals, (@) radical

A and (A) radical B, vs. time.

a pronounced thermal effect and a subsequent re-
duction of spin population in radicals derived from
[A. For a system of such a low mclting point even
variations in ambient temperature can modify con-
siderably the radical concentration. These thermal
effects are the reasons why, 5 months after electron
beam irradiation, no radical species were detected,
whereas in previous studies {[4], using gamma-ir-
radiation, the radicals seem to be highly populated
and more stable.
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"OH RADICAL INDUCED OXIDATION OF o-METHYLALANINE

TIME-RESOLVED AND SPIN-TRAPPING ESR STUDY

Pawet Wisniowski, Gordon L. Hug”, Richard W. Fessenden!/
! Radiation Laboratory, University of Notre Dame, USA

Introduction

Precise chemical mechanisms of amino acid oxi-
dation are of interest to understanding the fate of
proteins under oxidative stress in biological systems.
Recently, the oxidation mechanism of glycine anions
was proposed that attempts to explain systematically
all the processes from subnanosecond to steady-state
fime scales. Several radicals werc postulated {1] as
being involved in the beginning steps of glycine
anjons oxidation with two main primary radicals,

H;N* *-CH»-CO7 and HN'-CH,-CO3 (Scheme).
Initially, the aminyl radicals HN *-CH,-CO5 were
only inferred from scavenging reactions with hydro-
quinones [1], but they were subsequently identified in
steady-state radiolysis experiments with the aci-anion
(CH,=NOz7) of nitromethane as a spin-trap [2].
Aim

The aminyl radicals appeared to play a more
significant role when glycine was substituted with
methyl groups [3]. B-Scission of the aminy! radicals
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'‘OH + H?_NCH?_COQ—

[oH -

RN

HN-CH,-CO;  HoN-CH-CO;  HpN-CHy-COy
53% ["OH] ll
‘CH,NH; + CO4
29% ["OH]
Scheme.

with the formation of “COj7 radicals, was thought
to be a significant decay channel for these radicals,
especially for HN *-C(CH3),-COZ from a-methyl-
alanine (2-aminoisobutyric acid). The purpose of
the current work was to look closely at TRESR
(Time-Resolved ESR) and also spin-trapping ex-
periments involving «-methylalanine in order to see
if this aminyl radical does exist and to see if B-scis-
sion of any resulting aminyl radical does occur.
Even though, a-methylalanine has been studied
previously under steady-statc in situ radiolysis with
ESR detection [4], no radicals left over from a
decarboxylation were observed, however, carbon
dioxide has been determined in steady-state y-ra-
diolysis [5]. Thus, the radical corresponding to the
decarboxylated fragment of a-methylalanine should
be present.
Experimental

Radiolysis was carried out with electrons from a
Van de Graaff accelerator. The chemical samples
were contained in a quartz cell of 0.4 mm thickness,
and the cell was irradiated edge-on. The solution to
be irradiated was passed through a heat-exchange
unit before entering the ESR cell in order to cool
the solution, so that the formation of N;O bubbles
could be avoided. The measurements were made at
a tempcrature of about 288 K. A bubble trap was
also used in most of the experiments.
Time-resolved ESR experiments

The TRESR was operated in both the kinetic-
-profile and the BOXCAR mode. Both of these
modes are based on obtaining kinetic profiles with
no frequency modulation [6]. The signal-averaged
data are accumulated by summing pairs of matched
kinetic traces. One trace in each pair is acquired at
the nominal external magnetic field. The matching
trace is acquired at an external magnetic field that is
shifted to a spectral position where no transition is
located (ideally, at least in the kinetic-profile mo-
de). This shifted ficld is produced by a current
through external coils on the cavity. These on- and
off-resonance traces are subtracted, and the pro-
cedure is repeated with each intermediate result
being folded into the average. In the BOXCAR-
-scanning mode of operation of the ESR spectro-
meter, the external field is slowly scanned, at the

same time that the kinetic traces are being accumu-
lated. The data consists of the amplitude difference
between traces over a selected time interval. The
external magnetic field is slowly scanned through a
range to display a spectrum. Since the field steps
are generally much smaller than in the Kinetic-pro-
file mode, the spectra have a first derivative form.
Spin-trapping ESR experiments

The spin-trapping experiments were done in the
steady-irradiation mode. The external magnetic
fields were scanned, but now there was a fre-
quency-modulation signal employed as part of the
detection unit. The spin-trap was the aci-anion of
nitromethane, CH,=NO3. Radicals are trapped by
radical addition to the carbon across the double
bond, forming an N-centered radical on the nitro-
gen of the nitro group.
Results
Time-resolved ESR in a-methylalanine

The reducing radical HoN-" C(CH3), was found
to be present immediately following the radiolytic
pulse, consistent with the spin-relaxation dynamics
of the radicals in the joint magnetic field of the

Fig.1. Time-resolved ESR spectrum (BOXCAR method) of the
H2N-* C(CH3)2 radical.

external magnet and the microwave radiation. From
TRESR ESR (Figs.1 and 2), the pattern can be
seen to be made up of 7 groups of lines with a
splitting between the centers of adjacent groups of
18.86 G. The pattern is indicative of 6 equivalent
protons. Furthermore, the intensities of these

groups are not inconsistent, if account is taken for
the spin polarization, with the 1:6:15:20:15:6:1 ex-
pected for such a set of equivalent protons. Each of
the 7 major groups of lines is further split into a
1:2:1 triplet by the two equivalent protons from the .
NH; group. The splitting corresponds to a hyper-
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Fig.2. Second order splittings of the H2N-* C(CH3)2 radical.
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fine coupling of 6.06 G. Finally, each of these
smaller groups of lines are split into an even triplet
with a hyperfine coupling of 1.3 G for the con-
tribution from the nitrogen nuclei. The g-factor
associated with this spectrum is 2.0027. This spec-
trum is assigned to the decarboxylated radical,
HoN-" C(CHzs),. This radical has not been reported
earlier, even in steady-state radiolysis.

The central major group of lines (corresponding

to relative intensity 20 for 6 equivalent protons) is
severely distorted by the electron signal from the
irradiated quartz. However, the next two major line
groupings (corresponding to relative intensities 15
and 6 for 6 equivalent protons) show typical
second-order splittings. The lines making up the
high field "intensity 15" group of lines should all be
split into three lines of relative intensity 9:5:1. The
lines, making up the high filed "intensity 6" group,
should, for the same reasons, each be split into two
lines with a relative intensity 5:1. The existence of
these second-order splitting patierns, associated
with six equivalent protons, furthcr supports the as-
signment of all these lincs to the HyN-"C(CHa),
radical. Relatively broad lines from another radical
can be seen in the middle of the sharper lines from
the HpN-"C(CH3), radical. There are indications
that other lines of this radical are present at lower
magnetic fields, and additional experiments are
scheduled for more detailed scanning of these spec-
tral regions. However, it is significant to note that
these lines do not match the lines assigned to the
NH,-C(CHz)(" CHy)CO2 radical seen in steady-
-state in situ radiolysis of «-methylalanine [4]. These
lines also do not correspond to the *N=C(CHj3),
seen in steady-state radiolysis [4] and later assign-
ed [7]. Lines corresponding to neither of these ra-
dicals were seen in the time window of the scan. This
is not all that surprising for the "N=C(CH3); radi-
cal since it is likely derived from secondary pro-
cesses.

Spin-trapping in a-methylalanine
Aminy! radical NH *-C(CH3)2-CO2. As an alter-
native, the spin-trapping ESR method was used to trap
the aminyl radical with the nitromethane aci-anion
CH,=NO3, following in situ steady-state radiolysis.
The spin-adduct of the *CO3, ~0,C-CH;-' NO7 ra-
dical was detected. The "CO7 radical was previously
proposed to be formed by b-scissions of aminyl radj-
cals.
Conclusions
HoN-C(CH3)2-CO2 + "OH -
HpN-"C(CH3); + CO, + OH™

A new carbon-centered radical HaN-"C(CHz);
has been discovered in the radiolytic oxidation of
a-methylalanine. A little-used TRESR method of
collecting data was employed that permitted the ob-
servation of a short-lived radical that had previously
escaped detection when steady-state ESR was used.
The existence of “CO3 in the spin-trapping experi-
ments is consistent with the aminyl radical being
present and the §-scission process, taking place as
predicted.

These experiments were performed during the
scientific visit at the Radiation Laboratory, Univer-
sity of Notre Dame, USA, 1999-2000 sponsored by
IAEA.

This part of work was presented at the 6th In-
ternational Conference on Pulse Investigations in
Chemistry, Biology and Physics PULS’2000, 9-15
September 2000, Leba, Poland.
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GENERATION OF AROMATIC THIOETHER RADICAL CATIONS
CONTAINING PHENYL, VINYL, ALLYL, AND METHYL SUBSTITUENTS
IN ORGANIC SOLVENTS

Anna Korzeniowska-Sobezuk, Pawel Wisniowski, Krzysztof Bobrowski, Sergej Naumov?, ,

Lothar Richter?,

Ortwin Brede?/

Y 1nstitute of Surface Modifications, Leipzig, Germany
A University of Leipzig, Germany

Radical cations derived from organic sulfides, con-
taining aromatic and unsaturated substituents, play
an important role in a variety of chemical processes
extending from those of industrial importance (or-
ganic synthesis) [1] to the cnzymatic oxidations in
biological systems {2,3]. A certain amount of infor-
mation on the nature and kinetic parameters of
intermediates formed from aryl-substituted sulfides
is available [4-6], however, no similar studies have
been performed for the sulfides with unsaturated
substituents. Quantitative information on these sys-

tems would be of chemical and biochemical interest
since the nature of the species is expected to be
influenced by the degree of spin delocalization in
the aromatic ring and the double bond. The last
feature should affect the propensity of the radical
cations to form dimers.

The basic spectral and kinetic behaviour of radi-
cal cations and radicals observed in pulse radiolysis
of the corresponding organic sulfides with the
aromatic and unsaturated substituents are provided
in n-butyl chloride and cyclohexane solutions. In
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4 . 1 vided information about the spin density distribu-
12| ﬂ‘ i tion in sulfu; monomeric radical cations and the
10} \ﬁ n-buty! chloride stabilization energy of sulfur dimeric radical cations

and sulfur-chloride three electron bond complexes.
Quantum chemical calculations were performed

: using Density Functional Theory (DFT) Hybrid
cyclohexane | B3LYP with 6-31G(d) parameter set method
_ L ) ‘ ‘ (Gaussian 98W). Equilibrium geometries, energies
250 350 450 850 eso  7so  aso  oso tose  Of the systems, electronic structures, atomic spin
Wavelength [nm] densities, and Mulliken atomic charges distribution
Fig.1. Transient absorption spectra recorded after pulse irradia- 10T the ground states, neutral radicals and radical
tion of Op-saturated (@) n-butyl chioride and (A) cyclo-  cations were calculated both for gas phase and
hexane solutions containing allyl-phenyl sulfide (5 mM)  unpolar solvent. The solvent effect was taken into
250 ns after the pulse (50 Gy). account using Tomasi’s Polarized Continuum Mo-
order to support Spectra] assignments’ quantum del (PCM) of the SC'H-COHSiSteIl[ Reaction Field
mechanical calculations were performed that pro- (SCRF). For simulation of the BuCl as a solvent,
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Fig.2. Transient absorption spectra recorded after pulse irradiation of Nj-saturated n-butyl chloride solutions containing 1 mM of
thioethers: (A) diphenyl sulfide (@) 270 ns, (A) 950 ns, and (@) 58 us; (B) phenyl-vinyl sulfide (@) 250 ns, (A) 430 s, and (&)

950 ns; (C) aliyl-phenyl sulfide (#) 250 ns, (4) 970 ns, and (@) 31 us; (D) methyl-phenyl sulfide (@) 330 ns, (4) 970 ns, and (&) 31
us after the pulse (50 Gy).
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the calculation were made with dielectric constant
¢=7.58 and 60 points/sphere implemented in
Gaussian 98W program. Owing to their low ioniza-
tion potential, the aromatic thioethers are good
electron donors and can react with the n-butyl
radical cations (BuCl* ') and cyclohexane radical
cations (RH™ ") via charge transfer forming mono-
meric sulfur radical cations (Fig.1). These radical
cations exhibit very similar UV and VIS spectra
with strong absorption bands located between
340-350 nm, and weaker absorption bands located
at 490-510 nm. Location of the third absorption
band (in the near IR region) is affected by the
character of the second substituent at the thioether
group (Fig.2). In contrast to aliphatic thioether
radical cations, they do not undergo dimerization

A
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Optical Density {[mOD}

I
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Waveltength {nm}
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Fig.3. Transient absorption spectra recorded after pulse-irradia-
tion of Nz-saturated n-buty! chloride solutions containing
methyl-phenyl sulfide: (A) 2 mM (&) 250 ns and (A) 31 us;
(B) 50 mM (@) 250 ns and (A) 62 us after the pulse (50
Gy).

(via formation of a three-electron bond with the

parent thicethers up to 50 mM) (Fig.3).

In n-butyl chloride solutions monomeric sulfur
radical cations decay via inhomogeneous and ho-

mogeneous neutralization with C1~ (Fig.4) forming
a relatively long-lived sulfur-chlorine three-electron
bond adduct (>S.".Cl) characterized by two absorp-
tion bands peaking at 340 and 500 nm (Fig.3).
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Fig.4. Optical density vs. time profiles recorded after pulse irra-
diation of Ny-saturated solutions containing diphenyl sul-
fide (50 mM) at different doses () 20 Gy, (4) 50 Gy, and
(®) 160 Gy.

Stabilization energies of the (>S..Cl)-adducts
are three-fold higher than the stabilization energies
of the corresponding dimeric sulfur radical cations
(S..S)* as found applying quantum chemical cal-
culations, using DFT.

The work described herein was supported by the
Programme of Scientific and Scientific-Technologi-
cal Collaboration between Poland and Germany.

This part of work was presented at the 6th In-
ternational Conference on Pulse Investigations in
Chemistry, Biology, and Physics PULS2000, 9-15
September 2000, Leba, Poland.
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OXIDATION PROCESSES OF N,S,-DIACETYL-L-CYSTEINE ETHYLESTER:
INFLUENCE OF S-ACETYLATION
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Zohreh Abedinzadeh!/
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This presentation reports the results of investiga-
tions on the radical-induced oxidation mechanism
of N,S-diacetyl-L-cysteine ethylester (SNACET)
and focuses particularly on the effect of the elec-
tron-withdrawing functional group (acetyl group,
CHzC(=0)) on the stability of hydroxy-sulfuranyl
radjcal and sulfur radical cationic intermediates. In
the case of the latter species the stability of the
monomeric sulfur radical cation (RzS¥ ") should be

relatively high because of spin delocalization onto
the carbonyl group [1].

The mechanism of the *OH-induced oxidation of
N,S-diacetyl-L-cysteine ethylester (SNACET) was in-
vestigated in aqueous solutions using pulse radiolysis
and steady-state y-radiolysis combined with chroma-
tographic and ESR techniques. The underlying me-
chanism involves a very fast fragmentation of an
initially formed hydroxysulfuranyl radical (Kragm =
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7.9x107 s™1) into acyl radicals (H30-CO ") and the
respective sulfenic acid (RSOH). Subsequently, these
intermediates react via a hydrogen abstraction re-
action that yields acetaldehyde and the respective
sulfinyl radical (RSO "). In contrast, in very acidic
solutions (pH<?2), the *OH-induced oxidation re-
sults in formation of the monomeric sulfur radical
cation (SNACET>S™ ") which absorbs at Ayax=420
nm. This intermediate is formed with the absolute
bimolecular rate constant k=3.9x10° M~ 1s7L It de-
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Iig. A plot of the observed first-order rate constants of the decay
of SNACET(>S™ *) as a function of the SNACET concen-
tration.

cays in a SNACET concentration-independent pro-
cess (kg=2.5x10° s~1) and in a SNACET concen-
tration-dependent process (ks—s=2.2x107 M~ 1s™1),
(Fig.). The first process involves mainly fragmenta-

tion of the carbon-sulfur bond and yiclds the acetyl-
thiyl radical (CH;=C(OH)-S"). The latter inter-
mediate was identified via its reaction with oxygen as
the thiylperoxyl radical (RSOO "), characterized by a
transient absorption band with Apax=540 nm [2}.
The second process represents the association of the
monomeric sulfur radical cation (SNACET>S*")
with a second nonoxidized SNACET molecule to
form the intermolecularly three-electron-bonded
dimeric radical cation (>S.-.S<)*. The low rate
constant (ks_g) is in line with the high stability of the
monomeric sulfur radical cation (SNACET>S™")
because of spin delocalization in the carbonyl group.
The monomeric radical cation (SNACET>S* ") is
alternatively produced in slightly acidic solutions
using the sulfate radical anion, SO4 ~, as an one-clec-
tron oxidant. This work provides further evidence
that the nature of the neighboring group affects the
ultimate course of the sulfide oxidation {3].

The work described herein was supported by the
Programme of Scientific and Scientific-Technolo-
gical Collaboration between Poland and France
POLONIUM 2000 No 0 1575 RD.
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SPECTRAL, KINETICS, AND THEORETICAL STUDIES OF RADICAL CATIONS
DERIVED FROM THIOANISOLE AND ITS CARBOXYLIC DERIVATIVE

Anna Korzeniowska-Sobezuk, Krzysztof Bobrowski, Gordon L. Hugl/ , Ian Carmichael/
Y Radiation Laboratory, University of Notre Dame, USA

Considerable attention has been devoted to the
chemistry of sulfur-centered radicals and radical
cations because of their importance as interme-
diates in many chemical processes including those
of organic synthesis [1], environmental [2], and bio-
logical significance [3,4]. Most of the information
on sulfur-centered radical cations has come from
those derived from aliphatic thioethers (R;S). An
important feature of monomeric sulfur radical cat-
ions derived from aliphatic thioethers is their pro-
pensity to form relatively stable dimeric radical
cations through the reaction of monomeric radical
cations with a neutral parent molecule [5].

On the other hand, sulfur-centered radical cat-
ions, derived from aromatic thioethers (ArS), have
been investigated much less extensively. It has
recently been shown that the oxidation of selected
aromatic thioethers using SO ~ or TI?*, results in
the formation of sulfur monomeric radical cations
(ArS* *). However, no dimeric sulfur radical cat-
ions (ArS.".SAr)™ were formed because of the spin
delocalization onto the aromatic ring [6]. In opposi-
tion, it has been proposed that *OH-induced oxi-
dation of thioanisole and 2-(phenylthio)ethanol

leads to monomer radical cations with a positive
charge localized on the benzene ring (Ar*°S), in
addition to sulfur-centered dimeric radical cations
(A1S.- . SAn)* [7.8].

In the light of thc above controversy, it is of
interest to re-examine the nature of intermediate
species formed during the oxidation of aromatic
thioethers. In this presentation we report the re-
sults of pulse- and y-radiolysis studies of thioanisole
(Ph-S-CH3) and its carboxylic derivative, phenyl-
thioacetic acid (Ph-S-CH;-COOH), in agueous so-
lutions. Particular emphasis is placed on *OH-in-
duced oxidation since it allows a detailed quanti-
fication of the relative contribution of the 'OH
addition to the benzene ring and to the thioether
functionality. Furthermore, in order to support our
conclusions, quantum mechanical calculations were
performed using Density Functional Theory (DFT)
that provided information on the relative stabiliza-
tion energies of Ph*°-S-CHz and Ph-S*'-CHa
radical cations.

Reaction of SO4 ~ radicals with thioanisole

The SO4 ~ radical anion is known to react with

thioanisole through one-electron oxidation, form-
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Fig.1. Transient absorption spectrum recorded after pulse irra-
diation of an Ar-saturated aqueous solution containing 0.2
mM thioanisole, 2 mM Na25208, and 0.1 M. tert-butanol 7
us after the pulse at pH 5.6. The ¢ values are based on
G(radical)=G(SOF *)=2.15.
ing the corresponding monomeric sulfur-centered
radical cation (1a)
SO~ + Ph-S-CH3 - Ph-S* *-CH3 (1a) + SO~
Pulse radiolysis studies were carried out to gene-
rate the transient optical absorption spectrum of
(1a) in order to obtain quantitative spectral data on
(1a) with the same pulse radiolysis setup used to
obtain transient optical absorption spectra formed
during the *OH-induced oxidation of thioanisole.
Our absorption spectrum in Fig.1 can positively
identify the transient as (1a) because the overall
spectrum exhibits two strong characteristic absorp-
tion maxima located at Apa=310 and 530 nm with
€310=8800 M~ lem ™! and e539=4950 M~ lem 1.
Reaction of " OH radicals with thioanisole
The pulse radiolysis of aqueous, NpO-saturated
solutions containing thioanisole at pH 6.7 yields a
6000 :
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Fig.2. Transient absorption spectra recorded after pulse irradia-
tion of (A) N2O-saturated aqueous solution containing 1
mM thioanisole, 1.4 us after the pulse at pH 6.7, The ¢
values are based on G(radical)=G( " OH)=5.6; (B) N2-sa-
turated aqueous solution containing 1 mM thioanisole, 1.4
us after the pulse at pH 0. The ¢ values are based on
G(radical)=G( " OH)=2.8.

complex spectrum transients with absorption maxi-
ma at Apa=310, 365, and 530 nm with apparent
extinction coefficients of e330=5650 M~ Iem™!,
e365=3000 M~lem™), and es39=2750 M~ lem™!
(Fig.2A). Since the 530-nm absorption band does
not overlap with the absorption bands of the other
species, the fraction of the "OH radicals that
induced oxidation of the thioether functionality,
leading to Ph-S* ' -CHj3 radical cations (1a) can be
calculated as —~0.55. Several corrections has to be
made for the 365-nm absorption since the apparent
£5¢5 has contributions from both the “OH-adduct
to the aromatic ring (2a) (hydroxycyclohexadienyl
radical) (~0.45 of the available “OH radicals) and
from the “H atom adduct to the aromatic ring
(cyclohexadienyl radical) (—~10% relative to the
*OH radicals). A transient spectrum obtained after
electron pulsing in Np-saturated solutions con-
taining thioanisole at pH 0O, exhibits a complex
spectrum of transients with absorption maxima at
Amax=310, 365, and 530 nm with apparent ex-
tinction coefficients of e3;9=11100 M~lem™1,
£565=7600 M~ lem™!, and e5390=5000 M~ lcm~!
(Fig.2B). The latter value of the apparent extinction
coefficient clearly indicates that the monomeric sul-
fur radical cations (1a) are formed with 100% of the
available *OH radicals. Thus, the strong 365-nm
absorption band can be assigned exclusively to the
*H atom adduct to the aromatic ring and to (1a).
Reaction of " OH radicals with phenylthioacetic acid

The pulse irradiation of an NyO-saturated solu-
tions, pH 6.97, containing phenylthioacetic acid,
leads to the spectra consisted of two distinct ab-
sorption bands with Apax=310 and 550 nm which
are assigned to the monomeric sulfur radical cation
(1b) and the distinct 360-nm absorption band
attributed both to hydroxycyclohexadienyl (2b) and
cyclohexadienyl type radicals (Fig.3A). After decay
of (1b), the spectrum is dominated by an absorp-
tion spectrum at Amax=330 nm assigned to the
Ph-S-CH; radicals. At pH 1, pulsed irradiation of
Nj-saturated solutions of phenylthioacetic leads
again to the formation of 310-nm and 530-nm ab-
sorption bands, indicating the formation of (1b).
Following the decay of (1b), the spectrum observed
is again dominated by an absorption band at
Amax=330 nm assigned to the Ph-S-CH; radicals.
These radicals are produced from the decarboxyla-
tion of (1b) which is, in turn, corroborated by the
formation of CO;. Up to pH ~3.5, the measured
G(CO,) yields accounts for ca. 100% of the avai-
lable " OH radicals. Above pH 3.5, there is a prog-
ressive decrease in G(CO); on going from pH 4.0 to
5.0 until a plateau is reached between pH 5 and 7.
The G(COy) yields measured on the plateau ac-
count for ca. 50% of the available *OH radicals
(Fig.3B).
Reaction mechanism

Hydroxyl radicals ("OH) react with thioanisole
(Ph-S-CH3) via two competitive addition pathways:
with the thioether functionality and with the aromatic
ring (Scheme 1). At neutral pH, *OH addition leads
to the prompt formation of monomeric sulfur radical
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Fig.3. Transient absorption spectra recorded after puise-irradiation of N2O-saturated aqueous solution containing 2 mM phenyl-
thioacetic acid (@) 140 ns and (0) 1.4 us after the pulse at pH 6.97. Inset: G(CO2) measured as a function of pH after
y-radiolysis of N2O-saturated aqueous solution containing 2 mM phenyithioacetic acid.

cations (Ph-S* -CHaz, addition to the thioether
group) with the radiation chemical yield that accounts
for only ca. 55% of the available * OH radicals, and
hydroxycyclohexadienyl radicals (Ph ™ -(OH)-S-CHs,
addition to the aromatic ring). The latter radicals
subsequently decay into products, which do not
include the corresponding radical cations with
delocalized positive charge on the aromatic ring
(Ph* "-S-CHa). At low pH, " OH addition, both to
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the thioether functionality and to the aromatic ring,
leads promptly only to Ph-S* *-CHj radical cations
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equal to ~ 100% of the available " OH radicals. These
observations are rationalized in terms of the highly
unstable nature of Ph™'-S-CHs radical cations
(formed via proton-catalyzed water elimination from
Ph " -(OH)-S-CH3 radicals) and their rapid conver-
sion into Ph-S™ *-CH3 radical cations.

An additional experimental support for the
instability of radical cations derived from aroma-
tic thioethers with delocalized positive charge on
their aromatic rings has been obtained from the
*OH-induced oxidation studies of phenylthioacetic
acid (Ph-S-CH,-COOH) (Scheme 2). At low pH,
Ph-S-CH;,-COOH undergoes complete (relative to
the available 'OH radicals) quantitative decarbo-
xylation, in contrast to neutral pH, where the yield
of decarboxylation accounts for only the half
available * OH radicals.

Our conclusion about the instability of the
Ph™ *-S-CH3 radical cation was supported by quan-
tum mechanical calculations using Density Functional
Theory (DFT) that provided information about the
relative stabilization energies of Ph* *-S-CH3 and
Ph-S* ' -CH3 radical catjons.

INTERACTION OF TETRAMERIC SILVER WITH AMMONIA
IN AgCs-rho ZEOLITE

Jarostaw Sadlo, Marek Danilczuk, Jacek Michalik

Introduction

Molecular sieves have unique abilities to stabi-
lise cationic silver clusters produced radiolytically
or by hydrogen reduction.

The most stable cationic silver clusters were
found in an AgCs-rho zeolite, in which the tetrame-
ric clusters, Agd* are stable till 400 K [1-3]. The sil-
ver tetramer, which is formed in gamma-irradiated
AgCs-rho zeolites exposed to NH3, shows an ESR
spectrum with a substantial reduction of Ag hyper-
fine splitting in comparison with Agi™ in dehydrat-
ed zeolites. Based on this result, we postulated
earlier the formation of an Agi*(NI—h)n multicore
complex in rho zeolite [2].

In the present studies the analogoues ESR ex-
periments with 1*NHj and ’NH; were carried out
in order to solve the structure of ammonia ligands.

The experimental details of the preparation, irra-
diation and ESR measurements of AgNaCs-rho/NH3
samples are given in [4].

Results and discussion

The X-band ESR spectrum of dehydrated
AgCs-rho zeolite irradiated at 77 K and rccorded
after annealing of the sample to room temperature
is shown in Fig.1a. It is composed of three sets of
lines: anisotropic signal B, singlet S and five-line
multiplet Q due to three types of paramagnetic
species. The two lines denoted as B, and B,
represent divalent silver cations Ag2+: (g.1=2.031,
g] =2.315). In A zeolite, in which Ag?* cations are
stabilised more efficiently giving a stronger ESR
spectrum, B; and Bj; components are splitted into
doublets separated about 40 G. Isotropic singlet S
(8is0=2.010, AHpp=2.2 mT) we assigned tentatively

This work described herein was supported by the
Polish State Committee for Scientific Research,
grant 3 TO9A 037 15.

This part of work was presented at the 6th In-
ternational Conference on Pulse Investigations in
Chemistry, Biology, and Physics PULS’2000, 9-15
September 2000, Leba, Poland.
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Fig.1.ESR spectra of AgCs-rho zeolite irradiated at 77 K and

annealed to room temperature: a - dehydrated zeolite; b -
zeolite exposed to “NHgz ammonia.

to a signal derived from radiation-induced defects
in zeolitic framework because such a singlet with
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similar ESR parameters (giso=2.012, AHpp=1.5
mT) was recorded in a gamma irradiated sodium-
-cesium form of zeolite rho. A positive g shift
suggests that this center has the nature of a trapped
hole. In fact, in a silica-alumina gel a similar signal
was Interpreted as a positive hole trapped on the
bridging oxygen atom that is bonded to the alumi-
num present substitutionally in the silica matrix.
The isotropic pentet Q with spin Hamiltonian para-
meters Ajo=13.9 mT and gio=1.973 represents the
tetrameric silver cluster Agi' located inside an
octagonal prism [2]. Similar signals were observed
in AgCs-rho zeolite after Hj reduction [1] as well as
in y-irradiated AgH-rho zeolite [2]. The third and
fourth lines of pentet Q show some additional
features and their intensities are lower than one
would expect from the binominal intensity ratio.
We earlier proposed that those irregularities re-
sulted from overlapping of the low intensity quartet
of Agg™ cluster which is a precursor of the silver
tetramer.

The X-band spectrum of AgCs-rho zeolite ex-
posed to 15NH3 before irradiation reveals also the
signals of Ag”* and Ag3* denoted in Fig.1b as B’
and Q’, respectively. The ESR parameters of both
species Ag® (g.=2.033, g;=2.148) and Agit
(8iso=1.967, Ais0=10.7 mT) are distinctly different
from those in dehydrated zeolite. The perpendi-
cular component of Ag?* spectrum and the outer
lines of Agit pentet show clearly an additional
structure due to the interaction with the >N nuclei.

AgCs,Na-rho/*NH,

T
380 mT

Ag.Cs,Na-rho/"NH,

Mo
VA
Y

",
~/
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L T T T
375 377.5 380 382.5
mT
Fig.2. High field line of Ag%+ pentet showing superhyperfine
sPIitting due to the interaction with NH3 molecules: a -
5NH37 b- 14NH3. The dashed lines represent simulated

spectra.

The ESR pentet of Agi™ in AgCs-rho/NHjx zeolite,
in contrast with the dehydrated sample, shows al-
most a perfect binomial intensity ratio 1:4:6:4:1 in-
dicating that the ESR spectrum represents only the
Agit cluster.

The decrease of Ag hyperfine splitting from 13.9
mT for Agi' in dehydrated zeolite to 10.7 mT for
zeolite exposed to NHjz is due to the subsiantial
shift of spin density from the silver nuclei to the
NH3 molecules located in the nearest vicinity. The
calculated spin density on 5s silver molecular or-
bital is 0.623 +0.05 for Agit(NHz), and is by 22%
lower than that for Agd™ in dehydrated zeolite,
suggesting strongly that the NHj ligands are co-
ordinated by the tetrameric cluster. A direct proof
of the formation of multicore Agdt (NHz), complex
was obtained from the analysis of superhyperfine
structure of Agi™ pentet recorded in AgCs-rho ex-
posed to 15NH; and “NHa. Fig.2a and b show a
high field line of Agd™ pentet on which an addition-
al structure due to the superhyperfine interaction
with nitrogen is seen most clearly. Both spectra are
different proving univocally that the superhyperfine
structure results from the interaction with nitrogen
nuclei. 1N and 1N have different spins, 1/2 and 1,
respectively, thus a different number of superhy[;er-
fine lines is cxpected for the interaction with SN
and N nuclei. The best fit of the simulation of
N superhyperfine pattern was obtained for the
two closer nitrogens: Aisol (15N)=1.16 mT and for
the four more distant ones: Ajso2(1’N)=0.56 mT
(Fig.2a). For 1N the best simulation we obtained
for the same numbers of interactin{; nitrogen nuclei
with superhyperfine splitting Aol (1*N)=0.76 mT
and Ajso?(1N)=0.36 mT, respectively (Fig:2b). In
both cases dashed lines represent simulated spectra.

Based on these results we are able to propose the
structure of multicore complex as Ag3+ (NH3),(NH3)4.
Ag3™ is trapped in the octagonal prism coordinating two
INH 2 molecules situated in two «-cages interconnected

Fig.3. The schematic configuration of Agd™t(NH3)2(NH3)j
complex. Agd™ cluster is located in octagonal prism inter-
acting with two close ammonia (less grayish circles depict-
ing N atoms) in the a-cages connected with the prism
through octagonal windows. Four more distant NH3 mole-
cules (more grayish circles) are located in a-cages connect-
ed to the prism though the square windows.
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by the prism with Ag3* inside, close to two octagonal
windows of the prism. Four other NHs molecules are
located in four further a-cages interacting with the
tetramer through square windows. Schematically our
model is presented in Fig.3.

Conclusions

Based on the EPR results it is postulated that

the Agf1+ clusters in AgCs-rho zeolite exposed to
NH3 are formed directly during radiolysis at 77 K
by trapping ¢lectron by the arrangements of 4Ag”*
in the same octagonal prism. This mechanism is
unlike to the gradual silver agglomeration is dehy-
drated AgCs-rho, which requires migration of silver
atoms and cations to produce Agi'. The decrease
of Agit hyperfine splitting from 13.9 mT in dehy-
drated zeolite to 10.7 mT in zeolite exposed to
ammonia indicates a strong interaction with NHjz
molecules.

The formation of multicore Agi*(NHz), comp-
lex was proved univocally by the presence of super-
hyperfine pattern on the Agd* lines. The number of
superhyperfine lines is different for zeolites ex-
posed to *NHsz and NHa, The best simulation of
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14N and 1N superhyperfine patterns were obtain-
ed assuming the interaction with the two close
nitrogen nuclei and the four distant ones. Matching
ligand configuration to the zeolite structure, we
postulated that the Agi" cluster in the octagonal
prism coordinates through octagonal windows two
close NHz molecules in the nearest a-cages. Four
further ammonia molecules are placed in the next-
-neighboring a-cages interacting with the tetramer
through square windows.

The Agat (NH3)2(NH3); complex is also formed
when ammonia is adsorbed on dehydrated zeolite
with Agd™ clusters already produced by irradiation

indicating that the silver tetramer is located in the
site accessible for adsorbates.
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A NANOSECOND PULSE RADIOLYSIS SYSTEM
DEDICATED TO THE NEW LAE 10 ACCELERATOR IN THE INCT

Jacek Mirkowski, Pawel Wisniowski, Krzysztof Bobrowski

Pulse radiolysis is an invaluable tool for studying
the kinetics and spectra of transient chemical spe-
cies. This method has found a broad range of im-
portant applications in chemistry and biochemistry,
extending far beyond the scope of radiation che-
mistry to which it was first applied [1].

With the advent of microprocessors all aspects of
the generalized experiment are susceptible to compu-
ter control. In this report we describe a computer-
-controlled pulse radiolysis system based on a fast
digital storage oscilloscope (DSO) [2,3]. The oscillo-
scope produces a sufficient number of time points
that multiple time scales can be generated by the
computer from a single kinetic trace originating from
DSO. Thus, one can in principle, with a single kinetic
trace, resolve time constants from a few nanoseconds
to tens, or even hundreds of microseconds. The si-
multaneous recording transient absorption data on
multiple time scales is valuable for saving both
experimental time and the amount of valuable sam-
ples.

The measurement room, with an accelerator gun,
an analytical light source lamp, a dose meter and
other devices, is separated from the operator room
by a shielding wall and fiber optic connectors used
for noise interference minimization (Fig.1). Ana-
Iytical light, after passing the measurement cell,
periscope and monochromator SpectraPro-275
(controlled by the host PC) is converted to electric
current signal in a photomultiplier Hamamatsu
R-955. The signal, after subtraction of the reference
light and signal amplification (DI) (1, 10 or 100x), is
measured by a LeCroy 9354AL. oscilloscope. Other
analog signals (reference light-10 and dose monitor)

are measured using AD converters in ADAM mo-
dules (Advantech).

All peripherals are connected to a host computer
(PC) using two types of interfaces: a GPiB-parallel
bus and RS232/RS485 serial buses with an optical
isolation. The fast oscilloscope LeCroy 9354AL is
connected to the PC using the parallel bus GPiB.
This bus is also used for connecting an HV Power
Supply PS310 (not shown in Fig.1). Other peri-
pherals are connected to the PC using a single
RS485 scrial communication port.

Digital signals, pre-trigger, dose strobe, refer-
ence light strobe, are sent from the host computer
to target elements using digital {(open collector)
outputs through specialized ADAM modules. The
pre-trigger pulse is sent to the accelerator using
fiber optic connections. The trigger signal from the
accelerator, after passing through fiber optics and

converters, is sent to the LeCroy 9354AL oscillos-
cope. The monochromator, equipped with RS232
interface, is connected to the host PC using the
ADAM 4521 addressable module that converts
RS485 standard to RS232 standard. The program
RD2000, which controls pulse radiolysis setup,
works under Windows 9X/NT operating system.
This program was created using Delphi 3.0 (Bor-
land) Pascal type programming tools.
The Operator Desktop (Fig.2) consists of five
sub-windows:

- One-Shot Data, for the actual measured kinetics
(not showny;
Final Data, for the averaged data, which are

displayed after each accelerator shot at a selected
wavelength;
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Fig.1. Schematic diagram of the pulse radiolysis system operated in this Institute: design of experimental control functions (computer
and control circuits).

- D3Form, for the kinetics vs. wavelength map-  This window is used in the case of emergency, and

ping; normally is not shown on the operator desktop.
- Spectral Data, for the spectrum obtained from Oscilloscope Dialog window pages are dedicated
the averaged Kinetics data, at the selected time; to the communication with GPiB peripherals: Le-

- Monochromator, for controlling of data transfer Croy 9354 and HV Power Supply PS310. The ope-
from/to peripherals connected to the serial port. rator has several options: changing active channel
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Fig.2. General view of the operator desktop after data collection.

parameters, trigger parameters and active buffer pa-
rameters. The active buffer parameters are used for
positioning the front of the electron pulse accurate-
ly at the 20% time scale position point. In the cur-
rent version, the buffer length and the time scale
are fixed parameters.

The Final Data window shows an unwrapped box
with optional values of the time scale parameter for
the displayed kinetics. In the current version the sys-
tem collects data on 11 time domains: starting from
100 ns and ending on 200 ms. All kinetics are stored
in 200-points data buffer per each time domain.

The operator can choose independently any time
scale for each window, i.e. One Shot Data, Final
Data, D3Forml. Data, in the Data Spectrum
Window, are displayed accordingly with the posi-
tion of the horizontal marker (time positioning) on

mapped data.

The current version of the pulse system (without
light pulser) allows measurements of the optical
density in the range of tenths of mOD.

POST-IMPLANTATION DEFECTS.
INSTABILITY UNDER 1 MeV ELECTRON IRRADIATION IN GaAs

Stanistaw Warchol, Henryk Rzewuski, Janusz Krynicki, Rainer Grotzschel/
Y Forschungszentrum Rossendorf e.V., Dresden, Germany

One of the main drawbacks of ion implantation into

semiconductor crystals is generation of lattice damage
which deteriorates their physical parameters. There-

Experimental data are collected and stored in
standard formats (e.g. DBF) easily accessible by
common programs (Lotus, Excel, Origin, Access
etc.).

The new pulse radiolysis system, due to its mo-
dular structure and applied programming tools, is
very flexible, adopted easily to all changes, and
friendly for the users.

Part of this work was presented at the 6th In-
ternational Conference on Pulse Investigations in

Chemistry, Biology, and Physics PULS’2000, 9-15
September 2000, £.eba, Poland.
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fore, it is necessary to remove post-implantation de-
fects in order to activate the implanted impurities and
to obtain the desired electrical activity of the crystal.
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In our previous work [1] we reported the results
of the influence of 300 keV electron irradiation on
GaAs single crystals implanted with 150 keV As*
at RT. The results revealed a distinct increase of
post-implantation damage level - the effect oppo-
site to defect annealing,

The aim of the present work [2] was to deter-
mine how the post-implantation defects in GaAs
evolve at different depths below the surface and
how such evolution depends upon the fluence of 1
MeV electron irradiation.

80

L a)

—e—0
50 —o— 0.5 x 1077cm?
—s— 1.0 x 1017ecm2
—v— 1.5 x 1017em-2
~—t—2.0 x 1017cm?
—o—2.5 x 1017cm-2

Damage ( percent )

P

A%\ I

. EESasas A 2 \):; /:\ng"\m L0
20 40 60 80 100 120 140
Depth (nm)

first three electron fluences and then runs oscillat-
ing to some asymptotic value of about 50% of total
amorphization, much higher than the initial, as im-
planted level, of about 28%.

The other two curves b and c, representing da-
mage level variations at 20 and 50 nm, show at the
onset a decrease of damage followed by damped
oscillations. It is worth to notice that the damage
levels of curves b and c¢ for the maximum electron
fluence 5.0x1017 cm™2 amount to 21 and 13%, and
are lower than their initial as-implanted values - 32
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Fig.1.Depth distributions of damage as extracted from the channeling spectra obtained for different 1 MeV electron fluences.

The n-type GaAs wafers of (100) orientation
were implanted with 150 keV As™ ions below the
amorphization threshold at RT using the implanta-
tion dose of 2x10*3 ions cm ™2 at a constant flux of
0.1 #A cm™2 Then the implanted samples were
irradiated with a scanned beam of 1 MeV electrons
from a Van de Graaff accelerator in a dose range of
(0.5-5.0)x10'7 cm~2 at 320 K. RBS and channeling
spectroscopy of 1.7 MeV “He™ ions were used to
determine the depth distribution of defect concen-
tration before and after 1 MeV irradiations using
the classical relation by Chu et al. [3]. The damage
distributions related to both Ga and As peaks in the
RBS spectra were calculated using the "Defect”
computer program [1]. The RBS measurements
were performed at the Forschungszentrum Rossen-
dorfe.V., Germany.

Fig.1a,b presents the damage depth distributions
(damage profiles) as extracted from the measured
<100> channeling spectra. In order to show more
clearly the behavior of damage profiles under 1
MeV electron irradiation Fig.2 presents the damage
fluctuations in three selected depths of the damage
distributions, namely for 0, 20 and 50 nm (curves a,
b, and c, respectively) from the surface of a sample.
The curve a represents damage level variations at
the surface, but the curves b and ¢ - show these
variations at the maximum and at the slopes of the
damage profiles. An "oscillatory" behavior of the
damage at these selected depths under increasing
electron fluence is very well seen. These variations
occur in the whole range of electron fluences.

In the case of the subsurface defect concentra-
tion (curve a), the damage level increases with the

and 17%, respectively. Apart from the oscillatory
behavior, this decrease indicates that defect anni-
hilation processes take place at these depths, de-
creasing the defect concentration to some asymp-
totic values.

Using pulsed electron beam annealing of Si* and
Cr* implanted GaAs, Alberts et al. [4] found a sig-
nificant increase of a damage peak which occurred
after several peaks decreasing from the amorphi-
zation level. The authors argue that this effect is
probably related to a disrupted surface structure
being a result of transient surface melting, which
takes place above 0.7 J cm™? energy density of the
electron beam pulses, and subsequent regrowth of
the implanted layer. In our case, the appearence of
damage level oscillations at three various sample
depths shows a repeated increase and decrease of
damage. Since the crystalline GaAs can hardly be
amorphized by a single dose of 0.5x107 ém ™2 of 1
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Fig.2.Damage level fluctuations at 0, 20 and 50 nm from the

surface of the sample as a function of 1 MeV electron
fluences.
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MeV electrons at RT, we have a heavily damaged
layer as can be inferred from the RBS-c measure-
ments. The reason of great differences between
Albert’s [4] and our results depends very likely on
the experimental conditions, i.e. amorphization and
partial damage of the implanted layer, low (pulsed)
and high (scanned) electron energy irradiations and
different implanted ions of Si, Cr, and As, respec-
tively. TEM investigations on weakly damaged
GaAs layers by Wesch et al. [5] indicate that in
these layers defect structures consisting of point
defects, point defect clusters and amorphous zones
exist. High resolution electron microscopy studies
on individual displacement cascades by Bench et al.
[6] provides a strong proof that the damage within
the core of isolated cascades is amorphous. It is
evident that in the implanted layer these various
defect structures are not uniformly distributed
along the path of ions.

Assuming a similar distribution of post-implan-
tation defect structures in our weakly damaged
samples, transformation processes of defects should
proceed in a different way, leading to the observed
damage level behavior at various subsurface regions
of the implanted layer.

The present results support our view from the
previous paper [5] on the processes responsible for
the increase of defect concentration under electron
irradiation. The charge state of defects is changed
in the field of ionization and modifies the energy
barrier for their migration. At least a part of them
out-diffusing from the damaged zones and migrat-
ing through the sample will make stable associa-
tions with the intrinsic or impurity atoms in the
crystal, increasing in this way defect concentration
[5]. The participation of Frenkel pairs created by 1

MeV electrons in the transformation processes
should be rejected because their concentration is
several orders of magnitude lower than the con-
centration of defects introduced by implantation.

It has been shown using RBS-c spectroscopy of 1.7
MeV “He™ ions that 1 MeV electron irradiation of
GaAs implanted with 150 keV As™ ions at RT in-
duces damped oscillations in the damage level. The
increase of defect concentration appearing during
oscillations confirms the results obtained in our
previous paper [1]. This effect can be attributed to
ionization induced alteration of a defect charge state
and to the enhanced out-diffusion of simple defects
from the damaged zones making then associations
with other defects in a crystal. The asymptotic value
of ionization induced damage oscillations indicates
that some of the radiation-produced defects are
stable under ionizing radiation. Further investiga-
tions are necessary to explain in more detail the
oscillating bahavior of a damage level taking place in
the implanted GaAs under electron irradiation, espe-
cially at lower electron energy, close or below the
energy threshold for atomic displacement.

The authors wish to thank Mr. J. Torux for tech-
nical assistance.
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RADIATION CHEMISTRY OF POLYMERS AS RECOGNIZED
BY DIFFUSE REFLECTANCE SPECTROPHOTOMETRY (DRS)

Zbigniew P. Zagorski, Andrzej Rafalski

Execution of plans of our Institute in the field of
solid state radiation chemistry demands the develop-
ment of new measurement techniques, especially the
quantitative-optical ones. The diffuse reflectance
spectrophotometry is the most recent. Research on
radiation chemistry of polymers consist of chemical,
physico-chemical and, last but not least, physical
methods. These methods become more and more
sophisticated, contributing to deeper understanding
of reactions of polymers, helping to control proper-
ties and even tailoring them according to technologi-
cal needs. A particular method of investigations of
polymers is the spectrophotometric method in the
region of UV and visible wavelengths. Species
formed by the action of ionising radiation have
usually molar extinction coefficients (e) in order of
hundreds and thousands of M~ lecm™!, thus allowing
observation of radiation effects sometimes even after
the absorbed dose as low as 10 grays. Conventional
spectrophotometry requires reasonably transparent

samples, e.g. of background not exceeding 2 units of
optical density (OD). Some modern spectrophoto-
meters are offering a tolerance of OD of background
up to 5, but high dissipation of light impairs the
chances of spectral investigations. Virgin polymers,
as appearing from polymerisation line, exceed even
that liberal threshold of OD and demand a new
approach.

We have found it in the application of diffuse ref-
lectance absorption spectrophotometry (DRS) of
general application in the investigation of radiolysis
of polymers. The reflection from metallic surface
(Fig.1, left part of the diagram), so called specular
reflection, involves a few atomic layers only and
explains the colour of certain metals, e.g. of gold and
copper. The reflected spectrum is also of application
in the construction of optical devices, in which as
high yield of reflection is desired as possible, e.g. in
selected regions of infra red. In the radiation che-
mistry of polymers, the specular reflection is of no

IR

PL0101472



36 RADIATION CHEMISTRY AND PHYSICS, RADIATION TECHNOLOGIES

f

100 10
20 200
300 300

m um

METAL

POLYMER FiL.M OF LOW TRANSPARENCY

Fig.1.Simplified picture of the origin of diffuse reflectance spec-
troscopy. Explanations in the text.

use; on the contrary, every effort is made to get rid
of it, as it does not carry any information originating
from the inside of the sample. The bulk of polymer,
under the surface is probed by the beam of light
which is penetrating the polymer. According to laws
of optics, the analysing beam falling diagonally on
the surface of transparent material even at a low
degree, is partly reflected (specular reflection) and
partly refracted into the material. This fraction of
light is the most important, because due to internal
reflections, it is able to leave the sample, but is
attenuated by absorption by species formed in the
sample. The escaping beam of light carries import-
ant information about the absorption at particular
wavelength. Some instruments are using a vertical
beam of analysing light. In that case the reflected
specular beam escapes along the same route as the
incident beam. The beam intruding inside the
sample causes similar phenomena as in the case of
diagonal beam, ie. produces reflected stray light,
containing information about new compounds in
the sample. The distribution of emitted light is ran-
dom; the amount of escaping light is low, and the
losses are substantial, due, e.g. to the total internal.
Therefore efforts are made to collect as much of the
reemitted light as possible.

In all spectrophotometric measurements the
question of reference sample arises. It is a for-
tuitous situation in radiation chemistry, when we
can compare irradjated sample vs. unirradiated one,
compensating all factors influencing spectrum, like
roughness of the surface, presence of crystalline and
amorphous phases in the polymer etc. Such a sim-
ple measurement may be performed only with spec-
trophotometers of specific construction. We have
found that a spectrophotometer of Perkin-Elmer
Lambda 9 fulfils the requirements: it is a double
beam apparatus with the light integrating sphere
with two windows - the first for the reference, the
second for the sample. The beam of analytical light
probes alternately the irradiated and unirradiated
samples in the sphere, recording only the difference
of absorptions. The computer program determines
the wavelengths of maxima of absorption bands,
allows to change scales and to record results of
other measurements for comparison etc. The mea-
surement is as simple as in conventional spectro-
photometry and consists of placing unirradiated
and irradiated samples (in the shape of a film, or a
powder in the suprasil cell) at respective windows
(Fig.2). Pressure applied by the lid is very useful,

because it forces the film to be planar, which is
impossible in the case of Varian-Cary 4 or 5 instru-
ments.

Fig.2.Insertion of the irradiated sample into a Lambda 9 spectro-
photometer with DRS light integrating equipment.

Although the instrumental part of the DRS
method requires the modern state of art of opto-
electronics and computer assisted acquisition and
data processing, the theory of diffuse reflection
spectroscopy dates back almost to the first quarter
of the XX Century. Frequently quoted, an early
paper by Kubelka and Munk [1] does not explain
bases of the method and the theory behind it; only
the second one published after the WWII by the
mentioned leading author [2] reveals complicated
mathematics behind it. More information can be
found in later comments [3] and [4]. These papers
have presented the theoretical treatment of the
phenomenon, leading to equations connecting the
new approach with traditional equations of extinc-
tion, known as the Lambert-Beer law. New equat-
ions involve e, the molar extinction coefficient.
However, a simple determination of e from the
diffuse reflection measurement iS not possible,
because the Kubelka-Munk function F(R) involves
the coefficient S describing a scattering coefficient
of the matrix. Therefore, the calculation of ¢ is
difficult especially in the case of polymers, and in
some cases seems to be impossible to solve at the
time being. Nevertheless, the comparative value of
changes of spectrum after irradiation, effect of re-
actions with gases, etc is of a great value.

The shape of the sample of polymer is in prin-
ciple unrestricted, however, there may not be any
differences in the surface of unirradiated and irra-
diated samples. That condition is fulfilled in the
case of powders, like widely investigated by our
team - virgin polypropylene, or composites of poly-
ethylene with solids like alanine or sodium chlo-
ride. Films of smooth surface, which yield much of
specular reflection, can cause difficulties in keeping
exact identity of the surface of reference and irra-
diated sample. Therefore we have introduced dur-
ing the year 1999 a technique of roughening of the
surface of such polymers. After such treatment, the
relation of light reemitted from the inside of the
sample to the amount reflected is increased, im-
proving the precision of the measurement.
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A comparison of spectrophotometric results with
EPR spectra shows an additional advantage of the
DRS method, because spectrophotometry detects
any species showing electronic spectra, whereas EPR
spectroscopy is limited to paramagnetic species, not
necessarily present in irradiated material, long time
after the irradiation. Another advantage is signalled,
namely the positive role of investigation of rather
shallow surface layer of polymer. The information
needed often at higher LET radiation effects in poly-
mer systems is easily supplied by DRS. Low range of
high LET radiations is of advantage, because most of
the energy is deposited close to the surface, i.c. in the
layer "seen" preferably by the DRS. Low intensity of
high LET radiations demands a several days lasting
exposure to reach the dose sufficient to observe spec-
tral effects. The method works efficiently at similar
depths as the range of ionising particles in the ma-
terial.

ROLE OF SPURS IN IRRADIATED POLYMER BLENDS

Our new approach to the radiation chemistry of
solid state has helped already to quantify the solid
state dosimetry as labels, previously only semiquan-
titative [5] in the estimate, but we hope that a wider
application of DRS to the radiation chemistry of
polymers will result in a much more important
field.
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Zbigniew P, Zagorski

Radiation processing of polymers, applied for the
purpose of modification of properties, is connected
with radiolytic changes in molecules of components
and additives. Ionising energy deposition is distri-
buted to absorbing moieties according to their con-
tribution to the electron pool in the material. The
participation of primary ionisation acts in additives
of low concentration is negligible, but these com-
pounds take part in secondary reactions. Radiation
induced modification of properties, (e.g. commer-
cially important crosslinking of neat polyethylene)
is correlated with chemical changes. These are
detected by product analysis and specific techniques
for the determination of transients, e.g. by electron
paramagnetic resonance (EPR). Important product
analysis methods, i.e. UV-Vis absorption spectro-
photometry can be applied in polymer chemistry
only as diffuse reflection spectrophotometry (DRS)
1}.
[ ]In the last decades, radiation processing of poly-
mets has been developed on a large scale and
commercially implemented due to the availability
of large gamma and electron beam sources of low
linear energy transfer (LET) ionising radiation.
Many basic questions are not answered yet and also
the number of possible combinations of polymers
and blends remains far to be exhausted. Radiation
chemistry of polymers shows that in spite of
identical starting point of reactions, i.e. the single
ionisation spurs (80% of deposited energy, inde-
pendently of the kind of polymer), a diversity of
subsequenti chemical reactions occurs, specific for
particular types of polymers. These reactions are
influenced by additives present for the purpose of
conventional processing and by uncontrolled re-
agents like oxygen in surrounding atmosphere,
extremely reactive with free radicals formed by the
interaction of ionising radiation in the polymer. Al-
though the primary products induced by radiation

are formed randomly in particular moieties of the
material, in the proportion resulting from their
electron participation in the mixture or blend, the
transfer of energy in the initial stage or transfer of
intermediates occurs in subsequent stages of the
development of reactions. In the result, variety of
final products is formed, identified in the course of
product analysis. The latter involves stable products
as well as intermediates of different stability.

The remaining 20% of energy deposited in the
polymer appears in multi-ionisation spurs with pro-
ducts different from those which are produced in
the dominating single-ionisation spurs. The partici-
pation of multi-ionisation spurs rises sharply with
increasing linear energy transfer (LET) values of
the applied radiation. Ten MeV protons already
double the participation of large spurs in compa-
rison with low LET radiation (y-rays, X-radiation
and fast electrons used in radiation processing).
Multi-ionisation spurs dominate over single-ioni-
sation spurs in the case of heavy ions beams, which
cause the destruction of polymers along their
tracks, producing negligible yields of free radicals
characteristic for low LET radiations. That pheno-
menon is common for all irradiated media, liquid
and solid [2] and has to be taken into account also
in the field of radiation chemistry of polymers. This
paper shows that products of single-ionisation
spurs can be different to those of multi-ionisation
spurs. They are different in the most popular case,
ie. of water radiolysis, where single-ionisation
spurs are the source of free radicals, i.e. hydrated
electrons, hydrogen atoms and hydroxyl radicals.
Multi-ionisation spurs yield hydrogen peroxide and
molecular hydrogen of completely different, low
reactivity. A more complicated situation is in the
case of solids, as seen on a simple model of alanine.
Here the main product of single-ionisation spurs is
ammonia, but also ammonia is the product of

AU
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multi-ionisation spurs, where it is one of the debris
of one molecule of alanine or a cluster of molecules
of alanine, which obtained too much energy to
survive. A single molecule of alanine ionised in a
sigle ionisation spur survives easily, as an anion
radical CH:C"HCOOj;. However, among the pro-
ducts of radiolysis is CO», which is a constituent of
debris of a molecule or cluster, which has obtained
a substantial excess of energy. There is no other
way, on which CO; could be formed. Even the loss
of an electron in single ionisation on COZ
zwitterion does not result in decarboxylation and
the dominating reaction in the single ionisation
spur is deamination of alanine. Thercfore the radia-
tion yield of carbon dioxide is a measure of the yield
of multi-ionisation spurs.

Looking for products which may indicate the
role of multi-ionisation spurs, one has to find the
effect of concentrated deposits of energy in a casual
place in the polymeric chain. What is likely in the
case of polymers? The basic radiation induced re-
action, originating in all types of ionisation spurs is
dehydrogenation (abstraction of hydrogen), there-
fore the radiation yield of Hy has been taken as the
most general indicator of energy transfer in Figs.3
and 4 in paper [3]. The dehydrogenation causes
subsequent reactions, mainly the formation of un-
saturated moieties in the polymer, but with very
different secondary consequences, from Cross-
linking to degradation. Both reactions are running
parallel, but in polyethylene the final crosslinking is
dominating, being the base of production of heat-
-shrinkable polymers, whereas in polypropylene
radiation leads to the degradation. The latter
phenomenon spoils the application of polypro-
pylene, undergoing radiation processing, if proper
additives are not applied. Ethylene-polypropylene
copolymers have a comparatively good radiation
resistance, because negative effects of polypropy-
lene degradation are counterbalanced by cross-
linking of polyethylene. Unfortunately, the domi-
nating effect of formation of Hjp in irradiated
polymers, cannot be taken as indicator of single- or
multi-ionisation spurs, because it dominates in
every size of spurs. One has to look in more com-
plicated details of radiation chemistry of polymers.
Such features have been observed in the case of
aliphatic-aromatic blends of polymers, reported by
Zuchowska, Zag6rski, Przybytniak, Rafalski [4].

Aromatic compounds are more resistant towards
ionising radiation because of mechanisms directing
the dissipation of energy straightforward into heat.
That property of aromatics, also of polymers [3]
with aromatic moieties, is partially protecting ali-
phatic blocks present in the material from ra-
diolysis. Therefore, butadiene-styrene elastomer is
more resistant toward the ionising radiation than
polybutadiene rubber, as expressed e.g. by radiation
yield of hydrogen. In our previous papers, effects of
radiation on PE-linear SBS [4] have been described.
Processes in PE-SBS blends with 25, 50 and 75% of
SBS were not the simple sum of processes observed
in neat PE and neat SBS polymer, which indicates

interactions between two components of the blend.
Our next paper [5] deals with the absorption of
ionising energy in thermoplastic elastomer-PP
blends in a full range of proportions, which helps to
assume the mechanisms of energy transfer. Fig.1la-c
in that paper show the EPR spectra of PP-SBS
blends in the function of time elapsed after 60 kGy
irradiation at room temperature and the storage
time at the same temperature. All spectra are
shown without deconvolution and separation of
particular signals. Fig.2 in [5] shows the decay of
radicals in the same system, but expressed as con-
centration of spins, which is important for the hy-
pothetical explanation of mechanism of phenomena
in terms of spurs. The spectroscopic investigations
(diffuse reflectance spectrophotometry, DRS) were
performed on samples of the same composition.
The method allows to record optical absorption
spectra in polymer blends of poor transparency.
Fig.3 in [5] shows the spectra of products absorbing
in UV, in irradiated blends of polypropylene
containing no SBS, 10, 25 and 75% of SBS and the
SBS alone. The products exhibit main absorption
band at 312 nm and are more stable than free ra-
dical products (except peroxides) observed by the
EPR method. Although a precise identification of
these semi-stable products is not possible at the
time being, the most probable explanation of the
UV absorption is that it is due to unsaturated
moieties (UM) in the polypropylene chain. How-
ever, there is a striking difference between the
dependence of the concentration of unsaturated
species on the composition of aliphatic-aromatic
composition. In our case, the fact of dramatic re-
duction of formation of UM already by a 10% addi-
tion of SBS is a remainder of the classic concave
curve of radiolysis vs. composition of an aliphatic-
-aromatic mixture in radiation chemistry, includ-
ing polymers [3]. The radiolysis of aromatic compo-
nent is not only less extensive in comparison with
the aliphatic participant, but also a protection
effect is exhibited by the aromatic participant. The
phenomenon is explained by energy transfer of
single-ionisation spurs to the energy dissipating
constituent. Therefore, the 10% participant in en-
ergy absorption, by a 10% concentration of SBS
turns in ca. 30% the effect due to the energy trans-
fer of single ionisation spurs in polypropylene (90%
participation in primary energy absorption) to the
SBS moieties.

The same PP-SBS systems show an opposite
picture in the EPR investigation: the yield of spins
in irradiated samples, shows no diminishment of
radical concentration in the blend containing 10%
of SBS but even a slight increase, immediately after
irradiation, 3 h after irradiation and 3 days after!
This strange difference can be explained only by
in-deep discussion of early stages of radiolysis in
polymers, in terms of single- and multi-ionization
spurs. As it is known, in general, radiation che-
mistry, almost from the beginning of that discipline,
the products of both kinds of spurs are more or less
different, depending on the chemistry of irradiated
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system. In the case of low linear transfer of energy
(LET) radiations, i.e. y and high energy electrons,
ca. 80% of energy is deposited in single-ionisation
spurs, responsible for free radicals, and the rest is
located in multi-ionization spurs, which produce
mainly the debris of a region of the molecule and in
the case of polymers cause the non-repairable
scission of the chain. Therefore, two loose ends of a
chain are formed, being the sites of radicals, able to
react with oxygen to peroxides, with hydrogens on
neighbouring chains etc. The location of multi-ioni-
sation spurs is completely random and is not a
subject to any energy transfer, or influence, as it is
in the case of single ionisation spurs, mentioned
above in connection with EPR measurements. The
main support for the assumption that the latter are
connected with multi-ionisation spurs, is the radia-
tion yield of spins, in other words of free radical
sites on the chains, in our case mainly at their new
ends, formed during scission. The yield of these
effects is, in the case of EPR measurements, close
to 0.53 per 100 eV of absorbed energy (or 0.055
pumoles per J in the SI system). The precision of the
measurement of yields of spin, by comparison with
the concentration of spins in DPPH (a standard
practice in the EPR methodics), mecasured in the
same conditions, is +25%, but even taking the
upper limit of the confidence, the yield is adequate
to the 20% energy-yield of multi-ionisation spurs.
Presented results of free radical species measure-
ments and of optical absorption spectra of products

EPR SPECTROSCOPY OF y-IRRADIATED POLYCRYSTALLINE ASPARAGINE
AND ASPARAGINE-CONTAINING PEPTIDES
Grazyna Strzelczak, Krzysztof Bobrowski, Chantal Houée-Levin'/, Jacqueline BergésZ/

1 Université Paris-Sud, Orsay, France
2/ Université Pierre et Marie Curie, Paris, France

Introduction

formed during radiolysis allow to ascribe first group
of the mentioned results to the effects of multi-ioni-
sation spurs and the second to the single ionisation
spurs and energy transfer phenomena. The first
observation of different effects from single- and

multi-ionisation spurs in polymers ever, is the
foundation of further research on generalisation of

the role of spur size in polymers in future years.
The investigations are continued.

Part of the report was used in the invited lecture
"Modification, degradation and stabilization of poly-
mers in view of the classification of radiation spurs”
on the MoDeSt 2000 Conference, Palermo, Italy, 3-8
September 2000.
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The most commonly observed hydrolytic reac-
tions (spontaneous, nonenzymatic) that occur in
peptides and proteins involve asparagine residues.
Many factors, both endogeneous (e.g. primary, se-
condary, tertiary, and quriernary structures) and
exogeneous (e.g. pH, buffer concentration) can
influence the rate of hydrolytic reactions. It is well
established that asparaginyl residues are prone to
spontaneous deamidation, at rates that vary videly
as a function of their amino acid sequences. It was
shown that in various pentapeptides containing
asparaginyl residues in the central position that the
half-lives of the spontaneous deamidation varied
from 6 days to 9 years. This observation led to the
hypothesis that the amino acid sequences around
asparaginyl residues in various enzymes might have
been selected for through evolutionary pressures to
serve as biological clocks to govern the rates of
turnover of eazymes in vivo. This concept is con-
sistent with the fact that the in vivo rates of enzyme
turnover increase with the content of asparaginyl
residues. The age-related accumulation of abnor-

mal forms of enzymes have been attributed to the
deamidation of asparaginyl residues. The most con-
vincing evidence that deamidation contributes to
the age-related pool of altered enzymes comes from
the studies showing that the accumulation of labile
isoenzymic forms of triose phosphate isomerase in
bovine eye lens and cultured dermal fibroblasts of
individuals with premature aging diseases, i.e. pro-
geria, Werner’s syndrome is due to.the sequential
deamidation of two asparagine residues (Asn71 and
Asn®),
Aim
Oxidation constitute additional major degradation
pathway of peptides and proteins. In contrast to the
extensive information available about the hydrolytic
asparagine (Asn) degradation pathways, there is, at
present, considerably less mechanistic understanding
of the underlying oxidation mechanisms, both in the
aqueous medium and in the solid state.
The following problems are addressed:
identification of radical transients formed on
y-radiolysis of polycrystalline asparagine and me-
thionyl-asparagine dipeptide;

[
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- analysis of the final product: carbon dioxide;
- stability of the free radical cations coming from

clectron ejection by ionizing radiation;
- ease of decarboxylation vs. deamidation pro-

cesses as a consequence of energy deposition;
- loss of hydrogen atom as a consequence of irra-

diated sample warming-up.
Experimental

The samples of polycrystalline asparagine (Asn),
methionyl-asparagine (Met-Asn) and valyl-aspa-
ragine (Val-Asn) were evacuated and irradiated
in liquid nitrogen with a dose of 4 kGy in a
60Co-y-source. The radicals produced by radiation
were studied over the temperature range of 77-293
K by applying an electron spin resonance (ESR)
technique using a Bruker ESP-300 spectrometer
with a variable temperature unit. The ESR spectra
were analyzed by computer simulation program
(provided by Dr. D. Dulling from NIH, USA).
Carbon dioxide analysis was performed by means of
a gas chromatographic head-space technique using
a Shimadzu GC-14C gas chromatograph eguipped
with a thermal conductivity detector and a Porapak
Q column.
Quantum chemical calculations

Preliminary ab initio calculations have been
applied for bond dissociation enecrgies of some
selected radicals under study. All isolated species
were optimized using large basis sets (6-31G*0 at
the MP2 level using the program Gaussian 98. Our
previous works demonstrated the necessity of using
such large basis sets. Solvent effects were studied
using the SCRF option of Gaussian. In this case
DFT was used (B3LYP) with the same basis set.
Results
EPR

In asparagine-containing peptides anion car-
bonyl radicals formed by the addition of clectron to
the carbonyl group of peptide bond (singlet
£=2.003 and (AH=8 G) were detected at 77-95 K.
In asparagine and the amide anion a radical is
observed (dublet with a=24 G). At 180-250 K

hydrogen abstraction radicals from the methylene

group in the side chain of asparagine were detected
in asparagine as well as in Met-Asn and Val-Asn
(with the hyperfine splitting of ag=16 G and
a;y=3.5 G). Additionaly, in Val-Asn at 200 K
deamination radical is observed (triplet with
£=2.003 and azp=19.5 G) from valine residuc and
a-(alkylthio)alkyl radical (triplet with g=2.0045
and az=20 G) in Met-Asn. On further warming to
above 250 K, in asparagine and asparagine-con-
taining peptides the decarboxylation from the
Asn-residue are presumably observed with (ag=16
G and azp=19.5 G). In asparagine, additionally
(triplet of dublets) is observed with hyperfine
splittings (apy=36 G and ayg=10 G), which can
be assigned to the deamidation radicals. (Figs.1 and
2).

)Al room temperature, H-abstraction radicals
from the a-carbon of asparagine and Asn-residue in
Met-Asn (Fig.3) and Val-Asn dipeptides are form-
ed (triplet with ap=17 G).

ASN 273K

exp
a
sim
b
sim
c
im
33T 300

Ak

345
mT

Fig.1. EPR spectra of asparagine: a - decarboxylation radicals, b -
H-abstraction radicals from the methylene group in the
side chain of asparagine, ¢ - deamidation radicals.

Quantum chemical calculations

Asparagine radicals: the radical cation is unstable:
during the optimization process, the C,H-COOH
bond is lengthened up to bond dissociation. The
cation undergoes "spontaneous decarboxylation".
However, the bond dissociation energy of the latter is
higher than that of Cg CONHy, indicating that de-
amidation is less energy-consuming than decarboxy-
lation. Free radicals resulting from hydrogen atom
abstraction were fully optimized. Hydrogen atom
abstraction from the C, requires less energy and
gives a more stable radical. The energy difference is
ca. 22 keal-mol ™1,

Asparagine-containing peptides radicals: in the
radical cation, no bond is lengthened upon ion-
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Fig.3.EPR spectrum of Met-Asn and Asn, H-abstraction radicals
from a-carbon of Asn residue.

higher CO; yields measured in Asn-containing
peptides, as compared with Asn. Similarly to Asn,
hydrogen abstraction from the C, requires less
energy, as compared to Cg, and gives a more stable
radical. The energy difference is ca. 14 kcal-mol L.
Conclusions
Anion carbonyl radicals are formed by the addi-
tion of an electron to the carbonyl group of the
peptide bond in asparagine-containing peptides at
low temperature, that further undergo deamination
process. In asparagine the amide anion is observed,
and deamination does not occur.
At 180-250 K hydrogen abstraction radicals from
the methylene group in the side chain of asparagine

sim
a
sim
b

T

- 345 350 355 were detected in asparagine as well as in Met-Asn
mT  and Val-Asn.

Fig.2. EEPR spectra of Met-Asn peptide: 4 - decarboxylation radi-
cals, b - IT-abstraction radicals from the methylene group in

the side chain of asparagine.

At a temperaturc above 250 K decarboxylation

radjcals are observed in asparagine and asparagi-
ne-containing peptides. However, decarboxylation

yields are higher in peptides.

ization, hence the ionization potential was calcu-
lated as 8.7 eV. Deamidation requires less energy
than decarboxylation. However, the BDE for de-
amidation is higher for Asn-containing peptides, as
compared with BDE in free Asn. On the other
hand, the BDE for decarboxylation is similar, both
in peptides and Asn. These calculations rationalize

Additionally, in asparagine EPR spectrum was

detected which can be assigned to the deamidation
radicals.

H-abstraction radicals from the «-carbon in aspa-

ragine and in Asn-residue in Val-Asn and Met-Asn
dipeptides were detected at room temperature.

MULTIFREQUENCY EPR STUDY OF RADICALS PRODUCED BY RADIATION
IN SHELLS AND CORALLITE

Grazyna Strzelczak, Waclaw Stachowicz, Jacek Michalik, Gauthier Vanhaelewyn” , Freddy CallensV s
Etienne Goovaerts?

Y Ghent University, Ghent, Belgium
% University of Antwerp, Belgium

Introduction
Shells of molluscs and corals of sea water are

composed mainly of calcium carbonate and partly
of organic matrix. Calcium carbonate appears in
two main crystal forms: as calcyte and as aragonite.
Many organisms (molluscs and coralls) build their

skeletons of aragonite.

Under the action of ionising radiation a lot of
paramagnetic species are produced in shells, which
are usually very stable and can be studied by an
EPR technique at room temperature.

Radicals or defects produced by radiation in the
mineral part of shells are utilised for many appli-
cations: e.g. - dating of archeological remnants,

IR
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Fig.1. Experimental EPR spectrum recorded with powdered co-
rallite of white coral; X-band measurement.

retrospective dosimetry using tooth enamel, for
detection of bone containing food, in medical
studies.
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Fig.2. Experimental EPR spectrum recorded in white coral; Q-band
measurement. Lower spectrum - simulation of the ortho-
rhombic COJ .
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Fig.3. Experimental EPR spectrum recorded with powdered pearl
oyster shell (Meleagrina vulgaris); X-band measurement.

Experimental
The samples of shells and corals were irradiated
with a %0Co gamma-source at a dose of 7 kGy and

Q-BAND

Pearl oysterl
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Fig.4. Experimental EPR spectrum recorded in pearl oyster shell;

Q-band measurement.
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Fig.5. Experimental EPR spectrum recorded in pearl oyster shell;
W-band measurement. Lower spectrum - simulation of the

axial SO3 radical anion.

with an X-ray tube at a dose of about 20 kGy. The
paramagnetic species produced by radiation in them
were subsequently studied by X, Q and W-bands
EPR spectroscopy. The EPR X-band measurement
have been done in this Institute by using a Bruker
ESP 300 spectrometer. Q-band measurements were
performed in the Ghent University by using a Bru-
ker Elexys E-500. W-band measurements were car-
ried out in the University of Antwerp with the use of
a Bruker Elexys E-600 spectrometer.
Results

The most stable, long living paramagnetic centre
identified in all the investigated shells and corals is
the anion radical CO2 which appears as:

ouarirication or THE concantration rarro MMM
OF RADIATION INDUCED HYDROCARBONS

- CO3 isotropic with g=2.0006 and AH=0.3 mT

and

- CO2 orthorhombic with gx=2.0030, gy=1.9970,
£,=2.0015 and AH=0.25 mT.

In the spectrum of white coral sample recorded
at the X-band, the lines assigned to both CO3 ion
radicals are overlapped (Fig.1). The records of the
same sample taken at the Q-band show the spectra
better resolved with individual lines characterised
by the g-values corresponding to both types of ion
radicals (Fig.2).

Additional two signals were distinquished in the
spectra: one with g=2.0031 could be probably de-
rived from SOj3 isotropic and the second with
£=2.0056 attributed to SO3 isotropic radical ion.

A computer simulation was used to prove the
identity of the components of experimental spec-
tra.

In the EPR spectrum of pearl oyster shell re-
corded at X-band, the lines are overlapped (Fig.3),
but in the Q and W-band spectra we have observed
the manganize Mn?* paramagnetic ion which is
very well seen (Figs.4 and 5). Besides, a strong
signal presumably attributed to isotropic SO3 (g=
2.0056) radical, and another one to SO3 axial with
£.=2.0035 and gj; =2.0021 were observed.
Conclusion

The EPR spectra of natural shells and corals
exposed to ionising radiation when recorded in
X-band are complex and not easy to be interpreted
because the individual EPR lines are rather narrow
and superimposed. The spectra recorded in Q and
W-bands were found to be resolved satisfactorily
and the assignments of single paramagnctic species
in complex spectra were possible to be done.

This work has been done in the frame of Scientific
and Technological Cooperation Belgium-Poland, BIL
97/174B 1698.

The extended version of this article is accepted for
publication in "Radiation Research".

IN RELATION TO FATTY ACID COMPOSITION
WITH THE USE OF A GAS CHROMATOGRAPH (GC)

Katarzyna Lehner, Waclaw Stachowicz

lonising radiation induces in foodstuffs, which con-
tain fat, some complex chemical changes leading,
among others, as compared with unirradiated food,
to an increased release of hydrocarbons. Generally,
the cleavage of certain chemical bonds in trigly-
cerides results in the formation of two groups of
hydrocarbons: (1) C-; (hydrocarbons which have
one Catom less than the original fatty acid) and (2)
Cn-2:1 (hydrocarbons with two C atoms less than
the original fatty acid and additional double bond in
position 1). The detection and quantitation of these
hydrocarbons is the basis for the identification of

irradiated food. Natural fat consist of fatty acids
containing even numbers of C atoms in a molecule,
the most often 16 or 18 (that is for animal fat). The
saturated fatty acids are palmitic acid (16:0) and
stearic acid (18:0) as well as the unsaturated ones,
i.e. oleic acid (18:1) and linoleic acid (18:2). The
treatment of foods with ionizing radiation induced
usually formation of the following hydrocarbons:
pentadecane (15:0), tetradecene (14:1), heptade-
cane (17:0), hexadecene (16:1), heptadecene (17:1),
hexadecadiene (16:2), heptadecadiene (17:2), hexa-
decatriene (17:3). These products appear in small
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quantities (ug/g fat), depending on the dose of
irradiation and the numbers of fatty acids present in
triglyceride.

Previously some preliminary experiment have
been done with chicken meat. At present, the more
advanced experiments were conducted with 2 types
of red meat, beef and pork as well as with chicken
carcasses. After portioning, the meat was irradiated
with three doses of gamma rays: 1.5, 3.0 and 5.0
kGy. The preparation of samples for GC measure-
ment were done by the procedure which is based on
the European Standard No 1784 [1]. Some modifi-
cations have been done in order to obtain higher
yields of hydrocarbons. This makes, according to
our expedience, the GC analysis more reliable and
reproducible.

The GC measurements of hydrocarbons have
been done with a capillary column installed with a
Perkin Elmer Mode 8700 apparatus equipped with
a flame-ionisation detector (FID). At the begin-
ning, the instrument was tested with the use of
hydrocarbon standards to prove the reproducibility
of quantitation i.e. determination of the propor-
tions between GC peaks assigned to individual hy-
drocarbons.

The GC examination involved a comparison of
the number and the quantity (normalised GC peak
heights) of produced hydrocarbons with the num-
ber and the content of original acids in food, in
obedience to the procedure given in the European
Standard EN 1784. In the case of chicken carcasses
the full coincidence of our results with the data
given in the Standard was achieved. On the other
hand, in the case of beef and pork the results
strayed a bit from the standard. This might be
caused by the different fatty acid composition in the
local (Polish) food, arising probably from different
feeding. This important suggestion should be con-
firmed by studying the fatty acid composition in
meats, which were the subject of present experi-
ments. A more detailed information on this study
will be found elsewhere [2].
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DETECTION OF IRRADIATION OF FROZEN FISH MEAT
BY SINGLE CELL GEL ELECTROPHORESIS

Kazimiera Malec-Czechowska, Zbigniew Szot, Wactaw Stachowicz, Marcin Kruszewski

Single cell gel clectrophoresis (comet assay) is a
method of detection of DNA damage at the cellular
level. The method is widely used nowadays in basic
and applied science and has many applications, for
example, in biomonitoring, medicine and toxico-
logy. Since several years the comet assay is also
tested as a tool for the detection of irradiated food
[1]. The identification of irradiated beef, pork and
chicken meat with the use of comet assay is also
carried out in the Laboratory for Detection of
Irradiated Foods, INCT. The results of these ex-
periments were presented in earlicr publications
{2,3]. Recently, we performed a study on the identi-
fication of fish meat, i.e. carp, trout and salmon.

The fresh fishes were purchased in a retail trade.
From each fish three parallel samples were prepared
and immediately frozen at -21°C. Two samples taken
from each fish were irradiated with gamma rays from
a %Co source with a dose of 1.5 or 3.0 kGy. All
samples were stored until examination in the frozen
state (about one month). The procedure for identifi-
cation of irradiation of food by the comet assay con-
sists of the following steps [1,4]:

- preparation of cell suspension from a food sam-
ple;

- transfer of agarose cell suspension onto a slide
precoated with a thin agarose layer;

- lysis of the cells in order to disrupt cell mem-
branes with the use of a lysis buffer;

- gel electrophoresis of fragmented DNA; during
electrophoresis DNA fragments will stretch or
migrate out of the cell nucleus;

- staining the cells on slides for microscopic eva-
luation of the pattern of DNA migration.
Application of the comet assay to a new type of

foodstuff requires an individual evaluation of each

step of the procedure. Special attention should be
paid to the optimisation of lysis conditions, i.e. con-
centration of the lysis buffer, treatment time, and to
electrophoresis conditions. Based on the results
obtained in this Laboratory, we propose to adapt
the following procedure for the evaluation of irra-
diation of fish meat by comet assay: Place 1.5 g of
fish muscles (thin slices) in a small beaker contain-
ing 5 ml of cold PBS. Place the beaker in an ice-cold

water bath and homogenise the content with a

magnetic stirrer for 5 min. Filter the suspension

through a 250 um sieve cloth and leave to sediment
for 5 min in the ice-cold water bath. Mix 300 ul of

the cell suspension with 1 ml of warm (45°C) 0.8%

agarose in PBS and put 100 u1 of this suspension on

a microscope slide precoated with a water solution

of 0.5% agarose. Immediately place a cover slip on

it. Place the slide on ice for 5 min until a stable gel
is formed. Remove the cover slip and place the
slides in a lysis solution (2.5% SDS in electro-
phoresis buffer) for 8 min. After lysis immerse the
slides in electrophoresis buffer (0.5 x TBE) for S
min. After conditioning, place the slides in the
horizontal electrophoresis chamber and fill the
tank with fresh electrophoresis buffer. Conduct
electrophoresis at room temperature, at a potential
of 2 V/cm for 2 min. Remove the slides from the
electrophoresis chamber and immerse in water for 5
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DAPI staining

Dose 0 kGy

Dose 1.5 kGy

Dose 3.0 kGy

Silver staining

Fig. Comet assay microscopic images of cells isolated from carp muscles non-irradiated and exposed to gamma radiation with doses

1.5 and 3.0 kGy.

min. Subsequently the slides are stained with a fluo-
rescent dye (DAPI) according to Kruszewski et al.
[2] or with silver according to Delincée [4]. The
microscope images of cells taken from carp samples
are presented in Fig. The images of cells taken from
the trout and salmon samples are similar (data not
shown). It is clearly seen from the images that the
amount of DNA in the comet tail (the DNA
migrated from the nucleus due to the irradiation) of
irradiated and non-irradiated fish is considerably
different. Comets with a short tail or without tail at
all easily identify the non-irradiated samples. On
the other hand, comets from the irradiated samples

have a distinct head and a long well visible tail of
different width. The comets obtained after applying
the dose of 3 kGy are slightly different than those
observed in the samples irradiated with 1.5 kGy; the
end of tail was wider than the head. The results of
present examination confirm the applicability of the
comet assay for identification of irradiation of fish.
This is a new approach in the application of comet
assay to the identification of irradiated food. How-
ever, our study was performed on model samples
kept at proper storage conditions and further inves-
tigations are necessary to confirm our results on
samples available on the market. We cannot ex-
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clude that in case of samples of unknown storage
conditions, e.g. imported frozen products or pro-
ducts stored in ice, the comet assay may be applied
as screening method only. The positive identifica-
tion of samples (i.e. irradiation) needs to be proved
by other methods less sensitive to inappropriate
storage conditions, e.g. EPR spectroscopy of bone
excised from fish. This limitation of the comet assay
method arises from the fact that fragmentation of
DNA is not specific for radiation treatment only. It
can be also caused by some physical, chemical or

biological factors like repeated freezing and thaw-
ing, storage under unsuitable conditions (enzymes
action) etc.
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GELATINISATION AND AMYLOSE-LIPID COMPLEX TRANSITION OCCURRING
IN NATIVE AND GAMMA IRRADIATED STARCHES
STUDIED BY DIFFERENTIAL SCANNING CALORIMETRY
Krystyna Ciesla, Ann-Charlotte Eliassonl/, Wojciech Gluszewski
I Center of Chemistry and Chemical Engineering, University of Lund, Sweden

The course of gelatinisation and amylose-lipid com-
plex transition, occurring during heating of starch
and flour suspensions depends on the structure of
starch granules. It was found previously that gamma
irradiation influences these processes [1,2]. Signifi-
cant differences between the maximum viscosities
were detected during heating of water suspensions
of non-irradiated and irradiated wheat and rye
flour. Smaller values of enthalpy were always de-
termined by DSC for both processes taking place in
the samples irradiated with doses of 20 and 30 kGy,
in comparison to those occurring in the non-irra-
diated reference samples under the same condi-
tions. Differences between the peak and onset
temperatures were also found. The result shows
changes in lipids surrounding and confirm the con-
clusions concerning the decrease in starch granules
ordering [3,4] caused by irradiation.

At present, DSC studies were continued for pure
samples of wheat starch (product of Sigma) waxy-
-maize and waxy-potato starches (Lyckeby Starkel-
sen, Kristianstadt) as well as several starch samples
extracted from potato, applying various conditions.
The samples were irradiated with °Co radiation in
a gamma cell Issledovatiel in the INCT applying
doses of 5, 10, 20, 30 kGy with a dose rate of ca. 3
kGy/h. DSC measurements were carried out in the
temperature range 10-150°C with heating and cool-
ing rates 10, 5 and 2.5°C/min for the suspensions
(closed hermetically in Al pans) with low concen-
tration of starch (20-25%) and with high concentra-
tion (45-50%). A Seiko DSC 6200 calorimeter
installed in the University of Lund was used. With
the purpose of examination of the reversible amylo-
se-lipid complex transition, characterised by a weak
thermal effect, DSC studies were carried out during
heating-cooling-heating cycles (up to 3 heating pro-
cesses).

In the case of 20-25% starch suspensions a single
endothermal effect of gelatinisation is observed,
while in the case of the suspensions with concentra-
tion of 45-50% two processes occur in the tem-
perature range 55-90°C (Fig.). In the case of wheat
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Fig. Examples of the normalised DSC curves recorded during the
first heating at a rate of 10°C/min of ca. 50% suspensions of
wheat starch (curve 1 - the initial starch, curve 2 - the sample
irradiated with a dose of 30 kGy).

starch (Fig.) the reversible amylose-lipid complex
transition takes place at higher temperature.

Only gelatinisation was observed during the first
heating of potato and waxy-maize starch. It was
stated that gelatinisation of the irradiated waxy-
-maize starch, and waxy-potato starch (both con-
taining essentially pure amylopectin) occur always
at Jower temperature than gelatinisation taking
place in the appropriate reference samples under
the same experimental conditions. For example, the
peak temperature values equal to 68.5, 67.5 and
66.7°C were determined in the case of 20% suspen-
sions of the initial waxy-potato starch and the
samples irradiated with doses of 10 and 20 kGy, res-
pectively, heated at a rate of 10°C/min. The radia-
tion influence on gelatinisation temperature differs
in the case of the other potato starch samples, in
dependence on the conditions of sample prepara-
tion and the resulting crystalline properties of gra-
nules.

Influence of irradiation on the structural pro-
perties differs for particular starches. It might be
concluded, for example, that irradiation of the
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potato starch lead at first 1o destruction of the

crystalline regions with lower ordering (melted at

lower temperature) while in the case of the wheat
starch the crystalline regions with higher ordering
are destroyed in the first step.

Table. The values of peak temperature (OC) determined on the
basis of several reproducible measurements for thermal
effect of the amylose-lipid complex transition, occurring
in the 50% suspensions of the initial wheat starch sample

and the samples irradiated with various doses. The
suspensions were heated at a rate of 10°C/min.

Dose Heatinh cycles Cooling cycles
(kGy] I 11 111 I 11 i
0 112.1 1160 | 116.2 99.4 99.9 100.2
5 112.5 | 115.7 | 115.6 99.5 99.5 99.7
10 112.6 | 1149 | 1146 98.8 98.3 97.8
20 1123 } 113.9 | 113.7 97.4 96.5 96.1
30 1122 | 1134 | 1126 96.3 95.3 94.9

The amylose-lipid complex transition was inves-
tigated during first heating and subsequent heating
and cooling of wheat starch (Fig., Table), beside 10
the gelatinisation process observed only on first
heating. During the first heating, the transition was
observed for all the samples in the similar tem-
perature range. During the subsequent heating and
cooling, the transition occur in the samples irra-
diated with doses of 10, 20, 30 kGy at a temperature
lower than in the initial sample (examples are given
in Table). Moreover, in the irradiated sample the
transition occurs during the subsequent cooling at a
temperature lower than in the preceeding one, in
opposite to the initial sample. Small differences

were noticed between the initial sample and the
sample irradiated with a dose of 5 kGy. The results
were confirmed for the non-irradiated and ir-
radiated samples of wheat starch gelatinised in a
dryer at 105°C, and afterwards examined by DSC.
Therefore, it might be deduced that the amylose-li-
pid complex symmetry is diminished by the way of
subsequent thermal treatment of the irradiated
samples, while improved in the case of the initial
one.

It was stated that the retrogradation occurs
easier in the gels with a low concentration (20%)
obtained from the irradiated starch samples, than in
the similar gels obtained from the initial samples. A
smaller retrogradation was observed, however, in
the concentrated (50%) gels prepared from the
irradiated samples, than in such gels prepared from
the reference samples.
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THERMOLUMINESCENCE OF SOILS FROM KUJAWY-POMERANIAN REGION

Antoni M. Dancewicz, Kazimiera Malec-Czechowska

Measurement of thermoluminescence (TL) of sili-
cate minerals, which are inherent or contaminating
components of foodstuffs is presently a standar-
dised method for detection of their irradiation [1].
Intensity of TL in minerals increases upon irradia-
tion of food to a level many times higher than in
non-irradiated sample.

To gain some information on the level of TL in
soils and their silicate minerals, which appear in

e

foodstuffs, we have measured TL intensity of vari-
ous cultivated soils from the Kujawy-Pomeranian
region. Other properties of these soils are being
investigated by Prof. Halina Dabkowska-Naskret,
Soil Science Department, Academy of Agriculture
in Bydgoszcz, who supplied us with the soil samples.
TL intensity has been measured in triplicates using
ca. 1 mg of soil as such and silicate minerals iso-
lated according to the method described as standard
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Fig.1. Thermoluminescence {glow curves) of selected soil samples from Kujawy-Pomeranian region (Table): A - non-irradiated, B - ir-

radiated with 1 kGy.
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procedure for TL measurement. TL measurements
were also carried out on soil samples and silicate

“Temperature °C

This results probably from the difference in the
composition of silicate minerals, (the content of po-
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Fig.2. Thermoluminescence (glow curves) of silicate minerals isolated from selected samples of soils (Table): A - non-irradiated, B - ir-

radiated with 1 kGy.

minerals, which were subjected to gamma radiation
with a dose of 1 kGy.

The results obtained with 18 different samples of
soils show conclusively that the shape of TL glow
curve coincide with that of a mixture of feldspar and
quartz [2,3], the minerals, generally present in
different proportions in soils. The maximum of TL

tassium feldspar), and from the difference of ab-
sorbed dose due to natural radioactivity of soils. On
the one hand, the loss of luminescence because of
the action of temperature and light (bleaching) on
soil, takes place. The latter effect has clearly been
proved in samples of soils collected from the sur-
face layer, which often is turned over. TL intensity

Table. Thermoluminescence of soils collected from different localities in the Kujawy-Pomeranian region. The temperatures ofomaxi—
mal thermoluminescence (T max) and its intensities (area under glow curve for the temperature interval from T max -20°C to
T max +20~C) are given for soils as such and for silicate minerals isolated from them.

. Sample Silicate minerals Soils Silicate minerals
Locality 3
Number | Code (%) T max [°C] | TL intensity 103 +SD | T max [°C] | TL intensity-103 £SD
Szadkowice 1 Ap 742 380 138 + 68 393 262 = 114
2 A2 70.5 381 78 + 13 381 861 £ 171
Cieslin 6 Ap 752 367 243 + 231 386 1076 = 614
7 A2 73.8 378 98 +46 375 1052 + 431
Gnojno 13 Ap 76.3 335 310 £ 50 349 2254 + 164
14 Aa 71.5 323 403 £ 170 362 2202 + 957
Dobre 19 Ap 64.3 385 183 + 147 379 640 £ 192
20 A2 70.4 328 280 + 80 371 973 + 325
Liszkowo 24 Ap 76.9 375 180 + 66 399 659 « 50
25 Eet 79.1 369 506 + 18 320 2046 + 1213
Zduny 29 Ap 85.2 379 158 £ 113 415 263+ 72
30 Eet 85.4 366 923 + 283 384 1950 + 435
Batkowo 34 Ap 742 380 124 + 36 379 976 + 368
35 Blbr 63.9 363 493 + 104 360 8138 + 1908
Peckowo 39 Ap 76.8 331 307 + 80 374 1609 + 25
40 Blbr 618 337 2445 * 936 343 15605 + 7583
Starogréd 0-15 - 742 379 77 +£25 418 2711 =8
15-30 - 73.0 398 101 + 20 421 337 £ 65

intensity appears at an interval of temperature
between 300 and 400°C. Upon irradiation, the TL
intensity increases and the shape of glow curve
changes. There is a shift of TL maximum observed
down to around 200°C. The descent part of glow
curve is slightly influenced by the presence of a
maximum found in non-irradiated sample, which is
seen as a small peak or shoulder on TL curve
around 350°C (Fig.1). A similar shape of glow
curves has been obtained for silicate minerals
isolated from non-irradiated and the soil samples
irradiated with 1 kGy of gamma rays (Fig.2). The
intensities of TL of all 18 samples of soils as exa-
mined through the study differ significantly (Table).

of samples has been found lower than that of
samples taken from the same locality but from the
deeper layer which is usually not moved during
cultivation.

The extended version of this communication
with more detailed discussion is being prepared for
publication elsewhere.
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2,4-dichlorophenoxyacetic acid (2,4-D) is a common
herbicide widely used in agriculture, on pastures and
lawns, in parks and for the protection of rail roads
[1-3]. In living organisms as well as in the natural
environment as a result of metabolic processes of
2,4-D, various toxic and cancerogenic chloroorganic
compounds are formed, mostly 24-dichlorophenol
[2,3]. In Poland and in several other countries also
one of severe environmental problems is the storage
of unused and unwanted expired pesticides including
large amounts of 2,4-D [4,5]. They are stored in con-
crete tombs and their leakage 10 soil and under-
ground waters has been already reported because of
ageing and gradual destruction of all protective
materials used. A search for appropriate technology
of their destruction is an important environmental
issue.

Environmental remediation using radiation che-
mistry is one of the promising advanced oxidation
processes, but there is lack of the ability to predict

factors on the effectiveness of radiolytic degrada-
tion of 2,4-D and toxicity changes of irradiated so-
lutions.

Experimental conditions and instrumentation
used was practically the same as employed earlier
for a batch study of radiolytic degradation of 2,4-di-
chlorophenol [13]. Aerated aqueous solutions of
2,4-D (250 ml) were irradiated in cylindrical glass
cells (55 mm in diameter, 160 mm in height) in a
Russian y-irradiation source Issledovatel with °°Co
with a dose rate of 2.72 kGy/h and a mean energy of
1.25 MeV. Electron beam irradiations were carried
out in glass Petri dishes of diameter 14.5 cm with
the thickness of a solution layer 3.7 mm using a 1.5
MeV accelerator Dynamitron from Radiation Dy-
namics.

Analytical measurements of yield of 2,4-D decom-
position and the detection of products formed were
carried out using reversed-phase HPLC. In opti-
mized conditions, as eluent was used a mixture of
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Fig.1. Reversed-phase chromatogram of a mixture of 2,4-D, selected phenols and dihydroxybenzenes in optimized conditions with UV
detection at 280 nm. Injection volume 20 x], flow-rate 1.5 ml/min. Concentration of injected solutes and identification of analytes

shown in the Fig.

and control the radiation chemical processes in
complex environmental systems [6,7]. The current
status of environmental application of ionizing ra-
diation has been recently reviewed for natural and
drinking water purification {8] and for treatment of
wastewater [9]. Recently, there were already some
attempts to employ this technology for the decom-
position of pesticides, including triazine herbicides
{10-12] and also carbamate insecticide and chlori-
nated organic pesticides [11].

The aim of this environmentally oriented work
was to study the effect of various experimental

water, acetonitrile and methanol (60:35:5 vol. %),
containing 2 g/l citric acid and applying UV detection
at 280 nm. As it is shown in an example chroma-
togram (Fig.1), the optimized conditions allow to
resolve 2,4-D, di- and monochlorophenols, unsubsti-
tuted phenol and dihydroxybenzenes. A 20-fold solid-
-phase preconcentration was carried out using a
commercial Merck sorbent LiChrolutEN (500 mg
bed). Total Organic Carbon determinations were
carried out with a Shimadzu TOC-5000 analyzer.
Measurements of toxicity, based on bacterial chemi-
luminescence, were carried out with a Microtox
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Fig.2.Reversed-phase chromatograms recorded in optimized
conditions for 50 mg/l 2,4-D aerated solutions of pH 7.0 ir-
radiated with 1 and 2.5 kGy doses.

MS500 Toxicity Analyzer from Azur Environment
(Beckshire, UK).

At a 50 mg/l level of 2,4-D, complete radiolytic
decomposition of the substrate in aerated neutral
solutions requires at least a 5 kGy dose, but a
complete release of inorganic chloride occurs at an
about 7.5 kGy dose. This is due to the transient for-
mation of other different chloroorganic compounds
such as mono- and dichlorophenols (see chromato-
grams in Fig.2 for two different doses). Using ion-
-chromatography with conductivity detection for
the determination of other than chloride ionic pro-
ducts as main products at doses up to 20 kGy, for-
mates and acetates were found (Fig.3). A com-
plete mineralization of aqueous 2,4-D solutions re-
quires, however, much larger doses. Experiments
performed with electron beam irradiation and in-
frared TOC determination have shown that in a 20
mg/l 2,4-D solution at 200 kGy only 50% minera-
lization occurs. In 100 mg/l 2,4-D solutions irradia-
tion with a 20 kGy dose results in a 10% decrease of
TOC, only.

The yield of 2,4-D degradation can be substan-
tially reduced in the presence of other competing
scavengers of hydroxyl radicals. A strong indirect
scavenging effect was found for nitrate present in
irradiated 2,4-D solutions. In the presence of 50
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Fig.3. Effect of radiation dose on yield of 2,4-D decomposition
and concentration of acetate and formate formed during
irradiation of 50 mg/i 2,4-D aerated solutions at pH 7.0.

mg/l nitrate, decomposition of 50 mg/l 2,4-D re-
quires a 10 kGy dose, which is a twice larger dose
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Fig.4. Effect of radiation dose on changes of toxicity of irradiated
50 mg/l 2,4-D solution with various nitrate concentration
measured with Microtox and Spirotox toxicity tests.
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than in the absence of nitrate. A similar increase of
needed dose was found in the presence of 400 mg/l
bicarbonate in neutral irradiated solutions of 2,4-D.
No scavenging effect was found, however, in the
presence of humic substances up to 50 mg/l, and on
the contrary, in the presence of humic acid a more
efficient release of inorganic chloride was found
(100% at 5 kGy in irradiation of 50 mgi 2,4-D
solution).

The examined substrate 2,4-D exhibits phytotoxi-
city, hence, their solutions prior to the irradiation
do not give positive response with the used Micro-
tox and Spirotox tests. The products formed during
radiolysis of 2,4-D, however, are much more toxic
(e.g. 2,4-dichlorophenol and other phenolic com-
pounds) [14], therefore these tests can be applied in
this case for environmental purpose. As it can be
seen in Fig.4, a complete reduction of toxicity of
irradiated 50 mg/l solution of 2,4-D is observed at a
10 kGy dose for both tests. This reduction of
toxicity is significantly affected by the presence of
nitrate in irradiated solutions (Fig.4), and to some
smaller extent also by the presence of bicarbonate.

In the present state of these studies, the follow-
ing conclusions about the radiolytic degradation of
2,4-D can be made. For the examined range of
2,4-D concentrations, at doses up to 1 kGy, in the
irradiation of aerated solutions of 2,4-D, the main
process is the release of glycolate and formation of
highly toxic 2,4-dichlorophenol. At doses from 1 to
5 kGy a release of inorganic chloride occurs with

the formation of monochlorophenols and hydroxy-
benzenes. At doses higher than 5 kGy a destruction
of the benzene ring takes place with the formation
of simple carboxylic acids. The yield of these pro-
cesses may be affected by the presence of scavengers
of hydroxyl radicals.

References

[1]. Starak A.: Chemiczne substancje toksyczne w §rodowisku i
ich wplyw na zdrowie i zycie cztowieka. Wydawnictwo PAN,
Warszawa 1990.

[2]. R6zanski L.: Przemiany pestycydéw w organizmach zywych i
§rodowisku. Agra-Enviro Lab, Poznaii 1998. .

[3]. 2,4-dichlorophenoxyacetic acid (2,4-D) - Environmental
Aspects, Environmental Health Criteria 84. World Health
Organization, Geneva 1989.

{4]. Barcelo D., Hennion M.C.: Trace Determination of Pesticide
and Their Degradation Products in Water. Elsevier, Amster-
dam 1997.

[5} Zaleska A, Hupka J.: Waste Manag. Res., 17, 220-226
(1999).

[6]. Trifunac A.: Radiat. Phys. Chem., §7, 53 (2000).

{7]. Final Report of "Research Needs and Opportunities in
Radiation Chemistry Workshop". Chesterton, USA, 1998;
http:/fwww.er.doe.gov/production/bes/chm/RadRprt.doc.

{8]. Pikaev A.K.: High Energy Chem., 34, 1-12 (2000).

[9]. Pikaev A K.: High Energy Chem., 34, 55-73 (2000).

{10]. Karpel vel Leitner N., Berger P., Gehringer P.. Radiat:
Phys. Chem., 55, 317-322 (1999).

{11]. Dessouki A.M., Aly H.F.,, Sokker H.H.: Czech. J. Phys., 49,
521-533 (1999), Suppl. S1.

{12}. Angelini G., Bucci R., Carnevaletti F., Colosimo M.: Radiat.
Phys. Chem., 59, 303-307 (2000).

[13]. Drzewicz P., Panta P., Gluszewski W., Trojanowicz M.: J.
Radioanal. Nucl. Chem., 242, 601-609 (1999).

{14]. Kaiser K.L.E., Palabrica V.S.: Water Poll. J. Canada, 26,
362-431 (1991).

RADIATION MODIFICATION OF LDPE (BRALEN TYPE)
Izabella Legocka, Zbigniew Zimek, Krzysztof Mirkowski, Maria Zielonka/

Y Industrial Chemistry Research Institute, Warszawa, Poland

A study have been started at this Institute on the
development of new PE composites better suited to
application properties of heat shrinkable products.
The effect of electron beam irradiation on blends of
the LDPE Bralen type with an ionomer resin based
on ethylene/methacrylic acid (Surlyn) has been in-
vestigated.

Irradiated polymers are non melting, exhibiting
perfect elasticity above their crystalline melting
point. Three dimensional network of bonds is form-
ed between polymer chains during crosslinking
process initiated by ionizing radiation. It crcates a
shape memory effect. Crosslinking of polyethylene
products may improve their properties like flexibi-
lity, impact and chemical resistance and modify
their tensile and thermal properties. The polyethy-
lene chains can be also degraded which is being
observed at higher dose level. On the other hand,
the irradiation creates the hydrocarbon radicals,
which, with suitable additive presence, react more
quickly leading to higher efficiency of crosslinking
process and lowering the irradiation dose.

New types of polyethylene based materials are
offered on the market. The mixtures based on semi-
crystalline polyethylene give composite materials

with different supermolecular structures and vis-
co-elastic properties. The selection should be per-
formed to determine a material with best physical
properties. The radiation dose and degree of cross-
linking should be optimized as well. Economic and
customer demands are creating a broad field for
research and development in the polymer radiation
processing technology. Lower dose required in ra-
diation induced crosslinking process and better per-
formances of the final products are typical scopes of
the research leading to better economic parameters
and better response on customer demands regard-
ing product quality.

Multiphase polymers are of great importance in
the development of new synthetic materials. Fow-
ever, the development of new useful blends is
severely limited by a strong immiscibility of many
polymer pairs of interest. The miscibility of homo-
polymer/copolymer blends has been successfully
achieved by the presence of specific intermolecular
interactions [1-3]. This interactions include hydro-
gen bonding in bulk or solution and charge transfer
complexes {4]. Numerous studies have been based
on anion-cation and ion-dipole interactions as mis-
cibility enhancers [5,6]. The addition of selected
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compunds, which may promote better miscibility,
increases the crosslinking homogeneity of irradiat-
ed polymer blends as it was described in the lite-
rature [7-9]. _ :

The physical properties of the samples were
measured to established the effectiveness of irradia-
tion process and sample composition influence on
final product parameters. The following analytical
methods have been applied:

1. The gel fraction measurements were done by
extracting soluble components in boiling xylene for
totaly 8 h at temperature 125°C using a Soxhlet
apparatus and after drying the residue at 135°C for
15 min.

2. The effect of radiation on the mechanical pro-
perties of the sample were measured on an Instron
tensile testing machine. The results of the tests in-
cluded: elongation at break and tensile strength of
the samples.

3. The melting behavior of the samples were studied
on a Perkin-Elmer DSC-7 differential scanning calo-
rimeter. A sample, approximately 7 mg in weight, was
heated at 10°C/min in nitrogen. Two main characte-
rization values have been derived from the recorded
DSC curves: the peak temperature and heat of
fusion.

4. Rheological characteristics of the samples were
investigated by a Dynamic Spectrometer RDS-II
machine, at temperature 150°C. The following para-
meters were measured: viscosity Eta*, complex dyna-
mic shear modulus G* (G’- shear storage modulus;
real part of G* and G" - shear loss modulus; imagi-
nary part of G*) vs. vibration frequency (107*-10°
rad/s) to evaluate the tendency of structural changes
and formulate conclusions leading to optimization of
the dose and LDPE blend composition.

LDPE Bralen type RB-0323 (MFI - 0.35 g/10
min; density - 918 kg/m?) from onc producer was
included to performed investigations. A commer-
cially available additive ionomeric resin Surlyn was
applied as well. The raw material and the added
component were in the form of pellets suitable for a
conventional extrusion equipment. The inomeric
resin, Surlyn type, is a metal salt of an ethylene/or-
ganic acid copolymer.

Samples were obtained by mixing and after ex-
truding raw materials at 130°C using a Brabender
type machine. Samples were prepared in the follow-
ing proportions:

Sample No Sample composition
0 100% Bralen
1 95% Bralen + 5% Surlyn -
2 90% Bralen + 10% Surlyn
3 85% Bralen + 15% Surlyn

The samples were irradiated at room tempe-
rature (20 =3°C). Electron beam with an energy of
10 MeV was applied during irradiation of samples
in the LAE 13/9 accelerator. Total doses of 70, 90,
120, 150 kGy were collected in a multi pass system.
One pass of absorbed dose level was not higher
than 25 kGy. The dose rate during irradiation pro-
cess was controlled by the calorimetric method.

Table 1. Gel fraction content {%)].

Sample LDPE sample Dose {kGyl
No composition 70 90 120 150
0 ~ Bralen 52.1 | 591 | 66.0 | 70.6
1 Bralen + 5% Surlyn | 592 | 63.1 | 67.0 | 70.6
2 |Bralen + 10% Surlyn| 59.8 | 629 | 653 | 69.0
3 Bralen + 15% Surlyn| 602 ! 66.2 68.0 68.8

!

The relation between the gel fraction content
and the absorbed dose in the samples is given in
Table 1. It can be stated that for the samples pre-
pared on the basis of Bralen and at a low dose level
the gel fraction is significantly higher than that for
the investigated raw material. Significant improve-
ment was obtained for polymer blends with respect
to the polymer based matrix. The best results have
been found for the mixture (85% PE + 15% Sur-
lyn).

Table 2. Mechanical properties.

Sample Performances Dosc [kGy)
No 0 | 70 | 90 | 120 | 150
0 Tensile strength {1 17.0 | 17.2 1 178 { 17.0 | 168
[MPz]
Elongation at break | 519 | 500 | 492 | 450 | 455
[7%]
1 Tensile strength | 16.4 { 17.4 { 182 | 18.0 | 174
[MPa]
Elongation at break | 502 | 500 | 482 | 490 | 496
(%]
2 Tensile strength 15.8 | 188 { 21.8 } 20.1 | 19.0
[MPa]
Elongation at break | 450 | 430 | 415 | 470 | 468
(7]
3 Tensile strength | 14.6 | 15.8 | 224 | 20.1 { 182
[MPa}
Elongation at break | 480 | 465 | 452 | 446 | 488
(7]

The results of measurements related to tensile
strength and elongation at break of the irradiated
samples arc shown in Table 2. These results were
obtained for the dose up to 150 kGy. The higher gel
fraction level corresponds with the higher tensile
strength in the performed mechanical tests. The
samples irradiated with a dose of 120 and especially
of 150 kGy are characterized by a lower tensile
strength value which indicate the influence of de-
gradation process on the mechanical properties of
those samples [10]. The analysis of elongation at
break results of the measurements leads to similar
conclusions.

Table 3. Melting behavior of raw materials.

Peak temperature [°C] | Heat of fusion [J/g]
Sample No Dose [kGy] Dose [kGy]
0 90 0 90
0 116.78 115.85 115.70 88.57
1 - 115.70 - 84.2
2 - 115.94 - 78.99
3 - 115.75 - 91.4

The results of performed measurements of the
melting behavior of the samples with different
composition and irradiated with a dose of 90 kGy
are shown in Table 3. The comparison of those
results indicates a significant change of fusion hcat
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after irradiation, specially for sample 2 and 3 (10
and 15% of Surlyn content). The wider and splited
melting peak is observed which is related to struc-
tural reconfirmation processes in those samples
[11].

No influence has been found of the sample com-
position with the ionomeric resin Surlyn type on
the viscosity Eta* and moduli G’ and G" in non
irradiated samples. The uniform interaction with
ionizing radiation can be expected due to this fact.
The influence of the dose on moduli G* (G’ and
G") was investigated using sample No 2 (90%
Bralen + 10% Surlyn). The applied dose range
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Fig.1.The moduli G’ and G" vs. vibration frequency rate: irra-
diated sample No 2 for different dose level.

0-150 kGy, Fig.1, shows the modulus components
G’ and G" behaviour vs. vibration frequency. Fig.2
is related to viscosity coefficient Eta*. It may be
noticed that value of G, G" and G"/G’ of non
irradiated samples are the lowest (excluding the
value obtained for the dose 120 kGy where a satura-
tion effect is observed). The shape of curves of the
irradiated samples is slightly different as compared
with the non irradiated ones. This indicates homo-
geneity of the polymer blends as compared with the
initial polymer and the lack of significant distortion
of the material structure. It should be noticed that

Bralen + 10 cz. Suriyn, 130 deg C
1065
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Fig.2. The viscosity Eta* vs. vibration frequency rate: irradiated
sample No 2 for different dose level.

the shape of the curves G'(w) and G"(w) for the
sample irradiated with the dose 72 kGy and the non
irradiated one are similar, but the value of G’ and
G" coefficients are higher after irradiation. This is
correlated with the crosslinking process proved by
the gel fraction content. The sample become stiffer,
but the effect of degradation has not been observed
as yet (increasing value of G" coefficient). The gel
fraction and mechanical properties are not satisfac-
tory for the dose 72 kGy. When the dose 90 kGy is
applied the values of G’ and G" coefficients are
lower, but the G"/G’ is higher than for the dose 72
kGy. However, the gel fraction content and mecha-
nical properties are better. In spite of the more
intense degradation process, the final properties
were significantly improved. Degradation process is
manifested by lower viscosity which also leads to
lower homogeneity of the material, which can be
observed for the sample irradiated with the dose
120 kGy (lower value of G* and G" coefficients and
higher G"/G’). It should be noticed that the gel frac-
tion has practically the same level and mechanical
properties are deteriorated. A higher value of G’,
G" and G"/G’ for the dose 150 kGy and a similar gel
fraction coefficient are observed. The mechanical
properties are becoming worse as well as the elon-
gation at break, which is related to material degra-
dation. The same time of recombination process of
macroradicals may create more branched polymer
forms, which makes more difficult material defor-
mation. Taking into account the above considera-
tion, the dose 90 kGy has been selected as an
optimum due to a certain level of gel fraction and
mechanical properties of the material.

The influence of the added modifier and the irra-
diation process on LDPE properties can be illus-
trated by the value of G’ and G" coefficients. Those
coefficients for samples 1 and 3 are lower than for
sample 2 (dose 72 kGy). This can indicate that for
such a low dose, the added material has not been
used sufficiently well (sample 3). At the same time
this makes the sample softer. On the other hand,
when the modifier content is too low (sample 1) its
influence on the material properties is limited as
well. When the dose is higher (90 kGy), the value of
G’ and G" coefficients for the samples 1 and 2 are
similar but G"/G’ value for sample 2 is significantly
higher for higher vibration frequencies, which may
suggest a higher viscosity caused by the differen-
tiated structure. When the added modifier content
is higher (sample 3), the value of G’ and G" coeffi-
cients grow effectively suggesting more stiff struc-
ture caused by the crosslinking process. The value
of G" for higher vibration frequency level may in-
dicate polymer degradation but without adequate
influence on mechanical properties at ambient tem-
perature. When the dose is 120 kGy, the samples
with different modifier content are showing similar
results. The observed higher value of G’ coefficient
may indicate a non homogenous structure caused
by crosslinking and degradation processes. It is also
reflected in mechanical properties measured at am-
bient temperature.
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The application of ionomeric resin as a LDPE
modifier allows to obtain homogenous blends. The
gel fraction in all samples increases with increasing
dose level. The gel fraction of irradiated LDPE
blends are higher than for pure LDPE. The dose 90
kGy has been found to be sufficient to obtain a suit-
able gel fraction content. This has been supported by
measurements of mechanical and rheological proper-
ties. The obtained results prove the assumption that
the different polymer composition require a different
dose to obtain suitable crosslinking efficiency.

The results of the tensile tests of irradiated sam-
ples show changes of tensile strength and elongation
induced by crosslinking density of the sample. The
effect of oxidative degradation, lcading to main chain
scission, can be observed as well. The results of melt-
ing behavior show that the peaks of melting endo-
therms of unirradiated samples are slightly higher
than the irradiated ones. The peaks of irradiated
samples move to the low temperature side and
became shorter and broader and the heat of fusion
also decreases. The experimental data coming from
rheological property measurements performed at
higher temperature are well correlated with mechani-
cal properties measured at ambient temperature and
provide more complex information regarding struc-
tural changes incorporated by the crosslinking pro-
cess initiated by ionizing radiation.

Generally, the obtained characteristics of PE
blends are significantly different from those which

are relating to pure LDPE. Particularly, the dose
which is required for the effective crosslinking pro-
cess was significantly reduced. The final conclusion,
regarding the optimum content of added modifier
(10-15% of ionomeric resin content) may require
more precise optimisation.
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RADIATION STERILIZATION OF ALLOGRAFTS

Iwona Kaluska, Zbigniew Zimek

Introduction
Allografts such as bones, tendons, cartilage, dura
mater, heart valves and skin, prepared and distri-
buted by tissue banks, are widely used for reconstruc-
tive surgery. The main aim of tissue banks is to
provide safe and effective allografs for transplanta-
tion. The risk of infectious disease transmission with
tissue allografts is the main concern in tissue banking
practice. Microorganisms can be introduced into
grafts during tissue procurement, processing, preser-
vation and storage. Even if all these procedures are
carried out under aseptic conditions, the possibility
of bacterial, fungal or viral disease transmission of
donor origin cannot be excluded. Therefore, tissue
allografts should be sterilized [1]. One of the steri-
lization methods is the radiation sterilization. The
main advantages distinguishing radiation sterilization
of allografts with electron beam are:
- there is a possibility to provide the process at
room temperature or at dry icc temperature,
- sterilization is carried out in the whole volume,
- 1t does not involve neither toxic chemicals nor
radio-active materials,
- sterilized material can be used immediately after
exposure.
Radiation sterilization
Radiation sterilization is a physical process, in-
volving the exposure of a product to high energy

radiation. The product packaged in sealed units is
exposed, in a specially designed equipment, to gam-
ma rays from the cobalt-60 or cesium-137 radionuc-
lides, or to a beam from an electron generator. At
the Institute of Nuclear Chemistry and Technology
(INCT) two high cnergy electron beam accelerators
are used for this purpose. Mainly medical devices of
single use arc sterilized in our facility but also four
Polish tissue banks are availing of our services.
Choice of radiation dose

One of the most important thing when radiation
sterilization is applied is the determination of steri-
lization dose.

There is far more easier to establish conditions
of irradiation for medical devices than for tissue
allografts. The reason for this is that medical de-
vices are manufactured in well known, stable condi-
tions. This means that the bioburden (population of
viable microorganisms on a product) can be easily
determined.

There are several standards dealing with radia-
tion sterilization. According to EN 556 {2], which
describes the requirements for medical devices to
be labelled sterile, the product is sterile only when
the sterility assurance level (SAL) achieves 107°.
EN 552 [3] provides two approaches for establish-
ing the sterilizing dose to achieve compliance with
EN 556 and hence provide a SAL of 10~
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~ selection of sterilizing dose capable of achieving
compliance with EN 556 by identifying the num-

ber of the innate microbial population present

on, or in the medical devices and its resistance to

radiation, or
- the product is treated with a minimum dose of 25

kGy.
Also in the second case the manufacturer must sub-
stantiate the effectiveness of 25 kGy as an irradia-
tion dose. This is something new, because in the
past the dose 25 kGy was established following
inactivation studies on bioburden and generally
accepted as adequate for the purpose of steriliza-
tion and no further investigations were needed. To
demonstrate that 25 kGy is appropriate for the
products, the manufacturer has to have an access to
microbiological laboratory. Till now, the Polish Au-
thority responsible for medical devices distribution
allows only a traditional approach, it mecans that the
product has to be treated with a minimum dosc of
25 kQGy, despite, it is obvious that such an approach
may increase costs for the manufacturer [4]. Dose
setting methods 1 and 2 listed in Annex B of ISO
11137 {5] can be used to determine the sterilization
dose based on data generated to provide a know-
ledge of the product bioburden numbers and resist-
ance. They can also be used to substantiate that 25
kGy will achieve the required sterility assurance
level. Both of these dose setting methods have a
requirement to audit the continued validity of the
sterilizing dose every 3 months. For products manu-
factured in a large number (more than 1000 pro-
duct units), the principal envisaged method of sub-
stantiation was performing a dose setting exercise
employing either Method 1 or 2 of ISO 11137,
provided that the outcome of the exercise was the
establishment of a sterilization dose that is less than
25 kGy. Methods 1 and 2 have severe limitations in
determining product-specific doses for product
units with low bioburden. At levels below approxi-
mately three microorganisms per products unit, the
method becomes less discriminating because it is
not always able to detect resistant microorganisms
that occur at low probability. Such organisms may,
however, affect sterility when product units are
exposed to the selected sterilizing dose. The lowest
value for average bioburden given in the procedural
table of Method 1 is 0.06. For product manufactur-
ed in small quantities, either as a single batch or as
batches produced infrequently, substantiation using
Method 1 or 2 is not practicable due to the rela-
tively high number of product units nceded to per-
form a dose setting exercise. So, a new document
was published in 1996 as ISO/TR 13409 [6], which
is an adaptation of Method 1. However, the Euro-
pean Standardization Body, CEN, has recommend-
ed on technical grounds that ISO/TR 13409 should
not be adopted in the European standard system.
The reason for that is that, while it universally
provides safe outcomes within the limits placed on
sample size and bioburden levels, it frequently gives
outcomes that are incorrect; the latter do not allow
substantiation of 25 kGy in circumstances where

this dose would give an SAL of 107°. This failure to

discriminate properly is attributed to a design fault

of the method.

An alternative approach to choosing verification
doses for substantiation of 25 kGy was proposed by
J. Kowalski and A. Tallentire. This approach is
valid for sample size from 10 to 100 product units,
corresponding to SALs of 107! to 1072 The pro-
cedural elements are:

- perform a bioburden determination;

- with a knowledge of the number of product units
to be used for the verification dose experiment,
conduct a simple calculation to obtain the maxi-
mal verification dose characteristic of the result-
ant bioburden estimate;

- perform a verification dose experiment, and accept
or reject substantiation of a 25 kGy sterilization
dose based upon the outcome of the verification
dosc experiment.

The approach aims to:

1. link directly the outcome of the verification dose

experiment with the attainment of an SAL of 1076

at 25 kGy;

2. provide the maximal verification dose that is

consistent with this linkage and provide a level

of conservativeness at least equivalent to that
built into the standard distribution of resistances

(SDR}.

The SDR is a hypothetical distribution, albeit
base on measurements of the radiation resistances
of selected microbial isolates, comprising a series of
increasing Djg values and associated probabilities
of occurrence {7].

All the mentioned above standards concern me-
dical devices. Can they be applied for tissue allo-
grafts? The selection of a sterilization dose is a
compromise between a dose that is high enough to
inactivate as many microorganisms as possible and
low enough to preserve important biological pro-
perties of tissue allografts. With respect to human
tissue allografts it is very difficult, or simply im-
possible to determine the bioburden each time,
since initial contamination may vary greatly from
tissue to tissue and from one donor to another.
These standards do not take this into account be-
cause they concern health care product where bio-
logical aspects are not important.

Dose of minimum 25 kGy is routinely applied in
many tissue banks in the world, however, the
Central Tissue Bank in Warsaw has recommended a
dose of 35 kGy, so other multi-tissue banks in
Poland also have implemented a dose of 35 kGy.
However, the validation of sterilization dose of 35
kGy for tissue allografts has not been performed.
Mainly because of the troubles with an appropriate
dosimetric system which will work in frozen state.
Most of the bone allografts are irradiated in frozen
state. Only lyophilized bone allografts are irra-
diated at room temperature.

There are other problems associated with irra-
diation of tissue allografts which should be inves-
tigated to improve the quality of the process. For
example, the definition of batch and determination
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of batch size or amount of samples which can be
available for verification dose experiments.
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EB DOSE CALIBRATION FOR THE LINEAR ELECTRON ACCELERATOR
IN THE INCT EXPERIMENTAL PLANT FOR FOOD IRRADIATION

Hanna B. Owczarczyk, Wojciech Migdal, Waclaw Stachowicz, Grazyna Strzelczak

In the INCT Experimental Plant for Food Irradia-
tion the absorbed dose of electron beam (EB)
irradiation generated from a 10 MeV, 8 kW linear
electron accelerator Elektronika is routinely con-
trolled with water calorimeters individually pre-ca-
librated before use. The rate of temperature de-
crease and thermistor sensitivity (read out of the
voltage) are determined. Styrofoam embedded calo-
rimeters are calibrated with the use of a ferrous
sulphate (Fricke) dosimeter based on the spectro-
photometric measurements of its oxidation product
- ferric ions. Precision limits of =1% is attained.
Solutions of the Fricke dosimeter, prepared cxactly
according to a generally accepted Oprocedurc, are
exposed to gamma rays from a®Co the INCT
irradiator (actual dosc rate 2.7 kGy/h) and to the
beam of 10 MeV clectrons. In the latter case thin
wall 10 mm deep flasks arc used. The absorbed dose
in the INCT irradiator has been evaluated basing
on the NIST (US National Institute of Standards
and Technology) alanine dosimeters traceable to a
0¢Co gamma ray calibration in the NIST. The over-
all uncertainty of dose evaluation was £3.5% at a
95% confidence level (NIST Report of Special
Measurement, NIST DB 926:104-107). However, by
applying the Fricke dosimeter it is possible to mea-
sure accurately the dose between 40 and 400 Gy
only and for technical reason the read out of the
dose within this range is not very accurate under the
beam of electrons. On the other hand, for food
irradiation much higher doses are usually applied
(from 1000 to 8000 Gys) and thus, for dose calibra-
tion the extrapolation of the results obtained with
the Fricke dosimeter are always needed.

Taking advantage of the methodology of calibra-
tion used by the NIST experts during the special do-
simetric measurements mentioned above, the con-
trol mesurements of dose in the linear electron acce-
lerator have been done. Instead of 1-alanine standard
pellets as in the NIST measurements, the powdered
l-alanine (crystalline product from Aldrich-Chemie,
9% of purity CHR) was used, while the sample
holder for the positioning of test samples inside the

irradiation chamber had exactly the same construc-
tion as that delivered by the NIST specialists.
The procedure of calibration was as follows:

30 samples of l-alanine weighing from 101 to 119
mg each were sealed in small polyethylene bags (EB
irradiation); the same number of samples was
closed in small polyethylene ampoules with caps
(gamma irradiation). The samples were exposed:
(a) to the action of 10 MeV clectron beam on an ac-
celerator conveyor, the applying dosecs being 2.3,
3.4,6.2,12.8 and 25.3 kGy as estimated with a water
calorimeter calibrated with the Fricke dosimeter
(three measurements for each dose) and (b) to the
action of gamma rays from the INCT irradiator by
applying the doses of 3.0, 5.0, 15.0 and 30.0 kGy
(three measurements for each dose) as established
(exposition time) on the basis of the NIST calibra-
tion data with the correction for ®°Co decay in
time. Standard error of the dose measurement done
with the linear accelerator did not exceed 7%, while
that with the gamma irradiator - 3%.

25000

20000

15000

Peaketo peuk beight, normalized (AU)

Absorbed dose (kGy)

Fig. A comparison of dose calibration curve obtained on the basis
of the NIST special measurement with gamma rays from a 18
kCi 60¢Co irradiator (opened circle points - 0) with dose cali-
bration curve obtained on the basis of water calorimeter and
Fricke dosimeter measurements done with the beam od 10
MeV electrons from the linear accelerator (cross marked
points - +). In abscissas the normalized peak heights of the
central line in the EPR spectrum of irradiated l-alanine are
given in arbitrary units (peak-to-peak heights as measured by
a spectrometer_computer and normalized to the weight of
sample and Mn2? standard Sth peak height).
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The samples were transferred from irradiation
containers (bags and ampoules) to the EPR mea-
suring tubes, 3 mm in diameter, made of Spectrosil
glass. Each of tubes was weighed before and after
the l-alanine sample was poured inside, to receive
true weights of each sample. The EPR measure-
ments were done at X-band with a Bruker ESB 300
EPR spectrometer. The basic settings were as
follows: microwave power - 1 mW, modulation fre-
quency - 100 kHz and modulation amplitude - 3.5
mT. The internal EPR standard (Mn®") was used
to correct a small difference in the cavity response
when samples of different weights are measured.

The results of calibration are shown in Fig.
There is only a slight difference between the slopes

of two curves constructed for gamma ray and EB
irradiations. The dose points (average of three peak
to peak signal heights), corresponding to gamma
irradjation, are usually located higher as compared
with those which correspond to EB irradiation. In
consequence, there is a difference between the
slopes of two curves (straight lines within the inves-
tigated range of doses) which characterise the dose
vs. EPR signal intensity relationship for gamma and
EB irradiation. Thus, the numbers which corres-
pond to gamma irradiation are by 5% higher.
Taking the NIST calibration data as the reference
point, we adapted in the INCT Experimental Plant
for Food Irradiation the 5% correction factor which
is routinely used by the EB dose measurements.

CHEMICAL DOSIMETRY. LMTD STAND FOR PRECISE y-IRRADIATION
OF DOSIMETERS AND OTHER SMALL OBJECTS

Zofia Stuglik

Every dosimetry system traceable to national or in-
ternational standards has to include an element
which allows for precise dose reconstruction. In the
case of the Laboratory for Measurements of Tech-
nological Doses (LMTD), rhe INCT, it is a %°Co
gamma source Issledovatel (Fig.1) whose construc-
tion is similar to the well-known Gammacell 220,
Nordion, Canada.

In the Issledovatel there are actually 36 gamma
sources with a total activity of ~ 130 TBk (3.5 kCi)
and a place for additional 18 sources. The sources

OvErview of a

are placed at fixed positions around the cylindrical
working area with dimensions: 1=20 cm, @J=14 cm.
A biological shielding enable to work in the vicinity
to the source all the time without over-crossing the
permissible doses. The irradiated samples are put
into a stand (it fulfils an approximate electronic
equilibrium condition) and lifted into the working
area automatically.

1,027
@ 1,03 ] 1,020
—g« 1,02 | 0
1,008 1,0
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E 0 1,000 1,001
£ 100
£ 0,99
H >
0,98 T — L .
1 2 3 4 5 6
irradiation positions

Fig.2. Small but distinct differences between the dose rates at 1-6
irradiation positions in the LMTD stand positioned at the
central part of Issledovatel (relative values).

During the irradiation, the stand is positioned in
the central part of the working area with the best
homogeneous dose. Six liquid dosimeters (2 ml
each) or 24 foil dosimeters can be irradiated simul-
taneously. Our measurements by means of Fricke
and dichromate dosimeters showed small but dis-
tinct differences between the dose rates at different
irradiation positions. They are presented in Fig.2.
Table. Dose rates at 1-4 irradiation positions determined by the

LMTD Fricke dosimeter and the NPL low dose dichro-
mate dosimeter (transfer standard).

Dt [Gy/min]
Date Position LPDT NPLLD LPDT/NPL
Fricke |dichromate
01.12.1999 1 48.83 48.73 1.002
01.12.1999 2 49.24 49.24 1.000
01.12.1999 3 49.82 49.47 1.007
01.12.1999 4 50.13 49.49 1.013
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During realization of the EU Inco-Copernicus
project IC-15-CT-96-0824 we have the possibility to
compare our results with the dose measurements
done at Centre for Ionizing Radiation Metrology,
National Physical Laboratory (Teddington, United
Kingdom). Low dose dichromate dosimeters were
used as transfer standard dosimeters. The results

presented in Table confirmed a high precision of
the LMTD dose measurements.

The LMTD offers for today y-irradiation of dosi-
meters or other small objects in the dose range 10
Gy - 100 kGy with temperature control and with a
combined uncertainty =2.8% at a 95% confidence
level.
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INFLUENCE OF RELATIVISTIC EFFECTS ON HYDROLYSIS OF Ra**

Barbara Wlodzimirska, Aleksander Bilewicz

The metal cations hydrolysis is shown in the follow-
ing reaction:

M(H20)3* » M(H20)4-1(OH)® D+ + Ht

Generally, hydrolysis is related to the interaction
between the oxygen in water molecule and the me-
tal cation [1]. Therefore, the tendency to hydrolyze
increases with increasing oxidation state of the cat-
ion and decreasing ionic radius. This is understand-
able because with decreasing M-O distance, the
polarizing effect of smaller cation on the O-H bond
in the aqua ligand increases, which, in turn results
in easier loss of the proton from the hydrated cat-
ion. Because of that, hydrolysis should decrease
down each Group of the Periodic Table with in-
creasing radius of the outermost shell in the ion.

Unexpectedly, for 1+ cations of Group 11, 2+
cations of Group 12, and 3+ cations of Group 13
the heaviest members in each group (Au*, Hg?*
and TI3Y, respectively) hydrolyse much more easily
than their lighter congeners. Table 1 prescnts the
first hydrolysis constants

x. — [M(OH)(OH {1V ][H*]
1 pari

[M(OH2)? ™)
and radii of the maximum charge density of the
outermost orbital (rmay) in the Group 11, 12 and 13
metal cations.

The Cu® and Au™ aqua ions are known to be
unstable in aqueous solution, espccially under alka-

Table 1. pK1 {2,3] and rmax [4] for Groups 11, 12 and 13 cations.

between the values of logK4 and log[OH ™}, the first
hydrolysis constants have been determined for
Ra2* and also for comparison for Ca?*, Sr®* and
Ba2*. The results are presented in Table 2, and
compared with values obtained from other work
142 —

§
i
h

¢ ;

L
14, Ra Ba

136

! .

i Ca ®
134 T -
001 0,011 0,02 0,013 0,014 0,018 0.016 0,017 0.018 0,019

Urpae (e )
Fig. Dependence of the first hydrolysis constants on the radius of
the outermost shell.

[ S—

[2]. Table 2 shows that the h‘z,'drolysis of Ra%* is
close to the hydrolysis of Ba**, despite that the
hydrolysis should decrease down each group of the
Periodic Table. As shown in Fig., the pK; value for
Ra®" do not fit well to the straight line created by

Group 11 Group 12 Group 13
cation I'max [pm] pK1 cation I'max [pm] pK1 cation I'max [pm] pK1
cut 323 - Zn?t 30.5 8.96 Gas*t 28.6 3.6
Agt 54.5 12 Cd2+ 52.1 10.08 I3+ 49.4 4.0
Au”t 64.0 3.8 Hg?+ 61.5 3.40 T+ 58.9 0.6

line conditions. However, gold (I) solutions in mix-
tures of acetonitrile and dilute mineral acids have
been used to determined the first hydrolysis con-
stant of Au* [3]. The aim of the present work was
to study the hydrolysis for cations of 7th period in
comparison with lighter homologs.

Table 2. pK1 and rmay {4] for Groups 2 cations.

Cation Tmax (pm} pK1 pK1 (literature) (2]
Ca?t 55.66 13.22 13.36

sr2t 70.14 13.83 13.775
Ba’t 88.08 14.05 13.996
RaZ™t 96.98 14.07

Until now, the first hydrolysis constant for Fr™,
Ra%* and Ac3* have not been determined. These
cations exist only in submicroamount and a simple
potentiometric method cannot be applied. The ion
exchan§e method based on the various partition of
the Ra“* and RaOH™ cations was used. This me-
thod permits to work with extremely diluted Ra?*
radioactive solutions. From the plotted relationship

Ca®*, Sr’* and Ba®* cations. The reason of higher
than expected Ra’* hydrolysis is the influence of
relativistic effects on bonding orbitals. Due to rela-
tivistic stabilization of 7s and 7pj s orbitals, the first
hydrolysis constant of Ra?" is similar to that of
Ba%*, in spite of the difference in their outermost
orbital radii equal to 8 pm. The influence of relati-
vistic effect on Ra?* hydrolysis is smaller than for
the heaviest member of Group 11, 12 and 13 be-
cause Ra%" forms octahydrate cations. Participa-
tions of s and pyp, relativistic stabilized orbitals in
M-H,0O bonding in Ra(H;0)3" is lower than in
two coordinate Au(H2Q)3 and six coordinate
Hg(H20)2" and TI(H,0)2 .
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DETERMINATION OF TRACE AMOUNTS OF CADMIUM
IN GEOLOGICAL AND ENVIRONMENTAL MATERIALS BY NAA
WITH PRECONCENTRATION ON AMPHOTERIC ION EXCHANGE RESIN

Zbigniew Samczynski, Rajmund Dybczynski, Bozena Danko

Cadmium is an element of toxic properties, concen-
tration of which in the environment systematically
increases. The main sources of Cd pollution are: the
metallurgical industry, production of batteries, anti-
corrosive coating of metals, pigments, burning of coal
etc. [1,2]. Accurate and sensitive determination of
this metal is then very important, especially while
evaluating the extent of human exposure. Only a few
instrumental analytical techniques can assure reliable
determination of cadmium at trace and ultratrace
concentrations [2,3], namely AAS, ICP-AES, MS and
ICP-MS. Neutron Activation Analysis (NAA) is also
quoted among them. Despite of their high sensitivity,
most of them suffer, to a smaller or greater extent,
from various interferences [2-4]. In the case of NAA,
direct counting of cadmium photopeaks in instru-
mental version of the method is strongly disturbed by
huge radioactivity of the matrix. These difficulties
can be practically completely overcome performing
radiochemical separation of the analyte. However,
while analyzing geological and environmental ma-
terials, even after a few days of cooling, activity of the
sample is often still too high to accomplish any
chemical operations in a normal isotope laboratory.
In this situation the only solution is the isolation of
cadmijum from accompanying elements before neu-
tron irradiation. In this work an attempt was made to
modify the analytical method for the determination
of trace amounts of Cd in biological materials by
RNAA devised by us previously [5-7}, and to adopt it
for samples of geological and environmental origin.
Separation of cadmium is based on ion exchange
with the use of an amphoteric ion exchanger Retar-
dion 11A8.

Retardion 11A8 contains strongly basic quater-
nary ammonium anion exchange groups and an
equivalent amount of weakly acidic carboxylic cat-
ion exchange groups [8]. Depending on the compo-
sition of the external solution being in contact with
the resin, simultaneous sorption of both cations
and anions is possible. Ion exchange behaviour of
cadmium in hydrochloric acid and ammonia solu-
tions (0.01-12 mol-17!) was investigated. Results
revealed that in both systems distinct concentration
ranges can be distinguished where Cd exhibits high
affinity towards Retardion 11A8 [5,7]. Hence, es-
tablishing appropriate composition and sequence of
eluents, exploiting both anion and cation exchange
function of the resin, this metal can be selectively
retained on the column, whereas many accompany-
ing elements are eluted. The separation scheme
based on the stepwise elution, underlying very ac-
curate method for the determination of low and
ultra low concentrations of cadmium in biological
materials, was devised [5-7}].

In the present work, basing on the earlier inves-
tigations, the main effort was made 1o apply Retar-

dion 11AS for the determination of trace amounts
of Cd in geological and environmental materials by
neutron activation analysis. Two ion exchange
separation procedures have been elaborated. The
first is performed before, the second after neutron
activation. Zinc exhibits a similar ion exchange
behaviour on Retardion 11A8 like cadmium and,
moreover, both the elements can be separated from
one another [5,7]. Hence, determination of both
metals in a single analytical cycle is feasible.

A sample is digested with HNO3+HFE (2+1) us-
ing a microwave technique and finally introduced
onto the Retardion 11A8 column in 2 mol-17!
hydrochloric acid solution. During elution with 2
mol1~! HCl and 1 mol-17! NH3 + 0.1 mol-17}
NH4Cl cadmium and zinc are retained on the bed,
which enables their separation from many accom-
panying elements present in analyzed materials.
The analytes are then washed out by means of 0.01
mol-1~! HCI and the effluent is concentrated and
evaporated to dryness in a quartz ampoule, Am-
poules with the isolated, in the above manner,
traces of Cd and Zn are irradiated, together with
standards, in a nuclear reactor. The aim of the ion
exchange procedure realized after neutron activa-
tion is 10 remove some residual trace elements with
2 mol-1"! HCl and 1 mol-1"1 NH3 + 0.1 mol-17}
NH4CI and to separate zinc using of 0.05 mol-17}
NH3z + 2.0 mol-1"! NHyCl. Finally, cadmium is
stripped from the column with the aid of 8 mol-17}
NHsz + 1.0 mol-17 NH4CL.

The accuracy of the elaborated method was
tested by determining cadmium and zinc content in
two available reference materials: Lake Sediment
(SL-1) [9] of environmental and Zinnwaldite ZW-C
[10] of geological origin. The resulis of quantitative
determinations show good agreement with the cer-
tified values. Gamma ray spectra of zinc and cad-
mium fractions are practically free from other ac-
tivities apart from those, which are normally ob-
served in the background. Analytical results were
corrected for the blank resulting from used re-
agents, glassware and contact with atmosphere
when isolation of analytes before neutron activa-
tion is accomplished. Considerable minimization
and good reproducibility of the blank was finally
achieved.
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PROBLEMS OF THE ATTRIBUTION OF WORKS OF ART:
EXAMPLES OF 18TH CENTURY CENTRAL EUROPEAN DECORATIVE GLASS

Jerzy Kunicki-Goldfinger, Joachim Kierzek, Aleksandra J. Kasprzakll , Boiena Matozewska-Bucko

Y National Museum, Warszawa, Poland

Aim of the study is the assistance to the historians
in supplying them with a new tool for technological
and provenance study of monuments and objects of
art. The procedures that have been worked out
during the research can be applied to study the
different kinds of historical and artistic objects,
although the presented project has been only con-
cerned with a historic glass.

Since the beginning of 2000, the {irst part of the
project entitled "Problems of the Attribution of
Works of Art: Examples of 18th Century Central
European Decorative Glass" has been conducted. It
has been thought as a continuation of the previous
one that has been already reported {1-5). That new
project is to be accomplished by the end of the 2001
[6]. The examination has been executed thanks to
the co-operation of the Institute of Nuclear Che-
mistry and Technology and the National Museum
(Warszawa) as well as thanks to the Boards of many
other museums which made the vessels available for
examination: National Museums (Krakéw, Poznan
and Wroclaw), Royal Castle in Warsaw, District
Museum in Tarnéw, Museum in Nieboréw, Mu-
seum-Palace in Wilan6éw and Historical Museum in
Warsaw.

The main objective of the presented study is 10
characterise the glass formulation made by central
European factories in the 18th century, on the basis
of chemical composition. This knowledge is of high
importance for further technological and prove-
nance studies of historic glass.

The project covers over 1000 vessels originating
from the numerous Polish, German, Bohemian, Si-
lesian and Russian glasshouses. In establishing the
experimental procedures, the following limitations
were taken into account: only non-destructive and
non-sampling methods can be used to glass objects;
measurements have to be carried out in a museum’s
display interior; very limited comparative chemical
analyses data of 18th century tableware made in
Central Europe, is available for cross reference. En-
ergy dispersive X-ray fluorescence analysis (EDXRF)
is used together with a short-wave ultraviolet radia-
tion (UV-C) to examine the glass vessels. Examina-
tion of glass surfaces under a magnification is also
conducted. The results of stylistic analysis and the
results of physicochemical analysis, together with
information from written documentary sources are
discussed. Part of the examined objects has unques-

tioned attributes that have been taken as the basis for
the grouping of the remaining glasses. Multivariate
analyses of the analytical results (cluster, principal
component and discriminating analysis) are to be
applied.

The EDXRF analysis was used as a main
analytical tool. The examined objects were placed
directly on an excitation source shield. The analysed
area of the glass surface was about 2 cm? Two
measurement set-ups were used. In the first one,
X-ray spectra were measured using an 80 mm®
Si(Li) detector with a 180 eV resolution for MnKy
and a '%°Cd annular source (~740 MBq) to excite
the elements in the glass. In the second set-up, the
X-ray spectra were excited with an **! Am annular
source (~370 MBq) and measured using a 16 mm?
HPGe low-energy detector with a 195 eV resolution
at 5.9 keV. The live time of the measurements was
600 s in both cases.

The accumulated spectra were analysed using the
AXIL-QXAS software, supplied by the Interna-
tional Atomic Energy Agency in Vienna. Over 2000
spectra have been evaluated and the corrections for
the differences in matrix absorption and for the
measurement geometry have been taken into ac-
count.

The research was supported by the Polish State
Committee for Scientific Research, under grant No
1 HO1E 028 18, as well as partly by Berthold EG&G
ORTEC (Vienna) and NDT Systems (Warszawa).
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DYNAMIC ADSORPTION OF RADIOEUROPIUM
FROM SIMULATED LIQUID RADIOACTIVE WASTES
ON -CRYSTALLINE POLYANTIMONIC ACID

Jujjawarapu Satyanarayanal/ , Aleksander Bilewicz, Jerzy Narbutt

Y Ghandi Institute of Technology and Management, Visakhapatnam, India

The purpose of the work was to continue and con-
clude studies on the removal and immobilisation of
hazardous long-lived radionuclides: 1¥7Cs, 20sr
and actinides(Ill) from liquid radioactive wastes
containing various salts and complexing agents,
with the use of inorganic ion exchangers. The prob-
lem of inorganic ion exchangers as selective adsor-
bents and potential primary barriers for radionuc-
lides has recently been reviewed [1}. a-Crystalline
polyantimonic acid (CAA) has been selected as a
promising ion exchan%er for the removal of long-
-lived radionuclides: “°Sr and actinides(Ill) from
liquid radioactive wastes [2]. CAA is an ion ex-
changer highly effective toward metal cations which
have radii in the range from about 95 to 120 pm, i.e.
Na‘t, Ca®t and Sr*™ [3]. Recently, CAA was stu-
died in detail as the adsorbent for radiostrontium in
the column process [4]. In the present work also the
sorption of Eu** ions on CAA was investigated
under dynamic conditions.

Adsorption properties of CAA towards micro-
amounts of europium were investigated in the re-
verse-run column process [4], using standard CAA
grains of size 0.1-0.3 mm, with the bed of ¢ =4 mm
and h=35 mm, at room temperature, 21 +3°C. The
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% breakthrough
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Fig. The breakthrough curves of Bu3™ traces on the CAA co-
lumn (4/35 mm) from the simulated radioactive waste solu-
tion atlpH 3, obtained at flow rates of: 2 (4 ) and 0.57 (W)
m-h™%,

solution labelled with 3Z13%Eu* ions contained:
EDTA (45 ppm), oxalic acid (50 ppm), citric acid
(50 ppm), CaCly (0.1 g-dm™3), NapSOy (1 g-dm™3)
and KOH (1 g-dm~3), to model the composition of
most common liquid radioactive waste treated in
the Department of Radioactive Waste Management
of the Institute of Atomic Energy at Swierk [2,5].
The column process was studied at different flow

rates, from 0.57 to 2 m-h ™1, i.e. from 16.3 to 57 bed
volumes (BV) per hour. The effluent samples each
of 100 cm® were collected and their radioactivity
was measured. The early breakthrough obtained (at
ca. 200-300 BV) was probably due to the slow
kinetics of Eu3* adsorption on CAA and to a
rather high pH (9-10) of the solution, at which
dissociated EDTA strongly complexed the metal
ions [2]. Additional measurements on adsorption
kinetics for %Sr and !52Eu, performed by the
batch method [2], have confirmed the great effect of
pH on Eu®* adsorption: almost no Eu®* uptake
from the alkaline solution within the 24 h equilibra-
tion time, and over 98% adsorption from the aci-
dified (the equilibrium pH of 2-2.5) solution (at the
CAA-to-solution mass ratio of 1:200). On the con-
traty, in both cases Sr** was completely adsorbed
on CAA. Therefore, in further experiments the si-
mulated waste solution was adjusted to pH 3 and
passed through the PAA column at Jow flow rates.
Fig. shows the breakthrough curves obtained at the
flow rates of 2 and 0.57 m-h~L.

In the first case, the decontamination factor (the
ratio of the specific activity of the influent to that of
effluent) of 10 was attained already at 230 BV,
whereas in the second - at about 1100 BV of ef-
fluent. The former value may sometimes be accept-
ed for waste purification, but in general, still better
efficiency is required. This can be attained either by
a further decrease in the flow rate, and/or with
increasing bed length. Otherwise, a long lasting
batch process can be recommended to treat large
volumes of liquid radioactive waste.

The work has been carried out during the visit of J.
Satyanarayana to the INCT, financed by the Polish
State Committee for Scientific Research and DST in
the frame of Indo-Polish Scientific Collaborative Re-
search Programme (Project No INT/POL/010.00).
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DIFFUSE REFLECTION SPECTROSCOPY: STUDIES OF OXIDE LAYERS
FORMED ON THE STAINLESS STEELS IN HIGH TEMPERATURE WATER

Leon Fuks, Claude Degueldrel/
1/ paul Scherrer Institute, Villigen, Switzerland

The unique technique of Diffuse Reflection Spectro-
scopy (DRS) may be advantageous, even when the
traditional spectroscopic techniques fail. So, it has
been successfully used in many analytical fields, e.g.
in the study of rough pitted surfaces [1], in the ana-
lysis of rust on weathering steels [2] or in the obser-
vation of iron oxide reflectivity [3]. All DRS applica-
tions are based on the fact that a large majority of
substances in their natural state (e.g. powders, rough
surface solids, various particle suspensions or dyes)
exhibit so-called diffuse reflections, i.e. the incident
light is scattered in all directions, as opposed to
specular (mirror-like) reflection where the angle of
incidence equals the angle of reflection.

Although the DR spectra are complex and strong-
ly depend on the conditions under which they are
obtained, this problem is completely outweighed by
the great advantage of its non-invasive quality, which
is essential in many applications [4]. In a series of
papers we have shown that correctly realized in a
long series of successive measurements DRS can
directly provide a great number of important data
concerning the kinetics of the oxide layer build-up
[5-71. So, finally we undertook an attempt to examine
the possibility of extension of the DRS measure-
ments with the aim of the analysis of chemical com-

position of the relatively thick oxide layers formed on

the stainless steel under the BWR conditions. In the

case of the catalysts, e.g. of metallic nanolayers form-
ed on the surface of the silica or aluminum oxides,

UV-Vis DRS has been already successfully applied

and contributed numerous important details con-

cerning their chemical composition [8-13].

It has been already observed that independently
of the differences in the properties of circulating
nuclear reactor cooling water, composition of the
oxide layer formed on the surface of metal parts
remains more or less the same [14]. As a rule,
corrosion oxide films consist of two main layers:

1. an amorphous, or poorly textured, inner oxide

next to the metal; it is probably quite thin in low

OXygen water;

2. a duplex corrosion film (called also an outer Oxi-

de) consisting of:

- an inner sub-layer formed by small crystallites,
which have some porosity and are not highly
protective,

- a discontinuous, outer sub-layer, consisting of
large crystals; they are quite protective where
they exist.

Thickness, composition and structure of an outer
oxide strongly depend on the type of the material
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Fig.1. DRS spectra of the artificial oxide samples.

wavelengths, nm
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used. It differentiates the release of the corrosion
products into the circulating coolant. Because of
their different solubility in water, both sub-layers,
formed mainly by precipitation of the dissolved
compounds, exhibit various properties [14]. In de-
oxygenated, hot, pressurized water the outer oxide
consists mainly of octaheral magnetite FezO4 which
contains nickel spinel-type oxides (NixFez—xOy).
The size of the grains ranges from ca. 100 to 1500
nm. In oxygenated high temperature water, in turn,
outer layer contains additionally the Fe(Ill) oxides
and oxyhydroxides, e.g. large particles of y-FepOa,
small particles of a-FepO3z or FeOOH. Certain
amount of NiO or Crp,O3 particles can be also in-
corporated.

The inner oxide consists mainly of chromium rich
spinel oxides (NixCryFe3_x_yO4) with non-stoichio-
metric composition. Different values are reported
for x and y with Fe;CrOy, FeCraO4 and NiCrz04 as
limiting cases [14].

The DRS spectra, recorded in the UV-Vis-Near
IR spectral region, of the selected oxides which can
be expected to exist in the corrosion film are
presented in Fig.1. Each spectrum represents one
oxide (powder sample) registered with BaSOy4 as
the non-absorbing reference medium. As one can
see, the spectra are adequate to the chromatic pro-
perties of the investigated species. For the inten-
sively green powder of Cr;O3, two distinct spectro-
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Fig.2.DRS spectrum of an oxide formed on the surface of the
stainless steel during hydrothermal treatment compared
with Crp03 and NiO.

scopic peaks can be observed at wavelengths of 407
and 535 nm, respectively. For the reddish-gray

Fe;03 these peaks shift towards longer wavelength
values (about 630 and 745 nm, respectively) and
significantly broaden. Finally, in the spectrum of
NiO (green-black) both broad peaks are very dif-
ficult to assign, but we estimate that their maxima
lie at about 550-600 (green) and 800 nm, respec-
tively. Percentage of the reflectivity of the oxide re-
mains on the same level for all the above mention-
ed peaks. Other investigated samples are black in
color and their spectra do not show any maxima.
Percentage of the reflectivity is much lower than for
the colored samples and is close to zero, charac-
teristic for the perfectly absorbing media.

Fig.2, in turn, presents a comparison of spectra
obtained for NiO and Crp,O3 with that recorded for
the real oxide film formed on the surface of the
electropolished AISI 316 stainless steel (68% of Fe,
17% of Cr, 12% of Ni, 2.5% of Mo, max. 0.08% of
C). Two distinct peaks in the spectral regions of
674 and 452 nm, accompanied by the small one in
the region of 385 nm, can be attributed to those
observed for the CrpO3 powder sample. Observed
shifts of the peak maxima towards the low wave-
lengths seem to be related to the formation of the
nickel-chromium-iron oxides solid solution. The
artificial samples, in turn, were prepared only by
mechanical mixing of the appropriate compounds.

Thanks are due to the Polish State Committee for
Scientific Research for financial assistance in the
scientific co-operation between the Institute of Nuc-
lear Chemistry and Technology and Paul Scherrer
Institute, as well as to the Swiss Federal Nuclear
Safety Inspectorate for partial financial support.
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AN ATTEMPT TO FRACTIONATE URANIUM ISOTOPES
IN THE ACETATE / AMALGAM SEPARATION SYSTEM

Wojciech Dembiriski, Marek Poniriski, Rudolf Fiedler/
Y International Atomic Energy Agency, Safeguards Analytical Laboratory, Seibersdorf, Austria

The isotope effects which occur in the two uranium
red-ox systems U(II)-U(IV) and U(IV)-U(VI) are
well known and even used for uranium enrichment
on the pre-industrial scale. However, no data were
published on the isotope effect in the third red-ox
uranium system: U(0)-U(II}).

Continuing our studies on the relation between
the isotope effect and the isotope mass we tried to
fractionate uranium isotopes by means of the ex-
change reaction between acetate complexes of U(I1I)
in solutlon and U(O) in amalgam:

HU(A0)s + FU(Hg) « PU(AC)s + HU(H)
where: H and L are the heavier and lighter iso-
topes.

The chemical procedure was similar to that suc-
cessfully applied in our studies on the fractionation
of samarium and ytterbium isotopes [1,2]. To attain
a 4-stage separation, a simple cascade procedure
with two branches, solution (S) and amalgam (A),
was applied. The isotope ratios in the final S and A
fractions were determined by means of a mass spec-
trometer with a multicollector system (Finnigam
MAT 262). In order to eliminate the mass fractio-

nation effect, the method of total evaporation of
the sample was applied [3].

The values of the se aration gain was found to be
-0.034 £0.02 for #2383 and +0.00045 +0.00015.
The precision of the measurements was estimated by
standard deviation of the mean, SD/V8.

The results revealed a dlfferent behavior of 234U
and 2°U with respect to 238U in the investigated
acetate/amalgam system. From the values of the sep-
aration gains it follows that 34U is concentrated in
the solution phase, whereas 23U is concentrated in
the amalgam phase. The difference may be related to
the even and odd mass number of the isotopes, how-
ever, because of the rather high experimental error
the conclusion should be confirmed by additional
studies.
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AQUEOUS SOLUBILITIES OF RARE EARTH TRIHALIDES (Cl, Br, I) AT 298 K

[ Tomasz Mioduski I

Recently, the aqueous solubilities of rare earth(IIl)
trifluorides reported in the literature have been com-
piled and critically evaluated [1]. The present work is
a summary of critically evaluated source literature
data on the solubilities of scandium, yttrium, lan-
thanum and lanthanide trichlorides, tribromides and
triiodides in water at 298 K (Table). The lanthanides,
as actinide homologues, are of interest for radioche-
mistry. The data on solubility of their salts may be
helpful, e.g. to analytical chemistry and technology of
rare earths, and to the treatment of radioactive
wastes which contain large amounts of lanthanide
and yttrium fission products (the maxima on both
humps of the fission yield curve).

The high solubility of ScCls is indicative, as in
the case of the fluoride system studied [1}, of the
coordination number 6 for scandium in the mono-
meric non-hydrolysed [Sc(OH,)s]** aqua ion in
acidic solutions.

In the LnCl3-H;0O system Y is shifted to Tm-Yb,
i.e. in the opposite direction, compared to the
quasi-Tb behaviour in the LnF3-HyO system, as far
as the solubilities listed in Table are concerned.
This phenomenon must resuit from a "softer" en-
vironment of the two chloride ions and six water
molecules vs. "hard" eight fluoride ions in the
fluoride crystal lattice. In other words, the nephel-
auxetic effect is larger, and the participation of the

4f-electrons of the Ln3* jons in bonding is more
pronounced, in the trichloride hexahydrate Crystal
lattice {[Ln(OHZ)é(Cl)Z]Cl} than in the Lna
species, i.e. octaaqualanthanides(Ill), and to a
larger extent than in the crystal lattice of the
LnF3-0.5H,0 salts at the same CN 8. Therefore,
the Ln(IIl) series is shifted with regard to Y(III)
which does not possess the f-electrons, in the oppo-
site directions for these two binary aqueous halide
systems.

The solubilities of LnCls in water at 298 K vs. Z,
given in Table, demonstrate a minimum extended
over a broad Sm -Dy range with the lowest value of
3.588 mol-kg~! at Eu. With increasing tempera-
ture, and the concentrations involved, this broad
minimum tends to narrow, and to dislocate towards
the heavier lanthanides. Similarly, while at 273 and
298 K, the solubility is more or less constant in the
La-Nd range or even it slightly increases, at 333 K
the solubility turning point is transferred from Nd
to Ce. This may indicate that the equilibrium solid
phase (i.e. the least soluble) for PrClz and CeCl3 at
333 K is not the heptahydrate any more but the
hexahydrate.

The solubility plots of lanthanide bromides have
been assumed to be parallel to those of the chlo-
rides since the energies of their crystal lattices are
exactly parallel [7]. Thus, the solubility of lantha-
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Table. Solubilities (in mol »kg'—1 water) of rare earth trihalides in water at 298 K - recommended values.
RE Trichlorides? Tribromides? Triiodides® Equilibrium solid phase (X= C1,Br)
Sc 6.22 7.1 6.17 RE(X)3 6H20, [RE(OH2)9]13
Y 3.948 4.50 4.19 as above
La 3.895 4.52 4.39 RE(X)3-6H20, [RE(OH2)9]13
Ce 3.84 4.45 4.12 as above
Pr 3.89 4.50 397 as above
Nd 393 4.43 3.95 RE(X)3-6H20, [RE(OH2)9113
Sm 3.641 422 373 as above
Eu 3.588 4.10 3.67 as above
Gd 3.590 4.10 381 as above
Tb 3.60 4.13 392 as above
Dy 3.631 4.15 3.99 as above
Ho 3.695 421 4.06 as above
Er 3.783 4.30 4.19 as above
Tm 3.877 442 4.25 as above
Yb 4.003 4.57 4.19 RE(X)3 6H20, [RE(OH2)8}13
Lu 412 4.70 4.15 as above

2 Precision of the recommended chloride solubilities is about 0.2%, and the accuracy is around 0.4%, except for Ce, Pr, Nd, Tb, Lu and
Sc, where presumably it is somewhat worse. The respective value for Nd may be minutely high. Literature sources: [2] for Y and Ln

except for Ce, Te; [3] for Sc.

b precision is about +3% and the accuracy is estimated to be about =10%. Literature sources: [4].
€ The precision and accuracy as for bromides. Literature sources: [5]. For the composition of the equilibrium solid phase see [6].

nide bromides in water at 298 K is slightly falling
from La to Pr, then steeper, up to the minimum
value at Eu-Gd, to rise sharply on going from Dy to
Lu. At higher temperatures, and consequently at
higher concentrations, the minimum solubility is
probably shifted to Tb-Dy as for the chlorides.

The minimum solubilities of lanthanide(IIl) io-
dides, bromides and chlorides in the Sm-Tb range
of the Ln series can be explained as in the case of
ethylsulphates [8]. These minima for the triiodides
denote that for the octaaqualanthanides(IIl),
[LH(OHz)g]aq, up to Tm (and not to Er [2]), the
Gibbs free energies of hydration decrease (i.c. they
are becoming more exothermic) with Z more
rapidly than the respective lattice free energies for
the enneahydrates do. The reason of such be-
haviour is that the L.n-OH; distances are smaller
for CN 8 than for CN 9, and the enthalpy, entropy
and free enthalpy changes with Z are steeper for the
lower coordination number. For the smallest ions
of the Ln(III) series, viz. Yb3* and Lu®*, where
CN=38 in the phases of both {Ln(OHj)g}lz and

[LD(OHz)glaq is held, the solubility trend is re-
versed.
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STUDIES ON DETERMINATION OF SOME TRANSITION METALS
IN BIOLOGICAL MATERIALS BY ION CHROMATOGRAPHY

Krzysztof Kulisa, Halina Polkowska-Motrenko, Rajmund Dybczynski

In our previous work the possibility of transition
metals determination in water samples was tested
using an ion chromatograph Dionex 2000i/SP with

an Ion Pac CSS5 analytical column, an Ion Pac CG5
guard column and a post column Ion Membrane
Reactor [1]. Two eluents were applied: 6mM PDCA
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+ 50mM CH3COOH + 50mM CH3COONa and
50mM oxalic acid+95 mM LiOH. In the year 2000
investigations have been carried out (continued) an
biological samples. A method for the determination
of Fe, Cu, Pb, Ni, Cd, Zn, Mn and Co in certain
biological materials (plant and animal tissue) has
been elaborated. The reliability of the method has
been checked using CRMs with a certified content
of elements in question and by applying for some of
the elements analyzed the "definitive" and/or "very
accurate" methods elaborated previously in our La-
boratory (Cu, Co, Nj, Cd) [2-8]. A procedure of pre-
paration of biological samples for ion chromato-

some clements determined, e.g. Co, Pb, Ni and Cd
is close to detection limits of the IC method, at
least for some materials. Mn can be determined
only with the use of oxalic acid + LiOH eluent. The
results for Mn using the PDCA + CH3COOH +
CH3COONa ¢luent are considerably lower than the
certified values. It seems that after digestion Mn is
present in the solution in various valency states and
only when using the first eluent one can obtain the
required Mn complex.

In the case of determination of trace elements in
biological materials by the IC method the blank of
the method is critical. The blank contains usually

Table 1. Results of Cd, Co, Cu and Ni determination in certified reference materials.

Element [mg/kg dry mass]
Cd Co Cu Ni
CRMs definiti definiti definiti definitiv
IC |certified|“¢ ‘;‘}‘1 "1 IC |certified | "t’;l “"f IC |certified ;:t‘}‘lc‘,‘ée IC |certified m;rt‘;o o
method | value metno method | value metho method | value method | value
value value value value
CTA-OTL-1 nd 1.12 1.17 1.36 0.879 0.964 12.5 14.1 - 6.1 6.32 5.96
012 | *0.08 | £0.42 } +0.039 ) *0.017 | *2.8 +0.5 +25 | x£0.65 | *0.40
CTA-OTL-2 nd 1.52 - nd 0.429 0.424 17.3 18.2 - nd 1.98 2.17
+0.17 *0.026 | £0.006 ;| *£2.6 +0.9 +0.21 +0.18
IAEA H8 191.6 189 188 nd 0.118 - 34.08 32.8 323 nd 0.29
+12.9 +6 +5 +0.009 +1.52 +4.8 +0.86 +0.41

graphy (IC) determination has been elaborated. The
procedure consists of two stages: mineralization of
biological matrices [9,10] and preparation of sample
solution for injection into the ion chromatographic
column.

The samples of biological material (ca. 350 mg
each) were weighed into PTFE vessels and digested

trace quantities of some elements determined (Fe,
Cu) and also other elements, which influence the
detection limits. The accuracy of the IC method has
been verified using "definitive” and/or "very accu-
rate" methods based on radiochemical neutron acti-
vation analysis for the following elements: Cu, Ni,
Co, Cd (Table 1). As can be seen, good agreement

Table 2. Resuits of Fe, Mn, Pb and Zn determination in certified reference materials.

Element [mg/kg dry mass]
Fi M 4
CRMs e _ n Pb Zn
certified or
IC method | information { IC method | certified value | IC method | certified value | IC method | certified value
value
CTA-OTL-1 101482 (989) 4102 412+14 5.5 4.91+0.80 48.9+2.1 49.9+2.4
+1.1

CTA-OTL-2 | 1040x49 1083+33 81.1£3.6 79.7+2.6 nd 22.1x12 43.1+3.9 433x21

IAEA H8 265.5+12.5 nd 5.62+0.29 nd 0.57+0.13 186.5x+12.6 1923+39

in a microwave oven (Plasmatronika Service, Wroc-
law) with 5 ml of concentrated HNQOs3. After mi-
neralization the solutions were transferred quanti-
tatively into PTFE evaporation dishes. Concen-
trated HF was added into each of the samples, and
the solutions were evaporated to wet residues in
order to remove silica. Finally, the residues were
dissolved in HNO3z (1+4). All reagents used were
of spectral purity. The blank solutions were pre-
pared in the same way. The obtained solutions
(samples and blanks) were analyzed by ion chroma-
tography according to [1]. The results of determina-
tions of transition metals for three reference ma-
terials: Oriental Tobacco Leaves CTA-OTL-1, Vir-
ginia Tobacco Leaves CTA-VTL-1 and IAEA H8
Horse Kidney are given in Tables 1 and 2 [11-13].
As can be seen from Tables 1 and 2, in general,
good or satisfactory agreement between the deter-
mined and certified values was observed. Content of

has been achieved for Co in CTA-OTL-1, Ni in
CTA-QOTL-1, Cuin JAEA HS8 and Cd in JAEA HS.
It seems that modifying digestion solution can im-
prove detection, especially in the case of Co, Ni and
Pb. Also some changes should be made to maintain
Mn at 2+ valency state. These investigations will be
continued.
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SIMPLE PC SOFTWARE FOR ROUTINE ANALYSIS OF GAMMA-RAY SPECTRA

Zygmunt Szopa, Rajmund Dybezynski

Both the instrumental version of neutron activation
analysis (INAA) [1,2] as well as the radiochemical one
(RCNAA) [1,3] have been widely applied in various
branches of science and technology. They play a sig-
nificant role in trace/ultratrace analysis, as a control
method for other analytical methods/techniques and
frequently participate in certification of certified refe-
rence materials/reference materials CRMs/RMs [3-5].

As it is well known, the high-resolution gamma-
-ray spectrometry is an important part of the NAA
method and, therefore, the reliability of the whole
method strongly depends on reliable spectra analysis
itself [6,7]. Recently, the growing spread of computer
based multichannel analysers (MCA) [8] in NAA la-
boratories, together with the rapid development of
the computer technology (ComTech), make it possi-
ble to use quite a sophisticated software for spectra
analysis that few years ago could only bc applied at
mainframes in big computer centers [9-12].

The purpose of the present work was the elabora-
tion of a new computer software that could be used
for large-scale analyses of spectra that were acquired
with the aid of computer based MCA [13] and, at
the same time, avoiding the malfunctional/doubtful
performance of some selected functions connected
with automatic peak searching for commercial soft-
ware implemented therein [7]. This software was
called "SAWAP-PC", similarly as its parent code
working at mainframe computer [9]. It also com-
prises majority of the functions and features of its
parent computer code and can be used for both qua-
litative and quantitative analyses of spectra acquired
by the Polish MCA Tukan (version 2.0). This
"user-friendly” PC software works under MS-DOS
operation system and enables fast reduction of large
data files. It has been written and run using
RMFORT-86 and MS-FORT’90 compilers. From
the view-point of its organisation, it is a "close-type”
software handling all the required data from-and-to
the computer disc, where the reduced data could be
printed out and visualised for various purposes
(off-line) in different ways later on.

The simplified flow chart of the SAWAP-PC
program presents Fig.1., where there are 2 files
called SAW.INP and SPEC.TRA (default) at the
input. They contain the control data that are deter-
mining the way of spectra processing and the y-ray
spectra accordingly. In its default run, the program
does the energy calibration, automatically searches
for all real peaks in the spectrum and saves the
reqired information in SAW.OUT (default) file at

the output. Automatic peak searching is based on
digital spectrum differentiation [10], while their ac-
ceptance on several height, width and shape’s tests.
For all the found and accepted peaks it calculates

Energy calibration i
i e

Spectrura

- OUTPUT
on for
1 minute of e
~ i measurement time M
INPUT _ -
"} Backgr. correction Fik
/'\ SAW.OUT
{. Computer dise £t contains infortnation
\_/) on:
i Spectrum smooth. . Spectrur wombur
Files: k - and sama
W.INP ~ - —k 2. Modc of
w,!‘ msl?.:m‘m i Specirum differentiation measurement
[determining the way of; and searching fos maxima (clock or live l‘lim‘c)
froncteu 3 pﬂmun.::cmun;q
Ume al luralivs
2. SPEC.TRA _ 5. Thw wayol cporia
y-nay speatra. {e. Calculation of exact peak processing
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& samples’ | Fe —_ found peaks in the
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i 1 N

Fig.1. Simplified flow chart of SAWAP-PC spectrometrical prog-
ram.

tieoret, sesolution,
Teak boundari

net peak area (NPA), the background "under" the
peak, standard deviation (SD) of the net peak arca
calculation, the detection limit [10,14], the counting
rate (counts/min), FWHM of the peak, the theore-
tical resolution and the peak boundaries. Optio-
nally, the SAWAP may normalise the spectra for a
unit of measurement time, correct each spectrum
for background and smooth the spectra before
processing {15]. At output SAWAP creates a file
SAW.OUT containing information concerning sub-
sequently all the processed spectra. Each contains
the spectrum number and name, the measurement
mode (clock/live time mode), measurement date
and its duration, the way of spectra processing and
then all relevant parameters for all peaks found in
the spectrum. The latter could be used for further
quantitative NAA.

Recently, this new software has been used for
routine INAA analyses of air-borne particulates col-
lected on cellulose filters. For the estimation of the
method reliability, some CRMSs have been analysed
using the same procedure as that applied for filter
analysis. The results obtained with the aid of SAWAP
package vs. those obtaind with the use of standard
TUKAN [7,8] procedure for some sellected radionuc-
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Fig.2. Comparison of some INAA resulis obtained for CTA-FFA-1 CRM.

lides induced in CRM CTA-FFA-1 have been shown
in Fig.2. For comparison, the certified (recommend-
ed/information) values have been plotted in the same
Fig. Along the x-axis the radionuclides used for quan-
titative determination were shown, while the element
content along the y-axis. The results have been shown
together with the error bars (vertical lines) displaying
the standard deviation of the single determination,
while the certified values together with their confi-
dence limits. Generally, for majority of the determin-
ed elements, no significant differences between the
results obtained with the aid of standard TUKAN
procedure and SAWAP package have been observed
although those obtained by SAWAP were gencrally
closer to the certified values. For Se, Ta and Fu both
those results could be considered as different from the
certified values but they may occur due to other
factors of analysis (eg. standardization) and do not
depend on the spectra analysis method.
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DIRECT PRETREATMENT OF ANALYTICAL SAMPLES
IN A GRAPHITE FURNACE TUBE IN ATOMIC ABSORPTION SPECTROMETRY

Leon Pszonicki, Witold Skwara, Jakub Dudek

In the chemical analysis by graphite furnace atomic
absorption spectrometry one observes sometimes
negative peaks, i.e. in place where the atomisation
peak of the element to be determined should be
formed, the measured absorbance drops down,
sometimes very deeply, to the negative values. It
happens usually in the analysis of samples contain-
ing large amounts of sodium, potassium, calcium,
chlorides, sulphates or organic compounds. This
deformation results from the overcorrection of
non-specific absorption caused by a dense cloud of

atomic or molecular vapours of the matrix compo-
nents attending the atomic vapours of analyte. The
size of this phenomenon depends on the type of
spectrometer, on the kind of applied correction and
on the gradient of temperature during the atomiza-
tion process {1,2].

Usually this interfering phenomenon may be
eliminated by a proper chemical pretreatment of
the samples before introducing them into the gra-
phite tube. The organic matter should be carefully
mineralised and the mineral components should be
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either removed or transformed in more refractory
forms, e.g. in chlorides or nitrates that pyrolyse into
oxide. Such pretreatment, however, is time-consum-
ing and during the determination of trace elements
at a very low concetration level it may cause the
sample contamination and enhancement of the
blank. Therefore, it erases an ideca to carry out the
preliminary chemical treatment of samples directly
in the graphite tube before starting the atomization
process. The aim of the presented investigation was
to check this idea on the basis of samples requiring
such treatment.

As analytes for this investigation, arsenic, cad-
mium, lead and selenium were chosen since the
determination of these elements in various food
products and environmental samples is often re-
quired. As inorganic matrices, samples of highly
salted mineral waters, used in medicine, and as
organic matrices - ethylvanillin and 3-apo-8-caro-
tenal, both used in the food industry, were applied.

In normal analytical procedures the samples of
all investigated mineral waters required, before
their introducing into the graphite tube, double
evaporation to dryness with nitric acid and dissolu-
tion of the residue in dilute nitric acid. In our inves-
tigations 10 ul of the solution containing a mixed
magnesium-palladium nitrate modifier was intro-
duced into the tube, evaporated and dried in the
usual way using the first stage of the spectrometer
atomization programme. Then, the programme was
stopped and the tube was cooled down to room
temperature. 10 ul samples of natural mineral
waters were put directly into the tube on the dried
modifier, heated slowly during 40 s up to 120°C and
dried in this temperaturc during 10 s. This ope-
ration was repeated twice after the addition into the
tube, each time, 10 ul of nitric acid (1+1). After
that, the normal atomization programme was
carried out and the atomization peak registercd. In
all steps of this procedures, with the exception of

atomization and measurement steps, the maximum
flow of argon was used to assure the removing of
volatile compounds from the tube. When selenium
is determined in mineral waters having a large
amount of sulphates, €.g. source "Karol" from Solec
Kujawski, then, the mixed palladium-magnesium-
-barium nitrate modifier should be used. The pre-
sence of barium removed the interferences caused
by sulphates {3].

Both the investigated organic matrices require a
very careful mineralization in the closed vessel, pre-
ferably using a microwave heating, before the deter-
mination of inorganic components. This trouble-
some treatment may be eliminated when the same
procedure, as described for mineral waters, is ap-
plied. In such a case, the organic sample may be
introduced directly into the tube either in the form
of stable suspension in water, e.g. B-apo-8-caro-
tenal, or as solution in an organic solvent, e.g. ethyl-
vanillin in ethanol.

All the analytical results obtained by the pro-
posed procedure were exactly of the same quality as
those obtained by the preliminary chemical treat-
ment of the sample. They indicate that these direct
procedure may be applicable to many types of
analytical samples. This direct procedure enables to
climinate the time-consuming preliminary prepara-
tion of samples, to shorten the time of analysis to
few minutes and to minimise the possibility of the
sample accidental contamination. The last is parti-
cularly important in the determination of trace
components at a very low concentration level.
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DETERMINATION OF TRACE CONCENTRATION OF PLATINUM
IN ENVIRONMENTAL SAMPLES
BY GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROMETRY
AFTER PRECONCENTRATION ON A SORBENT

Jadwiga Chwastowska, Witold Skwara, Elzbieta Sterlinska, Jakub Dudek, Leon Pszonicki

Trace amounts of platinum, a major noble metal
applied in the automobile catalysts, are ¢jected with
exhausted gases and contaminate roads and their
surrounding area. Most of the emitted platinum is
probably in the metallic or oxide form and in this
form it is considered to be biologically inert. How-
ever, platinum is able to form reactive ligand sys-
tems, the most effective of which are the chloride
ligands. In this form it can be solubilised and enter
soils, sediments waters and plants and, in conse-
quence, it may enter the food chain {1]. Numerous
toxicities, observed for organo-platinum compounds
applied as cytotoxic drugs, indicate that platinum in
this form is not inert against the living organism |2]

and the answer for the following questions is of
great interest: can platinum be accumulated in the
living organisms and what is its physiological effect?
The answer to these questions requires the determi-
nation of ultra-trace amounts of platinum at a ng/g
and sub-ng/g concentration level.

The most suitable analytical methods for the
platinum determination at such a low concentration
level are electrothermal atomic absorption spectro-
metry (ET AAS), mass spectrometry with ICP ioni-
sation (ICP-MS) and neutron activation analysis
(NAA). However, the direct determination by all
these techniques is restricted owing to interferences
caused by environmental sample matrices and,
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usually, a preliminary platinum separation and en-
richment is required. Large application of NAA,
although it offers very low detection limit, is res-
tricted by the access to a nuclear reactor. Applica-
tion of ICP-MS is limited by the high matrix con-
centrations in the investigated samples causing
spectral interferences occurring becausc of the li-
mited resolution of the generally applied quadru-
pole mass spectrometers. Although the ET AAS
shows similar shortcomings, the equipment for this
technique is available in most laboratories and a
method basing on it has a chance to be in common
use.

The aim of the presented work was 1o elaborate a
method of platinum determination in the road dust,
soil and plant samples by an ET AAS technique
after its preliminary separation on a dithizone sor-
bent. This type of sorbent was chosen since dithi-
zone in a strong acidic medium forms stable
complexes, beside platinum, only with palladium,
gold, silver, mercury and, partially, with copper. All
these elements may be present in the environment-
al samples at a low trace concentration level and
neither of them interferes with the platinum deter-
mination by ET AAS.

The samples (5 g) were digested with hot aqua
regia. The dried plant samples were burned at 400°C
before digestion. The solution after digestion was
filtered and transformed into the chloride form by
double evaporation with hydrochloric acid. Pla-
tinum in the solution was reduced to platinum(IL),
using tin(II) chioride, and separated from the matrix
elements by passing the solution at 0.8 ml/min
through the column filled with 0.2 g of dithizone

sorbent. The diameter of the column was equal to 4
mm. The sorbent was prepared in our laboratory by
immobilisation of dithizone on the microprous resin
Diaion HP-2M6 (acrilic ester polymer). A maximum
amount of dithizone immobilised on the resin was
25 mg/g. The sorbent prepared in this way and
stored in a refrigerator is stable during six weeks.
Platinum was desorbed from the column by 10 ml of
a 5% thiourea solution in 0.1 N hydrochloric acid.
50 ul of the solution was used for platinum determi-
nation by ET AAS. The following measurement
parameters were applied: pyrolytic graphite tube,
pyrolysis temperature 1250°C; atomization tempera-
ture 2550°C; deuterium arc non-specific absorption
correction; peak high absorbance at a wavelength of
265.9 nm was mcasured.

The parameters of the proposed analytical me-
thod for platinum determination are as follows:
lower limit of determination 5 Pt ng/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%, de-
pending on the type of sample matrix.

In the samples of road dust, soil and grass coll-
ected on, or beside, the busy suburban road on the
north side of Warszawa (Modlifiska Street) the
following average level of platinum concentration
was found: in the road dust - 25 ng/g, in the grass -
below 2 ng/g, in the soil - 35 ng/g.
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RADIONUCLIDE CONCENTRATION MEASUREMENTS IN SOLUTION AND SOIL

Joachim Kierzek, Jozef Parus, Bozena Malozewska-Bucko

Introduction
The International Atomic Energy Agency’s Ana-

Iytical Control Services organised in the first half of

2000 a proficiency test for participants of the region-

al project on Quality Control and Quality Assurance

for Nuclear Analytical Techniques. More than 10

laboratories from the Central and Eastern Europe

expressed their wish to participate in this exercise.

The main objective of the test was twofold:

- to check the accuracy and precision with which
the analyst can measure environmentally import-
ant radionuclides using their characteristic mo-
des of radiation that generate alpha-, beta- and
gamma-rays;

- to examine the effect of matrix on the accuracy
and precision of radionuclide measurements.

We participated in the measurement of gamma
emitting nuclides.

It was requested to measure the activity concen-
tration of the following nuclides: 4! Am,>"Co,
60Co, 134Cs, 137Cs and %57Zn in the delivered by the
IAEA solution and soil samples. The required re-
ference date for results was 2000.01.01.

Standards and samples preparation
for measurements
Activity standards
POLATOM Isotope Centre (Swierk, Poland) de-
livered 3 radioactive standard solutions;
1. Mix st 1%cd -22.93 kBg/g

S7Co - 0.62 kBq/g
113gn . 2.94kBq/g
137Cs - 4.56 kBg/g
cCo - 6.03 kBq/g
2.JM/5/0 *Am- 81 kBq/g
3.IM/6/0 13*Cs - 69 kBg/g

Preparation of standard solutions

20 ml liquid scintillation vials were used as con-
tainers. To 3 vials portions of about 0.3 g of each
standard solution were weighed out. All solutions
were diluted with distilled water to 3 ml and weigh-
ed.
Preparation of the IAEA solution

The content of the ampoule was transferred with
a pipette (2.38 ml total volume of solution) to the
counting vial and weighed (2.5560 g). 620 ul of
water was added and weighed again.

ey
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Preparation of a powdered standard

About 250 g of a dry ground soil (grain size
below 100 #m) was mixed with 150 g of acetone. To
this mixture (pulp) 300 ul (by weight) of each stan-
dard solution was added. The pulp was mixed for 1
h with the use of a multiaxial blender. After drying
to the initial weight, the soil was mixed again during
30 min. Finally, the powder was transferred to a
measurement container of 70 mm internal diame-
ter.

Preparation of the powdered I4EA sample

The sample was blended during 1 hour in the
multiaxial blender. Then, it was transferred to the
measurement container identical to the one in
which the powdered standard was prepared. The
height of layer of both the standard and sample was
45 mm for the same mass of both. In this way a
correction for density was avoided.

Equipment and counting method

The measurements were performed with the use
of a gamma-ray spectrometer equipped with an
ORTEC detector of GEM-90205-P type, 1.9 keV
FWHM at 1.33 MeV and 92.4% relative counting
efficiency and a 16 k digital signal processor of
DSPEC type.

For isotopes present in standards, the activity
concentration was determined based on counting
efficiency for each specific radionuclide. The sam-
ples and standards in identical containers were
placed directly on the detector top.

Ru(i,E)  fa(i)

Auli) = S (1)

where: Ay(i) - the activity concentration of radio-
nuclide i, in Bq/g; Ry(i,E) - the net counting rate per
second in full energy peak of energy E associated
with radionuclide i; ¢ - the radionuclide specific
counting efficiency for radionuclide i; m - the mass
of the sample, in g; fa(i) - the correction factor for
decay of radionuclide i between the reference data
(2000.01.01) and the time of measurement and
during the measurement.

The activity concentration of %Zn, Az, for
which a counting efficiency was determined from the
counting efficiency curve as a function of energy, the
following formula was used:

RZn X fd(ZIl)
€1115 X P111s xm

where: Rz, - the net counting rate per second in
the 1115 keV peak of °Zn, f3(Zn) - the correction
factor for decay, e1115 - the detector efficiency at
1115 keV energy, p1115 - the gamma-ray emission
probability per disintegration for 1115 keV energy.
The results of the activity concentration mea-
surements for all nuclides in both samples are given
in Table. For comparison the IAEA values are in-
cluded. These values were made known for us after
receiving our results. All the results are reported
with a measurement uncertainty at *1o level (in

Table. The JAEA and our values of activity concentration measurements.

Material Nuclide IAEA value Bqg/g =10 (%) Our value Bg/g =10 (%)
Reference 28T Ay 16.45 = 0.82 (5.0) 15.77 = 0.41 (2.6)
Solution 57co 14.95 + 0.30 (2.0) 16.23 + 0.32 (2.0)
60co 16.60 £ 0.33 (2.0) 15.66 % 0.26 (1.7)
1340y 6.65 = 0.13 (2.0) 6.45 + 017 (2.6)
137¢ 2173 * 0.43 (2.0) 20.94 + 0.52 (2.5)
65Zn 10.59 = 0.21 (2.0) 10.54 + 0.29 (2.7)
Soil 2 am 92.60 = 7.5 (8.1) 889+ 4.4(49)
>7Co 33.13 + 1.02 (3.1) 352+ 08(23)
o0co 93.50 * 2.24 (2.4) 86.0 = 1.5(L7)
T3¢ 73.00 + 1.87 (2.6) 693 = 23(3.3)
137¢s 8420 = 22(2.6) 79.5 + 2.1 (2.6)
657n 2934 + 13(4.4) 301+ 12(3.7)

Due to the lack of %Zn standard, the measure-
ments of samples and standards were additionally
carried out at a distance of 14 cm from the detector.
For this geometry a counting efficiency curve was
prepared and the counting efficiency for Zn found.

The counting time of JAEA samples was 24 h
and for standards it was 3000 s. The count rate in all
measurements was not higher than 1000 cps.

For the single, well resolved peaks a total area me-
thod was used with the background from 3 channels
on each side of the peak. For the closely separated or
overlapped peaks the Gamma Vision-32 program of
ORTEC was applied.

Results and discussion

The activity concentration of: 2! Am, 37Co, ®°Co,
134Cs and '*’Cs for each of which the standards
were available was calculated from the formula:

per cent in parentheses). The uncertainties are
smaller for the solution than for the soil. All the
activity concentration values measured by us agree
within +2o with the IAEA values.

The calculation of the relative uncertainty of
activity concentrations is done by combining the
relative uncertainties of the count rate for unknown
and standard sample and activity of the standard
source [1-3]:

S(Aw) = V[SRy\? | [S(A)\2 | [SRW)? (3)
A, (RS)+(AS>+(RU)

with the relative uncertainty S(Ag)/As of standard
activity obtained from certificate and relative un-
certainties of the count rate S(Rg)/Rs and S(R,)/Ry
for standard and unknown sample, respectively,
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where S(...) is an estimator of the standard devia-
tion of a variable given in parentheses.

The first two terms under the square root of
equation (3) describe the uncertainty of detection
efficiency, ¢;, for the radionuclide i. The relative
uncertainty of the count rates was calculated from
the fivefold measurement. In this way the uncer-
tainties of counting statistics, the repeatability of
peak areas calculation, the background stability, the
reproducibility of a source position in relation to
the detector, were taken into account.

The uncertainties of the sample and standard
weighing, of the gamma-ray branching ratios and
the decay constants are small in comparison to the
uncertainties considered and they have been neg-
lected. For example, the relative uncertainty of
weighing is not more than 0.1%.

The relative uncertainty of the specific activity
for %Zn was calculated from the formula:

S(Azn) = VFRZn))z + (S(ezn))z 4)

Azy Rzn €Zn

where: S(Rz;)/Rzn - the relative uncertainty of net
area count rate calculated from 3 measurements;
S(ezn)lezn - the relative uncertainty of the Zn
counting efficiency, ez, calculated from the count-
ing efficiency curve,
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SURFACE MODIFICATION OF PARTICLE TRACK-ETCHED MEMBRANES

Danuta Wawszczak, Wojciech Malicki, Marek Buczkowski

Particle track-etched membranes (PTMs) a product
of advanced cyclotron technology can be used for
precision microfiltration. An important parameter
in the case of such application is the rate of micro-
filtration that should be enough high [1,2]. Increas-
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Fig.1. Volume of distilled water flow vs. time in the casc of a
virgin PTM with a nominal pore size 0.45 «m made of PET
film, 10 gm thick.

ing of this rate can be introduced by surface modifi-
cation of membranes. Methods of the modification
depend on the treatment of membranes by proper

solutions or on surfacc activation by using UV ra-
diation or electron beam {3].
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Fig.2. Volume of distilled water flow vs. time in the case of PTM
moistened with isopropanol (PTM parameters as in Fig.1).

For introductory experiments, samples of PTM
with nominal pores diameter 0.45 ym made of PET .

1504

125 - . : . ././l
4 E s
. w
100 : Water flow rata | £
i e

= ] 192 mumin | -
3 ; e
s 754 - a”
i -
K ¥

o

3
1

n

N
o
]
"

o

T T T T T

o 1 2 3 4 5 [ 7

Time [min]

o

Fig.3. Volume of distilled water flow vs. time in the case of PTM
moistened with PEG solution (PTM parameters as in
Fig.1).

film have been taken. The samples of disc form
(diameter - 2.5 cm) werce placed into a dismount-
able syringe holder and then distilled water was
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Fig.4. Volume of distilled water flow vs. time in the case of a
virgin PTM moistened with PEG and then activated by a 10
MeV electron beam (PTM parameters as in Fig.1).

given under a pressure of 0.015 MPa. Amount of
water coming through the membrane vs. time was
determined by using a precise balance.
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Samples of PTM were moistened with water so-
lutions of polv(ethylene glycol) (PEG) 2000 type
(2.5%), isopropanol, maleic acid. Some of the sam-
ples were additionally activated by using UV radia-
tion (250 nm) or a 10 MeV electron beam at a dose
of 105 kGy.

The most important results are given in Figs.1-4.
In comparison with the results for a virgin mem-
brane (Fig.1), increasing of microfiltration rate in
the case of membranes moistened with isopropanol
(90%), and with PEG (46%) was observed. After
activation by the electron beam, increasing of mic-
rofiltration efficiency took place only for the sam-
ples treated earlier with the PEG solution (relative
value 20%).

Future work in this subject should explain and
develop the obtained results, which seem to be im-
portant for further application of PTMs.
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RADIATION RESISTANCE OF PARTICLE TRACK-ETCHED MEMBRANES

Marek Buczkowski, Bozena Sartowska, Danuta Wawszczak, Wojciech Starosta

Particle track-etched membranes (PTMs) can be
used in many fields, first of all in biomedicine and
biotechnology [1]. Because of such application it is
important to have data about the radiation resis-
tance of PTMs and the possibility of their radiation
sterilization. Research in this field have been under-
taken in the 90’s by two co-operating institutes: the
Joint Institute for Nuclear Research (JINR) in
Dubna and the Institute of Nuclear Chemistry and
Technology (INCT) in Warszawa [2].

Widening of the possibility of PTMs application
is connected, among others, with the production of
new kinds of membranes. Nowadays PTMs are ma-
nufactured of PET and PC films with a nominal
thickness of 20 um [3]. Attecmpts to manufacture
PTM using a PEN film have been undertaken in the
INCT [4]. Lack of data concerning the radiation
resistance of the above polymeric films and PTMs
has become a reason for doing this work.

Samples of both PTM and their base polymers
have been investigated. The following PTM sample
materials were prepared (see the legends of the
proper Figs.): PET films of 10 and 20 gm thick
(JINR), PET and PC films 20 um thick (What-
man-Cyclopore, Belgium), PEN films 25 gm thick
(irradiated at a U-400 cyclotron - JINR, etched in
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Fig.1. Tensile strength vs. absorbed dose for a PET film 10 um
thick and TEMs made of that film.

the INCT). The following polymeric films samples

were taken: the PET film of 10 and 19 ym thick, Es-

trofol ET type (Nitron-Erg, Poland); the PEN film

25 um thick, Kaladex type (ICI, UK); the PP film 20
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Fig.2. Tensile strength vs. absorbed dose for TEMs made of PET
and PC films.

um thick, BG 2001 type (Petrochemia Plock, Po-
land).

Samples of PTM and polymeric films were irra-
diated using an electron beam in air of 10 MeV
energy. The irradiation was made at the linear
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Fig.3. Tensile strength vs. absorbed dose for different polymeric
films.
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(¢)

(b)

Fig.4.SEM photographs of the virgin TEM (0.4 um pores size) made of PET film 20 #m thick (a) and irradiated to a dose of 480 kGy

(b) and 990 kGy (¢).

electron accelerator LAE-13/9 type that is exploited
in the Department of Radiation Technology of the
INCT. The doses used were in the range from 30 to
990 kGy.

The measurements were made using a simple
tensile testing machine. It gave directly the value of
breaking force for standard strips of the investi-
gated materials. Results were averaged and given in
pressure units.

Results concerning tensile strength vs. absorbed
dose are shown in Figs.1-3 and give a comparison of
the behaviour of different PTMs and films. Fig.4
shows SEM photographs of surfaces and fractured
sides of PTMs samples before and after irradiation
at doses of 480 and 990 kGy, respectively.

PTMs made of the PEN film are more resistant
against electron irradiation than PTMs made of the
PET films of similar thickness and membrane para-
meters (pore diameter and pore density).

In the case of PTMs (with similar porosity) made
of PET 10 um thick, the tensile strength does not
practically depend on the pore diameter and slightly
decreases at a dose of 990 kGy (the difference is
about 30%).

In the case of membranes made of polymeric
materials as PET and PC (the pore density at the
same level of magnitude) but with different thick-

nesses (10 and 20 um), the results concerning the
tensile strength and the burst strength are similar
up to the dose 990 ky.

The SEM photographs show small changes on
membranes surfaces at the highest dose.

All the investigated types of PTM and films, apart
from PP films, can be radiation sterilized.

For the investigation of tensile strength, the stan-
dard samples of the PTMs and polymeric films from
different centres have been used. In the case of more
precise measurements, it is necessary to take into
account the anisotropic structure of biaxially orient-
ed polymeric films. Moreover, it seems to be useful
to carry out detailed measurements in the range up
to a dose of 100 kGy because of the considerable
scatter of the obtained results in the latter case.
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SYNCHROTRON SAXS STUDY OF PERMEATING MEMBRANE
DEPENDING ON ITS DEPTH

Helena Grigoriew, Sigrid Bernstorffl/, Aleksandra Wo]iﬂska-GrabczykZ/ » Andrzej G. Chmielewski

Y Sincrotrone Trieste, Ttaly
2/ Tnstitute of Coal Chemistry, Polish Academy of Sciences, Gliwice, Poland

Up to now studies of permeation through a dense
polymer membrane have not involved experimental
measurements of any parameter step by step in the
range covering the whole membrane thickness, dur-
ing permeate transport. This is due to experimental
difficulties. All information, which have been ob-
tained, come from outside the membrane, from its
supplying and/or expelling side, eventually some pa-
rameters referring to the whole membrane volume
can be registered. Numerous theories and models of
permeation exist and all of them have been verified
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SOLVENT

and 4,4-diaminodiphenylmethane and soft segments
- derived from poly(oxytetramethylene) diol. The co-
polymer is of heterogenous lamellar structure. The
model sample represented a membrane section, 5
mm thick, and was of proper thickness (0.3 mm) for
X-ray measurements in transmission. To avoid
evaporation, both sides of the sample (20x5 mm)
were covered by a thin (1 um) layer of aluminium
deposited in vacuum. Just before SAXS measure-
ments the lower part of the sample was dipped in a
solvent (benzene) to reach saturation (Fig.1).

b/ o

SAMPLE

3
B
wm

Fig.1.(a) saturation at the bottom part of the sample with benzene, (b) the sample shape after satration, M - membrane, Al - alumi-

nium, (¢) SAXS measurement in subsequent steps.

only by a summary effect outside the membrane. On
the basis of classical rules, the model with phase
transition level (from liquid to vapor solvent) inside
the polymer membrane is generally used.

The aim of this work was to perform a first ex-
periment gathering measurements made step by step
in the range from supplying to expelling side of the
membrane during permeation. It was the SAXS syn-
chrotron experiment, carried out on a model sam-
ple, which was prepared in the 10:1 scale, of dimen-
sions 5x20x0.3 mm. The sample was prepared from a
copolymer poly(urea-urethane) foil containing hard
segments - formed from 2,4-tolylene diisocyanate

C o
t//m\\\\
.
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Intensity (arb.un.)

G 100 200 300 200
channels

Fig2.SAXS curves for subsequent steps of the sample height.
Other curves are shown for better clarity.

The SAXS measurements were carried out at the
Austrian SAXS beamline of the synchrotron
ELETTRA, Trieste, Italy. They were performed for
subsequent vertical shifts of the sample table, in
steps of 0.2 mm each, from the supplying to ex-
pelling side of the sample.
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7
P
D

)
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Fig.3.The results of subtraction of the SAXS curve for the dry

membrane from subsequent SAXS curves of increasing
degree of saturation (Lorentz corrected).
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The measurement data were subjected to a pre-
liminary treatment using the OTOKO program and
displayed in Fig.2. One can see from Fig.2 that
successive SAXS curves change in a monotonic
sequence. The change is from the curve for dry to
the curve for saturated sample. This monotonic
change excluded the possibility of existence of the
phase-transition level inside the membrane.

To find the way in which solvent influences the
lamellar structure of the sample, we analyzed the
inter-lamellar distance, L, as a sum of two compo-
nents: a more dense layer and a less dense (amor-
phous) layer. The theory assumes that the second
derivative of the correlation function represents
distribution of distances between interfaces. We
elaborated a computer program which enabled us
to calculate this function from experimental SAXS
data. It occurred that during a sorption, the solvent
enters the soft domains only and hard domains
remain impermeable.

As one can see from Fig.2, the slope of the SAXS
peaks on the side of greater s is the same for all

SYNTHESIS OF LiCoO2 AND LiMgg.05C00.9502 THIN FILMS
ON POROUS Ni/NiO CATHODES FOR MCFC
BY COMPLEX SOL-GEL PROCESS (CSGP)

Wieslawa £ada, Andrzej Deptula, Bozena Sartowska, Tadeusz Olczak, Andrzej G. Chmielewski,
Maria Carewska, , Silvera Scaccia’/ , Elisabetta Simonetti/ , Leonardo Giorgi1 , Angelc Moreno!

YENEA, C.R.E. Casaccia, Italy

Fuel cells are commonly recognized as the most
promising power generation systems. However, the
energy from fuel cells is actually several times more
expensive than the energy from conventional power

generation systems. The main perspective for a sub-
stantial cost reduction is the elaboration of cheaper
components of fuel cells and the improvement of

79

curves. A shift of their maximum for subsequent
steps of depth is caused only by the shift of the
slope on the side of smaller s. This one-side change
inclined us to subtract the SAXS curve for the dry
membrane from each subsequent curve. It occures
that there is visible formation of a peak that em-
erges from experimental noises at steps nearly of
the expelling side and becomes greater, more close
and shifted to smaller s nearly the supplying side of
the sample (Fig.3). The generation of the second
peak indicates the formation of a new kind of ag-
gregates (probably also lamellar) as a result of an
interaction between the polymer and the solvent.
The new phase is very susceptible to the solvent
amount. So, the whole change in SAXS curves is
caused by the new phase, while the previous one,

observed for dry polymer, remains unchanged.
Further study are forcasted.
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their quality.
Table 1. SEM micrographs of Ni/NiO cathodes covered with LiMgg.05C00.9502 fired for 4 h at 650°C.
Type of | Parent sol (PS) 1 volume of PS 1 volume PS
sol =

Viscosity(n)= 35.4 ¢St
Concentration of ~Z Me

Surface

2.5um

1 volume of Ethanol
1 =14 cSt

3 H,O
4 volume Ethanol

PL0101499

Cross
Section

1.2pum
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One of the most important fuel cells, highly effi-
cient and environmentally clean, are the Molten Car-
bonate Fuel Cells (MCEFC) composed generally of a
Ni anode and a NiO cathode operating at 600-700°C
in the presence of a corrosive liquid Li/K carbonate.
The major disadvantage of this type of cathode is its
dissolution in the K/Li electrolyte, which significantly
decreases the cell lifetime [1]. LiCoO3 cathodes show
a lower solubility, however, they are far more expen-

h at 400°C, and calcined for 4 h at 650°C, using a low
heating and cooling rate of 1°C/min. The SEM mic-
rographs of LiMgg 05C099502 films are presented in
Table 1. It is evident that the best films were obtained
from the mixed sol 1 volume of parent sol (PS) : 1
volume of ethanol. The film thicknesses (t) increase
with sol concentration and viscosity.

The results of microporosity are shown in Table 2.
Ni plates are very porous with a large total pore area

Table 2. The results of microporosity of porous Ni plates treated also in an ambient atmosphere and covered with LiCoO2.

No of samples and treatment procedures Ni 201\1111/71\3(?0 C Ni/NiO co;f iiego‘gé‘g LiCo0z,
TOTAL INTRUSION VOLUME 0.3339 ml/g 0.1606 ml/g 0.1784 ml/g
TOTAL PORE AREA 18.250 m?/g 0.067 m2/g 5.301 m%/g
MEDIAN PORE DIAMETER (VOL.) 12.4681 um 12.9861 um 11.9271 pm
MEDIAN PORE DIAMETER (AREA) 0.0045 um 5.6988 um 0.0039 4m
AVERAGE PORE DIAMETER 0.0732 um 9.6229 um 0.1346 um
BULK DENSITY 2.1330 g/ml 2.9336 g/ml 2.8479 g/ml
APPARENT (SKELETAL) DENSITY 7.4092 g/ml 5.5484 g/ml 5.7897 g/ml

Note. Densities of metallic: Ni=8.90 g/em3, NiO=6.72 g/cm3.

sive. The aim of the present work was the prepara-
tion of LiCoO, and LiMgg.05Cog,9502 thin films on
Ni/NiO in order to protect the cathode body against
dissolution. Variant of a sol-gel dipping technique,
elaborated in this Institute [2] was selected. The
LiT-Co?*-(Mg2*) starting sols were prepared by a
new type [3] of the sol-gel process, namely a Complex
Sol-Gel Process (CSGP). Sols have been prepared by
adding 4M LiOH to 1M aq. acetate solution of
Co?*-(Mg>*) with ascorbic acid (0.5M), then, by
alkalizing it with aqueous ammonia to pH=38. The
sols were then diluted with water and ethanol.

The coatings were prepared by an immersion of
porous sintered Ni plates in the sol. Commercial Ni
plates were initially oxidized by heating at various
temperatures. Their microstructure and mechanical
properties as a function of temperature were ob-
served. Heat treatment should be carried out under
the dead load of the ceramic plates in order to avoid
their waving. The best non-folded plates were obtain-
ed by treating them for 1 h at 550°C. The covered
substrates after withdrawing from the sol were main-
tained (also under the dead load of ceramic plates)
for 1 h at RT and soaked for 72 h at 200°C, then for 1

and about 15% of closed pores. It is evident that
during heating a total pore area and skeletal density
decrease, but it appears that the closed pores volume
remains at a similar level. The LiCoO3 layer strongly
protects Ni against oxidation and fully limits the de-
crease of a total pore volume.

The chemical stability of the LiCoO2-Ni/NiO ca-
thode in molten carbonates was determined by an
immersion test. The mixture used was composed of
62 mol% Li»CoO3 and 38 mol% K,COj3. The carbo-
nate (35 g) was contained in a pure alumina crucible,
over which an air/CO, 70/30 gas mixture was passed
at a 50 ml/min flow rate. The LiCoO»-Ni cathode
(0.2 g, 2 mm in diameter) was accommodated at the
bottom of the crucible. The immersion test was per-
formed for 350 h at 650°C. About 1 g of the melt has
been periodically extracted from the crucible using
an alumina pipette and transferred on a gold plate.
The cooled melts were dissolved in nitric acid and
analyzed for the content of Ni and Co by AAS [4].
After the immersion test, the cathode was washed in
dilute acetic acid and dried for taking the scanning
electron micrographs (SEM) and energy-dispersive
X-ray (EDAX) analysis. The spectra of the covered
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Fig.1.SEM micrograph and EDAX spectrum of Ni/NiO/LiCoO2 cathode before treatment.
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Fig.2.SEM micrograph and EDAX spectrum of Ni/NiO/LiCoO2 cathode after 350 h treatment at 650°C in (Lig.62K0,38)2C03 and

pCO2=0.3 atm, p02=0.14 atm.

electrode before and after a 350 h immersion test are
shown in Figs.1 and 2, respectively. The results of the
analyzed melts indicate that the Ni/NiO/LiCoO;
cathode is stable during the test because no traces of
cobalt and nickel were detected by chemical analysis.
In contrast, the separately prepared LiCoO3 powder
exhibited a small solubility of several ppm of Co. As
can be seen, no changes in the morphological fea-
tures of the electrodes, as well as in the mean size of
particles, have been noticed. The EDAX analysis
confirmed the presence of cobalt in the specimen
before and after the test.

LiCoO2 NANOCOMPOSITE DOPED Si02, TiO2, Al,03
FOR RECHARGEABLE LITHIUM BATTERIES

The authors would like to thank A. Jarzebski and
A. Lachowski (Institute of Chemical Engineering, Po-
lish Academy of Sciences) for porosity measurements.
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The exponentially growing demand for portable
electronics, such as laptop computers and cellular
phones, has rocketed interest for the development
of cheaper and more efficient Li-ion batteries [1]. At
present, commercially available cells use LiCoO; as
cathodic material, but, in an effort to improve en-
ergy density, both LiNiO; and mixed LiNiyCo;-yO2
layered compounds have been extensively studied

Table 1. Thermal processing of gel nanocomposites.

[2,3]. Despite of its high specific capacity, LiNiO2
has shown some major drawbacks, which induced
the scientific community to focalize on the parent
"phase-stabilized" compounds LiNiyCoj —yO2 having
y ranging between 0.5 and 0.8. These latter mixed
oxides, however, while showing an improvement in
both specific energy and capacity respect to LiCoO»,
still suffer from the capacity fading more evident at

Phase composition LiCoO2 + | e b [ O, sIT[°C] i A e

+0.5% SiO2 130-s 454 800-18
+1% SiO3 140-m 454 800-18
+4% SiO2 150-m 454 800-18

+0.5% TiOp 120-vs 580 760-6; 760-6;760-6

+1% TiO2 120-m 590 760-6; 760-6;760-6

+4% TiO2 no 520 760-6; 760-6;760-6

+0.5% Alp03 10 540 760-6; 760-6;760-6

+1% Al03 no 570 760-6; 760-6;760-6

+4% Al03 110vs 560 760-6; 760-6;760-6

*Foaming effect evaluation - increasing of volume: vs 23 times, s=1.5-3 times, m=0.5-1.5 times, no = effect not observed.
g g )
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high current density. Out of any doubts, both the
capacity and energy retention upon cycling and the
rate capability of the cathodic materials are topic as-
pects for the realization of practical Li-ion batteries.

Co Acz (1.02M) —p] . .
ASC to Dissolving
(ASC:ZMe molar

ratio=0.2)

complex solution

4
Addition of dopants and blending:

0.5; 1 and 4% of SiQ; (solution of TECS in ethanol)

0.5; 1 and 4% of TiO, (solution of TiCls in aq. HCl)

0.5; 1 and 4% of Ai,0, (solution of basic Al acetate in H,O)

complex solutions

LiOH (4,7M)—»]  Alkalizing to

pH=8

le—— NH,OH(11.8M)

complex sols ¢

Evaporation under vacuum
2-3 times

concentrated >2M ZMe sols
viscosity >1000 ¢St

v

Gelation and drying
100 °C-18h; 150°C-6h; 240°C -17h; 250°C-4h

dried gel, shard L

Grinding in electric agate mortar J

gel powders v

Preliminary heating (1 °C/min) till selfignition
temperature indicated in Table 1.

h 4
Final temperature treatment (heating rate: 2°C/min)

temperatures range 760-800°C for various times
(Table 1) with intermediate and final grinding

Nanocomposites of LiCoO; doped SiOs, 1i0s or AL

Fig.1.Experimental procedure for preparation of nanocompo-
sites LiCoO2 by Complex Sol-Gel Process.

In order to try to cope with these difficult tasks, we
have adopted a "nanocomposite” strategy. Compo-
sites are a very broad class of materials generally de-
fined as heterogeneous multiphase solids. Common-
ly, they are constituted by a matrix, the phase present
as a major constituent and dispersoids, finely dispers-
ed second phase particles. Physico-chemical proper-
ties of the composites start to be dominated by of the
interphase regions, when the dispersoids dimensions
approach a nanometer-scale (nm-scale). Often, the
properties of the composites are surprisingly differ-

Table 2. Discharge comparison at a 70th cycle at 1 mA/cm? at 25°C.

main active phase and a second "inert" phase. To
prepare our samples, and to achieve the best intimate

o -
L S e B Sl o]

80 -
90
100 300 500 700 900
temperature, °C
Fig.2. Thermal analysis of nanocomposite gels: »+++++ - LiCoO2,

250C, 48 h; mem == mm 1iC00?7 + 1.0% Si02, 25°C, 48 h;
eseees [ iCo02 + 0.5% TiO2, 25°C, 48 h; s LiCoO2
+ 1.0% TiO2, 25°C, 48 h.

mixing between the two different phases, we have
chosen to utilize a Complex Sol-Gel Process success-
fully applied in our former work [4] for the prepara-
tion of LiNiyCo;—yO2 compounds. Essentially, the
modification consists of introduction of LiOH in-
stead LiAcp. A simplified flow chart is shown in
Fig.1. Thermal analysis of gel samples shown in Fig.2
indicates that a general course of the decomposition
of gels is very similar. Only for the SiO; dopant end
of mass weight loss, accompanied by a very strong
exothermic effect and formation of final phase take
place at ~650°C, it is ~70°C higher than for the
remaining materials. '

Some preliminary results obtained for the compo-
sites formed by LiCoO- as the main active phase and,
respectively, TiO, or Al,Os3 as a second foreign phase
are reported below. These new 2-phase cathodic ma-

Property Composition
LiCoO2+ +0.5% Si07 +0.5% TiO7 +0.5% Alp03 +1% Alp03
mAh/g 125.4 132.4 131.7 128.2 131.4
mid voltage 3.66 3.82 3.89 3.86 3.88
Whikg 459.0 506.2 5119 494.7 509.8

ent from those of the separate components. Here we
have prepared "composite” cathodic materials con-
sisting of an intimate mixing, on a nm-scale, of a

terials, despite of the relatively low concentration
levels (between 0.5 and 1.0 mass %) of the disperso-
ids, are capable of being charged to 4.3 V vs. Li/Li*
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and capable of sustaining very high discharge rates (5
mA/cm?). Furthermore, (Table 2) they all show major
improvement in the cathodic rate and both in energy
and capacity capability when compared with the pure,
single-phase, LiCoQO; parent compound.
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THE CRYSTAL STRUCTURE
OF TETRA-n-BUTYLAMMONIUM TETRAIODOINDATE(III)

Kinga Rudawska, Halina Ptasiewicz-Bak, Stawomir Siekierski

Structures of tetra-n-butylammonium salts of InClyg,
InBrCl3, InBraCl™ and InBrg were described in pa-
per [1]. It was found that in spite of increasing size of
the anion all compounds crystallize in the orthorom-
bic space group Pnna. The calculated In-X distance
in the anion increases from the average 2.350 in
InCly to 2.479 Ain InBr4 . In the InCl{ anion there
are two pairs of distances differing by 0.01 A, while
the four In-Br distances were found to be equal. The
In-I distance in the tetrahedral Inl; anion is known
from measurements on In[Inl4] salt (space group
Pnna). In this compound there are two distances of
2711(1) and 2.717(1) A [2]. A similar, probably
average, distance of 2.71 A was found for the mono-
clinic space group C2/c [Inl;(Me;SO)4][Inl4] salt [3].
Comparison of the two salts of Inly suggests that a
change from orthorombic to monoclinic system may
be related to increasing size of the cation. Therefore,
it was interesting to know whether further increase in
the size of the InXs anion when iodine is substituted
for bromine would also result in decreased symmetry,
and whether such a decrease would be accompanied
by distortion of the [Inl4] tetrahedron. To answer
these questions we have studied the structure of
tetra-n-butylammonium salt of Inly and compared it
with the structure of tetra-n-butylammonium salts of
InCly and InBrj.

The results show that the BugN[Inly4] (Fig.) salt
crystallizes in the monoclinic space group P2¢/n, in
contrast with BuyN[InCl4] and BuyN[InBr4] [1],
which crystallize in the orthorombic Pnna space
group. However, in each case there are four moieties
per unit cell. Comparison with the published data
{1} shows that the unit cell volume increases from
2483 & for InCl7 to 2621 & for InBry and then to
2855 A for the InlZ salt. The almost twice as big
increase in the volume difference between the I and
Br than that between the Br and Cl salts results, as
expected, in lower symmetry. However, it should be
noted that the unit cell of the Inlg salt is smaller
than expected from a linear correlation between unit
cell volume and anion volume.

The structures of the three BuyN[InCly],
BuyN[InBrg] and BuyN[Inl4] salts are similar. In

Fig. Stereoscopic picture of crystal structure of Bu4N{Inl4].

each of them the InXj anion is surrounded by five
nearest BugN™ cations which occupy corners of a
distorted trigonal bipyramid.

Contrary to cations, the structure of anions in
the BusN[InX4] salts shows much larger differ-
ences. In the monoclinic iodide salt the Inly anion
displays four different metal-to-ligand distances
equal to 2.695(2), 2.699(2), 2.704(1) and 2.709(1)
A, while in the orthorombic chloride and bromide
salts there are either two pairs of distances, 2.345(3)
and 2.355(3) A, or only one distance equal to
2.479(2) A, respectively.

As far as distortion of the [InX4] tetrahedron in
the tetra-n-butylammonium salts is concerned, one
could expect a correlation between the specific In-X
distance and the X-N or the X-(nearest C) distance.
For the title anion there is a general trend of
increasing In-I distance with decreasing average I-N
distance (two nearest N atoms) and decreasing
average I-C distance (five nearest C atoms). How-
ever, the relationships are non-monotonic and in
each of the two plots a different In-I distance de-
viates from the monotonic dependence.
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ASYMMETRIC HYDROGEN BONDS IN CENTROSYMMETRIC ENVIRONMENT:
NEUTRON STUDY OF THE VERY SHORT HYDROGEN BOND
IN POTASSIUM HYDROGEN DICHLOROMALEATE

Ivar Olovssonl/, Halina Ptasiewicz-Bak, Torbiorn Gustafssonl/, Irena MajerzZ/

Y Inorganic Chemistry, Angstrom Laboratory, University of Uppsala, Sweden
s Faculty of Chemistry, University of Wroctaw, Poland

The structure of the title compound has been studied
by neutron diffraction at 30 and 295 K with emphasis
on the location of the protons. There are two crys-
tallographically independent hydrogen atoms in two
very short H-bonds (2.45 A).

The structure could be refined successfully in the
centrosymmetric space group P-1, with the hydro-
gen atoms located at the centres of symmetry. How-
ever, the form of the thermal ellipsoids of hydrogen
could be interpreted as indicating either asymme-
tric H-bonds or of overlap of two closely spaced,
partially occupied positions around the centres of
symmetry. Refinements in space group P-1 were
then made with the hydrogen atoms slightly shifted
away from the two centres of symmetry, with par-
tially occupied positions on either side of the cen-
tres. However, the hydrogen atoms moved back to
the centres of symmetry. A fundamental problem in
a least squares refinement of diffraction data is the
large correlations between refined parameters of
the atoms in the donor and acceptor units when
these are close to related by a centre of symmetry
(or by a similar symmetry operation, like a mirror
plane or a twofold axis). Attempts to refine the

e.g. away from the middle of the O---O bond. One
strategy to determine the actual proton position
would be to impose an exact symmetry constraint
on the donor and acceptor units but allow the pro-
ton to refine without this constraint. The possibility
was then considered that the structure is only
pseudo-centrosymmetric and that the H-bonds are
in reality asymmetric. Two different series of refine-
ments were then performed: In the first, all atoms
except hydrogen were constrained in P-1, whereas
hydrogen was allowed to refine without any con-
straints. Anisotropic refinement of all atoms re-
sulted in clearly off-centred hydrogen positions. In
the second series, all atoms were refined without
constraints in P-1. This resulted in hydrogen posi-
tions quite close to those obtained in the constrain-
ed refinements. The atomic positions were within
the combined standard deviations the same in both
cases but as the standard deviations were about ten
times larger for the heavier elements in P-1, the re-
sults from the constrained refinement were finally
accepted as the most suitable description of the
structure. This structure may be described as
"pseudo-centrosymmetric with non-centred pro-

Fig.

parameters in a space group of lower symmetry will
mostly diverge in this situation and the "symmetric"
space group has to be chosen. The proton will then
also adopt this higher symmetry. The potential en-
ergy curve for the proton motion in such a pseudo-
-symmetric situation has a quite broad minimum
and very little energy is needed to shift the proton,

tons". Significance tests at the 0.005 level also
showed that a hypothesis involving centred pro-
tons is unphysical. The shifts from the centres of

symmetry are 0.15(1) A for H2 and 0.12(1) A for
H4 at 30 K, 0.15(1) A for both H2 and H4 at RT. At
30 K: R(F)=0.036 for 1485 reflections; at 295 K:
R(F)=0.035 for 1349 reflections; Apcutrons=1.207 A.
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ANTIFERROMAGNETIC ORDER IN RIrSi (R=Tb-Er) COMPOUNDS

Andrzej Szytul_al/ » Michael Hofmann?, , Janusz Leciejewicz, Bogustaw Penc!/ , Adam Zygmuntz/
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¥ Trzebiatowski Institute of Low Temperatures and Structural Research, Polish Academy of Sciences,
Wroclaw, Poland

Crystal and magnetic structures of a series of ter-
nary intermetallic compounds with the composition
RIrSi, where R is Tb, Dy, Ho and Er were studied
using X-ray, neutron diffraction and magnetometric
methods. RIrSi compounds crystallize in the ortho-
rhombic TiNiSi type structure (spacc group Pmna).
Isostructural compounds RIrGe compounds were
reported to be antiferromagnetic at low tempera-
tures [1]. Neutron diffraction data collected at low
temperatures have shown that below the Neel point
at 32 K, TblrSi shows a sine modulated magnetic
order described by the wave vector k=[0, 02938(2), 0]
with the magnetic momenl of 896(16)up at 1.5 K,
localized on the Tb3* jon and aligned along the
c-axis. The colinear antiferromagnetic structure with
the wave vector k=[1/2, 0, 1/2] and the magnetic
moment of 9.9(1)uy parallel to the b-axis has been
observed in HolrSi at 1.5 K. In the vicinity of
the Neel temperature at 4.6 K, this structure co-
exists with a sine modulated order described by the
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Fig.1.Schematic representation of the colinear magnetic struc-
ture of HolrSi viewed along the tetragonal axis.
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Fig.2.Schematic representation of the sine modulated magnetic
ordering in HolrSi observed near the Neel point at 4.6 K.

wave vector k=[0.215(2), 0, 0.458(2)]. The former
structure is schematically displayed in Fig.1, the
latter - in Fig.2. ErlrSi exhibits the sine modulated
magnetic structure described by the wave vector
k=[0, 0.184(1), 0.297(3)}. The magnetic moment of
6.5(2)up at 1.5 K, localized on the Er3T ion is
aligned in the (100) plane. The Neel point of ErlrSi
is at 3.8 K. Due to the large absorption cross section
for thermal neutrons of the Dy and Ir nuclei, it was
not possible to record neutron diffraction spectra of
DyIrSi. Magnetometric measuremments carried out
in the temperature range from 4 K to the room
temperature in magnetic field of 50 Oe indicate that
the DylIrSi is also antiferromagnetic with the Neel
pointat 7 K.
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NEUTRON SCATTERING SPECTROSCOPY AND AB INITIO STUDY
OF L-THREONINE
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L-threonine (2-amino-3-hydroxybutanecarboxylic acid)
is one of the members of aliphatic hydroxy amino acids
series. The studies of its crystal structure have shown
that the molecules of L-threonine occur in the crystalli-
ne state in the zwitterion form, similarly as in L-serine
(2-amino-3-hydroxy propanecarboxylic acid). In both
compounds, amino and hydroxy hydrogen atoms take
part in a system of hydrogen bonds, largly responsible
for their biological significance. The method of IINS is

now braodly used in the studies of molecular motions
(particularly of hydrogen bonds) in crystals, since the
internal modes, in which hydrogen nuclei take part,
produce IINS spectra with much higher intensities than
other modes. This effect is due to the large cross section
of hydrogen for the incoherent scattering of thermal
neutrons, in addition, the substitution of hydrogen by
deuterium permits the identification of the modes due
to the hydrogen vibrations, since, as compared to
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hydrogen, the incoherent cross section of deuterium is
almost 40 times smaller, while the oscillator mass is
twice as large. Commercial grade (Fluka Chemie AG)
polycrystalline sample of L-threonine was used for IINS
data collection. The deuterated sample, in which 95%
of amino and hydroxy hydrogen atoms were substituted
by deuterium, was recrystallized from the heavy water
D30.

The [INS spectra were measured using TFXA,
an indirect geometry inelastic spectrometer at the
ISIS Pulsed Neutron Facility in Rutherford-Apple-
ton Laboratory. [ts energy resolution is about 2%.
The spectra were recorded at 10 K. Time-of-flight
spectra were converted to S(Q,,w) and corrected for
the background scattering using standard pro-
cedures. The S(Q,,w) against energy transfer curves
are displayed in Fig.

Gaussian 98 programme package has been adopt-
ed for optimalization of the molecular structure in
the zwitterion form using the data available from a
neutron diffraction study at 12 K reported in [1].
The calculations were carried out at HF, MP2 and
B3LYP levels with the 6-31G*, 6-311G*, 6-311G**
and 6-311+ +G™** basis sets.

The vibrational frequencies for the normal and deu-
terated sample of L-threonine were calculated using
the optimized geometries derived from HEF/6-31G*,
HEF/6-311G*, HF/6-311G** and HF/6-311++G**
models of the zwitterion form. The frequencies were
scalled by the scale factor 0.8927 as recommended for
the FH methods. The harmonic force field (second
derivate of energy with respect to internal coordinates)
and potential energy distribution (PED) were eva-
luated at HF/6-311G* level using the GAMES pro-

6.0

gram. All computamons were performed using the
HP-SPP computer in Dubna.’

The calculated bond lengths, in which carbon,
oxygen and nitrogen atoms are involved have shown
fair agreement with the experimental data, however,
the bond distances, in which hydrogen atoms take
part, are longer than the experimental values. ‘The
bond angles computed using all four basis sets gave
reasonable agreement with the experimental values -
maximum deviation amounts to ca. 5 degrees. In the
case of torsional angles the deviations are about 15
degrees and for some of the hydrogen bonds even 30
degrees, with the exception of those computed for
hydroxyl hydrogen bonds which fit the experimental
values with a reasonable accuracy. The above discre-
pancies are caused by the fact that the computations
were carried out for the free molecule without allow-
ing for the temperature effects - the experimental
data listed in [1] refer to a molecule in the crystal
kept at a temperature of 12 K.

Since the torsional angles computed using the
HEF/6-311G* model show the best agreement with ex-
perimental data, only this basis set has been adopted
for the interpretation of vibrational spectra.

Vibrational assignments were done for the ami-
no group, methyl group, hydroxyl group, methine
group, carbonyl group modes and scheleton defor-
mation modes. The energies of the latter modes,
apart falling in the same range, were observed to be
mixed with other modes, so that they were not fully
separated and could not be identified in a unique
manner. A detailed analysis of the vibration modes
of the amino group has shown that the bending
modes produce strong peaks observed on the 1INS
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spectrum of normal [-threonine at the energies of
ca. 1600, 1550 and 1415 cm ™! and at the energies of
1180, 1155 and 1010 cm™! on the spectrum of the
deuterated sample. The ratios of respective energies
is thus not far from square root two. The vibrations
of the rocking type were found to be mixed with
those due to other types. Therefore, a unique as-
signment was not possible. The intense peak ob-
served at the energy 456 cm™! on the IINS spec-
trum of the normal sample, does not appear on the
spectrum of the deuterated sample. It is assumed
that the torsional mode of the NH3 group is mixed
with the CCCpepg mode. The calculated energy of
the torsional vibration of the NH3 group amounts
t0 239 cm™! and is much smaller than the observed
value. This effect is caused by strong N-H...O hy-
drogen bonds. A shift of the energy due to the
torsional vibration of the amino group towards
larger energies has been also detected in other
aliphatic amino acids studied up to now using the
IINS spectroscopy. The torsional vibration of the
NDj3 group is observed at the energy of 300 cm™1.

The most intense peak on the IINS spectrum at the
energy 256 cm™! has been assigned to the CHz o,
mode. A second peak on the IINS spectrum ob-
served at the energy 506 cm™! has been identified
as the first overtone of the CHszors, mode. The
peak observed on the IINS spectrum at 320 cm ™!
was assigned to the torsional vibration of the OH
group. The analysis of the neutron spectroscopy
data obtained for the normal and deuterated
samples of polycrystalline L-threonine combined
with the ab initio calculations made it possible to
identify the majority of vibrations modes due to
particular molecular groups and to separatc modes
due to hydrogen bond vibrations in the crystals of
the title compound. As in the previous studies, the
[INS method proved to be an effective tool to
investigate the hydrogen bond dynamics in the crys-
tals of amino acids.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS. PART XXXII:
THE CRYSTAL AND MOLECULAR STRUCTURE OF A CALCIUM(II) COMPLEX
WITH PYRIDINE-2,6-DICARBOXYLATE AND WATER LIGANDS

Wojciech Starosta, Halina Ptasiewicz-Bak, Janusz Leciejewicz

The crystals of bis[u-pyridine-2,6-dicarboxylato-
di(pyridine-

-O,N-O’)]bis[trisaqua-calcium(IT)]

-2,6-dicarboxylic acid) contain dimeric molecules
composed of two calcium(II) ions and two ligand

Fig. The structure of Ca2(2,6-PDDC)2(H20)¢ - 2H2(2,6-PDDC). Black circles reperesent the Ca(Il) ions.
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molecules. Calcium ions arc bridged by two bi-
dentate oxygen atoms each donated by one carbo-
xylic groxig of the ligand [Ca-O 2.438(2) A; Ca-O
2.409(2) A}. Apart from the two bridging oxygen
atoms the coordination around each Ca(Il) ion is
composed of the heteroring nitrogen atom [Ca-N
2.467(2) A], a monodentate oxygen atom of the
second carboxylic group of the ligand [Ca-O
2.484(2) A] and three oxygen atoms, each donated
by a water molecule [mean Ca-O 2.388(2) A]. The
dimer is shown in Fig. The coordination polyhed-
ron around the Ca(Il) ion is a distorted pen-
tagonal bipyramid. Its equatorial plane is com-
posed of three carboxylate oxygen atoms, hetero-
ring nitrogen atom and a water oxygen atom. Two
other water oxygen atoms constitute the vertices
of the bipyramid. Acid molecules were found in
the space between the dimers. An extended
network of intra- and intermolecular hydrogen
bonds with lengths ranging from 2.543(3) to
2.965(3) Ais operating in the crystal. The crystals
of Cay(2,6-PDDC)(Hp0)s - 2Hy(2,6-PDDC) are
monoclinic (space group P2i/c): a=9.307(2),
b=14.880(3), ¢=12.265(3) A, f=97.24(3)°. X-ray
diffraction measurements were carried out using

the KUMA KM4 four circle diffractomer at this
Institute. Data processing and structure refine-
ment was performed using SHELXL programme
package.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS
WITH HETEROCYCLIC CARBOXYLATE LIGANDS. PART XXXIII:
THE CRYSTAL AND MOLECULAR STRUCTURES
OF TWO POLYMORPHIC FORMS OF A CALCIUM(1I) COMPLEX
WITH PYRIDINE-2,6-DICARBOXYLATE, WATER AND NITRATE LIGANDS

Wojciech Starosta, Halina Ptasiewicz-Bak, Janusz Leciejewicz

ligand have been solved and described. The crystals of
the complex denoted by the present authors as “cal-

The structures of two calcium(II) complexes with py-
ridine-2,6-dicarboxylate (dipicolinate or 2,6-PDDC)

Fig.1.Molecular ribbons in the structure of the ¢-form of Ca[H(2,6-PDDC)}(H20)NO3.
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cium dipicolinate trihydrate" contain dimeric units
composed of two calcium(II) ions and two 2,6-PDDC
ligand motecules. The Ca(II) ions are bridged by two
bidentate oxygen atoms donated by only one carbo-

nitrogen atom, two water oxygen atoms and two Oxy-
gen atoms of a nitrate group giving rise to a distorted
pentagonal bipyramid as a coordination polyhedron.
The structures of the polymorphic modifications dif-

Fig.2. Molecular ribbons in the structure of the S-form of Ca[H(2,6-PDDC)}(H20)2NO3.

xylate group of each 2,6-PDDC ligand. In turn, the
Ca(Il) ions in adjacent dimers are bridged by two
water oxygen atoms giving rise to a polymeric molecu-
lar pattern [1]. Discrete dimeric molecules have been
also observed in the structure of another calcium(Il)
complex with 2,6-PDDC and water ligands, in which
free dipicolinic acid molecules have been found to be
accomodated in the space between the dimers re-
sulting in removal of the bridging via water moleculcs
[2}. Calcium(ll) complex: catena-mono(u-pyridi-
ne-2,6-dicarboxylato-0:0:N;0’) (diaqua-O)mono (ni-
trato-O:O)calcium(ll) exists in two polymorphic
forms. Each contains molecular ribbons in which ad-
jacent Ca(II) ions are bridged by monodentate oxygen
atoms donated by one carboxylate group of the pyri-
dine-2,6-carboxylate ligand. Apart from this bridging
oxygen atom, the Ca(II) ion is coordinated by two car-
boxylate oxygen atoms contributed by a different car-
boxylate group of the ligand molecule, the heteroring

fer in the way in which the nitrate ligands are oriented
in respect to the equatorial planes of the adjacent co-
ordination polyhedra: the trans mode in the a-form,
the cis mode in the B-form. In both modifications
hydrogen bonds operate between the carboxylate
oxygen atoms, water oxygen atoms and nitrate oxygen
atoms. Figs.1 and 2 show schematically the molecular
ribbons in the & and 8 forms, respectively. Both are
monoclinic: space group P21/n. The unit cell volumes
are: V=1209 A® (a-form) and 1175 A3 (-form).
X-ray diffraction measurements were carried out
using the KUMA KM4 four circle diffractomer at this
Institute. Data processing and structure refinement
was performed using SHELXL programme package.
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WITH HETEROCYCLIC CARBOXYLATE LIGANDS. PART XXXIV:
THE CRYSTAL AND MOLECULAR STRUCTURES OF LEAD(II) COMPLEXES
WITH FURAN-2-CARBOXYLATE AND FURAN-3-CARBOXYLATE LIGANDS
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The crystals of the lead(II) 2-furoate contain tetra-
meric structural units Pb4(2-FCA)g(H20); in which
four Pb(Il) ions are bridged by carboxylate oxygen
atoms forming a circular centrosymmetric moiety. In
addition, pairs of Pb(Il) ions are bridged by carboxy-
late oxygen atoms inside this moiety. The coordina-
tion around one Pb(II) ion is ninefold: apart {rom
the carboxylate oxygen atom it is coordinated by a
water oxygen atom and three hetero-ring oxygen
atoms donated by adjacent ligand molecules. The
other Pb(Il) ion exhibits eightfold coordination con-
sisting of five carboxylate oxygen atoms and three
hetero-ring oxygen atoms. The Pb-O bond distances
range from 2.356(15) to 2.966(15) A. Fig.1 shows
one circular moiety with atom and 2-fuorate ligand
numbering schemes.

The molecular pattern observed in the lead(1l)
complex with the 3-furoate ligand is polymeric. It con-
sists of Pb(3-FCA)2(H,O) structural units bridged by
carboxylate oxygen atoms donated by the furan-3-car-
boxylate (3-FCA) ligands which act as bidentate, us-
ing both their carboxylate oxygen atoms for chelation.
Three of them, however, are also engaged in bridging
adjacent Pb(1l) ions forming thus a three-dimension-
al, highly irregular molecular framework. The coordi-
nation around the Pb(Il) ion is ninefold - it includes
four carboxylate oxygen atoms donated by two ligand
molecules, three bridging carboxylate oxygen atoms
contributed by the adjacent ligands, a water oxygen
atom and an oxygen atom donated by the furan ring of

‘the adjacent ligand molecule. The Pb-O bond dis-

tances range from 2.341(11) to 3.693(12) A. Aview of

Fig.1. A circular moiety observed in the structure of lead(1) complex with 2-furote (FCA) and water ligands.
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Iig.2. A fragment of the structure of lead(1I) complex with 3-furoate (FCA) ligand.

using the KUMA KM4 four circle diffractomer at this
Institute. Data processing and structure refinement
was performed using SHELXIL. programme package.

a number of structural units is shown in Fig.2. The
crystals of both complexes are triclinic: space group
P1. X-ray diffraction measurements were carried out
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EXPRESSION OF TP53 EFFECTOR PROTEINS AND STRESS KINASES
IN L5178Y SUBLINES

Iwona Gradzka, Irena Szumiel, Dariusz Kowalczykl/ , Przemystaw J anik"

v Department of Cell Biology, Oncology Center, Warszawa, Poland

Two L5178Y sublines are heterozygous for a Tp53
mutation (TGC-»CGC; codon 170). Mutation at
this site impairs the function of the Tp53 DNA bind-
ing domain and thus, indirectly, its transactivating
capacity. The main reason for the high radiation
sensitivity of LY-S cells is a deficiency in DNA
double strand break (DSB) repair [1], apparently
caused by impaired non-homologous end-joining
(NHEJ) [2], whereas homologous recombination
repair is functional [3]. In LY-R cells both repair
systems are functional. The cell sublines differ in
several features of response to ionising radiation
that may depend on cellular signalling. In continua-
tion of long term studies on these cells, we deter-
mined the expression of gadd45 and p21/WAF1
genes, which usually are induced by moderate
radiation doses and are important in cell cycle
control. Also, we checked whether Jnk and Erk
protein kinases that are part of the response to
various types of stress signals are present in LY cell
extracts.

The cells were y irradiated at 0°C with the use of
a cobalt-60 gamma source (MINEOLA), at a dose

LY-S LY-R (A)
DOSE. Gy 0 2 2 [} 2 2
TIME 0 200 2h [\ 20° 2h

STH
v

gadd45

LY-S LY-R (B)
DOSE. Gy 0 2 2 0 2 2
TIME 0 200 2h (] 20° 2h
STD
A

pZIWAF{

Fig.1. Expression of gadd45 (A) and p21/WAF1 (B) examined by
RT-PCR in control and X-irradiated LY cells, 2 and 4 h
after irradiation. STD - standard (base pairs).

rate of 60.5 Gy/h. Protein kinases were determined
with Western blotting with the use of specific anti-
bodies. Transcription of p21/WAF1 and gadd45 was
assayed by RT-PCR (reverse transcriptase-polyme-
rase chain reaction).

Fig.1A shows that both LY sublines constitutively
express gadd45 at a comparable level, and this is not
affected by irradiation. LY-R cells, predictably for a
TpS3 mutant, constitutively express p21/WAF1; ir-
radiation does not enhance the expression (Fig.1B).
LY-S cells express p21/WAF1 neither constitutively
nor after irradiation (Fig.1B), in agreement with a
recent report {4]. Fig.2 shows that the abundance of
Erk1 and 2, as well as Jnkl and 2 does not change
after irradiation for up to 4 h. So, these kinases are
not responsible for the differential response of LY
sublines to ionising radiation. In contrast, there are
recent reports on the anti-apoptotic action of
p21/WAF1, apparently due to inhibition of pro-cas-
pase-3 activation [4]. It is plausible to assume that

LY-S LY-R

DOSE,Gy 0 2 2 0 2 2
O 200 2h 0 200 2h

TIME

Fig.2. Western blots of Erkl, Erk2 (30 ug protein per lane), Jnk1l
and Jnk2 (20 ug protein per lane) in control and X-irra-
diated LY cells, 2 and 4 h after irradiation.

this effect can take place in the X-irradiated LY-R
cells, whereas LY-S cells do not express p21/WAF1
and are deprived of this protection. Although direct
proof is lacking, this assumption is compatible with
the previously reported [5] relative radiation-in-
duced apoptosis proneness of LY-S cells as com-
pared to LY-R cells.
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CAFFEINE-INHIBITABLE CONTROL OF THE RADIATION-INDUCED G2
ARREST IN L5178Y-S CELLS DEFICIENT IN NON-HOMOLOGOUS END-JOINING

Irena Szumiel, Iwona Gradzka, Maria Kapiszewska”

17 1nstitute of Molecular Biology, Jagiellonian University, Krakéw, Poland

Duration of the radiation-induced G2 arrest in
mammalian cells may be expected to be directly re-
lated to the proportion of DNA damage left unre-
paired, although no general relationship of these
two parameters to radiation sensitivity could be
found [1]. Nevertheless, the response to X-rays of
L5178Y (LY) sublines which differ in radiation
sensitivity and double strand break repair compe-
tence [2] very well meets this expectation. The ra-
diation sensitive variant, L'Y-S, has an exceptionally
long mitotic delay (11 h/Gy), whereas the parental,
more radiation resistant LY-R line, about 4 h/Gy

[3].

Caffeine treatment enhanced the killing effect of
X-irradiation in LY-S cells (enhancement factor
equal to 1.2 from clonogenic survival), whereas it
did not change survival of the X-irradiated LY-R
cells [3]. In both cell lines the G2 phase fraction
was considerably diminished in caffeine-treated and
irradiated cells as compared to the irradiated ones.

1004
LY-R & ---@
— ao_i Y-S O (@]
z
% \
Do
g T N
= ) \'é
<=(’ 4O~:l &
= ; Tl
20¢ \i-\“‘#\-g--;';'/;/.?
control
O? t + § 57 t
0 100 300 (18 h)

TIME AFTER IRRADIATION, MIN

TAIL MOMENT
% INITIAL DAMAGE

5GyX S5GyX+CAFFEINE 5GyX

SCyX+CAFFEINE
LY-R LY-§

Fig.1.DNA damage repair is equal in both LY sublines X-irra-
diated with 5 Gy, as estimated by the alkaline comet assay
(upper panel). There is more unrepaired DNA damage left
in LY-S cells after 18 h incubation in 2 mM caffeine-
-supplemented medium than after incubation in the ab-
sence of caffeine. In LY-R cells the residual DNA damage
level is not changed by caffeine (lower panel). Hatched bar
- initial damage; open bar - damage after 18 h; black bar -
damage after 18 h expressed as % of the initial damage.
Caffeine reproducibly causes chromatin condensation re-
sulting in a decrease in the mean tail moment. Therefore,
the percentages of unrepaired damage (black bars in the
lower panel) should be compared for irradiation alone and
combined with caffeine, instead of the absolute tail mo-
ment values.

Caffeine inhibits the kinase activity of ATM (ataxia
telangiectasia mutated) [4,5] and hence, the whole
signalling pathway to the cyclin B1/Cdc2 complex,
thus abrogating the G2 arrest.

The treatment also increases the DNA damage
(Fig.1) that is estimated with the comet assay 18 h
after irradiation with 5 Gy (ca. 23% of the initial
value for X and ca. 47% for X + caffeine). This
indicates that either the repair has not been com-
pleted or the apoptotic DNA fragmentation has
been initiated (or both). The same treatment ap-
plied to X (5 Gy)-irradiated LY-R cells (G2 arrest
= 4 h/Gy) has no radiosensitizing effect and in-
duces no apoptosis. It also does not alter the
amount of DNA damage left unrepaired (ca. 28%).
The results are compatible with the assumption
that inhibition of the Atm-dependent G2 check-
point pathway by caffeine brings differential effects
in LY sublines because of the DNA repair defect in
LY-S cells. Atm controls the activity of recombina-
tion repair, which is functional in LY-S cells. So, in
these cells caffeine treatment can both inhibit DSB
rejoining and abrogate the Atm-dependent G2
checkpoint control. In consequence, the LY-S cells
with incompletely repaired DNA are subject to ac-
celerated apoptosis (Fig.2). On the contrary, LY-R
cells can repair DNA damage by the non-homolo-
gous end-joining, which is not affected by caffeine.

CAFFEINE 2mM
2 CAF+2 Gy X 24 h

LY-§

LY-R

Fig.2. Apoptosis in X-irradiated and 2 mM caffeine treated LY
cells. The cell cultures were X-irradiated with 2 Gy (LY-S)
or 5 Gy (LY-R), harvested 24 h after irradiation; patterns
of DNA electrophoresis are shown (standard - DNA from
apoptotic, heat-treated LY-R cells).

Hence, abrogation of the Atm-dependent G2
checkpoint control by caffeine does not involve
marked lethal consequences. Additionally, recent
reports point to a possible anti-apoptotic effect of
p21/WAF1; this would protect LY-R, but not LY-S
cells, because of lack of expression of that protein
in the latter cells.
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EXAMINATION OF MICRONUCLEI FREQUENCY
AS AN IONIZING RADIATION SENSITIVITY MARKER
IN A PANEL OF LYMPHOID CELL LINES

Alicja Jaworskal/, Paula De Angelis, Irena Szumiel, Jon Reitan'

/

Y Department of Radiation Medicine, Norwegian Radiation Protection Authority, Oslo, Norway

A search for new markers of individual sensitivity to
ionising radiation is of constant interest, mainly due
to application of radiation in cancer therapy, and to
occupational exposure in certain professions. The
best and most reliable markers (survival, chromo-
somal damage) are time consuming and exacting to
determine. A recent review on biomarkers [1]
discusses the biotogical variables that affect the
response to irradiation and the difficulties involved
in linking the expression of specific genes with
increased sensitivity to radiation. Among the most
often proposed biomarkers of clinical and envi-
ronmental protection use are apoptosis-related
proteins and generally, propensity to apoptosis,
micronucleus test and DNA damage estimated with
the alkaline comet assay.

how suitable it is as an indicator for revealing
radiation sensitivity of human or murine cells.

The cytokinesis-block micronucleus (CBN) assay
was performed according to Fenech [2] with modi-
fications appropriate for the differences between
the cell lines concerning generation time, mitotic
delay and cytochalasin B (cytB, Sigma) concentra-
tion. After irradiation, the medium was changed
and 10%/ml and 2 x 10%/ml in 10 ml T25 were taken
for CBN test for mouse and human cells respective-
ly. CytB was added 1 h after irradiation to all
cultures. LY-S cells were incubated with 1.5 zg/ml
cytB for 17 h (controls) and 24 h (irradiated cells),
LY-R with 3 ug/ml for 17 h (controls) and 19 h
(irradiated cells), Reh cells with 3 ug/ml cytB for 44
h, and AT cell lines with 3 ug/mi for 48 h (controls)

Table 1. Origin, radiation sensitivity, Trp53 status and cell cycle distribution of the lymphoid cell lines studied.

Cell line Origin and Dg [Gy]} Trps3 G1 £8D [%] S £SD [%] G2 =SD [%]

GO0736A Human ATM +/+ (0.7) Wild type (Wt) 742 +45 17.3 8.5

G00717C Human ATM +/- (0.7) Wt 722+ 29 19.4 8.4
LY-R Murine lymphoma (1.0) pS3+/- 20.1 * 0.96 61.8 + 3.0 181+26
LY-S Murine lymphoma (0.5) pS3+/- 20.1 + 3.5 663 + 22 135 + 2.6
Reh Human pre-B leukemia (0.9) Wt 46.9 9.6 43.6

We tested five relatively radiation sensitive cell
lines (Table 1) following X-irradiation with doses
from 0.1 to 2 Gy. These were two lymphoid AT cell
lines, one homozygous and one heterozygous for
the ATM gene, the human pre-B cell line, Reh, and
two murine L.5178Y lymphoma cell lines, LY-R and

and 50 h (irradiated cells). For each cell line 2-3 ex-
periments were performed.

The micronuclei frequency (MN) is presented in
Table 2. No significant differences in MN were
observed between the examined cell lines for doses
=<1 Gy. It was not possible to perform the assay for

Table 2. Frequency of micronucici (MN) in lymphoid cell lines after X-ray irradiation with doses 0.1-2.0 Gy; each value represents

results from 2-3 replicate experiments. Numbers represent MN/1000 binucleate cells.

Dose [Gy] G00736A G00717C Reh L5178Y-R L5178Y-8
0 14.8 £ 3.6 13.6 £ 43 11.8 £ 51 8.0+ 46 115+ 3.4
0.1 30954 235+28 215 %68 245 + 8.7 17.0 = 6.80
0.2 233+ 7.00
03 387 £ 128
0.4 413 £ 168
0.5 36.0 £ 10.8 563 £ 16.6 490 £ 178 49579 427 £ 420
1.0 585 +17.1 68.0 +9.7 77.5 £20.2 85062
2.0 101.3 £ 235 124.8 = 15.7 116.7 = 21.0 190.0 £ 50.3

LY-S. Mean lethal dose (Do) values (Table 1) are
the measure of radiation sensitivity. We examined
frequency of micronuclei in an attempt to establish

1 Gy in LY-S line due to the pronounced proli-
feration block (mitotic delay is 11 h) and the sub-

sequent apoptosis. In spite of the extreme radiation
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sensitivity of this cell line the MN for lower doses
did not substantially differ from those in the other
cell lines. Neither did the MN for AT cells; in this
case MN may be underestimated because of the
slow proliferation rate and G2 block.

The cell lines in the study were of differential but
rather high radiation sensitivity, which was found
unrelated to micronucleus frequency. Altogether, it
can be seen that this popular and simple predictive
test is not suitable for detection of radiation sen-
sitivity as obvious as that of AT or LY-S cells.
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EXAMINATION OF THE ROLE OF DOUBLE STRAND BREAK REPAIR
IN THE ADAPTIVE RESPONSE OF HUMAN LYMPHOCYTES:
NEUTRAL COMET ASSAY

Maria Wojewddzka, Iwona Gradzka, Iwona Buraczewska

Human lymphocytes exposed to very low doses of
DNA damaging agents may become less sensitive to
subsequent higher doses of the DNA damaging
agent. This phenomenon is called the adaptive res-
ponse [1,2]. This work refers to our previous results
[3,4] that showed no differences in the post-ra-
diation DNA repair kinetics (single-strand breaks

Donpers without adaptive response

(SSB), DSB and alkali labile sites mecasured at
alkaline pH) between lymphocytes adapted by low
doses of hydrogen peroxide or X-rays and the
control ones. Nevertheless, DNA damage observed
at the chromosomal level was significantly lower in
the adapted compared to non-adapted lymphocytes.
Thus, it could be supposed that the decrease in the

Donors with adaptive response
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Fig. Repair of DNA DSB measured by the comet assay in the non-adapted and adapted lymphocytes irradiated with 10 Gy of X-rays.
Data for donors unable or able to express radioadaptation as indicated by the results of the micronucleus assay. The results were
expressed as % of the initial damage. For each time point the mean tail moment of the control value was subtracted.
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chromosomal damage level in the adapted cells
results from the higher DSB repair efficiency. The
frequency of the DSBs induced by X-rays is about
two levels of magnitude lower than the frequency of
SSBs. Hence, the change in DSB repair might not
be revealed by the alkaline comet assay. Therefore,
we applied the neutral comet assay, which detects
DSB.

Human lymphocytes isolated from whole blood
and stimulated with phytohemagglutynin (PHA)
were irradiated with an adaptive dose (5 ¢Gy of
X-rays) and then with a challenge dose of 2 Gy for
the micronuclei assay and 10 Gy for the neutral
comet assay. The frequency of micronuclei in the
adapted lymphocytes was about 30% lower than
that expected for an additive effect of both, adaptive
and challenge doses, applied separately. Estimation
of DNA damage was carried out with the use of
single gel electrophoresis assay (comet assay) in
neutral pH.

Fig. summarises the results of all experiments
with lymphocytes from 8 donors (healthy, male,
non-smokers, aged 20-28 years), including 3 who
showed adaptation. The use of the neutral comet
assay allowed us to suggest that the lower damage
revealed in the adapted lymphocytes at the chro-
mosomal level was unrelated to the initial level of
DSBs in DNA. The differences between kinetics of
DNA repair in the adapted and non-adapted lym-
phocytes were not significant.
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EXAMINATION OF THE ROLE OF DOUBLE STRAND BREAK REPAIR
IN THE ADAPTIVE RESPONSE OF HUMAN LYMPHOCYTES:
PULSE FIELD ELECTROPHORESIS

Iwona Gradzka, Maria Wojewddzka, Iwona Buraczewska

Human lymphocytes in culture exposed to very low
doses of DNA damaging agents become less sensi-
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tive to subsequent higher doses of X-rays. Such an
adaptive response in human lymphocytes was first
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Fig 1.PFGE of DNA from human lymphocytes at sequential time points after X-irradiation (5 Gy). The cells were previously adapted
(+A) or not (-A) by X-irradiation with a dose of 5 cGy. The gel was stained with ethidium bromide (1 zg/ml).
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identified as a decrease in chromosomal aberration
frequency [1,2].

The aim of this project is to study the signifi-
cance of DNA double-strand break (DSB) repair in
the adaptive response of human lymphocytes ex-
posed to X-radiation. It could be supposed that the
decrease in the chromosomal damage level in the
adapted cells [1,2] results from the higher DSB
repair efficiency. The disposition of lymphocytes
from 8 donors (healthy, male, non-smokers, aged
20-28 years) to respond adaptively was determined
by comparison of the micronuclei frequency mea-
sured after irradiation with 2 Gy of X-rays in the
cells adapted with 5 ¢Gy of X-ray and the non-
-adapted ones. We found that in lymphocytes of the
three tested donors, an adapting dose of 5 cGy of
X-rays evoked a ca. 30% decrease in the frequency
of micronuclei upon subsequent X-irradiation (2
Gy).

yl)Estimation of the DSBs was carried out with the
use of pulse-field gel electrophoresis (PFGE). We
have examined human lymphocytes isolated from
whole blood after stimulation with phytohemagglu-
tinin (PHA). They were irradiated (or not) with 5
¢Gy of X-rays to induce adaptive response. The
cells were embedded in low-gelling-point-agarose
and lysed in a buffer containing detergents and pro-
teinase K, pH=7.5, at 50°C, overnight. The agarose
plugs containing nucleoids were placed into wells of
0.8% chromosomal grade agarose (Bio-Rad) and
electrophoresed with the use of CHEF-III appara-
tus (Bio-Rad). The electrophoresis was performed
at 1.7 V/cm and 14°C; an angle between two electric
field vectors was 106°. The run was comprised of
three blocks, 31 hours each, with increasing switch
times: I: 50-200 s, II: 200-600 s, III: 2000-2200 s.
DNA in the gel was visualised under UV-trans-
illuminator, after staining with ethidium bromide
or SYBR-Gold (Bio-Probes). The images (Fig.1)
were captured with the use of a CCD camera,
connected to PC. Quantification of DNA was
performed using GelScan image analysis software,
which measures integrated fluorescence intensities
over electrophoretic path. All subsequent calcula-
tions were made using Microsoft Excel software.
The level of double-strand breaks (DSB) in DNA
was expressed as a sum of a percentage of a sample
entering the gel, for each of individual path seg-
ments (ca. 80 segments per path), divided by an
average of DNA molecular weight corresponding to
this segment [3].

Fig.1 shows typical DNA electrophoresis patterns.
At a dose of 5 Gy any differences in DSB levels be-
come visible only after analysis of the fluorescence
distribution. Fig.2 is the summary of all the data for
the examined repair intervals, showing separately
lymphocytes from donors able (a+) or unable (a-)
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Fig.2. Comparison of DSB levels at sequential time points after
irradiation with the challenge dose (5 Gy) between non-
-adapted (not pre-irradiated) and adapted (pre-irradiated,
5 c¢Gy) samples, for the lymphocytes showing (+a) or not
(-a) adaptive response.

for radioadaptation. Generally, rejoining kinetics for
individual donors has been highly varied, but without
significant difference between a+ and a- donors.
Interestingly, at one repair interval (15 min) DSB are
more numerous in adapted than in the non-adapted
lymphocytes. Since the level of DSB is calculated
from the mobility of DNA fragments and the latter
parameter also depends on chromatin conformation,
the outcome of adaptation may well be a chromatin
conformation change.

In summary, the use of both PFGE and neutral
comet (see the accompanying report) assay allowed
us to suggest that the lower damage revealed in the
adapted lymphocytes at the chromosomal level was
unrelated to the initial level of DSBs. The differ-
ences between kinetics of DNA repair in the adapt-
ed and non-adapted lymphocytes were not sta-
tistically significant. However, the PFGE pattern
differed between the DNA from adapted and
non-adapted cells.
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CYTOTOXIC EFFECTS OF CIS-PLATINUM AND PALLADIUM((II) CHLORIDES
COMPLEXED WITH A NOVEL STABLE LIGAND STUDIED
IN MOUSE LYMPHOMA CELL LINES DIFFERING IN DNA REPAIR SYSTEMS

Marcin Kruszewski, Elzbieta Bouzyk, Tomasz 'Oldakl/, Krystyna Samochocka?, Leon Fuks,
Wiodzimierz Lewandowski® , Waldemar Priebe®

Y Maria Sktodowska-Curie Memorial Cancer Center and Institute of Oncology, Warszawa, Poland
“ Department of Chemistry, Warsaw University, Poland
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Among platinum complexes, cisplatin has an estab-
lished position in cancer chemotherapy [1]. This
gives an incentive to seek other Pt complexes with
smaller side effects and a strong anti-tumour action.
Therefore, we undertook a search for new platinum
compounds that would be of a relatively low cyto-
toxicity and good water solubility.

Cytotoxicity and antitumour activity of Pt-com-
plexes are often sensitive to structural features such
as the number of leaving groups and the nature of
stable ligand. Minor variations in the structure of
amine ligands can have profound effects on the
antitumour activity and especially on the toxicity of
these complexes. Here, we compared a platinum
complex with a novel stable ligand (wp1-1) with an
identical palladium complex. We measured cytoto-
xicity of both complexes in two mouse lymphoma
L5178Y cell lines (LY) differing in the ability to
NER (nucleotide excision repair) [2] and suscepti-
bility to DNA cross-linking agents. LY-R cells are
NER-deficient, whereas LY-S cells - NER-profi-
cient.

LY cells were maintained in suspension cultures
in Fischer’s medium supplemented with an 8% bo-
vine serum. Asynchronous cultures in the exponen-
tial phase of growth were used in all experiments.
An appropriate aliquot of stock solution of the
tested compounds (PtCly, PACl,, and ligand alone)
was added to the final concentrations of 0.001-1.0
mg/ml for 1 h at 37°C. After incubation, the calf
serum was added, the cells were centrifuged at

1.2
1.1

T 1.0

o 08} A

S a8t L

= 01 _i_ A LY-Rtcis-Pt

a ® Ci,Pt

3 os 3 s e

O o5

Y oos

Eoos

o 02

X, = - _
AL N N o, e
0.0 4 prai- i

0.010 0.100
CONCENTRATION [mg/mi]

Fig.1. Relative cell numbers in LY-R cell cultures treated with
the tested drugs for 1 h and then incubated for 48 h.
Relative cell number is the ratio of cell number per ul of
the treated cell suspension to that in the control (untreat-
ed) one.
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room temperature and re-suspended in Fischer’s
medium for 48 h growth tests, in order to estimate
cytotoxicity. As a reference complex, cisplatin was
used.

Toxicity of the ligand alone was small and similar
for both LY cell lines (not shown). Toxicity of the
Pt complex was similar for both cell lines (50%
inhibitory concentration, ICsq was 8 uM for LY-R
cells and 12 uM for LY-S cells respectively) (Figs.1
and 2). Survival curve for this compound showed
the same biphasic nature that was observed in the
case of cisplatin (cis-Pt). The threshold value was
similar (20 uM). Interestingly, the Pd compound
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Fig.2. Relative cell numbers in 1.Y-S cell cultures treated with the
tested drugs for 1 h and then incubated for 48 h.

was more toxic for LY-R cells than for LY-S cells
(Figs. 1 and 2). Toxicity of the Pd compound for
LY-R cells was similar to that of the platinum com-
pound. Survival curve had the biphasic nature with
a threshold value at 30 uM. The ICsp value was 9
#M and ICqg was 60 M. Surprisingly, in LY-S cells
no toxicity of the compound was found up to 6 uM
concentration. The calculated ICsg and ICyg values
were 23 and 200 uM, respectively. So, toxicity of the
palladium compound in LY-S cells was lower than
that of its platinum counterpart, in spite of identi-
cal ligands.
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DNA DAMAGE INFLICTED IN MOUSE LYMPHOMA CELL LINES
BY CIS-PLATINUM AND PALLADIUM(II) CHLORIDES COMPLEXED
WITH A NOVEL STABLE LIGAND (wp1-1)

Marcin Kruszewski, Elzbieta Bouzyk, Krystyna Samochocka, , Leon Fuks, Wiodzimierz Lewandowski?, ,
Waldemar Priebe”

v Department of Chemistry, Warsaw University, Poland
2 Drug Institute, Warszawa, Poland
3 M.D. Anderson Cancer Center of the University of Texas, Houston, USA

We compared a platinum complex with a novel
stable ligand (wpl-1) with an identical palladium
complex with respect to their ability to inflict DNA
damage in two mouse lymphoma L5178Y cell lines
(LY) differing in the ability to NER (nucleotide
excision repair) [1] and susceptibility to DNA cross-
-linking agents.

Asynchronous LY cell cultures in the exponen-
tial phase of growth were maintained in suspension
in Fischer’s medium supplemented with an 8%
bovine serum. An appropriate aliquot of stock
solution of the tested compounds (PtCly, PdCly)
was added to the final concentrations of 0.001-1.0
mg/ml for 1 h at 37°C. After incubation, the calf
serum was added, the cells were centrifuged at
room temperature and used for the comet assay.

The comet assay (single cell gel electrophoresis)
was performed according to [2] with small modifica-
tions. In brief, the cell suspension was mixed (1:1)
with a 2% low melting point agarose and pipetted
onto microscope slides. After agarose solidification,
the slides were irradiated on ice with 2 Gy of 200
kV X-rays in an Andrex X-ray machine. After
irradiation, the slides were immersed in a cold lys-
ing solution, pH 10, for 1 hour. After lysis, the
slides were placed on a horizontal gel electropho-
resis unit filled with a fresh electrophoretic buffer,
pH 13, allowed to stay in this buffer for 40 min for
DNA unwinding and then electrophoresed (30 min,
1 V/em). After electrophoresis, the slides were
stained with DAP! and 50 randomly selected
comets and analysed using image analysis software
Comet v.3.0 (Kinetic Imaging Ltd., Liverpool, UK).
Tail moment was measured. The tested chemicals
were expecled to generate DNA cross-links. There-
fore, the decrease in tail moment, as compared to
the irradiated, non-treated cells, was taken as a
measure of DNA damage.

In growth tests we found that the Pt complex was
equally toxic to both cell lines, whereas the Pd
complex was much more toxic to the NER deficient
LY-R cells. As shown in Fig., treatment with the Pt
complex retarded DNA migration (as seen in the
comet assay) similarly in both cell lines and in a
dose-dependent manner. The Pd complex retarded
DNA migration to a higher extent in the
NER-competent cell line (LY-S), although this
ability did not correspond with the compound’s
cytotoxicity. Since the treatment time allowed for
DNA repair to continue until the measurement of
DNA damage, and the damage was similar in both
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Fig. DNA damage measured with the comet assay in LY cells
treated with Pt (A) or Pd complex (B). Reduction of the
X-ray-induced (3 Gy) DNA migration (control) is the mea-
sure of the cross-linking ability of the complexes. Sec text for
other explanations.

cell lines, it seems that the Pt complex does not
inflict damage that is repaired by the NER system.

As mentioned above, the ability of the Pd comp-
lex to induce DNA cross-links was not reflected in
its cytotoxicity. Reduction of the X-ray-induced (3
Gy) DNA migration to 30% of the initial value in
LY-S cells resulted in no growth inhibition. Si-
milarly, reduction of DNA migration by half in
LY-R cells had only minor effect on cell survival
(25% growth inhibition). It has been postulated
that some palladium compounds induce double he-
lix conformational changes different from those
induced by cisplatin [3]. Our results support this
hypothesis.
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DIFFERENTIAL ANTI-PROLIFERATIVE PROPERTIES
OF NOVEL HYDROXYDICARBOXYLATOPLATINUM(IT) COMPLEXES
WITH HIGH OR LOW REACTIVITY WITH THIOLS ’

Iwona Buraczewska, Elzbieta Bouzyk, Janina Kuduk-J aworska/ , Katarzyna Waszkiewicz, , Irena Szumiel

i Department of Chemistry, University of Wroclaw, Poland

We have examined the anti-proliferative effect of 13
recently synthesised platinum dicarboxylate comp-
lexes, very similar in their chemical, structural and
kinetic properties to carboplatin. Wc used the
15178Y model: two murine lymphoma sublines,
which differ in nucleotide excision repair (NER)
ability and hence, in sensitivity to those platinum
complexes that react with DNA. The anti-prolife-
rative effect of the examined compounds mainly
depends on the kind of amine ligand. Complexes
with primary amine (ethylenediamine) are more
effective than complexes containing tertiary amine
(1-alkylimidazole). The ethylenediaminemalatopla-
tinum(Il) complexes show a differential in vitro
anti-proliferative activity in the L5178Y model,
hence, it may be expected that they inflict DNA
lesions that are repaired by the NER system.
Further, we evaluated the correlation between
the cytotoxic properties of the examined complexes
and their reactivity with GSH. The latter was
measured as the concentration of unreacted GSH
after 16 h incubation with the respective platinum
complex. The numerical data presented in the
following graphs were taken from the previous
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Fig.1.Correlation of the anti-proliferative activity of the group 1
platinum complexes with their reactivity with GSH. Con-
fidence interval 95% indicated. Upper panel - data for
LY-R cells; lower panel - data for LY-S cells.

publication [1]. The measure of cytotoxicity was

inhibitory dose (IDsg) that is concentration of the

complex, which decreased the relative cell number
in the treated cell culture to 0.5 after 48 h treat-
ment at 37°C.

Examination of the distribution of IDsg values and
of the similarities between LY sublines indicates that
two groups of Pt complexes can be discerned:

1) Pt complexes to which the LY-R cells are about
twice more sensitive than the LY-S cells; here
belong cisplatin and all the ethylenediaminema-
latoplatinum(Il) enantiomeres;

2) 1-alkylimidazole Pt complexes, to which the LY
sublines are equally sensitive.

As shown in Fig.1, the cytotoxic properties of the

complexes belonging to group 1 are directly related

to their reactivity with GSH; in other words, high
cytotoxicity corresponds to high reactivity with GSH

(LY-R cells: r=0.963423, p=0.036577; LY-S cells:

r=0.995380, p=0.004620). It can be concluded, that

the DNA is the cellular target of these, bighly re-
active with GSH, Pt complexes. In contrast, toxicity
of the complexes belonging to the 2nd group is
inversely related to the reactivity with GSH (Fig.2;
r=0.8853, p=0.000128). Here belong the complexes
that block cell cycle progression, bis(1-ethylimida-
zole) L-malatoplatinum(II) and bis(1-propylimida-
zole) L-malatoplatinum(I1); they are the least toxic
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Fig.2. Correlation of the anti-proliferative activity of the group 2
platinum complexes with their reactivity with GSH. Conlfi-
dence interval 95% indicated. The data for LY-R and LY-S
cells are combined, because of similarity in the response to
these complexes.

and of intermediate reactivity with GSH. In their
case, the target seems to be different from DNA [2].
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G2 PHASE ARREST S
CAUSED BY HYDROXYDICARBOXYLATOPLATINUM(II) COMPLEXES
WITH LOW REACTIVITY WITH THIOLS

. . . . / 0]
Iwona Buraczewska, Janina Kuduk-J aworska/ , Katarzyna Waszkiewicz!/ , Anna Gasmskaz', Irena Szumiel

v Department of Chemistry, University of Wroctaw, Poland
4 Laboratory of Radiation Biology, Oncology Center, Krakow, Poland

We have examined the anti-proliferative effect of 13
recently synthesised platinum dicarboxylate comp-
lexes. We used the L5178Y model: two murine

midazole) L-malatoplatinum(II), show a considerable
ability to arrest cells in G2 phase (Tables 1 and 2).
The property of G2 arrest induction is shared by many

Table 1. Cytometric determination of the distribution in the cell cycle of LY-R cells treated with Pt complexes for 24 h with the drug
concentrations indicated (mean results from duplicate determinations + range).

Labelling index | G1 phase cells | S phase cells | G2 phase cells dead cel
Pt complex (%) (%] (%) (%) LI/S |% dead cells
None (control) 592 %01 280 £ 0.1 61.7 08 103 £ 09 0.96
Bis(1-ethylimidazole) L-malatoplatinum(II) 12.7 £ 0.9 1.6 £ 0.5 26.6 = 4.6 71851 0.48
100 zeg/mi
Bis(1-propylimidazole) L-malatoplatinum(11) 60+02 0.65 = 0.05 164 =10 827x11 0.36 8
100 g/mi

lymphoma sublines, LY-R and LY-S, which differ
in nucleotide excision repair (NER) ability [1] and
hence, in sensitivity to those platinum complexes

other platinum complexes; however, those examined
in this report exhibit this activity at a very low toxicity
level. We expect that the properties of these two pla-

Table 2. Cytometric determination of the distribution in the cell cycle of LY-S cells treated with Pt complexes for 24 h with the drug
concentrations indicated (mean results from duplicate determinations + range).

Labelling index | G1 phase cells | S phase cells | G2 phase cells .
Pt complex (%] (%) (%] (%] LI/S |% dead cells
None (control) 588 £53 280+1.1 61.6 + 2.2 103+13 | 095 2
Bis(1-ethylimidazole) L.-malatoplatinum(II) 183+ 24 5400 299 + 0.7 64.7 = 0.7 0.61 6
100 pg/ml
Bis(1-propylimidazole) L.-malatoplatinum(II) 6.5+ 00 0.7+03 14.6 + 2.0 846+ 18 0.44 12
100 gg/ml

that react with DNA. We found that the 1-alkyli-
midazole complexes are of low toxicity and mo-
derate to low reactivity with glutathione (GSH); in
contrast to the ethylenediaminemalatoplatinum(II)
complexes, their cytotoxicity is inversely correlated
with reactivity with GSH [2]. Also, these 1-alkylimi-
dazole Pt complexes, to which the LY sublines arc
equally sensitive, apparently do not inflict DNA
damage that is repaired by the NER system. Alter-
natively, their target is different from DNA.

Two of the 1-alkylimidazole complexes, bis(1-ethy-
limidazole) L-malatoplatinum(IT) and bis(1-propyli-

tinum complexes may be exploited in combined plati-
num complex treatment and irradiation.
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CYTOPLASMIC ACTIVITY OF TYROSINE PROTEIN KINASE, c-Abl,
IN L5178Y MURINE LYMPHOMA CELL SUBLINES - A LINK
TO DIFFERENTIAL APOPTOSIS PRONENESS?

Barbara Sochanowicz, Irena Szumiel

Tyrosine protein kinase, c-Abl, is a homologue of
the Abelson leukemia virus oncogene. Its biological
function depends on the intracellular localisation.
Nuclear c-Abl interacts with the DNA damage
sensor complex and is activated by Atm in the
damaged cell [1,2]. It, then, participates in cell cycle
control and DNA repair regulation. It also acts as a

pro-apoptotic factor through p73. The function of
the cytoplasmic c-Abl is less clear. In its activated
state, as in malignant cells, it phosphorylates Ras
and following Ras activation, it affects the sig-
nalling through Erk and Sapk pathways. Activated
c-Abl exerts an anti-apoptotic effect independently
of the Erk pathway, probably through phosphati-
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dylinositol 3-kinase (PI-3K) and Bad, a pro-apop-
totic protein which becomes inactive upon phos-
phorylation [3].

We examined the activity of c-Abl kinasc in its
immunoprecipitates from the total cell and nuclear
extracts prepared according to [4] and {5], res-

nuclear and total cell extracts from LY-R and LY-S
cells indicated a difference in the cytoplasmic ac-
tivity: in LY-S subline, it was about 50% of that in
the LY-R subline (Fig.).

This observation may be pertinent to the pre-
viously reported differential post-irradiation apop-
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Fig. Abl kinase aclivity in the nuclear and whole cell extracts from L.Y-R and 1. Y-S celis.

pectively. Activity determination [5] was carried out
with or without GST-Crk as substrate (courtesy of
Dr. D.W. Kufe). In the whole cell extract, most of
the measured phosphorylation was due to auto-
phosphorylation and phosphorylation of the co-
-precipitating proteins.

Irradiation (1 or 5 Gy of y rays) did not appre-
ciably alter the kinase activity in the nuclear cx-
tracts in LY-R and LY-S cells, when measured 1 or
3 h after irradjation. The activity levels were com-
parable in both LY sublines, with or without the
crk substrate. Expression of the kinase protein, as
determined by western blotting 1, 2 and 4 h after
irradiation with 1 Gy, was similar in both cell lines
and not altered as compared to the controls. More-
over, the co-precipitating proteins were in the
molecular weight range below 66 kDa; so, there was
no indication of the interaction of c-Abl with the
large molecules of DNA-PK or Atm, which co-pre-
cipitate with the kinase in nuclear extracts from
other cells.

On the contrary, there were co-precipitating pro-
teins in the molecular weight range above 66 kDa in
the total cell extracts, obviously of the cytoplasmic
origin. Comparison of the kinasc activity in the

tosis [6]. Activated c-Abl is a source of strong
survival signals which counteract the pro-apoptotic
signals [3]. Since apoptosis in LY sublines is p53,
bcl-2 and bax-independent [6], the possibility that it
is controlled through Bad and PI3-K and connect-
ed with the differential cytoplasmic activity of ¢-Abl,
seems plausible and worth further examination.
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VALIDATION OF THE MICRONUCLEUS-CENTROMERE ASSAY
FOR BIOLOGICAL DOSIMETRY

Andrzej Wijcik, Maria Kowalska, » Elzbieta Bouzyk, Iwona Buraczewska, Grazyna Kobiatko
1 Central Laboratory of Radiation Protection, Warszawa, Poland

Biological dosimetry is a method by which the level
of radiation exposure is estimated on the basis of

radiation-induced changes in the human body. The
most frequently applied method relies on measur-
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ing the frequency of dicentric chromosomes in
lvmphocytes of the peripheral blood [1]. Disadvan-
tages of the dicentric assay are a relatively high skill
needed for scoring and a rather long time required
for a precise analysis. An alternative method is the
micronucleus (Mn) test [2], which is less time-con-
suming. However, its disadvantage is a weak sensiti-
vity in the low dose region of ionising radiation.
Norppa et al. [3] were the first to suggest, that
the sensitivity of the Mn assay could be enhanced by
discriminating between spontaneous and clasto-
gen-induced micronuclei. The discrimination was
based on the observation that spontaneous micro-
nuclei contain predominantly whole chromosomes,
whereas clastogen-induced micronuclei contain
acentric fragments. Vral et al. {4] used fluorescence
in situ hybridization (FISH) with a pancentromeric
DNA probe to investigate if an increased sensitivity
for detection of low radiation doses could be
achieved by selectively scoring those micronuclei
which did not contain centromeres. Indeed, their
results indicated that sensitivity of the Mn assay
could be increased by analysing the frequency of
centromere-negative micronuclei. The aim of the
present study was to investigate whether and to
what extent an cnhanced sensitivity in assessing the

Mn per 1000 BNC

Dose (Gy)

Fig.1.Frequency of micronuciei (Mn) per 1000 binucleated cells
(BNC) in human lymphocytes irradiated in vitro with
increasing doses of X-rays. Separate curves for 6 donors
are shown and the thick line is for mean results.

dose of ionising radiation could be achieved in our
Laboratory by combining the micronucleus assay
with centromere detection by FISH.

Lymphocytes of 8 donors were irradiated in vitro
with different doses of ionising radiation. We esti-

mated the frequency of micronuclei in lymphocytes
of all donors; the percentage of micronuclei con-
taining centromeres (MnC+) was analysed in lym-
phocytes of 6 donors. The dose response curve for
micronuclei in binucleated cells is shown in Fig.1.
Due to the high inter-individual variability, a sta-
tistically significant increase in the micronucleus
frequency is seen only after a dose of 0.5 Gy. In
accordance with the assumption that ionising ra-
diation-induced micronuclei contain predominantly
acentric fragments, the relative frequency of micro-
nuclei containing centromeres decreased with ra-
diation dose (Fig.2). Due to a relatively low degree
of inter-individual variability, a statistically signifi-
cant difference in the frequency of MnC+ was
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Fig.2. Percentage of centromere-containing micronuciei (MnC+)
scored in the same preparations as in IFig.1.

observed between 0 and 0.25 Gy. It is thus evident,
that the micronucleus-centromere assay is a more
sensitive method to detect the exposure to ionising
radiation than the conventional Mn assay. So, in
the case of an accidental radiation exposure in the
low dose range, the MnC+ assay is more suitable to
assess the absorbed dose than the conventional Mn
assay.
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INCREASE IN LABILE JRON POOL IN MOUSE LYMPHOMA CELL LINES
TREATED WITH HYDROGEN PEROXIDE

Marcin Kruszewski, Teresa Barttomiejczyk, Pawet Lipir’lskil/

Y Institute of Genetics and Animal Breeding, Polish Academy of Sciences, Jastrzebiec, Poland

Maintenance of intracellular iron metabolism de-
mands coordination of iron uptake, utilisation and
storage. The principal effectors of this regulation
are transferin receptor (TfR), a protein involved in

iron uptake, and ferritin (Ft) an iron-sequestering
protein. The expression of TfR and Ft is regulated
at both transcription and post-transcription levels
[1,2]. The key elements in post-trancriptional regu-
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lation of the expression of TfR and Ft are iron
regulatory proteins (IRP1 and IRP2), that bind to
the stem-loop structure (iron-responsive elements,
IRE) of mRNAs coding TfR or Ft. The binding of
IRP to 5’-IRE of Ft mRNA represses protein trans-
lation. On the contrary, the binding of IRP to
3’-IRE stabilises TIR mRNA and elevates its trans-
Jation [2,3]. The ability of IRP1 to bind the IRE
depends on the availability of weakly bound iron
ions, the so called labile iron pool (LIP) [2,4]. In
our previous work [5] we characterised the steady
state level of LIP and the IRE binding capacity of
IRP1 protein in two mouse lymphoma cell lines
L5178Y-R (LY-R) and L5178Y-S (LY-S), differing
in sensitivity to hydrogen peroxide (HP) [6].

In this work we studied the LIP level and the
changes in IRE/IRP binding in LY cells treated
with hydrogen peroxide. Interestingly, in HP treat-
ed cells we observed an increase in LIP level
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Fig.1.LIP levels in LY cells treated with HP. The cellular chela-
table iron content in living LY cells was assessed as des-
cribed elsewhere [5] by the method developed by Epsztejn
etal. [7].

(Fig.1). This increase was more pronounced in
LY-R cells than in LY-S cells. LY-R cells were
already known to have a higher steady-state LIP
level [5]. The increase in LIP level was correlated
with an increase in the IRE binding capacity of the
IRP1 protein. Simjlarly, this increase was more
marked in LY-R cells than in LY-S cells (Fig.2).
The increase in the IRE binding capacity of IRP1,
indicating a total loss of the 4Fe-4S cluster, was
associated with a decrease in the aconitase activity
of IRP1 (Fig.2).

Our experiments revealed an intriguing pheno-
menon. The exposure of LY cells to exogenous
oxidative stress (HP) caused an increase in the level
of LIP and a corresponding increase in IRE/IRP
binding that might further elevate the intracellular
level of labile iron ions. The weakly bound iron ions
are potentially hazardous for the cell, as they can
enter the Fenton reaction - the source of highly
toxic hydroxyl radicals [8]. Hence, the exposure of
mammalian cells to the oxidative stress may sensi-
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Fig.2.IRE binding activity of IRP1 protein in LY cells treated
with HP. The cell extracts were prepared as previously
described [5)]. Two micrograms of protein were analysed in
the presence or absence of 2% 2-mercaptoethanol.

tise these cells to the subsequent exposure to the
oxidising agents. However, whether newly released
iron ions enhance the cell’s sensitivity to oxidative
stress remains to be determined.

What is the source of the LIP is not known yet.
Possibly, it is supplied by the oxidised iron proteins
that are known to loose their iron content in
response to oxidative stress [9]. Our experiments
support this hypothesis, as the increase in LIP is
correlated with the increase of IRE/IRP binding
that requires the removal of the 4Fe-4S cluster
from the IRP1 protein.

The authors are grateful to Dr. L.C. Kiithn for
providing the IRE containing plasmid and to Drs.
P. Ponka and J. Cabantchik for the SIH and anti-
-calcein antibody, respectively.
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INDUSTRIAL DEMONSTRATION PLANT
FOR ELECTRON BEAM FLUE GASES TREATMENT

Andrzej G. Chmielewski, Edward Iller, Bogdan Tymiriski, Zbigniew Zimek, Janusz Licki"/
1/ Institute of Atomic Energy, Swierk, Poland

The experience gathered during laboratory and
pilot plant tests was the basis for the preparation of
a full scale industrial plant design.

The electron dry scrubbing process has been
employed at the Pomorzany Electric Power Station
(Szczecin, Poland) for the simultaneous removal of
SO, and NOx from flue gases emitted from Benson
boilers.

After a detailed analysis it was decided to design
and construct the electron beam installation treat-
ing a maximum flow of 270 000 Nm3/h of flue gas.

The Pomorzany electron beam flue gas treat-
ment installation has been designed for the station
rated output reached after a retrofit of the plant.

High concentration of NOy and relatively low con-
tent of SO4 in flue gas emitted from Benson boilers
establish specific conditions for flue gas treatment.
The parameters of electron beam process are so
chosen as to guarantee an efficient removal of NOy
up to 80% and up to 70% of SO in continuous ope-
ration of the installation. For an intermittent opera-

Auxiliary Fan

irrndiation
vessels

Ammenia storage
and dosing uait

Fig.1. Process flow diagram of electron beam installation at the
EPS Pomorzany.

tion up to 80% removal of NOyx and 90% reduction
of SO, are expected. The conceptual system arrange-
ment of this situation is shown in Fig.1.

The flue gas will be humidified up to 10% (by
volume) in a spray cooler. Ammonia is then inject-
ed before two parallel irradiation vessels equipped
with two 300 kW, 800 keV accelerators installed in
series (Kaweczyn pilot plant’s solution). Longitu-
dinal gas irradiation has been applied. The formed
aerosol is collected in dry electrostatic precipitator
with a flat heated bottom furnished with a scraping

device. The manufacturer guaranteed high removal
efficiency (particulate concentration at the outlet
should be less than 20 mg/Nm?) and corrosion
resistivity of the equipment. The product will then
be granulated for final distribution.

The ammonia consumption is estimated to be
180-200 kg/h and the by-product yield to be ca. 800
kg/h. Ammonia water is used, as the medium for the
preparation of gaseous ammonia.

At present, the Pomorzany installation passed
technical tests and will be put into operation in the
first quarter of the year 2001 (Figs.2 and 3) [1].

An electron beam industrial installation of capa-
city similar to the EPS Pomorzany has been designed
and installed by the Ebara Corporation at Seito
Electric Power (Sichuan Electric Power Administra-
tion) in China, primarily for the removal of SO;. De-
sign conditions of this installation are the following:

- volumetric flow of flue gases approx. - 300 000

Nm>/h,

Fig.2. View of spray cooler.
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Fig.3. View of electrostatic precipitator.

- SOz content in flue gas - 1800 ppm,

- efficiency removal of SOz - 80%,

- by-product output rate - 2470 kg/h.

The Chinese electron beam installation was put in-
to operation in May 1998 [2].

To evaluate the technology, which is applying an
electron beam to react with outlet gas components,
it should be recognized that the removal of both
SO7 and NOy is accomplished.

In Fig.4 a comparison of the investment costs for
different methods of removal of SO, and NOy from
flue gases is illustrated.

As follows from the cited data, the investment
cost of the electron beam technology is at the level
of 150-200 $/kWe of the installed electric power
generation capacity.

800 ;

B =0, removat cosis
500 |- -

[ noy removal costs

400~ 4

3001 -

Capital cost (S/KW.)

Recovery process sysiem

200}~

i Wet throw-away systcm Eleciron Beamn sysiem
1001~

wnURaneous
somoval SOpend NO, ]

Dry hraw-away system

0 ) L ' L '

Type of system

Fig.4. Comparision of the capital cost in $/kWe vs. the type of gas
purification system (based on 300 MWe unit and 2.6%
sulfur content in coal).

The costs of simultaneous removal of SO, and
NOy are particularly attractive for the electron beam
technology when the revenues from by-product sales
are taken into account.

It should be pointed out that the Electric Power
Research Institute (USA) has estimated that from
among 70 technologies reviewed for the simulta-
neous SOz and NOy removal from flue gases, the
application of electron beam is one of the four most
promising second-generation methods recommend-
ed for this purpose.
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ELECTRON BEAM TREATMENT OF POLYAROMATIC HYDROCARBONS,
EMITTED FROM COAL COMBUSTION

Andrzej G. Chmielewski, Anna Ostapczuk, Janusz Licki'/
Y Institute of Atomic Energy, éwierk, Poland

Combustion of fossil fuel is one of the largest source
of emission of volatile organic compounds (VOCs).
Emitted VOCs belong to aliphatic hydrocarbons, al-
dehydes, chlorinated hydrocarbons, aromatic hydro-
carbons and the most dangerous polyaromatic hydro-
carbons (PAHS) groups. These compounds are emit-
ted from combustion processes with various concen-
trations, ranging from few ppm up to hundreds ppm,
the volume of emission depending on both process
conditions and the kind of used fuels [1]. The most
popular method used in industry to control VOCs in
flue gases is adsorption, but in the case of combus-
tion gases, the presence of other pollutants such as
SO,, NOy and dust causes this process ineffective.

Otherwise secondary pollution - the used adsorbat is
generated. In the present state of art, it seems that
electron beam treatment is a unique, promising me-
thod to remove SO,, NOy and VOCs from flue gases
simultaneously.

Decomposition of many VOCs by electron beam
treatment has been investigated [2,3]. Numerous
laboratory experiments, especially for chlorinated
aliphatic hydrocarbons, have been carried out [4].
Investigated compounds have been irradiated by
electron beam with doses ranging from 2 to 15 kGy,
the products of radiolysis being detected by gas
chromatography/flame ionisation (GC/FID) and
gas chromatography/mass spectrometry (GC/MS)
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techniques. Mechanism of organic compounds de-
composition is based on the oxidation process, OH
radicals are proposed [2] as the most effective oxi-
dising species. Direct electron impact processes and
negative ion dissociative attachments may contri-
bute to the process as well [5].

The pilot plant tests to study the influence of
electron beam on the chosen polyaromatic hydro-
carbons during simultaneous SO, and NOy removal
has been carried out at the EPS Kawczyn, equipped
with 2 electron accelerators 50 kW/700 keV each.
Concentration of 5 polyaromatic hydrocarbons was
measured before and behind of the irradiation
chamber. After filtration, the sample gas have pass-
ed through adsorbants (activated coal and XAD -2
resin). PAHSs trapped on the adsorbant material
were extracted by solvents and analysed by the
GC/MS technique. The experimental work has been
carried out in 2 series: both with an irradiation dose
of 7 kGy, in the second series 2 ammonia was
injected into combustion gases. The purpose of the
experiment with ammonia additive was to investi-
gate the influence of electron beam on the PAHs
during SO, and NOy removal: in this process NH3
is a reagent. The removal efficiencies obtained in
the pilot plant tests are presented in Fig. In the case
of ammonia presence, higher removal efficiencies
for all PAHSs are observed. Probably when ammonia
is added, sulphur and nitrogen acids are neutralised
and the reaction with OH radical is promoted, or
some products of VOCs with NHj are created.
There is a necessity in the future work to carry out
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laboratory experiments on irradiation of single
compounds with and without NHj3 additive to reco-
gnise which kind of effect NH3 causes. In pilot plant
tests it is possible only to check the global influence
of electron beam on the organic compounds stream.
Simultaneously, high removal efficiencies of SO
(89%) and NOy (72%) were obtained.
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REDUCTION OF ENERGY CONSUMPTION FOR NOx REMOVAL
IN ELECTRON BEAM FLUE GAS TREATMENT
BY USING AN ALCOHOL AS SCAVENGER

Andrzej G. Chmielewski, Yongxia Sun, Zbigniew Zimek, Sylwester Butka, Janusz Lickil/

Y Institute of Atomic Energy, $wierk, Poland

Studies on the NOy removal from industrial waste-
-off gases have been carried out for many years. The
key problem of NOy reduction is the high-energy
consumption. Recently some new technologics have
been used with the aim of reducing cost for NOy
removal {1].

It is well known from environmental chemistry
that deNOy, efficiency could be increased by some
organic compounds, free radicals (such as OH,
HOy) chain reactions in electron beam process.
Based on this, laboratory tests have been performed
using the ILU-6 accelerator (Institute of Nuclear
Chemistry and Technology). The laboratory setup
was described earlier [2].

A simulated flue gas was prepared by the addition
of NO, from a gas cylinder into the flue gas from
natural - gas burner. An alcohol was selected as a
scavenger. Water vapor, alcohol vapor and ammonia
from the gas cylinder were added 1o the simulated flue
gas, respectively. The simulated flue gas was Eassing
though a reaction vessel at a flow rate of 20 m>/h and
was irradiated up to 11 kGy. The SO,, NOy con-

centrations were analyzed by a SO, NOy gas analyzer
(SO2, model 40, NO,/NO, model 10AR, Thermo En-
vironmental Instruments, USA), respectively. CO,
CO2, Oy, CiHy were analyzed by a portable flue gas
analyzer (Lancom series II, Land Combustion Com-
pany, UK). It was found that the NOy removal effi-
ciency was increased by 20% in the presence of
alcohol at its flow rate of 30 I/h. More than 70% NOy
was oxidized/reduced at 6 kGy for the initial NO con-
centration of 500 ppm. The humidity and ammonia
addition have increased the deNOy efficiency by less
than 10%. A possible mechanism was proposed.
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AEROSOL FORMATION AND ITS PRECIPITATION
IN ELECTRON BEAM FLUE GAS TREATMENT

Edward Ilier, Andrzej G. Chmielewski, Bogdan Tyminski, Grazyna Zakrzewska-Trznadel, Janusz Licki. )
Czestaw Rygulaz-/ , Jerzy Bartosik?

1/ 1nstitute of Atomic Energy, Swierk, Poland
% Electrostatic Precipitators Factory ELWO, Pszczyna, Poland

Concentration of ammonia acrosols formed in the
process of electron beam flue gas treatment (EBFGT)
depends on the SO; and NOy contents, humidity of
flue gas, electron beam dose and ammonia stechio-
metric ratio. These parameters effect the by-product
composition as well.

Recently, the electron beam pilot 3plant operated
at the EPS Kawgczyn (20 000 Nm~/h, 2x500 kW,
700 keV accelerators) was equipped with an elec-
trostatic precipitator (ESP) of special construction,
designed and manufactured by ELWO (Pszczyna,
Poland). Double compartments ESP removes of
ammonia salts of aerosols from the strcam of flue
gases equal to 10 000 Nm>/h. A broad study of this

ESP operation in various conditions of electron
beam process has been performed. Optical (laser
dust-meter) and gravimetrical methods for mea-
surements of aerosol concentrations were applicd.
The Andersen Mark III impactor was used for the
aerosol particle size distribution, while ion-chroma-
tography for the analysis of its chemical compo-
sition. The results of operation of new type of
electrostatic precipitator confirmed high efficiency
removal of aerosol particles of ammonium salts. [n
previously reported tests for the collection of acro-
sol salts, a bag filter and a gravel bad filter have
been applied and a comparison is given as well.

ELECTRON BEAM STIMULATION OF THE REACTIVITY OF CELLULOSE PULPS

Edward lller, Aleksandra Kukietka, Andrzej G. Chmielewski, Jacek Michalik, Zbigniew Zimek,
Halina Stupir’lskal/ ,» Wladystaw MikolajczykZ/, Henryk Struszczykz'/

Y Pulp and Paper Research Institute, £.6dz, Poland
4/ Chemical Fibres Institute, £6dZ, Poland

Cellulose fibres are important raw materials for the
production of textile and sanitary goods. The viscose
technology has not been changed through the last
century, resulting in serious environmental hazards.
New alternative technologies for the manufacturing
of cellulose fibers are currently under research and
development [1].

Institute of Chemical Fibers in 1.0dZ has been
carrying out research since 1988 to develop tech-
nology for the production of celiulose carbamate as
a raw material for the production and fibers and
films in order to eliminate ecological problems
associated with the viscose method [2,3]. Recently,
in the cooperation with the Institute of Nuclear
Chemistry and Technology in Warszawa, the effect
of clectron beam irradiation on various type of
cellulose pulps has been studied in order to im-
prove the reactivity of raw material for the produc-
tion of cellulose carbamate.

Three different types of textile pulp: Alicell,
Borregaard, Ketchikan and Kraft softwood pulp
were irradiated with a 10 MeV electron beam from
the LAE 13/9 linear accelerator. Kraft softwood
sheets selected for studying the effects of radiation
dose were irradiated in the dry and wet form with a
doses of 5, 10, 15, 20, 25 and 50 kGy. Textile pulps
were irradiated only in the dry form with a dose of
25 kGy. After electron beam treatment, the sam-
ples of cellulose pulps have been examined by using
structural and physico-chemical methods. Electron
paramagnetic resonance spectroscopy (ESR) and
gel permeation chromatography (GPS) were ap-

plied for the determination of structural changes in
irradiated cellulose pulps. By means of physico-che-
mical methods such parameters as average viscosity,
degree of polymerization and a-cellulose contents
were evaluated. The content of «a-cellulose was
determined by gravimetric methods as per cent of
pulp insoluble in a 17.5% NaOH solution.

The results of primary investigations show that
electron beam irradiation with a dose of 10 kGy leads
to a decrease of the degree of polymerization of tex-
tile as well as the softwood pulps by about 30%. For
the Ketchikan pulp and Kraft softwood pulp the
degree of polymerization decay to 467 and 544, res-
pectively. At the same time, the content of a-cellu-
lose decreases in a meaningless way. The results are
very promising, clearly indicating that the production
of cellulose carbamate using as raw material the
cellulose modified radiolytically should be much
more effective [4,5]. It was proved, by analyzing the
ESR spectra that similar radicals are formed in dif-
ferent types of textile and softwood pulps. However,
the number of radicals stabilized in the Kraft soft-
wood pulp at room temperature is three times higher
than in Alicell, Borregaard and Ketchikan textile
pulps. It is speculated that the differences in radical
stability are associated with the cellulose chain flexi-
bility which controlled by cellulose structure.
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MEMBRANE PROCESSES FOR RADIOACTIVE LIQUID WASTE TREATMENT

Andrzej G. Chmielewski, Marian Harasxmowncz, Grazyna Zakrzewska-Trznadel, Bogdan Tyminski,
Wlodzimierz Tomczak ! » Andrzej Cholerzyiiski'/

1 fnstitute of Atomic Energy, Swierk, Poland

Inroduction

About 10% of world’s energy is produced in
nuclear power plants. The share of market of elec-
tricity production will be higher in the future, there
is no other alternative seen for fossil fuel. Accord-
ing to the agreement reached in 1998 in Kyoto,
reduction of CO; emission is demanded. Also Po-
land has to reduce its CO; emission by 6%, there-
fore a national programme of power sector diversi-
fication should consider introduction of nuclear
fuel in the future.

The main problem connected with further nuc-
lear energy development is the safe treatment and
disposal of radioactive waste.

In Poland, which has no nuclear power stations,
radioactive wastes are generated by research reactors,
medical and industrial applications. The amount of
low and medium liquid wastes is close to 1000 m?
annually.

Membrane processes are the technologies which
are very suitable for nuclear applications. As a matter
of fact, this technology as many other separation
technologies, was developed in the framework of
nuclear technology establishment. The effusion pro-
cess adozggmg ceramic membranes was developed for
Z5UF*BUFs separation. Theory of the process
(superposition of Knudsen and Pouiselle flows) and
cascade calculations are till now the basic theories of
gas separation.

This Institute has started its research in the field
in 1985. Two Ph.D. theses were defended (M. Ha-
rasimowicz 1995, G. Zakrzewska-Trznadel 1997).
Patents in USA and Poland have been received by
the Institute.

The big units for UF/RO seeded enhanced pro-
cess, MD plant with spiral wound module, MD
stable isotopes separation cascade and full scale
UF/RO unit (Governmental Strategic Programme
SPR-4) have been constructed.

The INCT laboratory is equipped with a multi-
channel gamma analyzer, a stable isotope mass
spectrometer and a liquid scintillation detector.
Membrane structure is investigated using a Culter
porosimeter, an X-ray diffractometer and synchro-
trone radiation (Trieste).

Membrane radiation resistivity and cellulose
membrane structure

To establish a reliable process, resistivity of mem-
branes to gamma and electron radiation has been

studied [1] and satisfied durability of materials de-
monstrated.

The knowledge on membrane structure, which is
important for understanding of their transport and
mechanical properties, is still not adequate. X-ray
and synchrotron radiation studies were performed
to investigate light and heavy water transport
through cellulose membranes {2,3].

Ultrafiltration and seeded ultrafiltration

The seeded ultrafiltration includes all the pro-
cesses of binding macromolecular ligands with ions
and molecules present in the effluents at a very
small concentration. The method makes it possible
1o retain part of effluent componentis that other-
wise moved to the permeate. The removal of radio-
active component using the seeded ultrafiltration
method requires selection of a suitable ligand or
adsorber that could bind radioactive ions.

Many different complexants and adsorbers were
examined in the INCT laboratory. Polyethylene-
imine (PEI), microcrystalline chitosan (MCH), and
a suspension of cupric hexacyanoferrate (CuFC)
werc used as ligands attaching ions of Cr, Co and
Cs. Best conditions under which the ions Cr3* and
Co2* can be bound to PEI macromolecules were
found at pH=4 to 6. The most effective absorption
of ions Cs™ by CuFC proceeds at pH=9.5 to 10.5.

The experiments were made on a laboratory-scale
unit and on a pilot plant (UF module AMICON
H26P30-43, capillary type, cut off = 3.10* MW, mem-
brane surface area of 2.5 m?), using simulated sewage
and original LLLW, Three ligands: PEI, MCH and
CuFC were simultaneously added to the samples of
simulated or original waste; the concentration of each
ligand was about 0.01 g/L.. The sample was mixed (4 h)
and after scasoning (16 h) filtered through a mem-
brane at pH=7 and T=20°C. The volume reduction
coefficient was VRC=20. Under these conditions the
decontamination factors were 52 to 68 for the labo-
ratory unit and 37 to 62 for the pilot plant [4].
Hyperfiltration and nanofiltration

The SUF method can be applied only for wastes
containing some radionuclides which are attached
to the macromolecules of various ligands at the
same pH value. In the case of wastes containing a
great variety of radioactive ions the UF process can
be used only as the first stage of purification. The
products of UF process have to be directed to the
next stages of the decontamination process: re-
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tentate to thin-film evaporators and permeate to
reverse osmosis modules.

One of the disadvantages of reverse osmosis are
rather high pressures that have to be applied (up to
10 MPa). Last developments in membrane techno-
logy allow to use composite membranes (modules)
working in nanofiltration range with significantly
lower operating pressures - from 0.3 to 1.4 MPa.
Such modules were chosen for the LLLW purifica-
tion process in this Institute. Employing the low-
-pressure reverse osmosis (LPRO) with spiral-
-wound membrane modules high decontamination
factors were achieved. Best results were obtained
using the thin-film compositc membrane element
NTR 739 HF made by NITTO (Japan); it was ope-
rated at a feed pressure of 1 MPa and the retention
coefficient for a 0.15% NaCl solution was 97%. The
decrease of the specific activity of some radionuc-
lides was as follows: 51Cr - 180, %°Co - 515, ?0Sr -
320, 137Cs - 32, %4Ce - 130. For the samples of
LLLW, the decontamination factors varied from 52
to 77 at a volume reduction factor VRC = 40.

On the basis of the results collected in the labo-
ratory scale experiments, the pilot unit including
three stages - UF + 2RO was designed. The pilot
plant consisted of an AMICON H 26P30 capillary
ultrafiltration module and two NITTO NTR 739
HE S-4 spiral wound LPRO modules. The per-
meate flux in the system was 80-200 L/h. The values
of decontamination factors (DF), which were
achieved on each stage, were as follows: pretreat-
ment unit (PT) - 3 to 5, UF unit 1.7 to 2.4, RO1: 27
to 34, RO2: 21 10 30.

Membrane distillation

Membrane distillation is a process in which two
aqueous solutions at different temperatures, Ty and
To, where T1>Ty are separated by a hydrophobic
porous membrane. The driving force of the MD
process is the partial vapour pressure difference
caused by the temperature gradient between the
two solutions. The vapour molecules are transport-
ed through the membrane pores from the high-va-
pour pressure side to the low-pressure side. The
component with the higher partial pressure shows a
higher permeation rate.

Membrane distillation is being developed for the
production of high-purity water and wastewater
treatment, for the concentration of various kind of
solutions near saturation conditions. The process
allows the removal of salt from seawater and sepa-
ration of alcohol-water solutions. For many years
MD has been investigated in this Institute [5-7].
The experiences with membrane distillation led the
authors to consider the process as a method for the
concentration of liquid low-level radioactive wastes.

Tentative tests with liquid radwastes were carried
out on a laboratory unit with a permeation test-cell
holding flat sheet membrane. Polytetrafluoroethy-
lenc (PTFE) and polypropylene (PP) foils were
used as hydrophobic barrier. The process was
arranged in the direct contact membrane distilla-
tion configuration. The permeate condensed direct-
ly in the cold stream (distilled water) and retentate

was enriched in radionuclides. Further experiments
carried out with a capillary module BFMF 06-30-33
(Euro-Sep Ltd.) with polypropylene capillaries of
diameter 0.33 mm and cut off of 0.6 um confirmed
the previous results [8]. In each experiment almost
pure water (distillate) and a more concentrated
solution of solids and radionuclides (retentate)
were obtained as the product. The polymer mem-
branes exhibited a high chemical and radiochemical
resistance. The jons of radioisotopes did not pass
through the membrane. On the basis of laborator%/
experiments, a pilot plant equipped with a 4 m
membrane area module, was constructed. Pilot
plant experiments proved the previous statement:
membrane distillation is an interesting alternative
for liquid radioactive waste processing.
Tritiated water

Tritiated water (*HOH, TOH) is generated in nuc-
lear power plants. This product should be removed
{rom the coolant to prevent environmental release.

There are not too many separation technologies
available. However, the membrane process has been
proposed by Pacific Northwest Laboratory [9] on the
basis of the INCT previous works aimed to develop
stable isotopes (180, 170, D) enrichment. Hydrophi-
lic {10} and hydrophobic [11] membranes were inves-
tigated and cascade optimization modelling has been
performed {12}. Three Polish and two American pa-
tents have been granted to the INCT and University
of Tennessee [13-17]. A study on T,O membrane en-
richment is being carried out at the INCT as well.

Part of this work was performed in the frame of
Governmental Strategic Programme SPR-4 "Radio-
active wastes and spent fuel”,
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Grazyna Zakrzewska-Trznadel, Marian Harasimowicz, Bogdan Tyminski, Andrzej G, Chmielewski

A study on the application of different membrane
processes to nuclear technology has been conducted
at the Institute of Nuclear Chemistry and Techno-
logy for many years. One application of membrane
methods involves the purification and concentra-
tion of liquid low- and medium-level radioactive
wastes (LLLRWs and LMLRWs). Most of the
wastes need proper processing to reduce the con-
centration of radioactive and non-active substances
to the level which allows safe discharge according to
the national and international regulations.

At present, the experiments with the use of
MEMBRALOX® ceramic filtering elements (Fig.)
are conducted. The pore size of ceramic tubes used
was in the 1 kD-100 nm range. The experiments were
performed with non-active and radioactive model
solutions. Since the aim of the work is to remove the
ions, the membranes with pores in a UF/NF range
are not sufficient to achieve high decontamination
factors and the process has to be enhanced by
chemical complexation or adsorption. Some com-
plexants as poly(acrylic) acid and poly(acrylic) acid
salts, polyethylenimine, and cyanoferrates were
tested. The experiments showed a significant increase
of separation factors and decontamination factors
while the macromolecular compounds were added.

Advantages of ceramic membranes employed in the
nuclear industry are found in their extremely high
chemical and physical stability (full pH range), resis-
tance to oxidation and solvents, and resistance to

Fig. Ceramic membrane elements.

ionising radiation. Ceramic materials are advantage-
ous when the solutions composed of organic com-
pounds or high radioactive wastes containing alpha
emitters, are filtered. High temperature resistance
allows the washing with warm liquids and sterilisa-
tion by steam.

HYDROCHEMICAL AND ISOTOPE BACKGROUND FOR GROUNDWATER
IN THE REGION OF SZCZERCOW LIGNITE DEPOSIT

Waojciech Soltyk, Jolanta Walendziak, Andrzej Owczarczyk

The Betchatéw lignite deposit consists of two exploi-
tation fields: Betchatow and SzczercOw. The first is
being exploited now, while the second is actually pre-
pared for future exploijtation.

It has been predicted that the exploitation of
Belchatéw Field resources will be completed in
2019. That is the reason why the Szczercow Field,
which is going to be exploited in the period
2007-2038, is already prepared starting from 1999.
A very important stage of the preparation process is
the drainage of opening out excavation and sur-
roundings. The drainage system of Szczercéw Field
began to work at the end of 2000. It consists of 174
wells, pumping the groundwater permanently with a

total efficiency of about 5.5 m3fs that results in the
depression of groundwater table with an average
velocity of 0.5 m/d. The natural hydrogeological
equilibrium is entirely disturbed due to the drain-
age process.

The changes of water flow pattern in the ground
is the reason of accelerated leaching of minerals,
mixing of different water bodies, and causes hydro-
chemical and isotope characteristics of pumped
waters being received by rivers and natural re-
servoirs in the region.

Aim of the present work was to investigate the
isotope and hydrochemical background for the
existing groundwater system before starting drain-
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age pumping for the Szczercéw Field. The water
samples for investigations were taken from 112
piezometers localized in the region of the opening
out excavation, salt deposit Dgbina at the east edge
of lignite deposit and inside the preliminary de-
pression cone. The depth of control wells (piezo-
meters) was in the range 23-269 m so the water

345325 and 180/1%0 have been preferentially mea-
sured at hydrologic contact zones of aguifiers
bearing waters of different age and in geologically
important regions e.g. waterbearing falts and mine-
ralogical boundaries existing in the region under
observation. Results of the hydrochemical back-
ground for the groundwaters in the opening out

Table. Results of hydrochemical and isotope measurements in opening out excacation - "Szczercéw" Field.

Element (ion) Above-deposit levels Below-deposits levels
Isotope Unit min. max. |mean value * stand. dev.| min. max. |mean value = stand. dev.
Soluble substance | mg/dm> 201 1312 269 + 52 210 652 386 + 113
Elect. conductivity | uS/cm 146 435 301 = 37 203 868 440 + 118
pH 7.40 8.63 7.68 £0.13 7.10 9.50 7.78 £ 028
Ca mg/dm> 35.8 250.0 573 £9.9 76 72.2 480 = 12.4
Mg mg/dm3 23 16.3 7523 22 29.9 122 + 43
Na mg/dm> 3.0 35.4 9.4+51 7.0 189.9 56.6 +37.7
K mg/dm> <2.0 8.0 2.6 +0.7 <2.0 14.0 5331
HCO3 mg/dm> 48.8 275.8 190.4 + 63.1 16.4 259.3 222.5 + 489
cl mg/dm> 71 83.0 183 + 83 7.8 288.6 45.8 277
SO4 mg/dm> | <100 | 6320 98 +55 <10.0 21.0 12.6 = 7.0
PO4 mg/dm> 0.1 2.7 0.38 + 019 <0.1 41 0.47 + 0.39
NH4 mg/dm3 027 1.99 0.83 + 0.06 0.09 3.46 0.60 + 0.37
Fe mg/dm> 0.24 3.62 203 + 098 0.33 8.60 320 + 1.46
Mn mg/dm3 | <0.01 0.76 0.20 = 0.12 <0.01 0.42 0.14 + 0.12
Ba pg/dm3 12,6 02 120.9 12356
Br ug/dm3 31.0 9.1 130.8 5274295
Cr ug/dm3 34 0.23 454 1.91 +1.24
7 ug/dm> 22 0.6 6.1 2117
Zn pg/dm3 38.2 10.4 970.7 303 + 137
Cd pg/dm> 0.14 0.06 0.94 0.34 * 0.28
Cu Ag/dm3 5.1 1.6 589 14.6 + 10.6
Ni g/dm3 15.5 0.2 10.7 22+13
Pb pg/dm3 55 0.7 28.1 74+58
Hg ug/dm3 0.01 <0.01 0.03 0.01 % 0.01
Rb ug/dm3 2.0 0.4 16.2 27+12
Ag pg/dm> 0.03 <001 | 11.19 0.05 + 0.08
Sr pag/dm> 132.6 446 203.4 141.7 £ 52.0
% v ug/dm3 0.86 0.01 2.29 0.61 + 0.41
H-3 TU 1.6 23.1 55+ 4.2 11 12.3 6.7+ 4.4
Rn-222 Bq/dm3 <02 72 <02 36
3S—34 %0 CDT | -8.00 8.42 8.42 24.21
80-18 %0 SMOW | 330 | 828 1.90 12.52

samples taken from them were representative for
all aquiters (from quaternary to mesozoic forma-
tions).

excavation of the Szczercéw Field are presented in
Table.
The hydrochemical changes, which are expected

PLO101510

Determination of chemical water composition
(macro- and microelements) as well as environ-
mental isotopes concentration *H, 22?Rn and ratios

after starting and further development of the drain-
age system, will be monitored succesively in the
future.

AU DETERMINATION OF SULFUR ISOTOPE RATIOS

Andrzej G. Chmielewski, Ryszard Wierzchnicki, Malgorzata Derda

In Poland hard coal occurs in three main basins, all
of Upper Carboniferous age: the Upper Silesia, the
Lower Silesia and the region of Lublin. There are
over 120 recognized deposits, of which about 70 have
been developed. Mining concentrated on the Upper

Silesian Basin, located in the south of Poland around
Katowice and straddles the border with the Czech
Republic. This is the most important coalfield, com-
prising 103 recognized deposits and covering an area
of 4500 km®.
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The work started with the preparation of coal
samples and extraction of the particular forms of
sulfur [1]. By this method, each form of sulfur has
been extracted and transformed into a stable com-
pound, which can be subsequently converted to a gas
phase (SO;) for mass spectrometric analysis. All
samples, in the form of Ag;S and BaSO4 were inci-
nerated to obtain SO, using the method described
by Hatas and Szaran {2,3]. Sulfur isotope ratio js ob-
tained using the mass spectrometer DELTA plus
FINNIGAN.

Table. Sulfur isotope ratios in the Polish coals.

in coal originates from the sulfur originally bound-
ed by plants and depleted in the isotope 34S. The
sulfur was probably produced in the process of
sulphate bacterial reduction. While in the litera-
ture data for American, Australian etc. coals are
presented, this study seems to be the first one
performed for the coals of Polish origin. This iso-
tope ratio can be a tracer for environmental sam-
ples (aerosol, rain, superficial water) to track the
products of the combustion of a particular coal.
Further work will be devoted to the application of

Coal-mine S (%] — 8s %]
Pyrite sulfur Organic sulfur Sulphate sulfur
Bogdanka 1.23 1.29 -2.50 -1.95
Kazimierz Juliusz 0.79 6.37 6.18 7.27
Chwatowice 0.81 1.97 385 1.19
Jankowice 0.64 0.33 15.88 -
Slask 0.74 10.50 4.40 13.71
Sos$nica 2.06 -6.62 4.66 -1.88
Belchatow* 0.30 - 9.37 -
* Lignite.

Sulfate sulfur determinations were not perform-
cd routinely due to the low sulfate content in the
studied coals (Table). Nevertheless, an acid extrac-
tion procedure was performed to remove any carbo-
nate and other acid-soluble components from the
matrix. The received results suggest that the sulfur

this method to investigate anthropogenic sulfur
transport from a given coal combustion source.
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SULPHUR ISOTOPE EFFECTS IN CHEMICAL REACTIONS
Andrzej G. Chmielewski, Ryszard Wierzchnicki, Agnieszka Mikolajczuk

Sulphur is an important element of organic matter.
Due to its high chemical reactivity, it takes part in
biological and geological processes, in which iso-
tope effects occur. It has becn proved recently that
to calculate the isotope effects one has to take into
account not only the mass ratio but also other
physical parameters of nuclides e.g. even or odd
numbers of neutrons in nuclei, shape and distribu-
tion of charge, turn of nuclear spin ctc. Therefore,
new theoretical assumptions have been proposed
on the basis of data, obtained in a study of separa-
tion processes of heavy elements, particularly ura-
nium. It is well-known nowadays that the effects
disconnected with vibration energy influence the
separation of isotopes of lighter elements like iron
and magnesium [1]. For sulphur isotopes question
concerning these effects is still open.

Two methods are used to determine the equi-
librium constants for isotope exchange reactions:
theoretical calculations and experiments. Using the
well-known methods of statistical mechanics, par-
tition function ratios for many isotopic sulphur
compounds have been calculated. These partition
function ratios are used to determine equilibrium
constant for many possible exchange reactions
involving the isotopes of sulphur [2]. The resuits
indicated that considerable fractionation of the

sulphur isotopes can be expected in laboratory and
naturally occurring processes.
Recently, the isotope fractionation factors were
determined for:
® H>S (gas) and sulphur species in H2O and aque-
ous solution of 0.05 mol/l NazS. The reaction was
conducted in a closed system for about 20 h at
constant temperature (20°C). The products were
converted into AgaS and further to SO in a
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vacuum line [3]. The experimental results showed
that the isotope fractionation factors depend on
the degree of dissociation of H2S in solution. Iso-
tope fractionation effects can be explained by con-
sidering the vibrational behaviour of the mole-
cules. While H2S molecules in the gas phase
vibrate almost independently, in solution there are
interactions of the H2S dipoles with the molecules
and ions of the solvent, leading to different H;S
solubilities. Isotopically different H2S molecules
have various vibration energies because of the
mass difference. The heavy isotope 343 is enriched
in water solution compared with the gas phase.
Changing the solvent, generally changes the vibra-
tional behaviour of the isotopic H2S molecules
and therefore also their solubilities and finally the
isotopic fractionation between solution and gas
phase. In Na2S solution, the heavy isotope s is
enriched in the gas phase compared with the solu-

tion because the degree of dissociation increases
(4.5}

® SO + **SO3(ag) = *S00(gas) + **SO20ag
The reaction was conducted in the closed system
for about 20 h, the temperature was changed from
18 to 70°C. The products were converted to
BaSOy4 and further to SOz in a vacuum line. The
kinetic isotope effects can be explained by the
mass difference between isotopic molecules. The
reaction velocity is higher for isotopically lighter
molecules because it needs a smaller activation
energy. The heavy isotope 343 is enriched in solu-
tion compared with the gas phase. While the tem-
perature of reaction increases the solubility of the
isotopic SO2 molecules decreases. The experi-
mental results are presented graphically in Fig.

References

[1]. Dembinski W.: Wiad. Chem., 9/1Q (1999).

[2]. Tudge A.P., Thode H.G.: Can. J. Research, B28, 567 (1950).

[3]. Hatas S., Szaran J.: Anal. Chem., 71, 3245 (1999).

(4]. Gessler R., Gehlen K.: Fresenius Z. Anal. Chem., 324, 130
(1989).

[5]. Toth K., Jancso G.: Sep. Sci. Technol,, 26(9), 1267 (1991).



NUCLEAR TECHNOLOGIES AND METHODS

121

MATERIAL ENGINEERING, STRUCTURAL STUDIES, DIAGNOSTICS

PROVENANCE STUDIES OF ALABASTER AND MARBLE SCULPTURES

FROM POLAND BY INAA AR ORR

Ewa Panczyk, Maria Liggzal/ , Lech Walis PLO101512
U Academy of Fine Arts, Krakéw, Poland

General

Alabaster - a crypto-crystalline form of gypsum -
is a sculptor’s material, which is easy to process and
has been used for making art objects from the An-
tiquity until modern times. It is characterised by a
variety of colours and shapes; it is easy to be gold-
-coated or polychromed; however, its main disad-
vantage is fast destruction under the influence of
atmospheric agents. Alabaster can be found in
many places in Europe. In Poland such places have
been identified in south-eastern regions of the
country: Krakéw, the Lower Silesia and the Opole
Silesia (Fig.1). Also Lvov (Ukraine) should be men-

O Kielce
Niwnice
Q

Laggawni ki Lopuszka
©

o | ©
O Alabaster deposits Ruczaj %OV
rawno

0 Marble deposits
Fig.1.Location of studied alabaster and marble deposits.

tioned here. Alabaster is a pure material containing
a very low concentration -of trace elements and that
is why in order to identify its origin in particular art
objects the instrumental neutron activation analysis
(INAA) has been used. Apart from the concentra-
tion of trace elements, the Ca content has been
specified in particular samples taken from the art
objects under analysis and from respective deposits.
The fact that is very advantageous for the analysis is
that the elements being the main components of
CaS04-2HpO alabaster have low (n,y) reaction
cross sections and the probability of the occurrence
of the reaction is very low. The situation is similar
in the case of marbles (CaCO3).
Characteristics of art objects

The so-far examination concerned the following
art objects:

"Madonna with the Child" coming from the end

of 14th century from Lvov (Fig.2) and alabaster

Fig.2."Madonna with the Child", the ena of 14th century, alabas-
ter.

deposits closest to the place where for many
centuries the sculpture was stored (Fig.1). One

Fig.3. The "Altar with the Crucifixion of Christ", 17th century,
alabaster.
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of many hypotheses put forward by art historians
assumed the possibility of using a native (local)
alabaster for making that statuette.

Fig.4.The relief called "Caritas", the beginning of 17th century,
alabaster.

- The "Altar with the Crucifixion of Christ" dated
to the 17th century of unknown origin (Fig.3),
located in the convent of the Order of St. Clare

Analysis of results
Analysis of the results obtained should answer to
the following questions:

Tree Diagram for 13 Cases
Ward's mathod
Eucidean distances
25

20

Linkage Distance

23

’__L‘

Mt ™ M6 LoP 20R Nw2 NIW1
Mi0 M7 LAG RUC NIw3 N4
Samples from Madonna Samples from alabaster deposits
with the Child

Fig.6. Cluster analysis of samples from the sculpture "Madonna
with the Child" and alabaster deposits.

1) are the distributions of trace elements in the ma-
terials analyzed characteristic of a given mater-
ial?

Fig.5. The relief from “Sarcophagus with cupids making armour", 2nd century A.D., marble.

in Krakéw, as well as the deposit from the Lower
Silesia (the so-called "New Land" deposit).

- The relief called "Caritas" (Fig.4) dated to the
beginning of 17th century of unknown origin
from the National Museum in Gdafisk.

- The marble relief dated to the 2nd century A.D.
(Fig.5) from Czartoryski Museum in Krakéw and
for two different deposits of that stone (the
Kielce and Kletno marble): the so-called "White
Maryann", or "Biata Marianna".

Analytical procedure
Samples from the deposits and sculptures under

analysis have been ground in an agate mortar and

afterwards samples weighing about 50 mg were taken
for analysis from the prepared material. After weigh-
ing all samples were sealed in quartz ampoules and
then packed together with models of 36 indexed ele-
ments. Each packet contained also Sc and Au used as
monitors of the thermal neutron flux. Irradiation of
the samples was carried out in a MARIA reactor at

Swierk near Warszawa, at a neutron flux of 8x10%3

n/cm?s. The samples were irradiated for 24 h and

cooled for 12 h. The radioactivity of the samples was
measured by means of a HP-Ge detector (made by

ORTEC) coupled with a CANBERRA-System S100

spectrometer, controlled by an IBM computer. The

analysis of gamma-ray spectra of the samples was
performed with the aid of the micro-SAMPO prog-
ram.

2) is it possible to establish groups of objects that
exhibit the highest similarity?

Tree Diagram for 14 Cases
Ward's method
Euclidean distances

Linkage Distance
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Fig.7. Cluster analysis of samples from the "Altar with the Cruci-
fixion of Christ" and alabaster deposits.

For this purpose we employed a multivariate ana-
lysis of clusters using the STATISTICA program
(StatSoft). Results are shown in Figs. 6-9.
Conclusions

There are major differences in the trace ele-
ments distribution both in the sculptures under
analysis and in the alabaster and marble deposits.
Materials taken from the sculptures under analysis
do not come from the deposits analysed so far. This
limits the number of hypotheses regarding the ori-
gin of alabaster and marble used in the analysed art
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Tree Diagram for 11 Cases
Ward's method
Euclidaan distances
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Fig.8. Cluster analysis of samples from the relief "Caritas" and
alabaster deposits.

Samples from alabaster deposits

objects. However, the last additions to the original
material used in the Madonna with the Child (end
of 14th century) have been specified as coming from
one of the analysed alabaster deposits.

The analysis of a larger amount of alabaster
deposits originating from old European mines will

Trea Dlagram for 12 Cases
Ward's method
Eutlidean distances

Linkage Distance
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Fig.9. Cluster analysis of samples from the "Sarcophagus with
cupids marking armour" and alabaster deposits. Samples
R2, R3, R4, R5, R6, R7, R8, R9, R10, R11 taken from
"Sarcophagus with cupids marking armour"; MK - Kielce
deposit; BM - "Biata Marianna"; Kletno deposit.

R3 R2 MK

enrich the database regarding the trace elements
distribution. Thus, the probability concerning the
identification of the origin of that stone in various
art objects will grow.

L
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INVESTIGATIONS OF TRACK ETCHED MEMBRANE SURFACES
USING SEM WITH DIFFERENT WORKING CONDITIONS

Bozena Sartowska, Oleg Orelovitch!/

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

The process of Particle Track Membranes produc-
tion is known and described in the literature [1,2].
Production and creation of new types of mem-
branes need to analyse surface morphology and
determine shape and size of pores [3]. Investiga-
tions of membrane surfaces using Scanning Elec-
tron Microscopy (SEM) need to make good condi-
tions for presentation of small objects. New types of
SEM can be used to obtain more information about
details of the surface. Our last membrane investiga-
tion (1999-2000) gave us SEM picture with infor-
mation, which has puzzled us and required some
explanations. Cracks on the membrane surfaces can

be seen. So, problem to solve appeared: are these
cracks due to the effect of conditions of membrane
production or method of sample preparation? (The
existence of the cracks controls surface properties
of the membrane).

A membrane produced from PET (polyethylene
terephtalate) of thickness 15 ym and a pore dia-
meter of 0.45 pm was investigated.

Our standard procedure of sample preparation
was as follows: fixing the sample using a conductive
glue and covered with a thin (10-20 nm) layer of
Au. Two methods of covering metal were used: ion
sputtering and vacuum evaporating. Process of ion

B R 3 y £ o s A o ¥ H2 R, Ao t SLSE G
200 K Signel A = nLe 00nm EHT = 2,00 &V Signal A= InLens .
Mag=10000KX|—— | WD= 3mm  MixSgnal=00fewpp 0¥ Dec o6 Mag = 100.00 K Xjf——| WD= 4mm  MicSignal = 0.00es00p Do 21 Jen 1959
LEQ 1530UNIPRESS  Photo No, = 257 me :11:15 LEO 1530 UNIPRESS  proto No. = 631 Time :10:56
a) b)

Fig.1. The results of the different gold covering methods: a) with ion sputtering b) evaporated in high vacuum. Visible areas: 0.004

Hm?,
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Fig.2. The view of polymer track membrane surface: a) in low-pressure mode, b) with low accelerating voltage.

sputtering was escorting with the formation of big
grains of gold, which closed the small pores. The
layer of this quality could not present well the
details of specimen surface [4]. In the case when a
vacuum evaporator was used, gold grains were
smaller, details of surface can be observed, but
cracks could be seen here (Fig.1).

Smnt

. 10KV
BS 1CHTT

Fig3.The surface of membrane covered with gold using the
special facility (DSM 942).

To observe the non-changed membrane surface,
SEMs that not required conductive covering were
used. Results obtained with variable pressure mode
(LEO 435VP) and with low accelerating voltage -

less than 1 kV (LEO 1530 GEMINI) show us that
the cracks are not observed (Fig.2).

To minimalise the influence of preparation con-
ditions on the membrane, a special facility inside
the bell of vacuum evaporator was constructed. The
distance between the Au source and sample level
was three times bigger than normally. Fig.3 shows
us that the cracks are not viewed.

Final remarks: We have not observed cracks on
the real, not changed surfaces of the investigated
membranes. We could not see the cracks when the
surface of the sample was not damaged during
sample preparation. So, we can suggest that the
previous cracks observed on the surface of the poly-
mer track membranes were the result of the sample
preparation process.

Thanks to Drs. A. Presz, M. Szudrowicz and J.
Ackermann for help in SEM observations.
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NEW WOOD PRESERVATIVES BASED ON COOPER COMPLEXES
OF ETHANOLAMINE AND POLYAMINOTRIAZOLE

Andrzej Fukasiewicz, Luzja Rowiniska, Lech Walis§

Studies are carried out in the Institute on new wood
preservatives based on water solution of a cooper
complex of polyaminotriazole (MAX) of general
formula:
CuAgatry(p)

where A is the acetate anion, atr is 3-amino-1,2,4-
-triazole and (p) means a complex polycondensed
with formaldehyde [1,2]. Good wood protection
properties towards moulds were obtained by com-
bining MAX with the cooper complex obtained by

treating Cu(CH3COO), or Cu(OH)3-CuCO3 with 4
moles of ethanolamine (EA) per 1 mol of Cu
(CudEA). MAX + Cud4EA (further on named as
CC), showed a strong synergism of fungicidal activity
after adding a quaternary alkyl ammonium salt (Q),
particularly alkyl benzyl dimethyl ammonium chlo-
ride (Preventol R. Bayer product). Investigations
were carried out to explain the nature of the CC-Q
preparation: is it a mixture of components or it is a
common complex formed by the ingredients. Ex-
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tremly strong fixation of CC-Q in wood suggested the
formation of a common complex. It has been found
that Cu4EA binds effectively to silica gel with the
formation of SiO, + Cu4EA material. This material
was used for investigation of CC-Q MAX + Cu4EA

sist in the solvatation of the anion (Cl™ in Prevental
R) by CH,OH fragments according to the formula:
[Cu(NH2CH,CH,0H)s.....CI7] " Q™.
Effectiveness of the CC-Q preparation in pro-
tection of wood is illustrated by the data of Table.

Table. Protection of pine wood with CC-Q towards mould Coniophora puteana*.

Concentration of Cu in the preparation, Loss of weight [%]
% of Cu(CH3CO0)2 before leaching after leaching control
02 9.5 14.4 44.8
0.4 6.7 5.3 55.1
0.7 4.7 3.9 52.8
1.0 0.7 1.1 41.9
2.0 0.0 0.0 50.3

*This mould destroys wood causing ioss of the weight.

and its water solution freshly prepared was shaken
with SiO;. CudEA disappeared quickly but MAX
remained in the solution in a considerable amount.
When the mixture of MAX + Cu4EA was shaken
with SiO3, after 4 h both components disappeared
completely from the solution. So, a common complex
MAX + Cu4EA is formed within 4 h. It has been
found further that SiO,-Cu4EA binds above 3 moles
of Q per 1 mol of Cu when shaken with an aqueous
solution of Q. These results indicate that MAX,
Cu4EA and Q form a common complex in the CC-Q
preparation. The complex Cu4EA can be an interest-
ing material for obtaining various fungicidal prepara-
tions. Mechanism of the complex formation may con-

This investigation was carried out in the Institute of
Wood Protection, Warsaw Agricultural University.
The CC-Q preparation is introduced to the market
as wood preservative of new generation, effective
and safe for the environment. Now, the method is
being patented.

The work was supported by the Polish State
Committee for Scientific Research - grant No
TTOSEQO315.
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SILICA GEL MODIFIED WITH MANGANESE II AS A SELECTIVE SORBENT
FOR GOLD AND SILVER

Andrzej Lukasiewicz, Luzja Rowiniska, Lech Wali§

Silica gel (SiO3) modified with ethanolamine (EA)
was described previously as an effective sorbent
(SiO-EA) for heavy metals [1,2]. SiO,-EA was not
very effective for binding gold from dilute aqueous
solutions. It has been found that SiO;-EA treated
with MnCl; in water gives a material SiOz-EA(Mn)
containing up to 5% of MnCly. This material ap-
peared to be a very effective sorbent for Au and Ag
salts or complexes in water solution. Binding of Au
or Ag consist in the reduction of the cation to the
free metal by Mn?" on the sorbent surface. Due to
this mechanism gold or silver can be bound sclec-
tively by the sorbent from water in the presence of
other metals.

Recovery of the adsorbed metal is casily ob-
tained by treating the sorbent with aqua regia (Au)
or HNO3(Ag). Silica gel can be used again for the
preparation of the sorbent SiO,-EA(Mn). Another
silica-manganese sorbent was obtained from water
glass (WG). WG was acidified, treated with CaCly
and then with MnCl,. The sorbent WG-Mn ob-
tained in this way contained up to 4% of Mn.

The SiO2-EA(Mn) and WG-Mn sorbents showed
a similar activity in binding Au and Ag from water.
Effectiveness of binding Au from dilutc water solu-
tion by the new silica-manganese sorbents is illus-

trated in Table. To 6.2 me of AuCls in 250 cm? of
H,0, gold labelled with 8Au (2.7E~>) was added
and the solution was stirred for 20 min with 0.5 g of
the sorbent. After complete sedimentation of the
sorbent, the activity of the solution was measured. As
follows from the Table, practically complete binding
of Au by the sorbent from a very dilute solution (25
mg AuCl3z/11) took place.

Table. Binding of AuCl3 by the sorbents.

% of Au the sorbent

Sorbent Time of sedimentation
1h 24h

Si02-EA(Mn) 88 95

92 94
96* 95*

WG-Mn - 94
99*
96*

* mean value of 5 measurements.

The new silica-manganese sorbents can be used
for the recovery of Au and Ag from wastes of various
origin. The materials SiOz-EA(Mn, Au or Ag) and
WG-Mn(Au or Ag) can also be of interest as new
surface layer materials. Further investigation on pro-
perties and structure of these materials are in prog-
ress. Obtaining of the sorbents is being patented.
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STRUCTURE AND COMPOSITION OF Pd-Ti SURFACE ALLOY
FORMED BY PULSED PLASMA BEAMS

Zbigniew Werner!, , Jerzy Piekoszewski, Adam Barez?/ , Rainer Grotzschel , Fridrich Prokert” R
Jacek Stanistawskil/, Wladystaw Szymezyk!/
Y The Andrzej Sottan Institute for Nuclear Studies, Swierk, Poland
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High emissions of SOz and NOy from fossil fuel
combustion in electric power plants create a major
environmental problem over all Europe. One of the
most perspective methods of these pollutants
removal is an electron-beam dry scrubber process
(EBDS), in which the flue gas is treated by
high-power, high-encrgy electron beam [1]. The
electron beam enters the process vessel through a
50 um thick Ti window. The important corrosion
processes occur on the flue gas side of the window,
where a complex environment of ions, radicals and
molecules exists during the operation of electron
accelerator [2,3].

The corrosion resistance of titanium in sulfuric
acid can be improved by alloying with palladium. The
beneficial influence of palladium can be achieved e.g.
through ion implantation (II), ion beam mixing
(IBM), ion beam assisted deposition (IBAD), plasma
source ion assisted deposition (PSIAD) and deposi-
tion with the use of high intensity pulsed plasma
beums (HIPPB) in Deposition by Pulse Erosion
(DPE) mode.

The main results obtained thus far using 1BM,
IBAD, PSIAD and DPE process can be summarized
as follows.

Palladium coatings of up to about 400 nm thick-
ness, deposited upon titanium by IBM, IBAD, and
PSIAD produced significant improvements in the
corrosion resistance of Ti foil in 0.1 M H;SO4 and
0.1 M HNO3 at 80°C. However, the adhesion of the
coatings was weakened after 1000 h immersion, and
the detachment of coating took place. The detach-
ment occurred close to the original coating/tita-
nium foil interface. Thus, no significant amount of
Pd was detected at sites where it had detached. In
contrast to the previous cases, in DPE processed
samples a significant concentration of Pd (up to
70% of the original value) remains even if the thin
near surface layer is also detached. At such sites,
the corrosion resistance remains high due to the
presence of sub-surface Ti-Pd alloy layer.

Since the inner layers of Pd-Ti alloy formed by
the DPE process extends deeper than those in 1j,
IBM, IBAD or PSIAD processed material, one can
expect that the process may have advantages over
conventional ion-beam-based methods. The aim of
the present work was to gain insight into the
structural and compositional properties of the near
surface layers formed by the DPE process. The

samples used in the present work were taken from

the same batches as those tested in our previous

study [2,3]. They were characterized using X-ray
diffraction (XRD) at a grazing angle geometry and

a secondary ion mass spectroscopy (SIMS). XRD

analysis showed that out of all possible stable

phases in the Pd-Ti system only 3 can be identified.

They are: hep «-Ti, TiPd and TiPds. Thus, Pd is

present in our samples as a solute in Ti with grain

size in the 250-300 nm range and two distinctive

crystallographic phases with a grain size of 20-30

nm. The main results of SIMS analysis are as

follows:

- Pd profiles exhibit a diffusive character, and their
range increases monotonically from 1 to about 2
#m with the number of pulses (not taking into
account a surface layer with the thickness below
resolution limit of the method).

- If some experimental points clcse to the surface
are ignored, most of the profiles can be fitted
surprisingly well with gaussian distributions over
almost 3 orders of magnitude. One should note
that the gaussian profile is an analytical solution
of the diffusion cquation for a limited yicld
surface source, other conditions being constant.

- There is no evidence for an abrupt cut-off at the
end of the profile, which must have been
occurred if the melt depth was thinner than the
diffusion range. This means that the melt depth
was thinner than the diffusion range. This means
the melt depth is at least as large as the length of
undistorted diffusion profile. Basing on the com-
puter simulation of heat evolution we estimated
the diffusion time 7 as equal to about 10 us.

Combining this result with the data on the Pd

profile we estimated the diffusion constant of Pd in

the liquid Ti as D=2.8 x 107> cm?s. An attempt
was made to simulate the obtained Pd profiles with
an appropriate theoretical model. The model
assumes that (in agreement with experimental re-
sults) Pd is supplied to the surface after each pulse
in portions, which diffuse into the substrate during
the molten phase of the next pulse, leaving no
metallic Pd at the surface. We also assume that the
surface layer is molten during the pulse to a depth
exceeding the diffusion range, that there is a cons-
tant period of liquid phase duration after each
pulse and that the diffusion constant has a fixed
value for the whole diffusion process. Thus, the
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model assumes a multiple diffusion with limited
yield source at the surface, replenished after each
pulse. The problem was solved numerically by the
mentioned above ETLIT program adapted for
solving impurity diffusion equation instead of heat
diffusion. The results of calculations are shown in
Fig., in which the logarithm of concentration (in
arbitrary units) is plotted vs. x% (the "gaussian coor-
dinates") and compared with experimental points
normalized to the same total impurity content in-
troduced by the diffusion. As we see, the theoretical
fit fails since it is always a concave line in contrast
with the experimental results, which follow the
straight line. This result is a little surprising al-
though obviously a number of experimental condi-
tions are not taken into account in the simple
model:

- diffusion time is not constant throughout depth -
surface layers remain molten for a longer time
than the deeper ones;

- diffusion constant may vary with temperature,
which is also not constant over the diffusion
range;

- Soret diffusion and segregation cffects are ig-
nored.

Further study is necded to clarify the mass trans-

port in the liquid state induced by the DPE process.
In conclusion: The obtained results demonstrate

that the well-defined Pd-Ti alloy layers with Pd
concentration reaching 40% and depth up to 2 um
can be successfully produced in Ti by the DPE
method. Since these layers extend deeper than
those in II, IBM, IBAD or PSIAD proccssed ma-
terial, one can expect that the DPE process may
appear to be advantageous in comparison with con-
ventional ion-beam-based methods of improving
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Fig.Pd profile after 5 N-plasma pulses plotted in gaussian coor-
dinates and fitted with the theoretical results of multiple
diffusion simulation normalized to the experimental content
of Pd in Ti.

the corrosion properties of Ti windows used in
EBDS systems.
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INTERFACE IN Ti-Al203 SYSTEM MANUFACTURED WITH THE USE
OF HIGH INTENSITY PULSED PLASMA BEAMS

Jerzy Piekoszewski, Jacek Stanistawskil/ , Rainer Grotzschel?, , Wolfgang Matz?/ , Jacek J agielskil/

1/ The Andrzej Sottan Institute for Nuclear Studies, $wierk, Poland
2 Forschungszentrum Rossendorf e.V., Dresden, Germany

In our previous work [1] it was shown that the high
intensity pulse plasma beam (HIPPB) trcatment
can successfully be used in the preparation of alu-
mina surface prior to manufacturing good alumina-
-cooper joints. In the present work we focused our
attention on investigation of the structure and kine-
tics of the interface layer in the Ti-Al,O3 system.
Over 20 samples were prepared by irradiation of
the alumina substrates with 2, 5 and 10 pulses of
HIPPIB in deposition by erosion (DPE) mode, with
titanium electrodes as the deposit source and
nitrogen as the working gas. In addition also few
samples with 20 pulses were prepared. To identify
the phase structure of the processed samples, X-ray
diffraction (XRD) measurements were performed
on the step scan difractometer in grazing angle
geomeltry (w=1°) using CuKa radiation. The XRD
patterns revealed evidence for the presence of

AlsOgN and AIN phases especially clearly observed
for 20 pulses. The phases such as TizAIN and
AlTiOs can be identified with a less probability.
These results are surprising for us since the TiO,
(rutil) is usually considered as a phase that facili-
tates brazing when an active filler (containing tita-
nium) is used. However, this rutil phase has not
been identified in our samples. This results give us
a hint that more detailed consideration should be
undertaken toward the wettability of the phases
observed in our samples. In order to get insight into
the evolution of the titanium in-depth profile with
the number of pulses, the Rutheford Back Scatter-
ing (RBS) measurements were performed on the
processed samples. The RUMP program was used
to fit the simulated spectra to the cxperimental
data. The experimental spectrum for a given type of
the sample i.e. for 2, 5 or 20 pulses was taken as an
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average spectrum from 4 samples. The results of

these fittings can be summarized as follows:

1) The bulk concentration of Ti atoms in the alumi-
na substrate, i.e. beneath the surface, increases
with the number of pulses as 0.17 : 0.83 : 1 for 2,
5 and 10 pulses respectively. This regularity is
quite obvious in view of the fact that each pulse
brings a new portion of Ti which is then mixed
into the substrate by the liquid diffusion mecha-
nism.

2) The aerial density of the metallic Ti film depo-
sited on the surface (not mixed into the bulk) de-
creases with a number of pulses as 1 : 044 : 0.18
for 2, 5 and 10 pulses respectively. This is an
unexpected result, since according to our under-
standing of the DPE process up to now, is that
exclusively the last pulse in the series deposits a
thin metallic film on the surfacc which is not
mixed into the bulk. Therefore, we could have
expect that the thickness of this film should not
depend on the number of pulses and nominally
should remain constant.

At present, we do not have yet a full understand-
ing of the results reported in p.2. The tentative
qualitative explanation of them can be as follows.

The lifetime of thc molten phase (LMP) is
shorter for the initial statc of the substrate then
that after the substantial number of pulses. There-
fore, if LMP is short, the metallic atoms (and or low

energy ions) ablated from the electrodes reach the
surface of the substrate when it is already solidified,
being first molten by the nitrogen plasma pulse. On
the contrary, if LMP is long enough, a fraction of
the metallic atoms (and or low energy ions) reach
the substrate when it is still molten and therefore
they diffuse rapidly into the bulk. Hence, the
amount of atoms forming the surface film is smaller
than in the previous case. The possible reason for
the difference in LMP in the virgin (or only slightly
modified top layer after small number of pulses)
can be twofold. First, it is possible that the new
phases formed on the surface (see p.1) have lower-
ed the melting temperature as compare to that of
initial material of the substrate. Second, the heat
conductivity between the top layer and bulk of the
substrate decreases with the number of pulses. This
would also lead to the rise of the LMP. The verifi-
cation of this hypothesis requires numerical calcu-
lations of heat evolution in the substrate, basing on
the thermo-physical properties of the virgin and
DPE modified top layer of the system as well as on
the energy spectra of the ablated metallic species.
Further studies of these issucs are in progress.
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DOPING OF TITANIUM WITH SILICON
USING INTENSE PULSED PLASMA BEAMS

Edgar Richter?, J erzy Piekoszewski, Fridrich Prokert!/ , Jacek Stanistawski? , Lech Walis$

1 Forschungszentrum Rossendorf e. V., Dresden, Germany
% The Andrzej Sottan Institute for Nuclear Studies, Swierk, Poland

Strong adhesion in the coating-substrate system is a
crucial issue in many technical applications. Re-
cently [1}], it has been found that silicon ion
implantation into titanium enhances its adhcrence
to the ceramic coatings thus improving the quality
of the denture prosthesis based on a titanium ske-
leton. In the present work we attempted to manu-
facture a silicon surface alloy on titanium using
high intensity pulsed plasma beams in two modes:
PID and DPE. In PID, short intense plasma pulses
(1 us, 5 J/cmz) serve as a source of heat to melt the
near surface layer of the substrate together with the
Si film pre-deposited on it. In DPE, apart from the
plasma pulses also vapor of the electrode material
is deposited and alloyed on the substrate. Two
series of experiments have been performed. In the
first one, denoted S1 titanium substrates werc coat-
ed with silicon films of about 120 nm thick and then
irradiated with 5 and 10 plasma pulses in PID mode
with nitrogen or argon as the working (plasma) gas.
In the second series S2, the DPE processing was
exclusively adopted (i.e. without any external pre-
-deposition of silicon). Conical-shaped tips of clec-
trodes coated with the help of the flame plasma
spraying technique with about 0.1 mm thick layer of

v -TiSi)
|- aTi

sqri(intensity) (a.u.)

26 (degree)
Fig. XRD patterns taken at grazing incident angle 1° for samples

processed with 5 pulses in PID-mode (a), 10 pulses in
PID-mode (b) and S pulses in DPE mode (c).
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Si were the source of silicon. The samples were
characterized by the following methods: Auger
electron spectroscopy (AES) and X-ray diffraction
(XRD) with to 1, 3 and 5° angles of grazing inci-
dence. Fig. shows the XRD pattern taken at 1° for
samples processed with 5(a) and 10(b) pulses in
PID mode and for the sample processed with 5
pulses in DPE mode (c). Principal features emerg-
ing from the AES and XRD analysis are as follows:
- Mixing of Si into Ti occurs in both S1 and S2
modes of plasma processing.
- The mixing is more effective for argon than for
nitrogen working gas in both the PID and the
DPE modes.

- Maximum atomic concentration of silicon and
the profile depth reach 40% and about 350 nm,
respectively.

- The TisSis silicide with the highest melting point
(2130°C) is of all possible stable phases in the
Si-Ti system formed in both S1 and S2 series.

In conclusion, it is expected that TisSis formed in
this way could be a good candidate as a diffusion
barrier for oxygen in ceramic titanium joints in
practical applications.
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XRF ANALYSIS OF LIGNITE ASH
USING PARTIAL LEAST SQUARE CALIBRATION MODEL

Ewa Kowalska, Piotr Urbarniski

Introduction
XRF is a very suitable method for the industrial
analysis of calcium and iron in raw materials [1-3].
The same approach is proposed for the determi-
nation of these elements in the samples of lignite
ash. However, onc of the main problems connected
with the application of XRF technique for the
analysis of Fe and Ca is a strong matrix effect [1].
Moreover, when an Ar proportional counter is used
for the detection of X-rays excited in the sample,
the K e escape peak in argon and K Ca peak are
overlapped. Both the factors, if not considered, can
influence the accuracy of analysis, but it is possible
to diminish their impact using multivariate calibra-
tion methods [4]. In the considered case, the cali-
bration model was computed using partial least
square regression (PLS) [4-6].
Samples

The lignite ash consists of three main compo-
nents: SiOz (30-60%), CaO (20-45%) and FeyO3
(4-7%). To perform calibration, a set of 29 artificial
refercnce samples was prepared. The powdered
CaCOQOs, SiOy, Fe,O3 and HzBO3 were mixed to-
gether to obtain the required ranges of concentra-
tions of CaCOs3 and Fe,0s.
Radiometry

X-ray fluorescence was excited with Pu-238 and
Cd-109 sources and the sccondary radiation was
detected using Ar and Ne proportional counters.
The output signal from the detector was fed 1o a
multichannel analyscr. The whole spectra registered
by the multichannel analyser were used for compu-
tation of the calibration model.

1500
1000 f---

s00b-- 0% -F %

S5 10 15 20 25
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Fig.1. XRF spectra regisiered with the Ar proportional counter,
excited with a Cd-109 source in powdercd samples of
different composition: 1 - 25% CaCO3, 40% SiO3, 6%
Fep03; 2 - 35% CaCO3, 40% SiO7, 6% Fep03; 3 - 20%
CaCO3, 55% Si07, 4% Fep03.

Calibration model

Spectra of the entire set of the calibration sam-
ples, registered with the various sources and detec-
tors were used for computation of the PLS calibra-
tion models. The number of the PLS components
to be included into the model was optimised using,
as the figure of merit, a value of the root mean
square error of crossvalidation (RMSECV). Com-
putations were performed using PLS_Toolbox v.
2.0 for MATLAB [7].
Results and discussion

It was found that although for the Ne propor-
tional counter there is no interference between the

iron escapc and calcium K peaks, the registered
60 Y

b
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w
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Fig.2. Relation between the CaCO3 content computed from cross-
validation and the reference values.

peak of the scattered radiation is so small that the
information contained in this peak (e.g. about sam-
ple density) is lost. Also results of the iron deter-
mination were worsc than in the case of the Ar
counter. Both the sources, Pu-238 and Cd-109,
appeared to be equally applicable. It was found that

Fe203 jerossvaidated) (%)

Py ! N A i
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Fig.3. Relation between the FepO3 content computed from the
crossvalidation and reference values.
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the optimal configuration is (0 use the Cd-109
source together with the Ar proportional counter.
The spectra of the three samples of various con-
centration of the Si0O;, CaCOsz and Fez0Os, re-
gistered in the chosen configuration, are shown in
Fig.1. The minimal value of the RMSECYV for the
determination of calcium (1.35% CaCO3) was ob-
tained for the model containing three PLS compo-
nents. In the case of iron, the minimal value of
RMSECYV was 0.26% Fe;03, and was obtained for
the spectra normalised to the constant peak of the
scattered radiation. The relation between the
CaCO3 content computed from crossvalidation
versus its reference value is shown in Fig.2. A simi-
lar relation for Fe;O3 is presented in Fig.3.
Conclusion

It is possible to determine iron and calcium con-
tent in powdered samples of the lignitc ash using
the XRF method with the PLS calibration model.

RMSECYV for the CaCO3 content within the range
25-45% is about 1.35% (abs) and for Fe;O3 ranging
from 4 to 7% is about 0.26% (abs). The analysis can
be performed using a simple instrument with the
radioisotope Cd-109 source and the Ar proportio-
nal counter.
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FEASIBILITY OF PLS CALIBRATION MODELS FOR INSTRUMENTS
MEASURING ASH IN COAL USING GAMMA RAY SCATTERING METHODS

Ewa Kowalska, Piotr Urbanski

Introduction

Radioisotope devices measuring the ash content
and calorific value of coals have been successfully
applied in the mining and energy producing indus-
try. Among the variety of radiometric methods
suitable for this purpose, the methods based on the
back and forward scattering of y-rays from an
Am-241 source with a scintillation detector are very
often applied in instruments installed in the Polish
industry [1]. Due to the spectrometric feature of the
scintillation detectors, the output signal from a
sensor containing such a detector can be registercd
in the form of an energy spectrum. The aim of this
work was to investigate whether the application of
multivariate calibration methods (e.g. PLS [2-8]),
where a full spectrum is used as thc independent
variable, can result in improvement of the instru-
ment performance. Moreover, an attempt was made
to compute one calibration model for the coals of
variable chemical composition and originating from
different mines. Such a question is very important
in the case when the radiometric instruments mea-
suring ash are installed in power stations where the
coal is delivered from different mines. Calibration
models were computed using PLS_Toolbox v. 2.0
for MATLAB [9] and some home made software.
Calibration samples

Calibration models were computed using results
of measurements performed on the same sct of the
samples with instruments operating on the prin-
ciples of back and forward scattering of the Am-241
y-1ays. In the case of the forward scattering instru-
ment, the result for sample No 11 was missing. The
samples originated from four different mines and
their composition varied considerably [7]. Fig.1
shows the relation between Fe;O3 and ash content
over the entire set of the measured samples. It can
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Fig.1. Concentration of FepO3 versus ash content in the refe-
rence set of samples used for calibration.

be observed an unusually high iron content for a
sub set of the samples No 12-16 (Fig.1).
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Fig.2. Results of calibration using a non-linear PLS model.
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Results and discassion
Four different models were investigated: linear
PLS with mean centered data, linear PLS with

bration may improve performance of the instru-
ments measuring ash in coal using back and forward
scattering technique, but it is not possible fully

Table. Root mean square error of crossvalidation for different calibration models. Number of the PLS components included to the
models are shown in brackets.

Radiometric method Calibration set PLS (mean centred) | PLS (standarised) | Non-linear PLS | MLR
y-rays backscattering full spectrum, 43 samples 4.180 (4) 4.069 (3) 4,751 (1) 6.144
full spectrum, 33 samples 2225 (4) 4.008 (3) 2413 (2) 3.634

3.470 (1) 2.516 (1)
v-rays forward scattering | full spectrum, 42 samples 4.694 (3) 3.604 (4) 4.950 (2) 6.167
full spectrum, 32 samples 3.842(1) 3.864 (1) 2.263 (3) 3.768

3.439 (1)

scaled data, non-linear PLS and multilinear reg-
ression (MLR) where the independent variable was
determined as the arca under the entire spectrum.
The models were computed for the full set of
samples (43 or 42 in the case of the forward scatter-
ing), as well as for the set of 33 or 32 samples
obtained after removing a subset of 10 samples of
very high iron content originated from one mine
(No 12-16 and five others). It can be seen from the
Table that the best calibration results were ob-
tained for the non-linear PLS model for the sets
containing 33 or 32 samples. The root mean square
error of crossvalidation for the PLS models is
considerably smaller than that for the MLR model.
Differences between models computed for the back
and forward scattering methods are negligible. It
can be also concluded that the multivariate cali-

compensate the influence of the unusually high iron
content in the measured sample (Fig.2).
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PORTABLE RADON-IN-AIR CONCENTRATION MONITOR RMR-1

Jakub Bartak, Jan P. Pienkos

In the decade of 1980 a set for measurement of
radon concentration in air was developed in this
Institute. The set consists of a measuring head as a
altachable unit GF-10 to mining radiometer
RGR-13.

Increasing interest in radon measurements en-
couraged the development and application of a
modcrn monitor employing a Lucas cell as radon
detector, controlled by a microprocessor system.
The block diagram of the monitor is shown in Fig.1.
The Lucas cell is connected with a photomultiplier
tube (PM) by an appropriate mechanism. The
UKPP unit controls setting of PM diaphragm and is
checking if the position measuring cell is correct.

The Lucas cell has a form of a cylinder, 170 cm?
in volume, covered inside with a ZnS(Ag) scintilla-
tor for registration of alpha radiation. In the upper
part of the cell there are two stubs allowing to flow
the radon-laden-air through the cell. Generated
light pulses resulting from alpha radiation produce
current pulses at the output of PM tube. The
pulses, after amplification in WI and discrimination
by a pulse discriminator DYS, arc counted in pro-
grammed time interval and processed. The ope-
ration of the monitor is controlled by a micro-
computer unit that can be programmed with a
keyboard placed at the front of pancl (Fig.2). The

DYs

up

BATTERY &V » ZNN

4

CwWT. RS

Fig.1. Block diagram of radon concentration monitor: FP - pho-
tomultiplier tube (PM); KI. - Lucas cell; WI - pulse am-
plifier; DYS - pulse discriminator; UKPP - pulse location
circuit (diaphragm position control circuit); UKWTA -
gain control circuil of analog channel; ZNN - low voltage
power supply; ZWN - high voltage power supply; uP -
microcomputer; C.W.T - pressure, temperature, humidity
sensors; RS - serial port R$232.
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appropriate mode of operation, run of the mea-
suring cycle, and results of the measurement are
shown at a LED display. The measured results are
also stored in the internal memory of the gauge and
can be reviewed any time. A serial port RS232
enables transmission of the measured results 1o the
cxternal PC or to a serial printer to make a hard-
copy.

Thanks to the automatic gain control circuit of
the analog measuring channel, stable operation of
the monitor and its accuracy is ensured, despite of
the variation of ambient temperaturc and other
agents. A built Ni-Cd battery feeds high voltage and
low voltage power supplies and ensures continuous
measurements of radon concentration within 300 h
until recharging of the battery is necessary. The
cxpected lower limit of dctection is not worse than
11 Bg/m3. The monitor can operate in a single read-
ing or in a continuous mode of opcration. Apart of
the radon concentration, the ambijent temperature,

relative humidity and atmospheric pressure are also
measured.

USE OF MULTIVARIATE PROCESSING IN GAUGES
FOR RADON AND RADON DAUGHTERS CONCENTRATION IN AIR

Bronistaw Machaj, Piotr Urbanski

Introduction

An important factor limiting the accuracy of
measurement of radon, or radon daughters concen-
tration is a random error due to statistic fluctua-
tions of ionizing radiation, limiting also a minimum
detectable concentration of radon and its progeny.
An attractive method of decreasing random error
seems to be multivariate signal processing of the
raw signal registered with the measuring head of a
gauge.

Multivariate regression can generally be express-
ed as [1-3}:

Y=XB+E ey
where: Y is the matrix with n rows and p columns
representing p dependent variables (radon con-
centration), X is the matrix of independent vari-
ables with n rows and m columns representing n
measured signals (raw count rate spectra) in m
"channels”, E is the matrix with n rows and m
columns representing the residual error. Principal
Component Analysis (PCA) is a mcthod represent-
ing matrix X of independent variables in the form:

X=t1p1 + t2pp + ... + t,p; 2)
where: t are the vectors (scores) with n rows (and 1
column) whose elements are the coordinates of the
respective points on the principal component line,
p’ are the transposed vectors (loadings) with m
columns (and 1 row), a is the number of factors
(number of principal components) used. The X
matrix of raw data is replaced by the sum of limited
number t;p; of products (usually a few) containing
useful information on dependent variables and

rejected higher principal components containing
mainly random noise.

Random error of PCA processed signal
Principal Component Analysis was applied to
the set of 41 measurements of radon daughters con-
centration in air [4,5]. The measured (raw) count
and PCA processed spectra are shown in Fig. It was
found that PCA processed spectra with (wo
principal components with a satisfactory accuracy
carry information of the concentration of radon
daughters. The spectra with 2 principal components
are shown in the Fig. As can be seen from the two
count rate spectra in Fig., a great part of random
fluctudtions responsible for random error that are
superimposed on the spectra carrying information
on the concentration, is removed. To investigate
more in detail how great is the reduction of the
random error some simulations werc carried out.
Employing relations describing the series decay of
radon into short lived radon daughters [6] and
simulating the process of deposition of the radon
daughters on an air filter, the matrix of equivalent
count rate spectra Xs without random fluctuations
were computed. The simulated spectra Xs were
then randomized according to Poisson distribution.
Achieved in such a manner randomized spectra Xsr
were used for computation of radon daughters con-
centration according to standard equations (with-
out PCA processing) and employing regression
coefficients b determined earlier. This procedure
was repeated 10 times, then root mean square error
(RMSE) was computed for both cases. The results
of computations arc given in Table 1. The group
1-25 measurements corresponds to lower concen-
trations, whereas the 1-49 group corresponds to the
full range of concentrations measured. It can be
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Fig.Raw (up) and PCA processed spectra (down) of the monitor
of radon daughters concentration in air.

seen from the Table that thanks to PCA processing,
2-3 times reduction of random error can be

"Fable 2. Average RMSE of radon concentration from raw and
PCA processed count rate spectra with simulated ran-
dom fluctuations.

Measurement RMSE(1-180) min | RMSE(161-180) min
number [Bq/m3j [Bq/m3]
1-10 simulated raw 87.9 125
1-10 PCA processed 38.5 115
1-21 simulated raw 213 278
1-21 PCA processed 82.4 311
1-10 measurement number: radon concentration = 405-8790

Bg/m>.
11-21 measurement number: radon concentration = 9590-45350
Bq/m3.

approximately 3 times lower (at low radon concen-
tration) when PCA processing is used.
Conclusions

Multivariate regression based on Principal Com-
ponent Analysis applied to the raw count rates from
the alpha radiation detector of radon daughters mo-
nitor improves accuracy of the gauge about 3 times.
In the case of Lucas cell as radon detector, the im-
provement of the gauge is similar.

The multivariate signal processing is based on a
set of count rates spectra measured in a fixed time
period. This fact imposes limits to the application
of such processing to cases where calibration of ra-
don or radon daughters can be performed with such
spectra. In case of continuous measurement of ra-
don concentration such processing cannot be used.

The price that has to be paid for the reduction of
random crror employing multivariate signal pro-
cessing is that the signal from the measuring head
has to be measured each minute and slightly more
sophisticated processing must be applied to the

Table 1. Average RMSE of radon daughters concentration from raw and PCA processed count rate spectra with simulated random

fluctuations.

Measurement number | RMSE(A) [Bg/m3) RMSE(B) [Bg/m3] RMSE(C) [Bq/m3] RMSE(E) [uJ/m3]
1-25 simulated raw 157 123 99.7 0.233
1-25 PCA processcd 87.0 14.9 28.1 0.058
1-49 simulated raw 434 338 269 0.647
1-49 PCA processed 207 34.4 70.7 0.132

1-25 measurement rumber: A=0-873 Bq/m3, B=0-797 Bq/m3, C=0-1046 Bq/m3, E=0.11-3.75 ch/m3.
1-49 measurement number: A=0-11730 Bg/m3, B=0-9180 Bq/m3, C=0-10460 Bq/m3, E=0.11-53.7 uJ/m3.

A- 218?0, B-2l4pp, Cc-214pi E - alpha potential energy.

achieved. The PCA processing acts here as a kind of
random noise filter {7].

Similar simulations and computations were also
carried out for a gauge of radon concentration in
air employing the Lucas cell as alpha radiation de-
tector from radon and its progeny {8]. The results of
computations of RMSE are shown in Table 2.

The RMSE(1-180) corresponds to the situation
when the count rate was measured within 180 min
after radon being introduced into the Lucas cell. In
the case of RMSE(161-180), after introduction of
radon into the Lucas cell it was left until a quasi
radiation equilibrium inside the Lucas cell was
reached and then the pulse counting started. It can
be seen again from the Table that RMSE(1-180) is

signal from the measuring head. As the majority of
present gauges are equipped with microprocessor
systems, this is no serious problem.
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GAUGE FOR MEASUREMENT OF DOSERATE AND ACTIVITY
OF Ru-106 BETA SOURCE FOR IRRADIATION OF EYE CANCER

Bronistaw Machaj, Edward Swistowski, Cuong Do-Hoeang

Principle of operation

Medical clinics dealing with the cancer of eye, to
cure the illness, nowadays, frequently employ irra-
diation of the tumor with beta radiation [1,2]. Irra-
diation beta sources have a concave shape, curva-
ture radius 10 to 15 mm, and diameters 11 to 25
mam matching the shape of cye ball. Depending on
the tumor position and the eye ball size a proper
beta source is attached to the treated eye for a
period ensuring that the cancer is irradiated with an
exactly required dose. A physician, to be able to
determine the irradiation period cnsuring required
dose, has to know the distribution of doseratc of
beta radiation emitted from the source within the
eye ball. The eye ball tissue can be simulated by
water with a satisfactory accuracy. Thus, the dose-
rate produced by beta radiation has to be measured
by the gauge in water environment. A gauge en-
abling such measurements is presented here.

The principle of operation of the gauge is illu-
strated in Figs.1 and 2. The source under investi-
gation is fixed inside a container filled with water. A

RS
up

Fig.1. Functional diagram of a gauge for mcasurcment of ra-
diation doserate and activity of a Ru-106 beta source: SP -
movable container filled with water; ZP - investigated ra-
diation source; SS - scintillation probe; FD - light emitting
diode; Al, A2 - pulse amplifiers; E1, B2, B3 - pulse discri-
minators; GI - pulse generator; ZWN - high voltage power
supply; DAC - digital-analog converter; ZNN - low voltage
power supply; uP - microprocessor.

scintillation probe employing a plastic scintillator
#2x2 mm coupled to a photomultiplicr tube (PM)
by a conical lightguide is used as beta radiation
detector. The container with the source is moveable
in horizontal and vertical direction. Additionally,
the container can be rotated around the vertical
axis permitting for measurement of the doserate at
any point above the source area. A replaceable
bronze collimator ¢2x23 mm that can be put on the
scintillator permits to check inequality of radioac-
tive material on the surface of the source. The
scintillation probe during measurement remains
fixed. A fine micrometer screw is used to move the
container with the source in horizontal and vertical
direction with an accuracy of 0.01 mm. The range of
horizontal and vertical movements are 25 and 50
mm, respectively, although the movement in verti-
cal direction equal to 25 mm seems to be adequate

Fig.2. Measuring head of the doserate and activity gauge for
Ru-106 sources: 1 - handle for moving scintillation probe in
vertical direction, 2 - vertical movement screw, 3 - horizon-
tal movement screw, 4 - lower limiter of scintillation probe,
5 - upper limiter of scintillation probe, 6 - scintillation
probe lock, 7 - fine vertical adjustment of scintillation
probe, 8 - scintillation probe, 9 - moveable container.

for a Ru-106 source. The vertical range of 50 mm
can eventually be employed for other more pene-
trating radiation. A total accuracy of setting the ra-
diation source in respect to the scintillator is not
worse than 0.1 mm. Output pulses from the PM
corresponding to detected beta particies after am-
plification and pulse discrimination E1 are fed to a
microprocessos system where they are counted and
processed. Prior to discrimination, the pulses from
the scintillation probe are formed to a semi-Gauss-
ian shape with the width equal to 1 s at a 10%
level of the pulsc amplitude, and a basc line
restorer keeps the base line level equal to zero. An
automatic gain control circuit is employed to con-
trol the gain of the scintillation probe. The light
emitting diode, fed from a current pulse generator,
coupled to the lightguide between the scintillator
and a PM photocathode produces reference light
pulses. Amplitude of the light pulses is sensed by
two pulse discriminators E2, E3 when the high
voltage of PM tube is varied by the microprocessor
(through digital-analog converter plus high voltage
power. ;

Apart from the measurement of the doserate, the
radiation activity of the source can also be mea-
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sured with the gauge. To measure activity of the
investigated source, the scintillation probe is raised
250 mm high in vertical direction above the source
(from lower fixed position to upper fixed position
of the probe, Fig.2). At such a source-detector dis-
tance, the ratio of the distance to source diameter is
not lower than 10 and the source can be considered
as a point source with an acceptable approximation.

The measuring results obtained in programmed
counting time 20..120 s, are displayed and stored in
the memory together with their parameters and
comments (date and time of measurement, coordi-
nates of scintillator with respect to the source and
its type, kind of measurement) and are transmitted
by RS232 serial port to a PC computer. When
processing the signal from scintillation probe (pulse
count ratej dead time correction i$ made. The
gauge is equipped with an internal pulse counter
allowing calibration of the gauge. Some auxiliary
program functions (manual setting of PM high volt-
age, reference light emitting diode on/off) together
with internal pulse counter enablc checking proper
operation of the gauge.
Performance

As It was already mentioned, the gauge is
equipped with an automatic gain control circuit of
the PM tube that is automatically activated when
mains is switched on. Such a solution eliminates a
long term PM tube gain variation and a long term
temperature variation. The error due to the inaccu-
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Fig.3. Differential spectra of Ru-106 measured in water envi-
ronment when scintillator touches the surface in the center
of the source (down) and when the distance is increased by
8 mm (up).

racy of setting the high voltage of PM tube that can
be set in 2 V steps (0.2%) results in an error of
count rate 0.4%. Expected maximum count rate
when the scintillator housing touches the source
surface is about 150 000 c/s (4 MBq source gives the
count rate 42000 c/s). At such a high count rate the
random error due to statistical fluctuations is well
below <0.5% depending on the source-detector
distance and counting time. Minimum count rate
when the scintillation probe is in the upper limit
position for the measurement of source activity is
about 30 ¢/s (at 4 MBq), which at a counting time of
t=120 s gives random error 1.6%. Measured insta-
bility of the count rate during 7 h of operation of
the gauge was <1.2% peak-to-peak.

Differential spectra of Ru-106 radiation mea-
sured in the water environment are shown in Fig.3.
It can be seen that not only the count number is
changed but also the shape of the spectrum varies
when the source-detector distance varies due to
changed geometry of measurement. Measurements
of count rates with and without the plastic scin-
tiflator in the scintillation probe, in the water envi-
ronment, indicate that the induced scintillations
inside the lightguide connecting the scintillator
with the PM photocathode is 0.4% of the count rate
measured with the scintillator. Comparison of the
count rate and electric charge (current) carried by
analog pulses entering the pulse discriminator, pro-
portional to light intensity induced in the scin-
tillator, show that there is a constant ratio between
the count rate and current when count rate varied
from 100 (at the surface) to 5% (a few mm from the
surface), and are independent of the point of
measurement with respect to the source. This result
suggests that variation of the shape of differential
spectra shown in Fig.3 has little influence on the
measuring result. Relative variation of count rate in

relative count rate
o o o
I [»2] o©

o
o

0 2 4 B8 8 10 12 14
source-detector distance {mm]

Fig.4. Relative count rate of Ru-106 ¢15 mm in water environ-
ment. The source-detector distance is given from the center

of the scintillator to the surface of the source in the center
of the source.

water environment from the distance source-de-
tector is shown in Fig.4.

This work was supported by the Polish State Com-
mittee of Scientific Research under the task project
8T11RE 04099 agreement No 2413/C.T11-8/99.
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PERFORMANCES OF LAE 10 ACCELERATOR
WITH A THREE ELECTRODE ELECTRON GUN WITH MESH GRID

Zygmunt Dizwigalski, Zbigniew Zimek

Introduction

The electron accelerator LAE 10 has been con-
structed in the Department of Radiation Chemistry
and Technology of this Institute [1-3]. This facility
is dedicated to pulse radiolysis and related experi-
ments in the field of radiation chemistry. The
following accelerator parameters are the most inte-
resting from the point of view of experiments:

- the amplitude of the electron beam pulse;
- the duration of the accelerator electron bcam
pulse;
- the relation between the pedestal charge Qp and
the total charge Qq of the accelerator pulse ratio.
The dose rate is defined by accelerator parameters.
It is proportional to the duration and accelerator
pulse current amplitude. The absorbed dose is pro-
portional to the current density of the accelerator
pulse. Therefore, time shape and space shape of the
pulse should be measured. The smaller value Qp/Qy
parameter may cause a smaller error in radiolysis
experiment results. The pulses whose pedestal
charge is less than or equal to 0.1 of total charge
can be accepted, but it might be better if pedestal
charge Qp was considerably smaller. The aim of this
work is to present the results of pulses shape mea-
surements. The results was obtained for diffcrent
parameters of the three electrodes electron gun.
The control electrode (grid) of the gun consist of
the main part with rotational symmetric and an
additional element - the "(flat” mesh grid. The re-
sults has been compared with the results obtained
for the control electrode of the gun without mesh
grid.
Experimental arrangement
The measuring circuit - with a TDS 620 Tektro-
nix digital oscilloscope (400 MHz band) and a
specially designed Faradays cup were used [4]. The
measurements of the pulse shapes between cathode
and anode of the gun was realized at the same time
(for selected accidents) with the assistance of the
second channel of the TDS 620 oscilloscope. A high
voltage pulse divider of own construction (by ratio
of transformation 1:1000) was applied. The divider
was made with ceramic non-inductive disk resistors
MO001, HVR International LTD firm. The measure-
ments of the pulse shapes between the cathode and
grid of the gun were performed using a Tektronix
probe P5100 and the TDS 620 oscilloscope. We
could realize these measurements only when the
anode modulator was switch off because the ca-
thode and grid were on high potential (tens kilo-

volts) in relation to the ground, if the modulator is
in operation.

Results and discussion

Fig.1 shows the relation between the accelerator
electron beam current amplitude and the gun acce-

1.2 T L) T 1 H ¥ ¥
I i 1 1 H t 1 1
; ) : 1 ) 4 - ]
Baax ) V \ ¥ y ;‘L I
S~ 10 1 1, Il [} |.__= 1.
< 1 ! [ 1 ) ! 1
- __1____1_____1_____:___*_____|____,:__~
) i V | ) [
- i i ! i B ] 1
0.8 T T T T T T Y
E ' 1 I f 1 1 )
IR [N QNI i [V T (I PR S
= Y ) ) n. 1 ) )
& 0.6 i 1 . " 3 i 1
% ) i ) ' 1 } ' 1
@) SRS R R U SR RV [N S S N [P ORI SRR R
p 1 ) ] ) ] | 1
1 ! 1 ' ' ' i
S 0.4 T T T T T 1 T
' 1 I ' 1 ' 1
é F-r—1-=--r-r-g-"1--rr-r--=-"-rr-r-
5‘ ¥ 1 | | 1 1 3 [
Ej 02 ) ] ) ' t ) )
\ IS U NS PR SN - [ N [SURUN DI SRS SN S DU S S
E‘# s ! -I 1 1 1 ' 1
) } | ' 1 ' 1
0 16 20 30 46 50 60 70
GUN ANODE VOLTAGE - ¥V, (kY)

IFig.1. The relation between accelerator electron beam current
amplitude and gun anode voltage.

lerating voltage (gun anode voltage) amplitude V,.
The current amplitude increases with voltage am-
plitude and the curve is saturated when the voltage

A

g [A]

I8 max
1,0+-

Va=52kV -

Fig.2. Characteristic features of the triode system of the accele-
rator electron gun.
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Fig.3. The shape of electron beam pulse for Ug = - 1.25kV.

is about 52 kV. Accelerating structure (section)
with a nominal electron output energy of 10 MeV
can work with different efficiency. The efficicncy
depends on electron energy at the structure input.
Electron energy at the input of the accelcrating
structure depends on thc gun accelerating voltage
V,, of course. Fig.2 illustrates characteristic fea-
tures of the triode system of the accclerator elec-
tron gun. The pulse, between the cathode and grid,
is rather a triangle than rectanglc. The pulse has in-
advisable oscillations because of the not very per-
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i
1
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Fig.4. The shape of electron beam pulse for threc different grid
bias levels.

fectly gun matching to the nanosecond grid modu-
lator. The pulse shape is little distorted by the
probe 5100. The probe transmits only a 250 MHz.
frequency band [-3dB Bandwidth (System)]. The
accelerator pulses can be obtained with different
pedestal, amplitude and duration, depending on the
grid bias level. Figs.3 and 4 show selected oscillo-
grams of the pulses with different values of ampli-
tude and duration. Fig.5 shows the relation between
the pedestal charge to the total charge of the ac-
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Fig.5. The relation between the pedestal charge to the total
charge of the accelerator current pulse ratio and gun acce-
lerating voltage amplitude.

celerator current pulse ratio and gun accelerating
voltage amplitude. The ratio of the charges in-
creases with the voltage amplitude and reaches a
0.05 value for 56 kV (first curve for Vg = -1.15 kV)
and 46 kV (second curve for Vg = -0.85kV). Such a
relation for the gun without mesh grid is shown as
well (third curve for Vg = -2.5 kV). In conclusion,
we can state that the accelerator pulses with the
current amplitude congenial to0 the maximal possi-
ble value and with a very small pedestal charge (for
example Qp = 0.01 Qy) can be obtained only for the
gun with mesh grid.
Final remarks

The electron accelerator type LAE 10 provides
electron pulses suitable for pulse radiolysis experi-
ments. The nanosecond grid modulator of the acce-
lerator gun generates 10 ns, 4 kV pulses but we can
change duration of the accelerator pulses in the
range from 6 to 9 ns by changing the grid bias
voltage level.
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THE INCT PATENTS AND PATENT APPLICATIONS IN 2000

PATENTS

1. Spos6b wytwarzania pustych ziaren sferycznych materialéw ceramicznych, cermetali i metali redukowa-
nych wodorem (Method for obtaining empty spherical grains of ceramic materials, cermetals and me-
tals reduced with hydrogen).

A. Deptuta, A.G. Chmielewski, T. Olczak, W. Lada
Polish Patent no. 176421

2. Sposdb oczyszczania Sciekéw radioaktywnych (Method for purification of radioactive sewages).
A.G. Chmielewski, G. Zakrzewska-Trznadel, M. Harasimowicz, A. Van Hook
Polish Patent no. 176430

3. Sposdb otrzymywania warstw fosforanow wapnia, w szczegdlnosci hydroksyapatytu (Method for obtain-
ing layers from calcium phosphate, in particular hydroxyapatite).
A. Deptuta, W. Lada, R.Z. LeGeros, T. Olczak, I.P. LeGeros
Polish Patent no. 180602

PATENT APPLICATIONS

1. Alaninowo-polimerowy dozymetr promieniowania jonizujgcego (An alanine-polymer dosimeter of ioniz-
ing radiation).
Z. Stuglik, T. Bryl-Sandelewska, K. Mirkowski
P. 338997

2. SposOb wytwarzania termotopliwej kompozycji klejowej z kopolimeréw octanu winylu z etylenem
(Method for obtaining glue composition from copolymers of vinyl acetate from ethylene).
1. Legocka, Z. Zimek, A. WoZniak, K. Mirkowski
P. 340068

3. Sposéb usuwania lotaych zanieczyszezefi organicznych gazowych, takich jak wielopier§cieniowe weglo-
wodory aromatyczne z przemystowych gazéw odlotowych (Method for removal of volatile organic
gaseous impurities such as multiring aromatic hydrocarbons from industrial flew gases).

A.G. Chmielewski, A. Ostapczuk, K. Kubica, J. Licki

P. 340319

4. Spos6b otrzymywania paliw cieklych z odpad6éw tworzyw sztucznych, zwiaszcza odpaddw poliolefinowych
i urzadzenie do realizacji tego sposobu (Method for obtaining liquid fuels from wastes of plastics, in
particular of polyolefines and the facility to realize the method).

A.G. Chmielewski, J. Jerzy, T. Siekierski, B. Tyminiski, K. Zwolifski
P. 342248
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1. THE FIRST COORDINATION CONSORTIUM MEETING FOR PROJECT "ELEC-
TRON BEAM PROCESSING OF FLUE GASES, EMITTED IN METALLURGICAL
PROCESSES, FOR VOLATILE ORGANIC COMPOUNDS REMOVAL", 4-5 SEP-
TEMBER 2000, WARSZAWA, POLAND

Organized by
Institote of Nuclear Chemistry and Technology

Organizing Committee:

A. Ostapcezuk, M.Sc. (Institute of Nuclear Chemistry and Technology, Warszawa, Poland); Prof. A.G.
Chmielewski (Institutc of Nuclcar Chemistry and Technology, Warszawa, Poland); Prof. J. Piekoszewski
(Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

SCIENTIFIC PART

® Opening: general introduction into the project
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

e Consortium members and research teams presentations with emphasis on their experience in the field
connected with the project
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
V. Honkonen (Pohjois-Savo Polytechnic, Finland)
O. Fainchtein (Institute ENERGOSTAL, Ukraine)
H. Nichipor (Institute of Radiation Physical and Chemical Problems, Academy of Sciences of Belarus)
N. Getoff (Ludwig-Boltzmann Institute, Austria)
P. Skeldon (University of Manchester, Institute of Science and Technology, United Kingdom)

® General overview of the state of the basis for the project
- Metallurgical sector in Ukraine and its impact on environment
O. Fainchtein (Institute ENERGOSTAL, Ukraine)
- Recent developments in electron beam flue gas treatment
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
® Project programme for the next 6 months tasks and their action plans
- Analytical methods for experimental work
A. Ostapczuk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

- Simulation programme
V. Honkonen (Pohjois-Savo Polytechnic, Finland)

- Analytical methods for industry tests
O. Fainchtein (Institute ENERGOSTAL, Ukraine)

- VOCs kinetic data
H. Nichipor (Institute of Radiation Physical and Chemical Problems, Academy of Sciences of Belarus)

- VOCs oxidation
N. Getoff (Ludwig-Boltzmann Institute, Austria)

- Solution to the material problem
P. Skeldon (University of Manchester, Institute of Science and Technology, United Kingdom)

TECHNICAL VISIT TO EBFGT (COAL BOILER) PS KAWECZYN PILOT PLANT

ADMINISTRATIVE PART
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2. INTERNATIONAL MINI-SYMPOSIUM ON "RADIATION-INDUCED RADICAL
PROCESSES IN SYSTEMS OF BIOLOGICAL RELEVANCE", 18 SEPTEMBER
2000, WARSZAWA, POLAND

Organized by
Institute of Nuclear Chemistry and Technology

Organizing Committee: Prof. K. Bobrowski (Institute of Nuclear Chemistry and Technology, Warszawa,
Poland)

OPENING ADDRESS
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

SCIENTIFIC SESSION I
Chairman: Prof. J. Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

® One-electron oxidation and reduction processes in thioredoxin
Ch. Houée-Levin (Université Paris-Sud, Orsay, France)
® Superoxide radical oxidation of sulthydryls
Z. Abedinzadeh (Université René Descartes, Paris, France)
® Radiation-induced radicals in DNA
G. Przybytniak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

SCIENTIFIC SESSION I
Chairman: Z. Zimek, Ph.D. (Institute of Nuclcar Chemistry and Technology, Warszawa, Poland)

e Capabilities and application of the BNL Laser-Electron Accelerator in studying electron transfer processes
J.F. Wishart (Brookhaven National Laboratory, Upton, USA)

® One- and two-electron oxidation of dimethy! selenide
R. Flyunt (MPI-Strahlenchemie, Muelheim, Germany; Institute of Physico-Chemistry, National Academy
of Sciences of the Ukraine, Lviv, Ukraine)

@ Stabilization of sulfur radical cations via intramolecular sulfur-carbonyl oxygen bond formation
K. Bobrowski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

o Pulsc radiolysis study of formation and repair of retinoic cation radicals
T. Sarna (Institute of Molecular Biology, Jagiellonian University, Krakow, Poland)

3. BILATERAL WORKSHOP ON "RADIATION-INDUCED PARAMAGNETIC DE-
FECTS IN SOLIDS", 29-30 MAY 2000, GHENT, BELGIUM

Organized by
Ghent University, Institute of Nuclear Chemistry and Technology, University of Antwerp

Organizing Committee: Prof. F. Callens (Ghent University, Belgium), Prof. P. Matthys (Ghent University,
Belgium), Prof. E. Goovaerts (University of Antwerp, Belgium), Prof. J. Michalik (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland)

SCIENTIFIC PROGRAMME

Session 1
Session Chair: Prof. F. Callens (Ghent University, Belgium)

® Paramgnetic silver clusters in zeolites
J. Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), J. Sadto (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland), J. Perlifiska (Institute of Nuclear Chemistry
and Technology, Warszawa, Poland)

® A W-band study of the D1 center in cubic boron nitride single crystals
S.V. Nistor (National Institute for Materials Physics, Bucharest, Romania), M. Stefan (University of
Antwerp, Belgium; National Institute for Materials Physics, Bucharest, Romania), D. Shoemaker (Uni-
versity of Antwerp, Belgium), E. Goovaerts (University of Antwerp, Belgium), G. Dinca (Dacia Syn-
thetic Diamond Co., Bucharest, Romania)
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Session 2
Session Chair: Prof. P. Matthys (Ghent University, Belgium)

® The microstructure of the EL2 antisite defect in GaAs - a challenge for EPR and ENDOR
J.R. Niklas (Technical University Bergakademie Freiberg, Germany)

® Detection of irradiated food by EPR
W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), G. Strzelczak (Insti-
tute of Nuclear Chemistry and Tcchnology, Warszawa, Poland), F. Callens (Ghent University, Belgium)

Session 3
Session Chair: Prof. J, Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

® Application of advanced EPR techniques in the study of solid state metal centers
E. Reijerse (Catholic University of Nijmegen, the Netherlands)

® The advantage of Q and W-band EPR in the study of radiation induced species in shells and corallite
G. Strzelczak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), G. Vanhaelewyn
(Ghent University, Belgium), W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warsza-
wa, Poland), E. Goovacrts (University of Antwerp, Belgium), F. Callens (Ghent University, Belgium), J.
Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Session 4
Session Chair: Prof. E. Goovaerts (University of Antwerp, Belgium)

e EPR study of paramgnetic centers generated in metastable forms of solidified water upon gamma-ir-
radiation
A. Plonka (Technical University of £.6dZ, Poland)

© EPR and ENDOR of irradiated sugars
G. Vanhaelewyn (Ghent University, Belgium), P. Lahorte (Ghent University, Belgium), W. Mondelaers
(Ghent University, Belgium), F. Callens (Ghent University, Belgium), J. Michalik (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland), P. Matthys (Ghent University, Belgium)

e Paramganetic radicals in X-ray irradiated tooth enamel heated at 400°C
J. Sadlo (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), S. Amira (Ghent Univer-
sity, Belgium), G. Vanhaelewyn (Ghent University, Belgium), F. Callens (Ghent University, Belgium),
P. Matthys (Ghent University, Belgium), J. Michalik (Institute of Nuclear Chemistry and Technology,
Warszawa, Poland), W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

POSTER SESSION

e Q-band EPR and ENDOR study of Rh* in NaCl single crystals
H. Vrielinck (Ghent University, Belgium), F. Callens (Ghent University, Belgium), P. Matthys (Ghent
University, Belgium)

¢ Free radicals contained in licorice-flavored sweets can be detected non-invasively after oral administra-
tion to mice using low frequency EPR
B. Gallez (Catholic University of Louvain, Belgium), C. Baudelet (Catholic University of Louvain,
Belgium), R. Debuyst (Catholic Univessity of Louvain, Belgium)

® EPR studies of pharmaceuticals in solid phase
M. Gibella (Catholic University of Louvain, Belgium), A. Engalytcheff (Catholic University of Louvain,
Belgium), A.-S. Crucq (Catholic University of Louvain, Belgium), B. Tilquin (Catholic University of
Louvain, Belgium), P. Stocker (Université d’Aix-Marseille, France), G. Lesgards (Université
d’Aix-Marseille, France), J. Raffi (Université d’ Aix-Marseille, France)

® Multifrequency EPR study of radicals produced by radiation in shells and corallite
G. Strzelczak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), G. Vanhaelewyn
(Ghent University, Belgium), W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warsza-
wa, Poland), E. Goovaerts (University of Antwerp, Belgium), F. Callens (Ghent University, Belgium), J.
Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

e EPR and ENDOR study of human tooth enamel heated at 400°C
J. Sadto (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), G. Vanhaelewyn (Ghent
University, Belgium), S. Amira (Ghent University, Belgium), R. Morent (Ghent University, Belgium),
P. Matthys (Ghent University, Belgium), FF. Callens (Ghent University, Belgium), J. Michalik (Institute
of Nuclear Chemistry and Technology, Warszawa, Poland), W. Stachowicz (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland)
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e Conduction electron spin resonance (CESR) of metallic particles in mesoporous materials
M. Danilczuk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), Jong-Sung Yu
(Hannam University, Taejon, Korea), D. Brown (University of Huddersfield, United Kingdomy}, L.
Kevan (University of Houston, USA), J. Michalik (Institute of Nuclear Chemistry and Technology,
Warszawa, Poland)

® Cationic silver clusters in sodalites
J. Perlifiska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), H. Yamada (National
Institute for Research in Inorganic Materials, Japan), J. Michalik (Institute of Nuclear Chemistry and
Technology, Warszawa, Poland)

e EPR study of Lewis-acid sites in zeolites using NO as probe molecule
G. Catana (Catholic University of Louvain, Belgium), B.M. Weckhuysen (Catholic University of Lou-
vain, Belgium), R.A. Schoonheydt (Catholic University of Louvain, Belgium)

e Dielectric resonator-based resonant structure for ESR measurements at high hydrostatic pressures
A. Sienkiewicz (Institute of Physics, Polish Academy of Sciences, Warszawa, Poland; Ecole Polytech-
nique Fédérale de Lausannc, Switzerland), S. Garaj (Ecole Polytechnique Fédérale de Lausanne,
Switzerland), M. Jaworski (Institute of Physics, Polish Academy of Sciences, Warszawa, Poland), C.P.
Scholes (SUNNY at Albany, USA), L. Forro (Ecole Polytechnique Fédérale de Lausanne, Switzerland)

e New opportunities offered by high-ficld EPR/ENDOR in the structural characterization of Mn(lII) sites
in zeolites
D. Arieli (Weizmann Institute of Science, Israel), D.E.W. Vaughan (Pennsylvania State University,
USA), K.G. Strohmaier (Exxon Research and Engineering Company, USA), D. Goldfarb (Weizmann
Institute of Science, Israel)

® Single crystal high frequency EPR of Fe4(OCH3)s(dmp)s
M. Stefan (University of Antwerp, Belgium; National Institute for Materials Physics, Bucharest, Romania),
A. Bouwen (University of Antwerp, Belgium), E. Goovaerts (University of Antwerp, Belgium), D.
Gatteschi (University of Florence, Italy), R. Sessoli (University of Florence, Italy), L. Sorace (University of
Florence, Italy)

® Nano-scale structure of rare earth doped oxide glasses as studied by electron spin echo spectroscopy
S.B. Orlifiski (Kazan State University, Kazakhstan), E.J. Reijerse (Catholic University of Nijmegen, the
Netherlands)

® A Cw/pulsed heterodyne 190 GHz EPR bridge
E.J. Reijerse (Catholic University of Nijmegen, the Netherlands), A.A K. Klaassen (Catholic University
of Nijmegen, the Netherlands), W.R. Hagen (Catholic University of Nijmegen, the Netherlands)

e Thermodynamics and kinetics of proton exchange in pH-sensitive Imidazolyl spinlabels as studied by
D-band EPR
E.J. Reijerse (Catholic University of Nijmegen, the Netherlands), V.V. Khramstov (Russian Academy
of Science, Novosibirsk, Russia), I.A. Grigor'ev (Russian Academy of Science, Novosibirsk, Russia)

¢ Lineshape effects of distributions in zero field splitting parameters
A.H. Priem (Catholic University of Nijmegen, the Netherlands), A.A. Klaassen (Catholic University of
Nijmegen, the Netherlands), E.J. Reijerse (Catholic University of Nijmegen, the Netherlands), W.R.
Hagen (Catholic University of Nijmegen, the Netherlands)

4. SEMINARIUM "POLSKA NAUKA I TECHNIKA DLA ENERGETYKI JADROWE]J
JUTRA" (SEMINAR "POLISH SCIENCE AND TECHNOLOGY FOR NUCLEAR
ENERGY OF TOMORROW"), 13-14 APRIL 2000, MADRALIN NEAR WARSZAWA,
POLAND

Organized by

Institute of Nuclear Chemistry and Technology, Institute of Afomic Energy, National Atomic Energy
Agency, Polish Nuclear Society

Komitet Programowy: Prof. S. Chwaszczewski - chairman (Institute of Atomic Energy, Swierk, Poland);
Prof. A. Hrynkiewicz (H. Niewodniczaziski Institute of Nuclear Physics, Krakéw, Poland); Prof. J. Marecki
(Technical University of Gdansk, Poland); Prof. Z. Celiniski (Warsaw University of Technology, Poland);
T. Wojeik, Ph.D. (National Atomic Energy Agency, Poland); W, Mazurek, M.Sc. (ENERGOPRO-
JEKT-Warszawa, Poland); Prof. M. Lech (Wroctaw Technical University, Poland); A. Pierzak, M.Sc.
(Energy Agency Market, Poland); K. Lipko, M.Sc. (Polish Power Grid Company - International); W.
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Sikora, M.Sc. (Ministry of Economy, Poland); Prof. A.G. Chmielewski (Institute of Nuclear Chemistry and
Technology, Warszawa, Poland); J. Wlodarski (National Atomic Energy Agency, Poland); S. Szpilowski,
Ph.D. (National Atomic Energy Agency, Poland)

Organizing Committee: G. Zakrzewska-Trznadel, Ph.D. - chairman (Institute of Nuclear Chemistry and
Technology, Warszawa, Poland); A, Mikulski, Ph.D. (Institute of Atomic Energy, Swierk, Poland); M.
Romanowski. Eng. (Study and Design Nuclear Technique Office PROATOM, Warszawa, Poland); W,
Ghuszewski, M.Sc. (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

LECTURES

® Analiza zapotrzebowania i prognoza struktury wytwarzania energii elektrycznej (Analysis of demand
and the prognosis of the structure of electric energy production)
S. Ciok (Energy Agency Market, Poland), A. Kerner (Energy Agency Market, Poland), J. Woroniecki
(Encrgy Agency Market, Poland)

® Perspektywy rozwoju clektroenergetyki w Polsce (Perspectives of the development of electric power
industry in Poland)
M. Kwiatkowski (Polish Power Grid Company - International), R. Frydrychowski (Polish Power Grid
Company - International)

® Energetyka jadrowa na $wiecie (Nuclear power industry in the world)
T. W¢jcik (National Atomic Energy Agency, Poland)

® Zrodia i przetwarzanie cnergii w XXI wieku (Sources and energy conversion in the XXI century)
R. Domanski (Warsaw University of Technology, Poland)

® Ekonomiczne aspekty energetyki jadrowej (Economic aspects of nuclear power industry)
Z. Celiniski (Warsaw University of Technology, Poland)

® Rynek uranu i paliw reaktorowych - stan i perspektywy (Uranium and reactor fuel market - the state
and perspectives)
W. Dembiniski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

® Mozliwosci wykorzystania 50 lat doswiadczeni w proejktowaniu "Energoprojektu Warszawa" dla ener-
getyki jadrowej w przysziosci (Fifty-ycar experience of ENERGOPROJEKT-Warszawa for future
design work in nuclear power industry)
M. Roguska (ENERGOPROJEKT-Warszawa, Poland), K. Grzebula (ENERGOPROJEKT-Warszawa,
Poland), A. Patrycy (ENERGOPROJEKT-Warszawa, Poland)

® Reaktory jadrowe nowej generacji (New generation of nuclear reactors)
S. Chwaszczewski (Institute of Atomic Energy, Swierk, Poland)

® Badania plazmy i syntezy termojadrowej w IFPiLM (Plasma and thermonuclear synthesis research in
the Institute of Plasma Physics and Laser Microfusion)
A. Gatkowski (Institute of Plasma Physics and Laser Microfusion, Warszawa, Poland)

® Synteza jadrowa dla potrzeb energetyki - stan badan §wiatowych (Nuclear synthesis for power industry
nceds - state-of-the-art in the world)
Z. Skladanowski (Institute of Plasma Physics and Laser Microfusion, Warszawa, Poland)

® "Modne" kierunki badan dla "niemodnej” encrgetyki jadrowej ("Popular” research directions for "non-
-popular” muclear power industry)
N. Golnik (Institute of Atomic Energy, Swierk, Poland)

® Mechanizm procesu wydzielania energii z jader-tarcz w zderzeniach hadron-jadro (The mechanism of
energy emission from target nuclei in hadron-nucleus collision)
Z. Strugalski (Institute of Atomic Energy, Swierk, Poland), E. Strugalska-Gola (Institute of Atomic En-
ergy, Swierk, Poland)

® Nicorganiczne wymieniacze jonow jako potencjalne bariery w skiadowiskach odpadéw promienio-
twérczych (Non-organic ion exchangers as potential barriers for radioactive waste storage)
J. Narbutt (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Bilewicz (Institute
of Nuclear Chemistry and Technology, Warszawa, Poland), J. Krejzler (Institute of Nuclear Chemistry
and Technology, Warszawa, Poland)

® Energetyka i Srodowisko (Electric power industry and the environment)
A. Hrynkiewicz (H. Niewodniczafiski Institute of Nuclear Physics, Krakéw, Poland)

® Ekologiczne aspekty spalania paliw kopalnych (Ecological aspects of fossile fuel burning)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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Analiza termodynamiczna przebiegu awarii rozszczelnieniowej w ukladzie z reaktorem wodnym cisnie-
niowym (Thermodynamic analysis of the leakage failure in pressurised water reactor system)

A. Fic (Silesian Technical University, Gliwice, Poland), J. Skiadzien (Silesian Technical University,
Gliwice, Poland), J. Skorek (Silesian Technical University, Gliwice, Poland)

System monitoringu radiologicznego w Polsce (System of radiological monitoring in Poland)
D. Grabowski (Central Laboratory for Radiological Protection, Warszawa, Poland), W. Muszynski
(Central Laboratory for Radiological Protection, Warszawa, Poland)

Jak wzorcowac aparaturg dozymetryczng? (How to calibrate dosimetric equipment?)
K. J6zefowicz (Institute of Atomic Energy, Swierk, Poland)

Biologiczne efekty niskich dawek promieniowania jonizujacego (Biological effects of low doses of
radiation)

A. Wjcik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), 1. Szumiel (Institute of
Nuclear Chemistry and Technology, Warszawa, Poland)

Chemia radiacyjna ciata stalego ttumaczy wiasciwosci ostonne betonu (Radiation chemistry explains
protection procession of concrete)

Z2.P. Zag6rski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A. Rafalski (In-
stitute of Nuclear Chemistry and Technology, Warszawa, Poland)

Modelowanie wydzielania gazowych produktéw rozszczepienia z elementow paliwowych. Postgp prac
wynikajacy z mikro-strukturalnych obserwacji (Modelling of gaseous fission product release from fuel
elements - progress based on micro-structural observations)

M. Szuta (Institute of Atomic Energy, Swierk, Poland)

Membranowe procesy do zatgzania odpadéw promieniotwdrczych (Membrane processes for concen-
tration of radioactive wastes)

G. Zakrzewska-Trznadel (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A.G.
Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Harasimowicz

(Institute of Nuclear Chemistry and Technology, Warszawa, Poland), B. Tyminski (Institute of Nuclear
Chemistry and Technology, Warszawa, Poland)

Peina dekontaminacja elementéw aluminiowych i stalowych reaktora badawczego EWA (Full decon-
tamination of aluminium and steel components of the EWA research reactor)

A. Bilewicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), T. Matusiak (Institute
of Atomic Energy, Swierk, Poland)

Zastosowania betonéw siarkowych do zestalania odpadéw promieniotwoérczych i budowy skladowisk
(Application of sulphur concrete for solidification of radioactive waste and construction of depository)
A. Cholerzyniski (Institute of Atomic Energy, Swierk, Poland), W. Tomczak (Institute of Atomic
Energy, Swierk, Poland), J. Switalski (Institute of Atomic Energy, Swierk, Poland)

Koncepcja zamknigcia krajowego skladowiska odpadéw promieniotwérezych w Rézanie (Conception of
closing of the country depository of radioactive wastes at R6zan)

W. Tomczak (Institute of Atomic Energy, Swierk, Poland), A. Cholerzynski (Institute of Atomic
Energy, Swierk, Poland), J. Switalski (Institute of Atomic Energy, Swierk, Poland)

Zintegrowany system monitoringu radiologicznego i wspomagania decyzji po awarii elektrowni jadro-
wej (Integrated radiological monitoring and support system after an accident in a nuclear power plant)
M. Borysiewicz (Institute of Atomic Energy, Swierk, Poland), S. Potempski (Institute of Atomic Energy,
Swierk, Poland), R. Zelazny (Institute of Atomic Energy, Swierk, Poland)

Elektrownie jadrowe - zajgcia dydaktyczne na wydziale mechaniczno-energetycznym Politechniki Wroc-
fawskiej (Nuclear Power Plants - topic of activity at Mechanical-Engineering Department of Technical
University in Wroctaw)

M. Lech (Wroclaw Technical University, Poland)

Fizyka i technika jadrowa na wydziale fizyki Politechniki Warszawskiej (Physics and nuclear techniques
at Physics Department of Warsaw University of Technology)
J. Pluta (Warsaw University of Technology, Poland)

Kierunki badan radioizotopowych w zakiadzie radio- i fotochemii Politechniki Poznatiskiej (Radio-
isotope rescarch at Radio- and Photo-Chemistry Laboratory at Poznan Technical University)
E. Koczorowska (Poznan Technical University, Poland)

Prezentacja zagadnien energetyki jadrowej w procesie dydaktycznym dla studentéw wydziatu elektro-
techniki i automatyki politechniki Gdariskiej (Nuclear power presented for students of Electrical and
Automation Department of Technical University of Gdarisk)

R. Frydryk (Technical University of Gdatisk, Poland)
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e Doswiadczenia innych krajow w ksztalceniu w zakresie zjawisk zwigzanych z promieniotwoOrczoscig
{(Experience of other countrics in education concerning phenomenon of radioactivity)
W. Goraczko (Poznari Technical University, Poland)

e Refleksje nad zalozeniami polityki energetycznej (watpliwosci postronnego obserwatora) (Remarks on
energy policy (doubts of side-observer))
S. Taczanowski (Warsaw University of Technology, Poland), W. Pohorecki (Warsaw University of
Technology, Poland)

PANEL DISCUSSION
® Rozwdj energetyki w Polsce (Electrical power industry in Poland)
S. Ciok (Energy Agency Market, Poland)
® Informacja spoteczna i nauczanie (Public information and education)
A. Hrynkiewicz (H. Niewodniczafiski [nstitute of Nuclear Physics, Krakéw, Poland)
# Reaktory jadrowe nowej generacji (New generation of nuclear reactors)
S. Chwaszczewski (Institute of Atomic Energy, Swierk, Poland)
8 Badania naukowe (Scientific research nuclear physics, chemistry technology and energy production)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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1. Jarostaw Sadio, M.Sc.
Paramagnetyczne klastry srebra w sitach molekularnych (Paramagnetic silver clusters in molecular
sieves)
supervisor: Prof. Jacek Michalik, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 23.03.2000

2. Ewa Gniazdowska, M.Sc.
Hydratacja oksaalkanéw w roztworach wodnych (Hydration of oxaalkanes in aqueous solutions)
supervisor: Prof. Jerzy Narbutt, Ph.D., D.Sc.
Institute of Nuclear Chemistry and Technology, 26.10.2000

D.Sc. THESES

1. Edward lller, Ph.D.

Dyspersyjny model transportu mediéw w radioznacznikowych badaniach pracy wybranych instalacji
przemystowych (A dispersion model of transport media in radiotracer investigations of selected indus-
trial installations)

Institute of Nuclear Chemistry and Technology

2. Wojciech Migdai, Ph.D.

Jakos¢ mikrobiologiczna przypraw ziolowych dekontaminowanych radiacyjnie (Microbiological quality
of spices decontamination by radiation)
Academy of Economics in Poznan
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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 uni-
versities 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 and a 30 h
specialization course. 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:

e submission of a formal dissertation, summarizing original research contributions suitable for publica-
tion;
e 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 2000 there were held the following lecture series:
® "Radiation Types and their Radiometry" - Prof. Piotr Urbariski (Institute of Nuclear Chemistry and

Technology)
e "Fundamentals of Quantal Chemistry” - Prof. Grzegorz Chalasifiski (Warsaw University, Department of

Chemistry)

e "Supramolecular Aspects of Molecular Interactions Theory" - Prof. Lucjan Piela (Warsaw University,

Department of Chemistry)
® "Group Theory in Chemistry" - Prof. Grzegorz Chalasifiski (Warsaw University, Department of Che-

mistry)
® "Nuclear Chemistry" - Assoc. Prof. Aleksander Bilewicz, Ph.D., D.Sc. (Institute of Nuclear Chemistry

and Technology)

The lectures of Prof. Chalasifiski were followed by practical exercises in the Department of Chemistry,
Warsaw University.

TRAINING OF STUDENTS
Insitution Country pl:rltlirzié;)ra(r)lis Period
Academy of Economics in Poznan Poland 1 3 months
Center for Nuclear Techniques Vietnam 1 2 months
Ecole des Mines de Nantes France 2 3 months
] 1 2 months
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Electronic-Mechanical School Poland 2 01.01-30.06
: (Warszawa) 1 day a week
Gent University | Belgium 1 1 week
1 1 month
Ghandi Institute of Technology and Management India 1 3 months
Malaysian Institute for Nuclear Technology Research Malaysia 1 2 months
1 4 months
i Saarland University Germany 2 1 week
| Silesian Technical University, Faculty of Chemistry Poland 1 1 week
| Stanistaw Staszic Academy of Mining and Metallurgy Poland 5 | 2 weeks
 Swigtokrzyska Academy Poland 3 3 weeks
Technical School of Chemistry Poland 4 1 month
(Warszawa)
Université Rene Descartes, Laboratoire de Chimie Phy- | France 1 6 weeks
sique
Warsaw Agricultural University, Faculty of Food Tech- | Poland 35 one-day practice
nology
Warsaw Agricultural University, Faculty of Human Nu- | Poland 14 one-day practice
trition and Consumer Sciences
Warsaw University Poland 1 1 month
Warsaw University of Technology Poland 15 one-day practice
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RESEARCH PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH
IN 2000 AND IN CONTINUATION '

1. New wood preservatives based on polymerized aminotriazole complexes with copper.
supervisor: Prof. Andrzej Lukasiewicz, Ph.D., D.Sc.

2. Even-odd effect in separation of the isotopes of f-electron elements in the three electron exchange
reactions.
supervisor: Wojciech Dembinski, Ph.D.

3. Studying of the significance of DNA double-strand break repair in the adaptive response of human
lymphocytes.
supervisor: Maria Wojewodzka, Ph.D.

4. Analysis of centromeres in micronuciei by FISH for biological dosimetry.
supervisor: Assoc.Prof. Andrzej Wojcik, Ph.D., D.Sc.

S. Electron beam processing technology for modification of various types of cellulose mass for pre-
paration of derivatives. )
supervisor: Assoc.Prof.Edward Iller, Ph.D., D.Sc.

6. Influence of the structural changes in membrane-penetrant system on permeation process using syn-
chrotron methods.
supervisor: Assoc.Prof. Helena Grigoriew, Ph.D., D.Sc.

7. Radiation processing of polyolefines and their composites devoted to thermoshrinkable products.
supervisor: Zbigniew Zimek, Ph.D.

8. Problems of the attribution of works of art: examples of 18th century central European decorative
glass.
supervisor: Jerzy J. Kunicki-Goldfinger, Ph.D.

9. Investigations in the range of functionalization technology of particle track-etched membranes and
their application.
supervisor: Assoc.Prof. Tadeusz Z6towski, Ph.D., D.Sc.

10. Radiation and photochemically induced radical processes in aromatic carboxylic acids containing thio-
ether group.
supervisor: Prof. Krzysztof Bobrowski, Ph.D., D.Sc.

11. Application of ceramic membranes for liquid low- and medium-level radioactive waste processing.
supervisor: Grazyna Zakrzewska-Trznadel, Ph.D.

12. Decomposition of organic compounds emitted during coal burning with the use of electron beam.
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

IMPLEMENTATION PROJECTS GRANTED BY
THE POLISH STATE COMMITTEE FOR SCIENTIFIC RESEARCH
IN 2000 AND IN CONTINUATION

1. Irradiation method for microbiological decontamination of herbal raw materials.
5 PO6G 004 96 C/2870

2. Instruments for measurements of radon concentration.
8T10C 016 97C/3615

3. Small dimensions universal electrofilter for inorganic hygroscopic salts capture,
8T10A 083 98
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4. New Polish certified reference materials of biological origin for inorganic trace analysis: tea leaves and
mixture Polish herbs.

3TO9A 001 99C/4265

5. Development of activity and dose rate gauge of Ru-106 beta sources for irradiation of eye cancer.
8T 11E 04 099 C/4311

6. The Christian art in Egypt. Studies and conservation of coptic art in the collection of the National
Museum in Warsaw,

1HO 1E 002 99C/4402

IAEA RESEARCH CONTRACTS IN 2000

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.

TAEA TECHNICAL CONTRACTS IN 2000

1. Industrial scale demonstration plant for electron beam purification of flue gases.
POL/8/014

2. Control laboratories for radiation processing.
POL/8/16

EUROPEAN COMMISSION RESEARCH PROJECTS IN 2000

1. Accreditation for high dose measurement.
EU INCO Copernicus Project IC I5-CT96-0824
supervisor: Zofia Stuglik, Ph.D.
2. Electron beam for processing of flue gases, emitted in metallurgical processes for volatile organic com-
pounds removal.
ICA2-CT-200010005
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
Programme coordinated by the INCT

OTHER FOREIGN CONTRACTS IN 2000

1. Elaboration of wet method for reprocessing of lithium in the form of lithium carbonate from ceramic
materials Li>TiO3, provided by ENEA.

Contract with ENEA, Italy
principal investigator: Andrzej Deptula, Ph.D.
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No Name Institution Country Period
1. | Abdul Rahman Mohd | Malaysian Institute for Nuclear Technology Re-{Malaysia |17.10-17.12
Fitri search, Bangi, Kajang
2. | Abendizadeh Zohreh | Université René Descartes France 08-05.09
3. | A’iasah Siti Hashim Malaysian Institute for Nuclear Technology Re-|{Malaysia [04-17.12
search, Bangi, Kajang
4. | Al-Mowed Abed Syrian Atomic Energy Commission Syria 01.10-30.11
5. |Al-Kaid Abeer Syrian Atomic Energy Commission Syria 07.05-08.07
Aten Jacob Academic Medical Center, University of Amster-|Holland 12-13.10
dam
7. {Asmus Klaus Dieter | University of Notre Dame USA 07-09.09
8. {Bonila Fernardo University of Manchester, Institute of Science and | Great 07-09.09
Technology Britain
9. | Bouton Cecile Institute de Chimie des Substances Naturelles, Cen- | France 14.01
tre National de la Recherche Scientifique
10. 1 Burgess John University of Leicester Great 15-18.05
Britain
11. | Burns Kerry International Atomic Energy Agency United 22-26.01
Nations
12. | Cai Bin The Guovang Power Cooperation China 6-14.08
13.{Chen Hua Tsinghua University, Beijing China 6-14.08
14. [ Yoon Hwan Cho GENIX Inc., Scoul Korea 23-24.04
15. | Dedusenko Alla Institute ENERGOSTAL Ukraine 03.10-02.11
16. | Delince Henry Institute of Nutritional Physiology Germany |18-25.04
17.| Drapkin Valery Joint Stock Eneterprise 1LIP, St. Petersburg Russia 30.01-06.02
18. | Guwen Olgun International Atomic Energy Apency United 15-16.10
Nations
19. | Fainchtein Aleksander | Institute ENERGOSTAL Ukraine 03-17.09
20. |Flyunt Roman Institute of Physico-Chemistry, National Academy | Ukraine 17-21.09
of Sciences of the Ukraine
21.|Frank Norman International Business Consultants USA 19.11-14.12
22.1Ge Xuewu University of Science and Technology of China China 13-19.10
23. | Ghiyas Ud-Din Pakistan Institute of Nuclear Science and Tech-|Pakistan |01-15.01
nology, Islamabad
24. | Gooverts Etienne University of Antwerp Belgium  |07-09.12
25.{Guven Olgun International Atomic Energy Agency United 15-16.10
; Nations
26. ; Anatolij Gryztov State Research and Production Corporation|Russia 25.01-04.02
"TORIJ", Moscow 11-23.12
27.|Hadiwinoto Centre for Research and Development of Isotopes | Indonesia | 04-15.09
: Kushartono and Radiation Technology, Batan 27.11-09.12
| 28. | Houée-Levin Chantal | Université Paris-Sud France 08-09.09
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USA

| 29. 1 Gordon L. Hug University of Notre Dame 17-23.02
21-22.07
07-08.08
+30. | Hiittermann Jirgen Saarland University, Homburg Germany |10-13.10
31.1Jancso Gabor KSKI Atomic Energy Research Institute, Budapest |Hungary 01-07.07
32. Kapoor Sudhir Bhabha Atomic Research Centre, Bombay India 07-09.09
33.}Kato Juran University of California, Los Angeles USA 18.12
34. ! Kemp Terence J. University of Warwick Great 18-23.09
Britain
35.{Kihun Joh Samsung Korea 08-10.08
36. | Kvitnitsky Yurij ' Slavyanskaya Power Plant, Slavyansk Ukraine  |03.10-02.11
37.1Lugao Ademar _Institue of Nuclear Energy, Sao Paulo Brazil 17.07
38.{Luo Jingyu . Tsinghua University, Beijing China 6-14.08
39. | Luxenburger Heike Saarland University, Homburg Germany |04-08.12
40). | Machi Sueo | Japan Atomic Industrial Forum Inc. Japan 05-12.12
41. { Michalik Marek J University of Toronto Canada 10.04
42. | Miljevi¢ Nada  Institute of Nuclear Sciences VINCA Yugoslavia | 14.02-13.03
08.06-08.07
| 21.10-21.11
43 ; Mod Ali Noriah Malaysian Institute for Nuclear Technology Re-|Malaysia |04.06-02.07
S scarch
44, Morgunov Volodymyr |Institute ENERGOSTAL Ukraine 03.10-02.11
45. Murthy G.S. Andhra University India 04-17.08
46. | Nanba Tetsuya National Institute for Resources and Environment, | Japan 18-25.04
Tsukuba
47. |Nichipor Henrieta Institute of Radiation Physical and Chemical|Belarus 05-17.03
Problems, Academy of Sciences of Belarus 27.08-16.09
48.1Opos Michat University of Toronto Canada 10.04
49.| Aleksander Pavielev  State Research and Production Corporation |Russia 25.01-04.02
TORIJ", Moscow
50. | Pimblott Simon University of Notre Dame USA 07-09.09
51. ! Piotrovski Viadimir Institute ENERGOSTAL Ukraine 03-17.09
52. i Politowskij Fiodor !State Research and Production Corporation | Russia 25.01-04.02
T TORIJ, Moscow 11-23.12
53. Ravoz Dalphine Ecole des Mines, Nantes France 06.05-06.08
54 - Satyanarayana Ghandi Institute of Technology and Management, ; India 04.08-28.10
-Jujjawarapu Visakhapatnam
' 55.: Sebastian Calvo Carlos | Instituto Peruano de Energia Nuclear Peru 30.10-11.11
. 56. ' Shi Wenfang University of Science and Technology of China China 13-19.10
' 57. Singer Erik Saarland University, Homburg Germany |04-08.12
. 58. | Sinnakaruppan Malaysian Institute for Nuclear Technology Re-|Malaysia |15.04-15.08
Kanesan search, Bangi, Selangor
| 59. :Sun Jiming Tsinghua University, Beijing China 6-14.08
?() ' Sun Weimin China State Power Cooperation China 06-14.08
161, | Sunaga Hiromi Japana Atomic Energy Research Institute, Takasaki | Japan 05-07.11
| 62. | Tichonov Andriej Joint Stock Enterprise ILIP, St. Petersburg Russia 30.01-06.02
63. | Vanhaelewyn Ghent University Belgium  |01-31.03
;: Gauthier
64.  Varmenot Nicolas : Université René Descartes France 14.03-08.04

|
|
{

16-30.07
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65. | Verhaecke Peter International Atomic Energy Agency United 22-26.01
Nations
66. | Vigot Nicolas Ecole des Mines, Nantes France 06.05-05.07
67.1 Vu Quoc Trong Center for Nuclear Techniques Vietnam  |20.02-21.04
68. | Wishart James Brookhaven National Laboratory, Upton USA 17-19.09
69. | Wiyanto Tri Setno National Atomic Energy Agency Indonesia |08.05-07.08
Dyah Larasati

70. | Xu Tinnyming Tsinghua University, Beijing China 6-14.08
71.|Yarcheva Svetlana Institute ENERGOSTAL Ukraine  [22.05-03.06
72.|Zhang Zhicheng University of Science and Technology of China China 13-19.10




178 THE INCT SEMINARS IN 2000

THE INCT SEMINARS IN 2000

1. Prof. Klaus-Dieter Asmus (University of Notre Dame, USA)

Free radical and triplet induced chemistry of amino acids; electron transfer, proton transfer, abstraction
reactions

2. Prof. John Burgess (University of Leicester, Great Britain)
Solvation, reactivity and colour of iron complexes

3. Prof. Etienne Goovaerts (University of Antwerp, Belgium)
Single crystal W-band EPR applied to the problems in solid state physics and physical chemistry

4. Assoc. Prof. Helena Grigoriew (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Struktura ukladéw polimer-solvent. Nowe poglady na podstawie wynikéw badari synchrotronowych
(Structure of polymer-solvent systems. New views based on results from synchrotron studies)

5. Prof. Jurgen Hittermann (Saarland University, Homburg, Germany)
Free radicals from irradiated DNA: a survey

6. Assoc. Prof. Edward Iller (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
Program badawczy Pracowni Technik Jadrowych w ochronie §rodowiska (Research programme of the
Laboratory of Nuclear Techniques in the evironmental protection)

7. Prof. Terence J. Kemp (University of Warwick, Great Britain)
Crystallographic and mass spectroscopic studies of large molecules, polymers and inorganic clusters

8. Prof. Zbigniew Moroz (Institute of Nuclear Studies, Swierk, Poland)

Sieci neuronowe i algorytmy genetyczne - niekt6re zastosowania w fizyce i technice (Neuron nets and
genetic algorithms - some applications in physics and techniques)

9. Prof. G.S. Murthy (Andhra University, Visakhapatnam, India)
Nuclear waste management practice in India

10. Dr. Michat Opos (University of Toronto, Canada)
Biologia kalretikuliny, biatka ostonowego i magazynu wapnia blon endoplazmatycznego retikulum (Bio-
logy of calreticulum, a shield protein and a calcium store of endoplasmic reticulum)

11. Dr. Simon Pimblott (University of Notre Dame, USA)
The nonhomogeneous radiation chemistry of the track-end

12. Prof. Ge Xuewu (University of Science and Technology of China)
Radiation synthesis of nanometer composites

13. Prof. Shi Wenfang (University of Science and Technology of China)
Application of dendritic/hyperbranched polymers in UV/EB curable coatings

14. Prof. Zbigniew Zagorski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Przysztos$¢ chemii radiacyjnej w Swietle badaf w USA (The future of radiation chemistry as seen in stu-
dies in the USA)

15. Prof. Zhang Zhicheng (University of Science and Technology of China)
Radiation emulsion polymerization



SEMINARS DELIVERED OUT OF THE INCT IN 2000 179

SEMINARS DELIVERED OUT OF THE INCT IN 2000

1. Andrzej G. Chmielewski
Eleciron beam flue gas treatment
Tsinghua University, Beijing, China, 07.03.2000

2. Andrzej G. Chmielewski
Atmosphere chemistry
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 10.03.2000

3. Andrzej G. Chmielewski
Energy and environment
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 10.03.2000

4. Andrzej G. Chmielewski
Environmental impact
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 10.03.2000

5. Andrzej G. Chmielewski
Air pollution control
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 11.03.2000

6. Andrzej G. Chmielewski
Electron beam flue gas treatment
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 11.03.2000

7. Andrzej G. Chmielewski
Radiation chemistry of gases
Institute of Instruments, Baoshan Steel Company, Shanghai, China, 11.03.2000

8. Andrzej G. Chmielewski

Akceleratory elektronéw - fizyka bliska technologiom zaawansowanym (Electron accelerators - physics
near advanced technologies)

Training course for methodical advisors in physics, Elblag, Poland, 16.03.2000

9. Andrzej G. Chmielewski

Chemia atmosfery - pamigtajcie 0 ogrodach... (The chemistry of atmosphere - remember about gar-
dens...)

Training course for methodical advisors in chemistry, Elblag, Poland, 29.03.2000

10. Andrzej G. Chmielewski
Electron beam flue gas treatment
University of Science and Technology of China, Hefei, China, 13.11.2000

11. Andrzej G. Chmielewski
Environmental effects of fossil fuel combustion
University of Science and Technology of China, Hefei, China, 13.11.2000

12.1.eon Fuks

Osobliwosci ekstrakeji lantanowcdw i aktynowcéw (Peculiarities of solvent extraction of lanthanides
and actinides).

Faculty of Civil Engineering and Environmental Engineering, Biatystok Technical University, Poland,
07.02.2000
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13. Jacek Michalik
ESR and optical studies of silver clusters in sodalites.
National Institute for Research in Inorganic Materials, Tsukuba, Japan, 28.01.2000

14. Jacek Michalik
Catalyst silver clusters in zeolites.
Institute of Energy and Nuclear Research (IPEN), Sao Paulo, Brazil, 28.08.2000

15. Jacek Michalik
Cationic silver clusters in zeolites.
Department of Chemistry, University of Houston, Texas, USA, 25.10.2000

16. Jacek Michalik
Radiation-induced silver agglomeration in molecular sieves.
Department of Physics and Astronomy, Georgia State University, Atlanta, USA, 13.11.2000

17. Jerzy Narbutt
High coordination numbers of metal ions in chelate complexes.
Institute of Inorganic Chemistry, Zurich University, Switzerland, 14.11.2000.

18. Jerzy Narbutt
High coordination numbers of metal ions in chelate complexes.
Center for Radiopharmaceutical Science, Paul Scherrer Institute, Villigen, Switzerland, 17.11.2000

19. Jerzy Narbutt
Liquid-liquid pastition and hydration of amphiphilic chelates of metal ions.
Institute for Bioinorganic and Radiopharmaceutical Chemistry, Research Center Rossendorf, Ger-
many, 27.11.2000
20. Irena Szumiel
Uszkodzenia DNA i mechanizmy naprawy (DNA damage and repair).
Institute of Biostructure, Medical University of Warsaw, Poland, 13.12.2000

21. Marek Trojanowicz
High performance capillary electrophoresis. Some environmental, physiological and chiral applications.
Institute of Analytical Chemistry, University of Vienna, Austria, 15.09.2000
22. Marek Trojanowicz
High performance capillary clectrophoresis. Some environmental, physiological and chiral applications.
Institute of Chemistry, University of Sao Paulo, Brazil, 27.10.2000
23. Andrzej Wojcik
Micronuclei and centromers.
Biological Faculty, University of Essen, Germany, (7.10.2000
24. Andrzej Wojcik
Biologische Wirkung ionisierender Strahlung (Biological effects of ionising radiation).
Victoria School, Essen, Germany, 01.12 and 02.12.2000
25. Andrzej Wéjcik
Strahleninduzierte Schwesterchromatidaustausche (Post-irradiation sister chromatid exchanges).
Institute of Medical Radiobiology, University Clinic Essen, Germany, 11.12.2000
26. Andrzej Woijcik
Ionisierende Strahlung - muessen wir uns fuerchten? (Ionising radiation - must we be afraid?).
Paul Ehrlich College, Dortmund, Germany, 18.12.2000
27. Zbigniew P. Zagorski
Role of multi-ionization spurs in radiation-induced crosslinking of polyethylene.
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University of Southern California, Los Angeles, USA, 26.01.2000

28. Zbigniew P. Zag6rski
Two different chemistries in irradiated polymers: in and around single- and multi-ionization spurs.
University of Southern California, Los Angeles, USA, 02.11.2000

29. Zbigniew P. Zagorski
Radiation resistance of concrete and of sodium chloride.
Carlsbad Environmental Monitoring and Research Center, Carlsbad, USA, 08.11.2000

30. Zbigniew Zimek
Electron accelerator technology for radiation processing.
Malaysian Institute for Nuclear Technology Research, Kuala Lumpur, Malaysia, 15.08.2000

31. Zbigniew Zimek

Wykorzystanie akceleratora elekironéw w procesic usuwania zanieczyszczenn gazowych (Electron ac-
celerator application in gaseous pollutants removal process).

Faculty of Electrical and Electronic Engineering, Technical University of £.6dz, Poland, 14.11.2000
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8.

9.

10.

AWARDS IN 2000

. Separation of water isotopomers by a porous hydrophobic membrane

A.G. Chmielewski, G. Zakrzewska-Trznadel, N. Miljevi¢, W.A. Van Hook

Silver medal at the 28th International Exhibition of Inventions, New Techniques and Products, Geneva,
Switzerland, 12-16.04.2000

. Preparation and characterization of LiCoO2 and LiMgg.05C00.9502 thin films on porous Ni/NiO

cathodes for MCFC by complex sol-gel process (CSGP)
W. Lada

Outstanding Poster Award on the 2000 Spring Meeting Chairs of the Materials Research Society, San
Francisco, California, USA, 24-28.04.2000

. Hanns Langendorff prize for the whole of work in the field of radiobiology and radiological protection

A. Wojcik
German-Austrian Congress of Radiation Protection, Baden-Baden, Germany, 12.05.2000

. Application of ionizing radiation for removing 2,4-dichlorophenol from water and wastewater

P. Drzewicz

Honorable Mention at the Fifth International Symposium and Exhibition on Environmental Contami-

nation in Central and Eastern Europe, Prague, Czech Republic, 12-14.09.2000, Prague 2000 Student
Poster Competition

. Electron beam flue gas treatment as an integrated method of SO2, NOx and volatile organic compounds

(VOCs) control
A. Ostapczuk

Honorable Mention at the Fifth International Symposium and Exhibition on Environmental Contami-

nation in Central and Eastern Europe, Praguc, Czech Republic, 12-14.09.2000, Prague 2000 Student
Poster Competition

. Membrane methods for the treatment of low and intcrmediate radioactive wastes

G. Zakrzewska-Trznadel

Best Scientific Paper at the 3rd International Yugoslav Nuclear Society Conference, Belgrade, Yu-
goslavia, 2-5.10.2000

. Separation of water isotopomers by a porous hydrophobic membrane

A.G. Chmielewski, G. Zakrzewska-Trznadel, N. Miljevi¢, W.A. Van Hook

The Cup of President of the Polish State Committee for Scientific Research on the 3rd International
Exhibition of Invention "INNOWACIJE’2000", Gdansk, Poland, 10-13.10.2000

The method of making hollow spherical ceramic and metallic materials, reduced by hydrogen
A. Deptuta, A.G. Chmielewski, W. Lada, T. Olczak

Bronze medal at the 3rd International Exhibition of Invention "INNOWACJE2000", Gdafisk, Poland,
10-13.10.2000

The method of making hollow spherical ceramic and metallic materials, reduced by hydrogen

A. Deptuta, A.G. Chmielewski, W. L.ada, T. Olczak

Silver medal at the World Exhibition of Innovation, Research and New Technology "BRUSSELS
EUREKA 2000", Brussels, Belgium, 14-20.11.2000

A.G. Chmielewski
Gold Honourable Medal of the Polish Society of Inventors and Rationalizers
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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, 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 - 250x150 mm.

Application: SEM observation of various materials such as metals, polymers, ceramics and glasses.
Determination of characteristic parameters such as molecule and grain size.

e Scanning electron microscope equipped with the attachment for fluorescent microanalysis
BS-340 and NL-2001, TESLA (Czech Republic)

Application: Observation of surfacc topology and elemental analysis of various materials.

& Vacuum evaporator
JEE-4X, JOEL (Japan)
Application: Preparation of thin film coatings of metals or carbon.

e 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.

. 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.
e Coulter Porometer I1
Coulter Electronics Ltd (Great Britain)
Application: Pore size analysis in porous media.

& Vacuum chamber for plasma research
POLVAC Technika Prézniowa

Technical data: dimensions - 300x300 mm,; high voltage and current connectors, diagnostic win-
dows.

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 occuring in
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natural and synthetic polymers under influence of ionising radiation applying X-ray diffraction and
differential scanning calorimetry.

o KM-4 X-ray diffractometer
KUMA DIFFRACTION (Poland)
Application: 4-cycle diffractometer for monocrystal studies.

o HZG4 X-ray diffractometer
Freiberger Prazisionsmechanik (Germany)

Application: powder diffractometers for studies of polycrystalline, semicrystalline and amorphous
materials.

o URD 6 X-ray diffractometer
Freiberger Prazisionsmechanik (Germany)

Application: powder diffractometers for studies of polycrystalline, semicrystalline and amorphous
materials.

. 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%.

e Total reflection X-ray spectrometer

Pico TAX, Institute for Environmental Technologics (Berlin, Germany)

Technical data: Mo X-ray tube, 2000 W; Si(Li) detector with FHWM 180 eV for 5.9 keV line; ana-
lysed 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.

e X-ray spectrometer

SLP-10180-S, ORTEC (USA)

Technical data: FWHM - 175 ¢V for 5.9 keV line, diameter of active part - 10 mm, thickness of
active part of detcctor - 5.67 mm.

Application: X-ray fluorescence analysis.

. Sol-Gel Laboratory of Modern Materials Synthesis

Activity profile: Synthesis of modern ceramic materials (hydroxyapatite, high temperature super-
conductors of new generation e.g. doped SrTiO3 or SrZrO; and on Hg basis, cathode materials for
renewable lithium batteries) using developed in the INCT CSGP method (Complex Sol-Gel
Method) in the form of spherical and irregularly shaped powders, monoliths (complete and
porous), fibres as well as thin films on metallic and other substrates.

o 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 - 1x1071% A/mm/m, maximum temperature - 1050°C.
Application: Thermogravimetric studies of materials up to 1050°C.

o DTA and TGA thermal analyser 1500

MOM (Hungary)

Technical data: temperature range - 20-1500°C; power requirements - 220 V, 50 Hz.
Application: Thermal analysis of solids in the temperature range 20-1500°C.
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@ Research genéralﬁpurpose microscope
Carl Zeiss Jena (Germany) '
Technical data: General purpose microscope, enlargement from 25 to 2500 times, illumination of
sample from top or bottom side.
e 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 hardncss
measurements.
e Laboratory furnace
CSF 12/13, CARBOLITE (Great Britain)
Application: Temperature treatment of samples in controlled atmosphere up to 1500°C with auto-
matic 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

® Measuring stand for calibration and testing
Technical data: temperature sensors - -15+-+70°C, pressure sensors - 800-1050 hPa, humidity
sensors - 6-100%.
IV. DEPARTMENT OF RADIOCHEMISTRY
1. Laboratory of Heavy Elements

Activity 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 watess.

2. Laboratory of Radiopharmaceutical Chemistry

Activity profile: Preparauon of novel complexes, potential radiopharmaceuticals, e.g. derivatives of
triscarbonyltechnctium(I) ( mTc) 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

Multichannel analyser, type 7150, semiconductor detector GEM 08180

Application: Measurements and identification of y- and a-radioactive nuclides.

® Spectrometric set
TUKAN, IPJ (Swierk, Poland)

Multichannel analyser, type SILENA with a PC card type TUKAN; semiconductor detector GEM
08180
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Application: Measurements and identification of y-radioactive nuclides.
® Gamma radiation counter
ZR-11,ZZUJ POLON (Poland)
Application: For measurements of y-radioactive samples, the volume of samples up to 5 ml.
e Counter of low activities
ZR-16,ZZUJ POLON (Poland)
Application: For measurements of low activities of a- and 8-radioactive nuclides, also of low energies.
e Gas chromatograph
610, UNICAM (England)
Description of usage: Analysis of the composition of mixtures of organic substances in the gas and
liquid state.
o 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.
e 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 profile: Pilot plant was installed for basic and industrial research on radiation processing
application for flue gases treatment at the PS Kawgczyn.

® Two accelerator ELW-3A
Technical data: 50 kW power, 800 kV

® Analyser of gases
Model 17, Thermo Instrument (USA)
Application: measurement of NO, NO2, NOx, NH3 concentrations.

® Analyser 10AR (Shimadzu, Japan) with analysers NOA-305A for NO concentration determi-
nation and URA-107 for SO, determination

® Analysers CO/CO», O2

. Laboratory for Flue Gases Analysis

Activity profile: Experimental research connected with elaboration of technology for SO and NOx
and other hazardous pollutants removal from flue gases.

e Ultrasonic generator of acrosols
TYTAN XLG

® Gas chromatograph

Perkin-Elmer (USA)

® Gas analyser LAND

Application: determination of SO, NOx, Oz, hydrocarbons, and CO; concentrations.

e Impactor MARK III

Andersen (USA)

Application: measurement of aerosol particles diameter and particle diameter distribution.

. Laboratory of Stable Isotope Ratio Mass Spectrometry

Activity profile: study of isotope ratio of stable isotopes in hydrogeological, environmental, me-
dical and food (wines and juices) samples.
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e Mass spectrometer DELTAP!"®

Finnigan MAT (Bremen, Germany) -

Technical data: DELTAP™ can perform gas isotope ratio measurements of H/D, *C/%C,
ISNMN, 1807160, 3432,

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 0.5%o for water. The GasBench 1I is a unit for on-line oxygen
isotope ratio measurements in watcr samples by "continuous flow" techniques. The essence of the
method consists in oxygen of isotope equilibration between water and COz in isothermal conditions.
For water cquilibration a precise thermostat sample tray is used for 96 vials. With GasBench II, water
samples (0.5 ml) can be routinely analyzed with a precision and accuracy of 0.08%c. 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, under-
ground 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 samples activity measurements

® Apparatus for liquid sampling

¢ Multichannel analyser DIDAC

e Liquid chromatograph Perkin-Elmer

@ Turner fluorimeters for dye tracer concentration measurements
e Automatic devices for liquid tracers injection

5. Membrane Laboratory

Activity profile: Research in the ficld of application of membranes for radioactive waste processing
and separation of isotopes.

¢ Membrane distillation plant for concentration of solutions
Technical data: output ~0.05 m?/h, equipped with spiral-wound PTFE module G-4.0-6-7 (SEP
GmbH) with heat recovery in two heat-exchangers.

® Multi-stage MD unijt (PROATOM) with 4 chambers equipped with flat sheet membranes for
isotope separations research

e US 150 laboratory stand (Alamo Water) for reverse osmosis tests

Technical data: working pressure - up to 15 bar, flow rate - 200 dm?/h, equipped with two RO
modules

® [Laboratory stand with 5 different RP spiral wound modules and ceramic replaceable tubular
modules

® [aboratory set-up for small capillary and frame-and-plate microfiltration and ultrafiltration
modules examination (capillary EuroSep, pore diameter 0.2 um and frame-and-plate the INCT
modules)

o 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
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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
VI. 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.
e 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, pellet-
ing machine, collecting device.

Application: preparatiion of polymer samples.
e 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 dimen-
sions 660x230x240 mm; temperature range from -70°C to 250°C).

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 tem-
peratures).

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.

e Electron accelerator
AS-2000 (Holland)
Technical data: Energy - 0.1-2 MeV, max. beam current - 100 #A.
Application: Irradiation of materials.
® Spectrometer
DLS-82E, SEMITRAP (Hungary)
Application: Research in radiation physics of semiconductors.
® Argon laser
ILA-120, Carl Zeiss (Jena, Germany)
Application: Measurements of optical properties.
® Spectrometer
DLS5-81 (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
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systems and dosimetric systems concerhing 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. 50 million pieces per year.

® Electron beam accelerator

UELW-10-10, NPO TORIJ (Moscow, Russia)

Technical data: beam energy - 10 MeV, beam power - 10 kW, supply power - 130 kVA.
Application: Radiation sterilization of medical devices and tissue grafts.

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 cenlcrs.

® 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)
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, vear of
installation 1999.

Application: research in the field of pulsc 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°C (in 1°C steps),
rate of temperature rise varies from 0 to 40°C/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 deuteriium 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 chroma-
tography columns: AS11 (anion exchange), CS14 (cation exchange) and AS1 (ion exclusion).
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Application: The state-of-the-art analytical system for ion chromatography (IC) and high-per-
formance 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.

e 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.

Applications: Digital storage osciloscope (DSO) with high speed and long memory controls pulsc
radiolysis system dedicated to the nanosecond clectron 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.

Applications: Digital osciloscopc (DO) is used in pulse radiolysis system dedicated to the nano-
second electron linear accelerator (LAE 10).

. 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 0.5 kCi to 16 kCi and dose rate from 0.03 kGy/h 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.

e Linear electron accelerator

LAE 13/9, Institute of Electro-Physical Equipment (Russia)

Technical data: clectron cnergy - 10-13 MeV; electron beam power - 9 kW,

Application: radiation processing.

e Cobalt source |

Co-60, OPIDI (Swicrk, Poland)

Technical data: 32 sources - 500 Ci.

Application: radiation research.

o Cobalt source I
Issledovatel (Russia)

Technical data: 32 sources with a total activity of 16500 Ci.
Application: radiation research.

e Cobalt source 111

Mineza, INR (Swierk, Poland)

Technical data: 6 sources with an initial activity of 720 Ci.
Application: radiation research.

® 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.
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VII. DEPARTMENT OF ANALYTICAL CHEMISTRY
1. Laboratory of Spectral Atomic Analysis
Activity profile: atomic absorption and emission spectroscopy, studies on interference mecha-
nisms, 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.

e Atomic absorption spectrometer

5P9-800, Pye Unicam (England); cquipped with SP-9 Furnace Powcr Supply, PU-9095 data gra-
phics 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.
¢ [aminar box
HV mini 3, Holten (Denmark)
Technical data: air flow rate 300 m>/h.
Application; protection of analytical samples against contamination.
@ lon chromatograph
2000i/SP, Dionex (USA)
Technical data: calculating program AI-450, conductivity detector, UV/VIS detector.
Application: analyses of water solutions, determination of SOz, SO3 and NOx in flue gascs and
air.
¢ Well HPGe detector

GCW-3223, Canberra, coupled with analog line (ORTEC) and multichannel gamma-ray analyser
TUKAN

Application: instrumental and radiochemical activation analysis.

e Coaxial HPGe detector

POP-TOP, ORTEC (USA), coupled with analog line (ORTEC) and multichannel gamma-ray ana-
lyser TUKAN

Application: instrumental and radiochemical activation analysis.
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 ¢lectrophoretic analysis of DNA
CHEF 111, BIO-RAD (Austria)

Application: analysis of DNA fragmentation as a result of damage by various physical and chemicat
agents.

e Microplate reader

ELISA, ORGANON TEKNICA (Belgium)

Application: for measurement of optical density of solutions in microplates.
e Hybridisation oven

05-91, BIOMETRA (Germany)

Technical data: work temperatures from 0°C to 80°C; exchangeable test tubes for hybridisation.
Application: for polymerase chain reaction (PCR).
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® Spectrofluorimeter
RF-5000, Shimadzu (Japan)
Application: for fluorimetric determinations.

e Transilluminator for electrophoretic gels
Biodoc, BIOMETRA (Great Britain)
Application: for analysis of electrophoretic gels.

® [aminar 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.

® Research microscope universal

NU, Carl Zeiss Jena (Germany)

Application: for examination of cytological preparations.
Comments: Universal microscope for transmission and reflected light/polarised light. Magnifica-
tion from 25x to 2500x. Possibility to apply phase contrast.
& Incubator

T-303 GF, ASSAB (Sweden)

Technical data: 220 V, temperature range - 25-75°C.
Application: for cell cultures under 5 % carbon dioxide.

® [aminar 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.

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, Ris¢# National Laboratory (Denmark)

Technical data: 24 samples turntable, heating range 50-500°C, heating speed 0.5-10.0°C/s, stimu-
lated luminescence (PSL) system.

Application: detection of irradiated foods, research work on irradiated foods, thermoluminescence
dosimetry.

e 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.
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e Compact EPR spectrometer
EPR 10-MIN], St. Petersburg Instruments Ltd. (Russia)

Technical data: sensitivity 3x1010, operating fréquency (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 irra-
diated foods and bone tissues.
X.  EXPERIMENTAL PLANT FOR FOOD IRRADIATION
1. Microbiological laboratory
Activity profile: optimalization of food irradiation process by microbiological analysis.

e 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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