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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 participation of its staff in the movement in favour of democracy in Poland has 
led to the dissolution of the INR in 1983. At that time the INCT, as one of the three units, 
was organized.

The fundamental research on radiobiology, radio- and coordination chemistry and 
radiation chemistry is continued. As a proof of appreciation in the field of radiation 
chemistry Professor Z.P. Zagorski has been awarded in 1995 with the Maria Sklodo- 
wska-Curie medal by the Society of Radiation Research.

The Institute offers didactic and research programmes for Ph.D. and D.Sc. thesis in 
chemistry.

Institute is one of the most advanced innovation centres working on technologies and 
methods in the field of:
— radiation chemistry and technology,
— application of nuclear methods in material and process engineering,
— design and production of instruments based on nuclear techniques,
— trace analysis and radioanalytical techniques,
— environmental research.

At this moment, with its nine electron accelerators in operation and with the staff 
experienced in the field of electron beam applications, the Institute is one of the most 
advanced centres of science and technology in this domain. The following activity should 
here be mentioned:
— experimental pilot plant for food irradiation,
— pilot plant for radiation sterilization of medical devices and transplantations,
— pilot plant for radiation modification of polymers,
— pilot plant for removal of SO2 and NOx from flue gases.

The last plant has been awarded with a gold medal and with a distinction by the jury at 
the 44th World Exhibition of Invention, Research and Industrial Innovation "Brussels 
Eureka'95".

In 1995 a new generation of mining radiometers RGR-40 was developed in the 
Institute. Based on attestation in the Experimental Mine "Barbara" and by the Central 
Mining Institute, president of the Higher Mining Office has approved the application of 
the radiometer in the mining industry.

The achievements of the Institute have been recognized by the international forum 
which has led to a broad cooperation with foreign institutions. The INCT scientists 
cooperate in reseach programmes with the leading world centres:
— sol-gel process for HTS and bioceramic materials - ENEA (Rome, Italy), Argonne 

National Laboratory (USA), New York University (USA);
— advanced dosimetry and detection of irradiated food - University of Gent (Belgium), 

University of Aix - Marseilles (France), ADMIT Group under supervision WHO, 
FAO and the IAEA;
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— chemistry of rutherfordium (element 104) - Lawrence Berkeley Laboratory (USA), 
JINR (Dubna, Russia);

— complex formation of transuranes in solutions of high ionic strenght - Florida State 
University (Tallahasse, USA);

— sorption of radionuclides on inorganic ion exchangers - Saclay Nuclear Research 
Centre (France);

— technology of simultaneous removal of SO2 and NOx from flue gases by use of 
electron beam - Japan Atomic Energy Research Institute (Takasaki, Japan), Ebara 
Corp. (Japan), Forschungszentrum Karlsruhe (Germany), IAEA, CChEN Santiago 
de Chile (Chile), IPEN (Sao Paulo, Brasil), INR (Shanghai, China);

— particle track membranes - JINR (Dubna, Russia), University of Antwerp (Belgium), 
University of Louvain-la-Neuve (Belgium);

— membrane processes for separation of isotopes and concentration of radioactive 
wastes - University of Tennessee (Knoxville, USA);

— mechanisms of sensitized photooxidation of thioether compounds - University of 
Notre Dame (USA), Ris0 National Laboratory (Denmark);

— radiation-induced chemical intermediates and reactivity of silver agglomerates in 
zeolites - University of Houston (USA), University of Nijmegen (the Netherlands);

— smectite clays with silver - Metropolitan Leeds University (Great Britain);
— studies of nature of radiation defects generated by nuclear radiation (e", ions) in 

silicon layers and in semiconductor compounds III-V - FZR Forschungszentrum 
Rossendorf (Germany), Ecole Normale Superieure Paris (France), JINR (Dubna, 
Russia);

— radiolysis of selected liquid and solid systems by beams of accelerated ions and 
influence of imparting density of energy on the course of radiation processes in model 
liquid and solid systems - JINR (Dubna, Russia), Institute of Dyes and Intermediate 
Compounds (Russia), Institute of Inorganic Chemistry, Latvian Academy of Sciences 
(Salaspils, Latvia), Ris0 National Laboratory (Denmark);

— crystal chemistry of uranyl coordination compounds, chemistry of ionic intermediates in 
condensed phases - University of Warwick (Great Britain), University of Leicester 
(Great Britain), Max-Planck Institute (Germany), Hahn-Meitner Institute (Germany);

— highly accurate methods for the determination of essential or toxic elements in 
biological materials by NAA - National Institute of Standards and Technology (USA);

— ADP-ribosylation, cell response to radiation - Institut fur Veterinarpharmakologii 
und Toxicologii, Universitat Zurich (Switzerland), Institute of Physical Chemistry, 
Russian Academy of Sciences (Russia);

— repair of DNA and the structure of chromatine - New York State University Health 
Center at Brooklyn (USA);

— damage of DNA and mutations generated by hydrogen peroxide - MRC Cell 
Mutation Unit, University of Sussex (Great Britain).
The INCT participates in IAEA technical cooperation programmes and organizes

training courses. The employees of the Institute undertake many expert missions for the
IAEA.

In 1995 the INCT organized four scientific meetings.
Polish Section of International Nuclear Information System is situated in the INCT. 
The Institute is the editor of NUKLEONIKA - world wide recognized journal for

nuclear research.
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RADIATION-INDUCED SILVER AGGLOMERATION IN SMECTITE CLAYS

J. Michaiik, J. Sadlo, H. Yamada1/, D.R. Brownz/, L. Kevan3/ 
^National Institute for Research in Inorganic Materials, Ibaraki, Japan 

2/Leeds Metropolitan University, Great Britain 
^Department of Chemistry, University of Houston, USA PL9700797

Smectite clays are swelling clays that contain an 
interlayer space which can expand by the absorp­
tion of a suitable solvent. The structure of smectite 
clays is shown in Fig.l. The exchangeable cations in 
smectite clays are located in the expandable inter-

Fig.l.Schematic representation of the oxygen network in smectite 
clays where the open circles are oxygen and the solid circles 
are OH. Hydrated interlayer cations are shown, but non-ex- 
changeable cations in the octahedral and tetrahedral lattice 
layers have been omitted for clarity. Si(IV) occupies the 
oxygen - coordinated tetrahedral lattice sites. Octahedral 
lattice sites are occupied predominatly by Mg(II) in hecto- 
rite and saponite (trioctahedral clays) and by Al(III) in 
montmoryllonite (where only two thirds of the octahedral 
sites are filled (dioctahedra! clay). Isomorphous lattice 
substitutions giving rise to the anionic lattice charge are in 
the octahedral layer for montmoryllonite (Mg(II) for 
Al(III)) and hectorite (Li(I) for Mg(II)), and in the tetra­
hedral layer for saponite (AJ(III) for Si(IV)). Arrows iden­
tify the hexagonal cavities in the upper and lower silicate 
sheets.
Half unit cell formulae:
Montmoryllonite - Nao.33(Mg0.33All.67)Si40io(OH)2 
Hectorite - Nao.5(Mg2.5Lio.5)SiC>40io(OH)2 
Saponite - Nao.55(Mg2.7AIo.3)(Si3.15Alo.85)Oio(OH)2

layers and usually show a higher mobility than the 
exchangeable cations in zeolites. Silver atoms have 
been studied as probes for the location and coor­
dination of Ag+ cations in hydrated montmoryllo­
nite [1] and fluorohectorite [2j. Electron spin echo 
modulation (ESEM) studies showed that silver is 
fully solvated in montmoryllonite with four waters 
directly coordinated to the silver atom. This is the 
same as found in bulk solution. However for 
methanol and ethanol the coordination numbers 
arc less than in frozen bulk solution. For methanol

the coordination number is two, and only one for 
ethanol. Dehydration of montmoryllonite was also 
studied by ESEM [2]. During dehydration distinct 
species with two coordinated waters and one coor­
dinated water can be observed. The number of co­
ordinated waters deduced from ESEM analysis 
correlates well with the number of waters suggested 
from the basal plane spacing determined by X-ray 
diffraction.

In fully hydrated fluorohectorite [2] also four 
water molecules interact with silver atom but they 
are not equivalent. It was postulated that silver 
atom solvation involves two waters and two oxygens 
of the basal oxygen surface in the first coordination 
shell with two more distant waters more weakly 
coordinated.

The radiation-induced silver agglomeration pro­
cess has been studied in three structurally distinct, 
but related, smectites - montmoryllonite, hectorite 
and saponite [3]. The clays used were synthetic and 
the last two of them were prepared under very high 
pressure. In this way high crystallinity was achieved 
ensuring maximum homogeneity in the sites avail­
able for exchangeable cations.

The ESR spectra of Ag-clays dehydrated at 
250°C under flowing O2 showed after y-irradiation 
and thermal annealing, only doublets of Ag° atoms. 
In hectorite and saponite the Ag° spectra disappear 
on annealing above 200 K and there was no evi­
dence for Ag cluster formation. In montmoryllonite 
the stability of Ag° center with AiSO=549 G is 
remarkable; the Ag° signal is still detected after 
sample annealing to room temperature for more 
than an hour. It is proposed that Ag° atoms in 
montmoryllonite are trapped in the so-called hexa­
gonal cavities in the clay interlayers (Fig.l). The 
six-membered rings of silicon atoms with bridging 
oxygens in tetrahedral layers of day lattice can 
strongly chelate cations of appropriate size. If Ag* 
cation, trapped in this site, captures an electron as a 
consequence of irradiation, the resultant Ag° atom, 
which is larger than the parent ion, would remain 
trapped in the cavity [3].

When the dehydrated smectite clays are exposed 
to methanol prior to radiolytic reduction the yield of 
Ag° increases due to hole scavanging by methanol 
which prevents geminate recombination. Then, sub­
sequent thermal decay of silver atoms does lead to 
the formation of charged silver clusters. In addition 
silver hydroxymethyl radicals are formed as in the 
molecular sieves exposed to methanol before irradi­
ation. In Ag-montmoryllonite/CHsOH sample Ag§* 
clusters are formed after annealing at 160 K, and 
above 200 K they transformed into Ag3+ aggregates 
represented by ESR pentet with AjSO=133 G. In
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Ag-hectorite silver tetramers appear at 180 K, The tetrameric cluster is expected to be close to 
whereas in Ag-saponite only at 230 K. They are not tetrahedral. Coordination by three methanol mole- 
stable at temperatures higher than 250 K. cules could be explained if three of the four Ag

Ag,"

D 0.8

fc 0.8

Fig.2.Experimental (-) and simulated (—) three - pulse ESEM spectra of Ag^+ and Agj|+ in Ag-montmoryllonite exposed to 
CH3OD. Inserted are the ESR spectra of Ag-montmoryllonite annealed to 160 and 170 K showing (a) quartet Ag3+ and (b) 
quintet of Agjf+ clusters, respectively.

Fig. 2 illustrates the ESEM spectra for Ag^+ and 
AgJ+ in Ag-montmoryllonite exposed to CH3OD. 
Modulation patterns were simulated in terms of the 
number of deuterium nuclei interacting with un­
paired electron spin and their distance from the 
spin. The simulation of ESEM spectra for Ag3+ 
and Ag^+ showed them both to be solvated by three 
methanol molecules in montmoryllonite and in 
other types of clays.

These observations are consistent with the 
trimeric cluster, being trigonal planar species and 
lying in the plane of clay. With only one molecular 
layer of solvent in the interlayer, as it was conduced 
from X-ray diffraction, this would constrain solvation 
to three methanol molecules coordinating the three 
atoms/ions, with solvent molecules and cluster in the 
same plane [3].

atoms/ions lie in the plane of the clay, each of them 
being solvated by single methanol, and the fourth 
Ag is out of plane and more closely associated with 
the clay surface and therefore less accessible to 
solvent molecules. Although such a structure would 
not give a binominal quitet in the ESR spectrum, 
the experimentally observed line widths are such 
that some silver nucleus inequivalency could be 
present and still be consistent with the ESR spec­
trum.
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STUDY OF INTRAMOLECULAR PROTON TRANSFER 
TO HYDROXY SULPHURANYL RADICAL IN METHIONINE 

AND ITS DERIVATIVES*

D. Pogocki, K. Bobrowski

The hydroxyl radical efficiently generates sulphur 
radical cation (>S+ ) from organic thioethers. The 
latter radical subsequently associates with a non- 
oxidized thioether to yield three-electron-bonded 
intermediate, either inter- or intramolecular dime­
ric radical cation (>S.\S<)"K [1], The hydroxyl 
radical induced generation of these sulphur cen­
tered radical cations involves one preceding step, 
namely the formation of hydroxy sulphuranyl radi­
cals, >S-OH [2, 3], Therefore, in substituted 
organic thioethers neighbouring functional groups

actively participate in the oxidation mechanism. 
These neighbouring groups generally act via pro­
viding electron lone pairs for the stabilization of 
cationic intermediates. Effects of the neighbouring 
groups on the OH-induced oxidation mechanism 
have been demonstrated in methionine and me­
thionine-containing peptides [4,5). The reaction of 
OH radicals with these compounds does not only
•Part of this work was presented during 19-th Miller Conference 
Radiation Chemistry, Cervia/Milano Marittima, Italy, 16-21 
September 1995.
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Compounds under study
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N-acetylmethlonine methyl ester (D)

lead to the expected one-electron oxidized sulphur 
radical cations but rather to the formation of

S/.S-bonded radical cation suggests that the decar­
boxylation and the S/.S-bond formation are com­
petitive.

The aim of the present study was to determine 
kinetic parameters of the intramolecular proton 
transfer from the protonated amino group to 
hydroxy sulphuranyl radical in methionine and to 
obtain more information on mechanistic details of 
the decarboxylation processes in methionine and 
its N-aceto derivative, Employing various methio­
nine derivatives (Chart 1) has several advantages 
for this type of mechanistic study since derivatiza- 
tion of the amino group by acetylation inhibits 
formation of the S.-.N-bonded intermediate and 
esterification of the carboxy group prevents decar­
boxylation.

The reaction of hydroxyl radicals with methionine 
(Chart 1A) at strongly acidic pH leads to the
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Fig.l.Transient absorption spectra observed after pulse irradiation of an N20-saturated aqueous solutions containing 2 mM of amino 
acids: L-methionine at pH 1.0 40 ns (A-a) and 1.5 /us (A-b) and at pH 6.9 40 ns (A-c) after the pulse; N-acetyl-L-methionine at 
pH 1.0 (B-a) and 2.0{is (B-b) and at pH 7 40 ns (B-c) after the pulse; L-methionine methyl ester at pH 1.0 40 ns (C-a) and 2.0/^s 
(C-b) and at 6.7 40 ns (C-c) after the pulse; N-acetyl-L-methionine methyl ester at pH 1.0 40 ns (D-a) and 2.0//s (D-b) and at
pH 6.8 40 ns (D-c) after the pulse.

a-amino-type radicals with parallel elimination of 
C'C>2 or side-chain fragmentation of N-terminal hy­
droxy amino acids into respective aldehydes [5, 6). 
An S/.N-bonded short-lived intermediate has 
been identified in the oxidation of methionine and 
its peptides and claimed to pay a key role in the 
OH radical induced decarboxylation of this amino 
acid and fragmentation of its peptides [5, 6]. The 
appearance of CO2 as a stable product with a 
parallel decrease in the yield of the intermolecular

formation of a broad spectrum in the nanosecond 
range with a maximum located at ca. 390 nm (Fig.lA, 
curve a). In the microsecond time range the transient 
spectrum if dominated by the spectrum with a maxi­
mum at ca 480 nm (Fig.lA, curve b). Absorption 
band at longer wavelengths is due to the well known 
intermolecularly (>S.\S<)+-bonded radical cation. 
Since the 390 run-band is observed in acidic solutions 
of methionine methyl ester (Chart 1C; Fig. 1C, curve 
a) while is not observed in acidic solutions of



22 RADIATION CHEMISTRY AND PHYSICS

H3CS-CM2-
M

ch2-ch

oh xCOOH
y IH’l

2\-h,o

|Cxs-.nh2

z \< Z'-COOH

>■<
390 nm 480 nm

yield of the S.'.N-bonded intermediate (Fig.2B, 
curve c) can be rationalized within similar me-

k, = G(S-.N) 
k, * k2[Hl G(SG(SS)

k, - rate constant of Intramolecular proton transfer from the protonated 
amino group to hydroxy sulphuranyl radical

k2- rate constant of external proton-catalyzed elimination of hydroxide 
Ion from hydroxy sulphuranyl radical

IH+] - proton concentration [M]

A =
G(S;.SL^-G(S.-S)^

G(S.T.S),N-acetyl-met

Fig.2. Fig.3.

N-acetylmethionine (Chart IB; Fig.IB, curve a) and 
its methyl ester (Chart ID; Fig.lD, curve a), the 390

chanisin operating for decarboxylation in methio­
nine.

pH
Fig.4. A Yield of the intermoiecular (>S.'.S<) + radical cation measured at 480 nm (A-a) and yield of intramolecular (>S.".N) + 

radical cation measured at 390 nm (A-b) (expressed in terms of Gx/GoH) as a function of pH obtained in NzO-saturated 
aqueous solution of 2 mM methionine methyl ester. B: Yields of CO2 (expressed in terms of Gx/GoH) obtained in 
N2O-saturated aqueous solutions of 2 mM methionine (B-a) and of 2 mM N-acetyl-L-methionine (B-b) and yield of 
intramolecular (>S.',N)+ radical cation measured at 390 nm (B-c) (expressed in terms of Gx/GqH) as a function of pH 
obtained in N20-saturated aqueous solution of 2 mM methionine as a function of pH.

nm-band is assigned to the intramolecularly 
(S.'.N)-bonded radical cation.

The overall decreased yields of intermolecularly 
(>S.\S<)+-bonded radical cations observed at pH 
1 on going from N-acetylmethionine (Chart IB; 
Fig.IB, curve b) to methionine (Chart 1A; Fig.lA, 
curve b) can be rationalized in terms of the 
competition between internal (k%) and external (k2) 
proton-catalyzed elimination of hydroxyl ions from 
the hydroxy sulphuranyl radical in methionine 
(Fig.2). The rate constant of intramolecular proton 
transfer from the protonated amino group to 
hydroxy sulphuranyl radical (ki) determined from 
the equations presented in Fig.3 and the plot in 
Fig.4A is equal to ~ 2.Qxl09 s'1.

The fact that the efficient decarboxylation occurs 
in N-acetylmethionine (Chart IB; Fig.2B, curve b) 
may suggest a different mechanism for decar­
boxylation (not involving formation of the 
S.'.N-bonded intermediate). The higher yield of 
CO2 from methionine (Fig.2B, curve a) than the
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ON THE REACTION OF THE HYDRATED ELECTRON 
WITH METHIONINE-CONTAINING OLIGOPEPTIDES*

G. Strzelczak-Burlinska, K. Bobrowski, J. Holcman^ 
lzRis0 National Laboratory, Denmark PL9700799

Electrons after their initial attachment to the 
carbonyl group of the peptide bond, are able to mig­
rate in proteins to metal ions, disulphide groups or 
to other sites of the polypeptide backbone leading 
ultimately to a reductive fragmentation of protein 
molecules. In peptides, electron migration may result 
in a primary deamination due to a cleavage of the 
terminal N-C bond and/or in a secondary deamina-

of deaminated radicals are sensitive to the structure 
of the alkyl side chain of the amino add residue.

In this work we investigated details of the elec­
tron transfer pathways in methionine-containing 
oligopeptides with various numbers and the loca­
tion of methionine residues with respect to the ter­
minal functions. We have recently reported [5] re­
latively high yields of the deaminated radicals in the
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Fig.l. Peptide concentration dependence of the pseudo-first order rate constant, k0bs» for the decay of hydrated electron e^ in the 
presence of methionyl-glycine (Met-Gly) and glycyl-methionine (Gly-Met) in Ar saturated aqueous solutions containing 
cert-butanol at pH 6.5. Insert: Absorption vs. time profile of the decay of e£"q (600 nm) in 2 mM solution of Met-Gly.

lion due to a cleavage of the N-C bond involving 
nitrogen of the peptide bond [1, 2]. The first process 
yields ammonia and deaminated radicals while the 
second one yields the respective amide and second­
ary deaminated radicals. The rate constant of the e^ 
with peptides increases linearly with the number of 
carbonyl groups in the peptide, suggesting that these 
groups are almost identical with respect to an attack 
by eTq [3j. The spectral properties of some deami­
nated radicals, CH(R)-CONHR\ where R is a side 
chain of a N-terminal amino acid residue and R’ is a 
C-terminal either a single amino acid residue or an 
oligopeptide fragment, have already been investi­
gated. Spectral properties of deaminated radicals 
derived from glycine- and alanine-containing homo­
oligopeptides [4] suggest that the absorption maxima

y-irradiated polycrystalline X-Met peptides. There 
was no indication, however, for the presence of 
deaminated radicals in Met-X peptides. Since the 
absorption spectra of deaminated radicals derived 
from methionine and glycine homopeptides are dif­
ferent, we studied the reactions of e^q with oligo­
peptides containing glycine and methionine as the 
amino and carboxyl terminal residues in order to 
detect contribution from the secondary deaminated 
radicals. The reaction rate constants of e^ with 
methionine-containing peptides and the prop­
erties of the radicals resulting from the e^q attack 
are also given.
’Part of this work was presented during Symposium on Physical 
Organic Photochemistry (in honour of Professor Stefan Paszyc). 
Poznart, Poland, 23-27 July 1995.
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Pulse radiolysis experiments were performed 
with 1 ps pulses of high-energy electrons from the 
Risd 10 MeV HRC linear accelerator. Absorbed 
doses were of the order of 1-2 Gy for kinetic and of 
10 Gy for spectral measurements. The reactions of

—1--- r—1 ■----1--- 1--- 1--- ,--- r™1---T----'---

- Gly-Gly-Gly-Gly

- fnxu*, «***<*:

Met-Gly-Met-Met
\
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Fig.Z.Thc rate constants for reactions between the hydrated 
electron and zwitterionic forms of some methionine- and 
glycine-containing oligopeptides plotted against the pKa of 
the amino group. Data for glycine-containing homooligo­
peptides taken after Tal and Faraggi [3].

hydrated electrons were studied in Ar-saturated 
solutions containing tert-butanol in order to sca­
venge OH radicals.

The peptides of L-isomeric configuration: 
glycyl-methionine (Gly-Met), methionyl-glycine 
(Met-Gly), methionyl-methionine (Met-Met), gly-

cyl-methionyl-glycine (Gly-Met-Gly), glycyl-glycyl- 
-methionine (Gly-Gly-Met), methionyl-glycyl-gly- 
cine (Met-Gly-Gly), methionyl-glycyl-methionine 
(Met-Gly-Met), methionyl-methionyl-methionine 
(Met-Met-Met), methionyl-glycyl-methionyl-me- 
thionine (Met-Gly-Met-Met) and cyclic methionyl- 
-methionine (c-Met-Met) obtained from Bachem 
were of the purest commercially available grade 
and were used as received.

Bimolecular rate constants for the reaction of 
the hydrated electron with nine methionine-con­
taining linear oligopeptides in zwitterionic forms 
and cyclic methionyl-methionine were determined 
by monitoring the decay of the hydrated electron at 
600 nm. The concentrations of peptides were varied 
over a range that reduced the lifetime of the 
hydrated electron by factors of about 5 to 20. Some 
typical plots based on eq: k0bs=k0+ks[peptide] are 
presented in Fig.l together with the typical 
experimental trace for the hydrated electron decay 
in the presence of Met-Gly (inset of Fig.l). The 
rate constants, ks, obtained from the slope of plots, 
for all the methionine-containing oligopeptides 
used at pH 5.5 and 6.5 together with those obtained 
for some of peptides in alkaline solutions are 
summarized in Table. They were found to be in the 
range (0.2-2.0)xl09 M'V1 depending on the 
numbers of carbonyl groups and the location of 
methionine residues with respect to the N-terminal 
of the peptide molecule. For a given homologous 
set of peptides, having the same number of peptide
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Fig.3. Absorption spectra of deaminated radicals derived from methionyl-glycine (Met-Gly) and glycyl-methionine (Gly-Met) 15 ^s 
after the pulse: spectra obtained in the pulse radiolysis of Ar-saturated aqueous solutions of peptide (2 mM) in the presence of 
tert-butanol (0.2 M) at pH 6.5. Inserts: (left) Absorption vs. time profile recorded at 400 nm in 2 mM solution of Met-Gly; 
(right) Transient absorption spectra observed after different time delays after pulse irradiation of a 2 mM solution of Met-Gly in 
water saturated with Ar and added tert-butanol at pH 6.5.



RADIATION CHEMISTRY AND PHYSICS 25

bonds, the rate constant is higher when the pK& of 
the amino group is higher (Fig.2). A factor that 
apparently influences the reactivity of the peptide is 
the pKa of its amino group. The more tightly the 
hydrogen is bonded to the nitrogen, the higher 
becomes the rate constant.
Table. Rate constants of reactions of eaq with methionine-con­

taining oligopeptides

Peptide k(eaq + peptide)

neutral alkaline

Gly-Met 4.2Qxl08M-1s"'la 2.22xl07M-1s~lc 
2.84x107M""1s”lc>e

Met-Gly 1.95x10s M-^s-1® 
2.39xl08 M'_1s”lb 
2.07x10s M-1s-lb-e

1.67xl07M_1s“la
1.74xl07M_1s""ld>c

Mel-Met 2.74x10s M_1s_la -

Met-Gly-Gly 4.90x10s M-L"-13 
6.48x10s M~1s~lb 
5.57xl08 M‘~1s~lb,e

4.74xl07M"'1s~ld 
6.06x107M""1s~ld*e

Gly-Gly-Met 9.30x10s M-1s-la 8.18xl07M-1s_lc
8.36xl07M""1s"lc>e

Gly-Met-Gly 1.15xl09 M-1s~la
Met-Gly-Met 4.10x10s M_1s~la -
Met-Met-Met 4.87x10s M-1s~la -

Met-Gly-Met-Met 6.16x10s M-1s-la -
c-(Met-Met) 1.99xl09M-1s-la -

a pH=6.5, b pH=5.5,c pH=10.5, d pH=9.5, e 0.1 M NaClC>4.

The transient optical absorption spectra of the 
intermediates produced in aqueous solution of 
Met-Gly depending on the time delay are shown in 
the inset of Fig.3. The optical absorption due to the 
deaminated radicals produced in the reaction of 
hydrated electrons with two different methionine- 
containing peptides are presented in Fig.3. The 

maximum of the optical absorption spectrum of 
deaminated radicals derived from Met-Gly is

significantly blue-shifted (-30 nm) with respect to 
the maximum of those derived from Gly-Met.

Generally, the optical absorption spectra due to 
the deaminated radicals CHR-C(=0)-NH derived 
from oligopeptides containing methionine at the 
N-terminus are shifted hypsochromically (-30 nm) 
with respect to those derived from oligopeptides 
containing glycine at the N-terminus. The results 
confirms that the absorption maxima of deami­
nated radicals are sensitive to the structure of the 
alkyl side chain (R) of the N-terminal amino acid 
residue, with the R=CH2-CH2-S-CH3, absorbing at 
shorter wavelengths. There is no indication of the 
occurrence of secondary reactions other than pri­
mary deamination. Lack of deaminated radicals in 
the transient absorption spectrum recorded in the 
cyclic peptide (c-Met-Met) confirms negligible con­
tribution of a cleavage of the N-C bond involving 
nitrogen of the peptide bond.
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4-CARBOXYBENZOPHENONE AND N-(9-METHYLPURIN-6-YL)PYRIDINIUM 
CATION AS PHOTOSENSITIZERS IN THE OXIDATION 

OF METHIONINE-CONTAINING PEPTIDES 
AND SULPHUR-CONTAINING AMINO ACIDS

K. Bobrowski, B. Marciniak1^ G.L, Hug2/
^Faculty of Chemistry, A. Mickiewicz University, Poznafi, Poland 

^Radiation Laboratory, University of Notre Dame, USA

Excited carbonyl triplets can serve as significant 
oxidizing agents in biological systems and, in that 
capacity, can lead to enzyme inactivation and struc­
tural changes in proteins. Insight into the damage 
of these biological systems can be gained by ana­
lyzing simpler systems. To this end, detailed inves­
tigations of 4-carboxybenzophenone (CB)-sen- 
sitized photooxidation of aliphatic thioethers [1], 
sulphur-containing acids [2], amino acids [3, 4] in 
aqueous solutions can be consulted for insight into 
the oxidation mechanisms of more complex sys­
tems.

In this work [5] we investigated details of the 
electron-transfer pathways in the simplest amino 
acid residues (glycine) using peptides containing a

single methionine residue. By using nanosecond 
flash photolysis and steady-state photolysis, it was 
possible to follow some of the transients (especially 
the three-electron-bonded species) in the CB-sen- 
sitized photooxidation of several of these peptides 
and to determine the extent of decarboxylation. 
From this information it was then possible to 
surmise a qualitative picture of the reaction me­
chanism as a function of the position of the single 
methionine residue in the sequence of glycines and 
as function of the state of ionization of the amino 
groups. In addition, it was possible to quantify the 
importance of the various reaction channels in the 
scheme by measuring primary photochemical quan­
tum yields of transients from the reduction of the
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Fig.l.Resolution of the spectral components in the transient absorption spectrum following quenching of the CB triplet state in an 

aqueous solution of CB (2 mM) and Gly-Met (20 mM) at pH 6.0, taken at the end of the flash. Insert: kinetic trace at 660 nm (fit 
represents the two exponential decay for the triplet and CB" decays).

and intramolecularly (S.-.N)-bonded radical cations 
derived from peptides. The types of intermediates 
were found to depend on the pH of the solution 
and on the location of the methionine unit with 
respect to the terminal function (Figs 1 and 2).

According to the mechanism proposed after the 
formation of the charge-transfer (CT) complex, 
[CB"\..+S<], there are three likely fates of this 
complex: back electron transfer to form the reac­
tants in their ground states, proton transfer within 
the complex with diffusion apart of the ketyl radical 
and cr-alkylthioalkyl radical, or escape of the radical 
ions. The total quantum yields for the reduction 
products were near 40%, with a few exceptions. 
This should make the quantum yield for back elec­
tron transfer about 60%.

In contrast to quenching events with methionine 
[3], there was no secondary growth of CB" for 
pH >8 (or of CBH for pH<8) following the 
quenching of the CB triplet by the peptides in the 
current work. Within the mechanism previously 
proposed [3], the absence of a secondary growth of 
CB (CBH ) could be due either to a lack of 
formation of a-amido-alkyl-type radicals or to their 
low reactivity, compared to the a-aminoalkyl-type 
radicals of the amino acids. The former explanation 
appears to be the correct one since the quantum 
yields arc low for CO2 formation (<0.02) in the 
triplet quenching of CB by the peptides.

excited CB and rate constants for the decay of these 
transients.

The rate constants for quenching of the CB trip­
let by sulphur-containing peptides were determined

[C8*~] - (8.2 i0.1)x 10-6 M

■ (SS4)-(1.3i0i)x10-«M

• (SN* ]-(8.5 ± 0.3) * 10'S M

400 500 600 700
Wavelength [nm]

Fig.2. Resolution of the spectral components in the transient 
absorption spectrum following quenching of the CB triplet 
state in an aqueous solution of CB (2 mM) and Met-Gly 
(20 mM) at pH=11.1, time delay 40 ns after the triplet 
state has decayed.

to be in the range (1.8-2.3)xl09 M V1 for neutral 
and alkaline solutions. The intermediates identified 
were the CB ketyl radical anion, the CB ketyl radi­
cal, intermolecularly (S.-.S)-bonded radical cations,

0.010 660 nm
<3 0.005

Composite fit 
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ride, Pyr+CV should be an even better one-electron 
oxidant than the triplets of benzophenone deri­
vatives in aqueous solution. In themselves, Pyr+ 
cations are of biological significance as fluore­
scence probes in nucleic acids and other macro­
molecules.

In this part of work [6], we have performed a 
detailed mechanistic study of the photosensitized 
oxidation of sulphur-containing amino acids by 
N-(9-methylpurin-6-yl)pyridinium cation in aque­
ous solution, It was shown that transfer of an elec­
tron from the sulphur atom to the triplet state of 
Pyr+ was a primary step in the photosensitized 
oxidation of sulphur-containing amino acids. This 
was established by the direct observation of elec­
tron transfer intermediates in the transient ab­
sorption spectra, i.e. Pyr- and the intermolecular 
(S.-.S)-bonded radical cation (for methionine) 
(Fig.3), large values of the rate constants (kq) for 
quenching of the Pyr4" triplet state by sulphur-con­
taining amino acids (in the range of 2xl(r M'V1), 
and detection of Pyr-Pyr dimers in the steady state 
photolysis.

The slow formation of Pyr radicals, which 
occurred on a microsecond time scale (Fig.4), was 
assigned to the one-electron reduction of the pyri-
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Fig.4. Pyr+ concentration dependence of the pseudo-first order rate constant, k’obs- f°r (he reaction of Pyr4" ground state with 
a-aminoalkyi radicals derived from thiaproiine. Inserts: kinetic traces for growth and decay of Pyr absorbance observed at 610 
nm ([Pyr+]=2xl0*4 M, [thiaproiine] = 5xl0'3 M).

systems suggests searching for more efficient sen- dinium cation ground state by the a-aminoal- 
sitizers. The triplet state of purinylpyridinium cat- kyl-type radicals produced from the decarboxyla- 
ions, e.g. N-(9-methylpurin-6-yl)pyridinium chlo- tion of the sulphur-centered radical cations.
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Fig.3. Resolution of the spectral components in the transient ab­
sorption spectra following the quenching of Pyr4" (2x10"4 
M) and methionine (0.01 M) at pH=6.5 taken (a) at the 
end of the flash and (b) 24 /us after the flash.

The small exoergonicity of the electron-transfer 
process for the CB/sulphur-containing amino acids
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THE TRIPLET STATE ARYL CATION 3,5-DICHLORO-4-AMINO 3Ar+

H.B. Ambroz, T.J. Kemp1, G.K. Przybytniak 
^Department of Chemistry, University of Warwick, Coventry, Great Britain

The simplest aromatic cation, the aryl cation (Ar+) 
can be observed only when its electronic ground 
state is triplet in character, 3Ar+ (sp2)1^)5 and the 
only unambiguous method of detection is low tem­
perature magnetic resonance EPR and ENDOR 
[1-3]. However postulated and calculated, the 
singlet aryl cation 1Ar+ [4, 5] has never been ob­
served and some experimental results even suggest 
that it is not stabilized at 77 K [6], i.e. at the 
temperature which allows to generate and detect 
over 35 amino-, oxy- and thio-substituted triplet 
aryl cations [1, 2] (the unsubstituted Ar+ is sup­
posed to render singlet ground state species [4]).

We now wish to present two species which 
exhibit a very strong dipolar interaction, i.e. their D 
parameters are of energy close or higher than the 
microwave energy of X-band EPR spectrometer. In 
the light of interpretation of these results we have 
to evoke previous discussions concerning several 
aryl cations, data of which we published earlier 
[1, 2] re-considering and completing our former 
conclusions.

We have generated two distinct triplet aryl 
cations 3,5-dichloro-4-amino 3Ar+ (Figs 1 and 2, 
Table) in the matrix of parent microcrystalline dia-

Fig.l.Triplet EPR spectrum of the 3,5-dichloro-4-amino 3Ar+ 
species A and B. Line positions given in Table, (i) initial 
spectrum at 77 K, (ii) on warming and re-cooling to 77 K, 
(iii) on subsequent warming and re-cooling to 77 K,

zonium salt. Both the triplets provide the D para­
meter energy over 0.3 cm"1, the highest reported so

far for substituted aryl cations [1, 2], One of the 
species, B, of higher value of the zero field splitting 
parameters (ZFS), exhibits the typical EPR spec­
trum without Hmin, characteristic for the value of

5 accumulations

500 600 700 [mTj

Fig.2. As in Fig.2 (i). High-field part of the spectrum in which the 
Hz2 absorption of B is shown (Table).

the D parameter close to microwave energy. The 
other one, A, having slightly lower D, allows to ob­
serve Hmin due to non-linear mode of energy levels 
when external magnetic field is approaching zero. 
We believe that we have observed all of the canno- 
nical transitions allowed for the species B and not 
all of them for the species A, which makes its ZFS 
calculations imprecise (Table).
Table. Spectroscopic data of 3,5-dichloro-4-amino 3Ar+, spe­

cies A (<$=9.4444 GHz) and B (<$=9.4492 GHz).

A........ B |

Hmin mT 10 -

Hzl mT - 27.4
Hvl mT 65.9 -

Hxl mT 73.5 -

Hdq mT - 273.5
Hx2 mT 467.9 482.8
Hv2 mT 481.8/478.8 489.2
Hz2 mT - 702.1 1
D cm"1 0.3066 0.3152*

... ......... E...... cm"1 0.0029 <0.005

* As calculated from the Hdq position.
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What is unusual in our present results?
The so called "no Hmjn" spectrum of 3Ar+ has 

been recorded for the first time for the aryl cations. 
It suggests that the 3,5-dichloro-4-amino aryl cation 
species B exhibits the strongest electron-electron 
interaction found so far for these species. On the 
other hand the results obtained under the same 
conditions disclose that one chlorine substituent at 
meta-position of some 3Ar+, e.g. 4-diethylamino 
and 4-morphoIino 3Ar+, decreases the value of the 
D parametr [1,2].

The chloro-substituent having three nil-electron 
pairs is known to be a very good Fl-electron donor 
and a very strong a-electron acceptor. Both n and o 
effects are important for stabilizing triplet aryl cat­
ions. Electron-donor substituent always increases 
spin density within the ring thus stabilizes the cat­
ion, the best are H-electron donors at p~o>m 
positions [5j. If one meta-chlorine lowers the value 
of D (the electron-withdrawing effect is overwhelm­
ing), two meta-chlorines should be more active in 
decreasing spin density in the ring. As it is not the 
case - the reason must lie in geometries of the two 
species, mono- and doubly-substituted 4-amino 
Ar+. The latter having two bulky substituents chlo­
rine atoms in the vicinity of the para-amino group 
must force a distortion (bending) of the species 
which helps H-electrons interaction and prevents 
a-clectrons interference. Obviously the species of 
the not perfect II-system (having only five II elec­
trons) cannot follow the rules relating to aromatic 
ortho-, meta- and para-positions, the planar struc­
ture of the aryl cation ring is not preserved, at least, 
not always. The possibility of various conformation 
of low energy triplet aryl cations has been noticed 
previously [6]. We believe that the difference in 
geometry of the species is the reason that one is 
able to observe up to four distinct triplets of dif­
ferent ZFS which were unambiguously identified by 
their different thermal stability and which repro­
duced their spectral parameters with high accuracy. 
However this is not the proof that in a glassy matrix 
there are all the same triplet configurations. We 
now believe that the glassy matrix can disperse 
energy levels, especially around zero field, which 
creates another triplet species with less precisely 
determinable parameters.

Our investigation of electronic absorption of 
Ar+ is an additional source of information of the 
triplet cations. The optical spectrum of 3,5-dichlo- 
ro-4-amino 3Ar+ is composed of two lines (Fig.3). 
It is necessary to note that the EPR experiments

cited above were performed in microcrystalline 
matrices of parent diazonium salts, whereas optical 
measurements - in acidic glassy media. It might 
evidence that the detected optical transitions are 
not influenced by the matrix effects or that they are 
not related to the different geometries of 3AjT The

Fig.3. Electronic spectra of 3,5-dichloro-4 amino benzeno-dia- 
zonium salt (a) and aryl cation (b) ?max=445 and 463 nm.

assignment of the optical absorption lines to the 
triplet aryl cations is unquestionable [7j. Glassy 
matrices, which are softer than microcrystalline me­
dia, produce another triplet EPR transitions, es­
pecially at low magnetic field, than those generated 
in crystals which are sharp multiplets.
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SPURS IN CRYSTALLINE L-ALANINE

Z.P. Zagdrski

As it is the case in all irradiated media, dissipation 
of ionizing energy occurs heterogenously on the 
molecular level, also in a crystalline solid phase. 
Because of basic physics of energy deposition, new 
chemical entities appear in single ionization/excita­

tion spurs and in multiionization spurs. Even with 
the low LET radiation, an important part (usually 
about 30%) of energy is deposited in multiioniza­
tion spurs. The participation of multiionization 
spurs increases with increasing LET and the in­
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creased participation is combined with the change 
of the structure of spurs.

It is an astonishing fact for radiation chemists, 
familiar with the role of spurs in aqueous solutions, 
that practically all publications on radiolysis of 
solid alanine do not use the term "spur", in spite of 
producing data which can and should be interpret­
ed as spur phenomena. The only excuse is probably 
the justified constatation, that spur-chemistry of 
aqueous solutions is practically closed. Products of 
multiionization spur reactions are molecular hydro­
gen and hydrogen peroxide - both not as reactive as 
free radicals which dominate the single spur chem­
istry. The yield of molecular products in aqueous 
solution radiation chemistry is considered only in 
computer assisted simulations, but in usuall work, 

and H2O2 are neglected, except for cases where 
iron ions or similar ions are present, giving rise to 
Fenton-type reactions.

Unlike aqueous radiation chemistry, radiation 
chemistry of crystalline alanine, or solid state radia­
tion chemistry in general, cannot get rid of multi­
ionization-spur chemistry. Products of larger than 
one ionization spurs are by far more interesting 
than products of larger spurs in radiation chemistry 
of water and of aqueous solutions. The best 
example is radiolysis of tryptophan, in which multi­
ionization spurs only may explain the different 
behaviour of L and DL stereoisomers, due to their 
different crystallographic structures [1].

Less complicated amino acid, alanine displays 
less spectacular effects, but still they deserve closer 
investigation. All three alanines, L, D and DL are 
widely investigated for their radiation chemistry in 
the solid state. The main interest is caused by the 
formation of the free radical CH3 C H COCU, 
formed inside crystals by deamination. It is stable at 
room temperature. It shows an easy to measure 
EPR spectrum, thus being the base of solid state 
ALA/EPR dosimetry. The same radical shows also 
a well defined optical electronic absorption spec­
trum [2, 3] which also is a foundation of different 
alanine dosimetry, ALA/DRS, i.e. with measure­
ment of the optical absorption spectrum, by diffuse 
reflection spectrophotometry.

The energy of ionizing radiation is dissipated in 
alanine, as in all media, in spurs of different size. It is 
obvious, that the free radical mentioned above, is the 
result of single ionization spur, which has caused the 
deamination, due to the sufficient amount of depo­
sited energy. That energy is not sufficient to destroy 
the molecule entirely. Moving to higher LET values, 
the yield of the radical diminishes, because the 
products of multiionization spurs in alanine do not 
show in the EPR spectra. These are simple chemical 
compounds, the debris of alanine molecule; the 
concentration of deposited energy is here much 
higher than in a single ionization spur. With higher 
LET values more and more energy results in forma­
tion of debris, and EPR signals from the radical are 
originated in less and less narrow zones outside large 
spurs. Therefore the shape of the signal is always the 
same, but the kinetics of decay are faster, because

debris of the molecule, present in high concentra­
tion, diffuse to the sites of single spurs, destroying 
the radical.

The best investigation of EPR signal in the 
function of LET of radiation has been done by 
Hansen group [4, 5]. These authors did not use the 
concept of spurs in the interpretation. Our starting 
point has been the use of these data, plotting them 
in the function of LET, and combining them with 
textbook, classical curves for water. The results, 
shown in Fig. are astonishing. The yield of the free 
radical derived from alanine changes in the same 
way as the yield of free radicals in water. The 
analogy is not quite as good at high LET values, but 
the difficulties with dosimetry in that region are 
obvious. The curves of yield vs. LET in water have 
new, improved versions, but they do not reach as 
high LET values as presented in classical investiga­
tions.

acidic

neutral

Fig. Classic dependence of yields, radical and molecular in water 
and aqueous solutions on LET, from [6]. Values of free 
radical yields of CH3 C H COO" in the function of same 
LET values are introduced as filled circles, calculated from 
[4, 5] values.

The coincidence between radical yield in alanine 
and in water is astonishing, but it is worth con­
sideration. The theoretical calculation of energy 
distribution between different sizes of spurs in 
alanine seems hopeless at the time being [7]. It 
would demand a knowledge of the oscillator distri­
bution for the alanine molecule, the ionization 
potential in the lattice, ionization efficiency and the 
W-value of ionization as a function of electron en­
ergy. The experimental coincidence with water 
radiation chemistry shows, that either the values of 
listed parameters are very similar to that in water, 
or the differences are mutually compensated, or 
both.

Our experimental investigations on alanine radi­
ation chemistry, accepted for presentation at the 
coming Gordon Conference "Radiation Chemistry"



RADIATION CHEMISTRY AND PHYSICS 31

will show more details supporting the basic idea on 
the role of energy distribution between single and 
large spurs in radiolysis of solid alanines.
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PL9700801
HPLC MONITORING OF RADIOLYTIC DECOMPOSITION 

OF CHLOROPHENOLS IN SYNTHETIC SOLUTION 
AND NATURAL WATER MATRICES

A. Chudziak, T. Bryl-Sandelewska, M. Trojanowicz

Numerous studies have shown that irradiation us- ciency of removal of organic chemicals from conta- 
ing high energy electron beam or y radiation from minated water depends on radiation dose, initial 
60Co sources can be efficient for the destruction of concentration of contaminant, pH and turbidity, 
several classes of hazardous organic compounds Descriptive empirical models have been developed

Dose [kGy]

Fig.1. Effect of absorbed dose on radiolytic degradation of phenol and chlorophenols in synthetic aqueous solutions (A) and in river 
water (B).

such as halogenated alkyl hydrocarbons, aromatic 
hydrocarbons and chlorobenzenes [1], The effi-

2.4DCP

recently for estimating the removal of selected 
organic compounds as a function of these factors

2.4DCP

Fig.2. Effect of absorbed dose on radiolytic degradation of 2,4-dichlorophenol (2.4DCP) in synthetic aqueous solution (A) and in river 
water (B). Detected products: P - phenol, 2CP - 2-chlorophenol.
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2.4.BTCP 2.4DCP
2.6DCP
2CP

Dose [kGy] Dose[kQy]

Fig.3. Effect of absorbed dose on radiolytic degradation of 2,3,6-trichlorophenol (2,4,6TCP) in synthetic aqueous solution (A) and in 
river water (B). Detected products: P - phenol; 2CP - 2-chlorophenol; 2.4DCP - 2,4-dichlorophenol; 2,6DCP - 2,6-dichloro- 
phenol.

and also for estimating the dose required to meet 
specific treatment objectives [2]. The removal vs. 
dose relationship was found to be first order over 
the contaminant concentration range from 1 to 50 
ppm. The developed model, however, can overstate 
the removal of compounds sensitive to a particular 
radicals in waters with higher concentrations of 
scavengers.

Phenol and chlorophenols are widely distributed 
at low concentrations in natural waters and have 
detrimental effects on water quality, being toxic for 
aquatic life [3],

Radiolytic degradation of phenol, and especially 
chlorophenols for environmental purposes has not 
focused so far much attention in the literature. The 
results of our preliminary studies have indicated 
the possibility of efficient removal of numerous 
chlorophenols at ppm level from synthetic aqueous 
solutions [4], The aim of this study was to identify 
the products of radiolytic degradation of various 
chlorophenols and to determine the effect of the 
absorbed irradiation dose on removal. Also the in­
fluence of natural matrix of river water on the effec­
tiveness of radiolytic degradation was studied.

The efficiency radiolytic degradation of phenol 
and chlorophenols was monitored by reversed-phase 
HPLC using earlier developed procedure, where the 
chromatographic retention times increase with in­
creasing number of chlorine atoms in the solute 
molecule. The products of radiolytic degradation 
were preconcentrated using solid-phase extraction 
with 3 ml BAKERBOND spe phenyl columns [5].

The chromatographic measurements were 
carried out using HPLC setup from Perkin-Elmer, 
which consists of isocratic pump model LC-250, 
UV/VIS detector model L-95 and computing inte­
grator LCI-100. A Spherisorb S5 ODS (0.4x25 cm)
1.5 /nm column from Knauer and UV detection at 
280 nm were used. Injected sample volume was 5
fil

The irradiation was carried out using 15 ml 
sample solutions placed in polyethylene bags with 
about 10 mm layer of irradiated solution formed,

which provides sufficient conditions for penetration 
of the beam, y radiation from a Russian made 60Co

Fig.4. Examples of chromatograms obtained in monitoring of 
radiolytic degradation of 10.5 ppm solution of 2-chloro­
phenol in river water using a mixture of acetonitrile/me­
thanol/water (30/30/40) containing 2 g/1 citric acid as eluent 
at a flow rate of 1.5 ml/min and 10-fold preconcentration 
on phenyl sorbent. A - before irradiation, B - after ir­
radiation with 0.2 kGy dose, C - after irradiation with 1.0 
kGy dose. Retention times shown in min. 1 - 2-chloro­
phenol; 2 - phenol; 3 - 2,4-dichlorophenol.
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source ISSLEDO VATEL was used. The magnitude 
of dose was controlled with a water calorimeter and 
PVC dosimeters.

Earlier it was found that in 25 ppm solutions of 
chlorophenols, containing 10% methonal, several 
chlorophenols with larger number of chloride 
atoms cannot be completely degraded even using a 
10 kGy dose. The results obtained in this study for 
irradiation of aqueous solutions without scavengers 
demonstrate efficient removal of all the examined 
species by a much smaller dose (Fig.lA) The most 
difficult to decompose is the simple phenol, which 
is also a product of radiolysis of all chlorophenols 
except for pentachlorophenol, occurring in largest 
concentrations (up to several ppm). Doses up to 2.0 
kGy have not decomposed it completely (Figs.2A 
and 3A). Degradation of chlorophenols in synthetic 
aqueous solutions takes place almost completely at 
a 0.2 kGy dose, however, for the river water matrix 
containing scavengers such as carbonates or oxygen 
it requires a larger dose (Figs.IB, 2B and 3B). For 
the same dose used for degradation of higher chlo­
rophenols in river water smaller amounts of dif­
ficult to decompose phenol are produced. Fig.4 
shows an example of the chromatograms obtained 
for 2-chlorophenol prior to and after irradiation.

Some preliminary attempts were also under­
taken to identify other products of radiolytic degra­
dation exhibiting weaker retention on the CIS 
column used. This was performed using 0.5 mM

sulfuric acid/methanol mixture (65/35) as eluent. In 
radiolysis of phenol, products such as hydroqui- 
none, resorcin and catechol were identified, as 
reported in the literature [6], whereas for irradi­
ation of 2-chlorophenol only a low level of resorcin 
and catechol were found. Several other products 
separated by HPLC were not identified as yet. Even 
more difficult to identify were the products of such 
a study in a water matrix. Attempts to identify them 
using GC-MS technique are in progress.
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THERMAL DECOMPOSITION OF GAMMA IRRADIATED PROTEINS 
BY THERMAL ANALYSIS METHODS

K. CieSla, E.F. Vansant1, M. Swiderska-Kowalczyk 
^Department of Chemistry, University of Antwerp, Belgium

Physico-chemical changes occurring in proteins 
under gamma irradiation are expected to influence 
the course of thermal decomposition processes. 
The influence of gamma irradiation in water sus­
pension on the course of thermal decomposition of 
proteins was studied now by differential scanning 
calorimetry (DSC) and thermogravimetry (TGA: 
TG, DTG).

The following proteins were examined: Cohn 
fraction IV-1 of globulins bovine (Sigma product), 
Cohn fraction II, III of gamma globulins bovine 
(Sigma product), Cohn fraction IV-1 of globulins 
porcine (Sigma product), gamma globulins (by Ser- 
va), casein of goat milk (by Sigma), and hemoglobin 
(by Serva). The 50% water suspensions of proteins 
were irradiated in a gamma-cell Mineyola (®°Co) at 
24, 12, 6, 2.9, 2.5 kGy, applying a dose rate of 1.7 
kGy/h. The samples were dried by lyophilization. 
Simultaneously, the nonirradiated reference sam­
ples were prepared. DSC and TGA measurements 
were carried out in an oxygen flow with a heating 
rate of 3°/min, applying a Perkin-Elmer heat flow 
DSC7 calorimeter and Mettler TA300 thermo­
balance.

The exothermal decomposition effects (DSC) 
were observed for all samples in 3 temperature

130 180 230280 330 380430 480 530 580 630
temperature [°C]

Fig. 1. DSC curves recorded for fraction IV-1 of globulins bovine: 
reference sample (curve 1) and products irradiated at 2.5 
kGy (curve 2) and 24 xOy (curve 3) applying a dose rate of 
1.7 kGy/h.
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ranges. The differences in thermal decomposition 
course were observed for all the reference and irra­
diated samples. The examples of DSC curves ob-

E -0-
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-13803

100 150 200 250 300 350 400 450 500 550
temperature pC]

Fig.2.DTG curves recorded for hemoglobin: reference sample 
(curve 1), products irradiated at 25 kGy (curve 2) and 2.9 
kGy (curve 3).

tained for the reference sample of globulins and the 
products irradiated at 2.5 and 24 kGy are presented

in Fig.l. In this case in the second and third ranges 
two exothermal maxima were visible, indicating two 
decomposition processes (HA, IIB and IIIA, IIIB). 
In the DSC curves of irradiated product, the first 
exothermal effect (I) was smaller while the second 
(II) was larger as compared to nonirradiated sam­
ples. Simultaneously, an additional exothermal ef­
fect appears in range I, with a maximum at higher 
temperatures than the maximum of the I exother­
mal effect. In the second and third ranges, HA and 
IIIA effects become smaller, while IIB and IIIB 
effects appear to be relatively larger. The conclu­
sions were confirmed by heats (J/g) calculated for 
the particular stages of decomposition.

The differences in the decomposition course of 
the irradiated and reference samples were also 
found by the TGA method, particularly in the last 
stage of the process. The examples of DTG curves 
recorded for the reference sample of hemoglobin 
and the product irradiated at 24 and 2.9 kGy are 
presented in Fig.2.

The work was sponsored by the KBN grant 
5S307 051103.

DENATURATION PROCESSES IN GAMMA IRRADIATED PROTEINS 
BY DIFFERENTIAL SCANNING CALORIMETRY

K. CieSla, Y. Rooslz
^Department of Food Technology, University of Helsinki, Finland

Gamma irradiation induces structural transforma­
tions in proteins. The changes in the tertiary and 
secondary structure influences the course of dena- 
turation processes, occurring under heating of pro­
teins in the presence of water [1].

Hemoglobin (Serva), myoglobin equine (Serva), 
alfa globulins of chicken egg white (Sigma) and 
different fractions of globulins bovine (by Loba 
Chemie; by Armour Pharmaceutical Company; by 
Sigma; by Serva; and prepared in the Department of 
Radiobiology in the INCT), were studied. These 
proteins were irradiated in solid state or in water 
suspension at 30, 25, 20 and 3 kGy, applying dose 
rates of 1.7, 1.8 and 5.1 kGy/h. The appropriate re­
ference samples were prepared. The DSC measure­
ments were carried out for samples sealed in steel 
vessels in the temperature range from 10 to 110°C 
with a heating rate 5%nin using a Mettler DSC-30 
calorimeter with a Mettler 400 unit controlling liquid 
nitrogen flow.

Concentrations of water suspensions were select­
ed permitting to observe endothermal effects con­
nected with the denaturation: 30% for hemoglobin, 
25% for myoglobin and 15-40% for different frac­
tions of globulins. Differences in the reference and 
irradiated samples were observed in the tempera­
ture ranges, shapes, and denaturation heats. These 
differences were larger when samples suspended in 
water were irradiated, as compared to the irradiat­
ed solid dried proteins.

In the case of the hemoglobin reference sample 
an irregular endothermal effect was observed in 
the wide temperature range 47-100°C. In the case 
of products irradiated at different conditions (25 or 
30 kGy), the shape of the effect is changed, due to 
the appearance of an additional peak at lower 
temperatures and also due to decrease of the main 
peak. The examples of DSC curves recorded for 
nonirradiated and irradiated hemoglobin are shown 
in Fig.l. In the case of myoglobin the effects with

FlJr iOOt4.0PI DSC METTLED

1S.1 J/g

26.1 u/e

Fig.l. DSC curves recorded for the reference sample of hemo­
globin (curve 1) and the solid sample irradiated with a dose 
25 kGy (5.1 kGy/h) (curve 2).

regular shapes were observed for both irradiated 
and nonirradiated samples. The denaturation effect 
in the irradiated sample was observed at lower
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Fig.2. DSC curves recorded for gamma globulins bovine (II frac­
tion by Loba-Chemie): 1 - reference sample, 2 - product ir­
radiated in water suspension with 30 kGy (1.7 kGy/h).

temperatures in larger temperature range, than in 
the reference sample.
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Denaturation effects were found to be smaller 
for irradiated globulins, as compared to the nonir- 
radiated samples. Fig.2 shows a comparison of the 
thermal effect recorded for a suspension of the 
reference globulins sample (II fraction) and for the 
product irradiated at 30 kGy (1.8 kGy/h) in the 
presence of water. It was found, that the decrease 
in denaturation effects can be seen for gamma 
globulins bovine samples irradiated at a dose of 3 
kGy.

The work was sponsored by KBN grant 
5 S307 0511 03.
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EXAMINATION OF IRRADIATED FLOUR AND MEAT 
BY AMYLOGRAPHY AND DIFFERENTIAL SCANNING CALORIMETRY

K. CieSla, M. Swiderska-Kowalczyk, W. Ghiszewski

We have started to use some new physical methods, 
based on thermal analysis, to analyse irradiated 
foodstuffs. Amylography and differential scanning 
calorimetry (DSC) have been now applied to study 
irradiated flour and meat.

Amylography is the method usually applied for 
characterization of flours. Differential scanning 
calorimetry (DSC) has become in the last years a 
useful method for foodstuffs studies [1], however 
only few attempts have been reported until now to 
use DSC for analysis of irradiated foodstuffs [2]. In

Fig-1-^max (Brabender units) determined from amylograms of 
rye (RF) and wheat (WF) flours versus irradiation dose. 
The dose rate was equal to 5.5 kGy/h.

the course of starch gelatinization the viscosity of 
water suspension of flour grows up. The starting 
and final temperatures of gelatinization, maximum 
value of viscosity ?ymax as well as heat of gelatiniza­
tion depend on the structure of starch contained in

flour and can be determined by amylography and 
DSC methods. As the polysaccharides chains in 
starch are destroyed by gamma irradiation, the 
course of amylogram as well as the course of DSC 
curves are expected to differ for the irradiated and 
nonirradiated samples. Similarity, the denaturation 
of meat proteins is expected to be influenced by 
gamma irradiation.

Fig.2. The DSC curves recorded with a heating rate of 2°/min for 
rye flour (RF) and the products irradiated at 5, 15, 30 kGy 
applying a dose rate of 1.7 kGy/h.
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For better observation of the differences among 
irradiated and nonirradiated samples the irradiation 
doses applied in this preliminary stage of studies 
were considerably higher than permitted for food 
preservation. Such high doses can be used only for 
some very special kind of foodstuffs (i.e., hospital 
diet for immuno compromised patients) [3].

Potato flour, two portions of wheat flour and 
two portions of rye flours were irradiated at 30, 15, 
5, 2.5,1 kGy, applying a dose rate of 1.7 kGy/h, and 
at 10, 5, 2.5, 1 kGy applying a dose rate of 5.5 
kGy/h. Beef meat (grinded meat and pieces of 
meat) was irradiated at 24 and 12 kGy, applying a 
dose rate of 1.7 kGy/h. Potato starch was irradiated 
at 20 kGy, applying a dose rate of 1.6 kGy/h.

Viscosity measurements were performed during 
heating from 298 K with a rate 1.5°/min. The DSC 
measurements were carried out for samples kept in 
tightly screwed steel vessels in the temperature range 
up to 383 K with heating rate of 5 and 2°/min ap­
plying a Unipan 605 calorimeter with a Unipan 607 
cooling system.

Significant differences were observed between 
7/max of the nonirradiated rye and wheat flours, and 
the irradiated products. The differences were ob­
served when the dose 1 kGy was applied. (Fig.l). 
Differences were observed also in the DSC curves 
recorded at a heating rate of 2°/min for the non­
irradiated and gamma irradiated potato starch, rye 
flour (30, 15, 10, 5 kGy) (Fig.2) and wheat flours

(30 kGy). In the case of the nonirradiated starch, 
two endothermal effects have been found in the 
range 335.6-376.2 K with maxima at 342.8 and 360.8 
K while in DSC curves of the irradiated sample the 
single endothermal effect was observed in the range 
328.6-368.4 K with a single maximum at 337.6 K. 
No differences were observed in DSC curves ob­
tained for the initial and irradiated samples of 
commercial potato flour.

2-3 endothermal effects were recorded on DSC 
curves of beef meat, probably brought about by 
proteins denaturation. Both effects decrease in the 
irradiated products, as compared with those of re­
ference samples, stored in the same conditions. The 
results may be ascribed to a decrease of denatu­
ration effects of proteins due to gamma irradiation.

The work was sponsored by KBN grant 
5S307 0511 03.
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OXIDATION OF SOZ BY SIMULTANEOUS APPLICATION 
OF ELECTRON BEAM AND ELECTRICAL FIELD IN HUMID AIR

H. Nichipor1/, E. Radouk1/, A.G. Chmielewski, Z. Zimek 
^Institute of Radiation Physical and Chemical Problems, Academy of Sciences, Republic of Belarus

It is well known that the SO2 and NOx removal 
from combustion flue gases by electron beam is 
performed with relatively high energy losses. 8-15 
eV is needed to remove one molecule of SO2 
according to the literature data [1]. That is the 
reason why intense studies are performed to in­
vestigate more efficient processes of SO2 oxidation 
at atmospheric pressure. It was found previously 
that the process efficiency can be significantly 
increased by the presence of water droplets and the 
application of an optimal electron beam current 
density [2],

Energy cost of oxidation can be also decreased 
by a simultaneous electron beam and microwave 
energy (electrical field) application. Electron dis­
sociative attachment takes place with a high effi­
ciency under such conditions. To investigate the 
kinetics of SO2 oxidation in humid air under the 
influence of electron beam and electrical field a 
model study was undertaken. Within this model 
computer calculations have been made with a set of 
reactions important for gas phase with beam 
current density (0.032 mA/cm2), different humid­
ity and electrical field intensity level E/n=19'15

[Vcm2]. The literature data were used to establish 
the rate constants of the processes and their de­
pendence on electrical field intensity.

The influence of the external electrical field can 
be expressed by the rate constants of different pro­
cesses. The chemical model includes 46 different 
species and 160 reactions and is based on the re­
sults obtained by Matzing [3], Busi et al. [4], Person 
et al. [5]. The reactions were established on the 
basis of radiolysis process of humid air containing 
SO2. The SO2 decomposition takes place under two 
chain reactions, which were initiated by electric
field due to the following reaction cycle:

Ov + e--»CT + O C1)
which leads to

O 4- O2 + M O3 +M (2)
SO2 + O3 -* SO3 + o2 (3)

SO3 T H2O -* H2SO4 + e . 0*)
The rate of chain p rocess depends on the rate of 

O3 formation which is significantly higher when 
electron beam and electrical field are used simul­
taneously.
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The second reaction chain is based on OH. The 
main channels of the OH formation are as follows:

e + H2Q -* H 4- OH + e (5)
O^D + H20 -» 20H (6)
O + H02 "* OH + 02 (7)

and decomposition:
S02 + OH HS03 (8)

OH + H02 H20 + 02. (9)
The following processes are leading to the for­

mation of SO3 and H02 which, according to reac­
tion (7) takes back the OH radicals to the process:

HSO3 + 02-» HSO5 (10)
HSO3 + 02-» SO3 + H02 (11)

HSO5 + S02 -» SO3 + HSO4 (12) 
SO3 + H20 -» H2S04. (13)

The electric field influence is expressed by the 
growing concentration of electrons leading to the 
oxygen and hydrogen atoms formation. The pre­
sence of oxygen atoms stimulate the growth of OH 
radicals concentration as shown by formula (7). 
The hydrogen atoms form H02 molecules accord­
ing to the formula:

H + 02 -* H02. (14)
Table. The influence of water content on the energy losses.

equal for an air humidity of 2%. The chain reac­
tions based on the OH radicals is more effective for 
a higher air humidity. Energy losses of S02 mole­
cule oxidation were calculated using the formula:

[6 + Eelie/r] (15)
ASQ2

where: Ee - energy of electrons excited by electric 
field [eV], r - life time of SO3 ions [r=l/k5(H20)j, 
ne - electron concentration, d - dose rate co­
efficient, ASC>2 - concentration change in time t, 
t - time of electron beam and electric field ex­
posure.

The influence of water content on the energy 
losses is given in Table.

The rate of S02 oxidation initiated by the chain 
of reactions decreases for time t>10'4 s. This is due 
to an increase of N02 concentration in the air and 
the increasing contribution of the following pro­
cesses:

O3 + N02 O3 + no2 (16)
O3 -P N02 -* NO3 4~ o2. (17)

The results of calculation showed that the S02 
oxidation in the irradiated humid air can be in­
tensified by the electrical field (E/n-1015) applica-

H2O f%] " j [mA/cm^] ne fl/cmf*] <5 [eV/crn3s] AS02* [molec./cm3] j t [s] s [eV/molec.j j

2 0.032 1011 5xl017 2.44xl016 ! 10"7 0.16

. .. 4 .. . 0.032 1.9xlOu 5xl017 2.44xl016 5x10"8 0.57

* t=10-3 s.

Set of the processes was minimized to limit the 
calculation time. The most important reactions 
were taken into account to observe the investigated 
processes. The transient reactions were omitted. 
For example the process N+ Njf* -> Ot was 
written like -* 0% and the primary reaction 
product was of instead of N^" and N4. The ion 
recombination processes were listed according to 
the similar processes described by Matzing [3], A 
set of programs KINETIC was applied for the 
complex analysis of chemical systems and kinetic 
study. An IBM EEC-1061 computer was used.

The simultaneous application of electron beam 
and electric field stimulates the effective growth of 
electron concentration in t>10"6 s which leads to 
the active species formation (O, H02, OH, SO3) 
and S02 oxidation and its conversion into H2S04. 
The influence of chain reactions (1-4) and (5-13) is

tion due to the chain reactions taking place in such 
conditions. The main portion of energy losses is 
due to the electrical field presence.
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RELATIVE DOSIMETERS FOR HIGH-LET RADIATIONS

Z. Stuglik

In the ion-beam radiation experiments the absolute 
methods of dosimetry are commonly used. They are 
laborious and require very precise instruments for 
both energy and fluence measurements. Very ac­
curate values of the ranges and ion beam stopping 
power data are necessary for dose calculations. 
They are hardly attainable, especially for heavy pro­

jectiles which penetrate the composite, low-Z ma­
terials.

The relative dosimeters are much easier to 
operate but their using in the high-LET region 
encounters some difficulties arising from the en­
ergy-dependence of the G-values and from the 
post-effects, as well. Nevertheless, it seems to be
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possible to find some chemical systems appropriate 
for high-LET dosimetry.

Dosimetric responses of three chemical systems: 
Fricke solution, L-a-alanine and ethanol solution 
of nitrile of malachite green on high-LET ra­
diations were studied. The ion-beam irradiations 
were performed at the Flerov Laboratory of Nuc­
lear Reactions, Joint Institute for Nuclear Re­
search, Dubna using a 4-meter U-400 cyclotron. 
ESR-spectroscopy and UV/VIS spectrophotometry 
were used for the analytical control of irradiated 
samples. Both methods have an nondestructive cha­
racter.

Results and conclusions 
Fricke dosimeter:

- 0.01 M Fricke solution can be used as a secondary 
dosimeter for high-LET radiations provided that 
the G(Fe3+)-value (depending on ion type and its 
energy) is known from earlier experiments. For 
LET as high as some keV/nm G(Fe3+)-value is 
practically independent of LET and = 3.

- Dosimetric solutions should be stirred in time of 
irradiation. In the opposite case a decrease of 
ferrous ion oxidation is observed. Its amplitude 
depends on experimental conditions.

- Dosimetric solution should be very pure. Any 
contamination with organic compounds increases 
the ferrous ion oxidation yield in a similar way as 
in the case of low-LET radiations.

- Fricke dosimeter can be used for high fluences 
(higher than 1010 particles/cm2).
Alanine dosimeter:

- Decrease of the sensitivity of the alanine dosi­
meter in high-LET area, corresponding to y-rays, 
is similar to that observed for the Fricke dosi­
meter (about fivefold, going from y radiation to 
3.4 MeV/amu Co ions).

- The alanine could be successfully used for ion 
beam dosimetry but only for the fluences lower 
than 1010 particles/cm2. For the higher ones the 
latent tracks overlap and saturation effects on 
the dose-response curve are observed.
Malachite green liquid dosimeter:

- G-value of the malachite green cation is low and 
concentration dependent. Both factors promoted 
to use the malachite green dosimeter for high 
dose measurement.

- Dosimetric solutions can be used without stirring 
(at least up to fluences of 1011 particles/cm2).

- Solutions should be protected from ultraviolet 
(sunlight, luminescent lamps). Light from the 
common tungsten lamps is permissible.

- Decrease of the sensitivity of the malachite green 
dosimeter with LET is higher than that for 
Fricke and alanine dosimeters.

The work was partially supported by the State
Committee for Scientific Research, Poland, under
contract no. 2 2446 91 02.

A COMPARISON OF THREE MATERIALS USED FOR ESR DOSIMETRY

Z. Stuglik, J. Sadto

Any non-absolute (relative, secondary) method of 
radiation dosimetry grounds on a correlation be­
tween the dose and radiation effect generated in a 
dosimetric material. One of such effects is the crea­
tion of stable paramagnetic centers, whose nature 
and concentration can be analyzed by the electron 
spin resonance (ESR) method.

The most widely used dosimetric material for ESR 
dosimetry is a simple aminoacid a-alanine [1, 2]. The 
cheapest, racemat form of this compound is com­
monly used for technological purposes [3] and the 
chiral L-form - for transfer dosimetry and in science 
and medicine [4-6].

Paramagnetic signal observed in irradiated a-ala~ 
nine is ascribed to the radicals CH3-CFPCOO" 
originated from the alanine after the crack of the 
weakest bond between the asymmetric carbon and 
the NH^ group.

A standard bone powder was suggested as 
dosimetric material by Stachowicz et al. [7]. It can 
be used in deproteinized and non-deproteinized 
form. Only stable paramagnetic centers, localized in 
inorganic constituents of bone are useful for 
dosimetry. Unstable paramagnetic centers localized 
in organic part of non-deproteinized bone give 
some parasitic signals. Fortunately, they disappear 
completely within 7 days after irradiation and from

that time also the non-deproteinized bone powder 
samples can be used for dose determination.

Tlie nature of stable paramagnetic species ob­
served in the irradiated bone is still a matter of con­
troversy. Most probably there are few centers with 
the most abundant CO2 group occupied slightly 
modified phosphate sites in the hydroxyapatite 
lattice [8].

The aim of the work was a comparison of the 
sensitivity of three ESR-dosimeters: L-a-alanine, 
DL-a-alanine and non-deproteinized standard bone 
powder on 60Co gamma radiation.

The sensitivity of ESR dosimeters depends on 
two factors:
- G-value of the paramagnetic centers created in 

the dosimetric material at time of irradiation,
- type of the ESR parameter which is chosen for 

radiation effect measurement.
Two parameters have been used to the construc­

tion of dose-response curves in ESR dosimetry:
- amplitude of ESR signal (peak-to-peak method),
- double integral.

The amplitude of the ESR signal is more fre­
quently used, mainly because of easier measurement 
and lower requirements according to the class of 
ESR spectrometer. It is also less sensitive to the 
errors connected with the overlap of parasitic signals.
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The double integral has more clear physical - For all the investigated materials, but especially
sense and allows to calculate the radiation yield for the bone powder, the amplitude of the ESR
Table. The comparison of investigated materials from the dosimetric point of view

Material Advantages Disadvantages
L-a-alanine * chemical compound

"> stable paramagnetic centers
■» a little more sensitive than DL-form

•» low saturation level of microwave power 
=> wide ESR signal

- 5 times more expensive than DL-form
DL-a-alanine =» chemical compound 

=» stable paramagnetic centers 
cheaper than L-a-alanine

«#• low saturation level of microwave power
*> wide ESR signal
=» a little less sensitive than L-form

Standard bone powder (non-deproteinized}

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

=> very stable paramagnetic centers 
=> narrow ESR signal 
=> high saturation level of microwave 
power

=»■ biological product
-*• unattainable commercially
=» can be used as dosimeter only after decay
of organic radicals

(G-value) of paramagnetic centers if energy impart­
ed to the sample is known from elsewhere. It is also 
less sensitive on some changes of the form of ESR 
signal (for instance line-broadening at the high 
dose region).

Both types of ESR parameters were mesured 
and analyzed for the investigated materials irradi­
ated in ^Co gamma source (ISSLIEDOVATIEL, 
the total dose being 0,76 kGy).

We stated that:
- Radiation yield of the radicals generated in 

a-alanines is the same for both L-(chiral) and 
DL-(racemat) forms.

- The sensitivities of the L- and DL- forms of 
a-alanine are the same when double integrals are 
used as an analytical signal but somewhat differ­
ent if the amplitude of the first derivative of the 
ESR signal is used.

- There is confirmation that the G-value of the 
paramagnetic centres generated in the standard 
bone powder, irradiated with gamma rays, is 
about 50 times lower than the G-value of the 
paramagnetic centres in alanine.

signal seems to be more convenient parameter 
for the construction of dose-response curves 
than the double integral.
Comparison of the investigated materials from 

the dosimetric point of view is presented in Table.
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RADIATION FACILITY AT JINR U-400 CYCLOTRON 
CHECKED BY FRICKE DOSIMETER MEASUREMENTS

Z. Stuglik

Ion beam radiation experiments with liquids, in 
spite of their scientific importance, have been done 
rather seldom mainly because of experimental diffi­
culties and limited access to appropriate accelera­
tor facilities.

Some years ago one of the twelve beam lines of 
the 4-metre U-400 heavy ion cyclotron at Dubna 
was dedicated to radiochemical and radiation 
research (KHIPTI facility). The latter consists of 
two parts, dedicated to radiochemical or radiation 
research. Unlike most other radiation facilities, this 
one has been performing at a vertical ion-beam 
pipe which allows to irradiate liquid and powder 
samples in open vessels [1-3]. Above all it gives the 
possibility to investigate high-LET radiation pro­
cesses running in thin layers of liquids exposed to 
the air [4].

It is well known that the ion-beam radiation ex­
periments are not only more difficult than the low-

-LET ones, but also more susceptible to systematic 
errors. Having this in mind we decided to test our 
facility and techniques by repeating some experi­
ments reported in the literature and comparing the 
results. Quite a few experimental data are available 
for acidic 0.01 M ferrous sulphate aqueous solu­
tions saturated with air or O2 and irradiated with 
12C ion beams [5-9]; this is why we chose this sys­
tem for study.

Acidic, aqueous ferrous sulphate solution (Fricke 
dosimeter) was bombarded with the 10 MeV/amu 
carbon-12 ions. Dose and energy dependence of the 
integral yield of Fe3+ formation was measured and 
compared with the data from three other labora­
tories.

It was calculated using the formula:

G /Fe3+x = 0^304'v • Na • 100 e~ • AE21 
Q Eg Wair 6304
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where: v is the volume of irradiated solution, Na - ous and accurate data of differential w-values for
the Avogadro number, e" - the charge unit, AE% - the heavy ions in the air are needed.

••55O.6-

S 600

5E*18 1E4
energy input [eV]

800 -

100 200 300 400
depth [pm]

energy at the surface of the sample,Es[MeV]

Fig.Energy dependence of Es*GE(Fe^+)-value for Fricke solutions irradiated with carbon ions. (#B) [5], (□) [6], (♦) [8], (0) [9], 
(A) this work, wa,r=36.1 eV: (A) this work, wajr=35 eV. Upper insert: optical density at 304 nm vs. energy input. Lower insert: 
LET-depth dependence for ^C ion beams with initial energy of 120 MeV penetrating the Fricke solution.

energy deposited by 12C ion in the two air gaps 
between the electrodes of ionizing chamber, Q - the 
total charge collected by the electrometer during 
irradiation of the sample, wa^ - the differential 
energy of ion pair formation in the air irradiated by 
10 MeV/amu *2C ion beams and 5304 - the molar 
absorption coefficient of Fe3+ ion at 304 nm.

The results are presented in Fig. The experi­
mental points follow a smooth line which can be 
interpreted as a satisfactory result of the test.

Conclusions
On the basis of the results for Fricke solutions 

we have found that the facility functions correctly. 
We are aware of the difficulties and uncertainties 
that will increase with atomic mass of the pro­
jectiles. But it is a general problem, not only with 
this particular installation. More accurate stopping 
power data for heavy projectiles, and more numer-

The work was supported by the State Committee for 
Scientific Research, Poland, under contract 2 2446 9102.
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TEMPERATURE AND DOSE RATE EFF ECTS IN As IMPLANTED GaAsi-xPx

J. Krynicki, S. Warchot, H. Rzewuski, R. Groetzschel1/ 
lzFZR Forschungszentrum Rossendorf/Dresden, Germany

The influence of temperature on damage formation 
in ion implanted semiconductors has been investi­
gated intensively, mostly in Si and Am By binary 
compounds such as GaAs and GaP but only very 
few papers have been devoted to the ternary AmBy 
alloys. The influence of dose-rate on ion damage 
buildup has been observed [1] in GaAs (Si and Sn) 
at RT but not at LNT.

In the last paper [2] we presented results on 
ion damage accumulation in As implanted 
GaAsi_xPx ternary compounds at 120 K.

In this paper we report the preliminary results 
on dose-rate effects in GaAsvxPx for various P 
compositions (x=0, 0.15, 0,39, 0.65 and 1) im­
planted with 150 keV As ions at 120 K and the 
results obtained for samples implanted at RT.
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Fig.l. Amorphizalion (residual defects) vs. depth in binary (GaAs) and ternary (GaAsP'l crystals implanted with As ions at 120 K and 
RT.

The postimplantation residual damage was mea­
sured using a RBS channeling technique of 2 MeV 
He+ ions.

Residual defects measured for ternary crystals 
after implantation at 120 K and at room tempera­
ture show smaller but similar differences (Fig.l),

age accumulation for lower dose rate at 120 K 
(Fig.2).

The results obtained indicate that the defects 
created during implantation in GaAsiocPx crys­
tals have a higher temperature stability than those 
created in GaP and GaAs binary crystals.

OaP, t$0keVAs.3.$ t 10" cm-iOtAi. ISO k*V A», 3; »ion nn-i

6 o ?s-
B* 0.50 ■5 0.50

0.25- 0.25-
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OeAie.eAjfc 150 keV As, 3.5x10" ce-i .uco-

Depth [A]
Fig.2. Amorphizalion (residual defects) vs. depth in binary (GaAs, GaP) and ternary (GaAsP) crystals implanted with As ions for two 

dose-rates at 120 K.

compared to the results obtained for GaAs under 
the same experimental conditions.

Residual defects in the binary (GaAs, GaP) and 
ternary (GaAsvxPx) crystals after As implantation 
for both ion beam intensities (dose rate) show very 
similar damage profiles.

It is worth noting that for ternary crystals 
deeper parts of a damage profile show higher dam-

Further work is being carried out.
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SOLUTION CHEMISTRY OF ELEMENT 104: SOLVENT EXTRACTION 
INTO TRIISOOCTYLAMINE FROM HYDROFLUORIC ACID SOLUTIONS

A. Bilewicz, C D. Kacher1/, D C. Hoffman1'
^Nuclear Science Division, Lawrence Berkeley Laboratory, USA PL9700810

Studies performed recently on the aqueous chem­
istry of element 104 have provided suprising results. 
Differences in the adsorption of tetravalent metal 
ions on thin layers of cobalt ferrocyanides show that 
the hydrolysis tendency in the Group 4 decreases in 
the order Ti>104>Zr>Hf [1]. The unexpectedly 
strong hydrolysis of element 104, much stronger 
than that for Hf and Zr, has been interpreted as 
resulting from the relativistic effect. Due to re­
lativistic stabilization of 7si/2 orbitals and high ex­
pansion of ds/2 orbitals the sp3d4 hybridization 
characteristic for coordination number (CN) 8, is 
unrealizable. The maximum coordination number 
for 1044+ in aqueous solution is 6 like for Ti4"4", 
while CN 8 is characteristic for Zr4"1' and Hf4"4". 
Unexpectedly strong hydrolysis of element 104 in­
dicates that in aqueous solution 104 is more similar 
to the lightest element in the Group, Ti, than for its 
heavier analogues, Zr and Hf.

A similar behaviour of element 104 has been 
found in experiments on its solvent extraction into 
tributylphosphate from HC1 and HBr solutions [2]. 
In both cases the following order of extraction 
was observed Zr4+=Hf4+>1044+«Ti4+ with in­
creasing HCl/HBr concentration. In this case ele­
ment 104 is similar rather to Ti than to Zr and Hf. 
The TBP extraction behaviour of the Group 4 cat­
ions results from their different tendency to hydro­
lysis.

To verify the idea that the coordination number 
of element 104 could be influenced by relativistic 
effects, studies on liquid-liquid extraction of fluo­
ride complexes into triisooctylamine were perform­
ed. In hydrofluoric acid solution of concentration 
higher than 10'1 M the Group 4 cations Ti4+, Zr4+, 
Hf4"4" form coordinatively saturated complexes of

CN=6 (MF? ) [3]. Under these conditions also the 
Group 14 metal cations form similar complexes 
SnF?" and PbFl~ [4].

Because the interaction between the metal com­
plexes and the amine is only electrostatic if 1044+ 
forms fluoride complexes with the same coor­
dination number as Ti4"4", Zr4"4 and Hf4"4" (same 
charge of the complex anions) the extraction should 
be similar and should depend only on the radii of 
the fluoride complexes. The solvent extraction in 
TIOA-HF system should be convenient to study the 
behaviour of Group 4 cations in complexation sys­
tem where all cations form complexes of the same 
coordination number.

The chemical properties of element 104 and its 
Group 4 congeners were studied by solvent extrac­
tion into 0.25 M triisooctylamine in o,m,p-xylene 
from hydrofluoric acid of various concentrations. 
The studies showed that the extraction trend for the 
Group 4 elements in this extraction system de­
creases in the order Ti>Zr«Hf>104, in the order 
to inverse from the trend observed in ionic radii 
104>Zr«Hf>Ti. This order is different than that 
in hydrolysis, TPB-HC1 and TBP-HBr extraction 
systems where element 104 due to the decreasing 
coordination number is more similar to Ti than to 
Zr and Hf.
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A CHEMICAL STUDIES OF THE 24Ne CLUSTER DECAY OF 232Th

Ch. Neskovic1/, R. Delmas1/, M. Hussonnois2/, A. Bilewicz, B. BartoS
lzLaboratoire Pierre Sue C.E.N. Saclay, France 
2/Institut de phisique Nucleaire, Orsay, France

Spontaneous emission of neon nuclei from 232Th 
has been already theoretically predicted [1]. Cal­
culations show that due to the /3 decay of ^Ne 10 kg 
of thorium may contain, at equilibrium, about 1000 
atoms of ^Na. We have devised a separation 
scheme of micro-amounts of sodium from large 
quantities of thorium and its decay products (Fig.). 
The separation time must be shorter than the 
half-life of ^Na. At this stage, the experiments 
were made at a small scale: with only 10 g of 
thorium and a 22Na tracer. Thorium was loaded on 
a column with DOWEX 50WX12 resin and about

106 atoms of 22Na was added on the top of the 
column. 22Na was eluted by 0.5M HNO3 without 
any sodium carrier. The effluent from the DOWEX 
column was passed through two ion-exchange 
columns in the series. The first one was filled with 
cryptomelane-type hydrous manganese dioxide, 
which allows to efficiently remove the decay pro­
ducts of 232Th, such as 224Ra and 212Pb. The second 
column was packed with crystalline hydrated 
antimony pentoxide, HAP, partly in sodium form, 
which sorbed selectively the 22Na. Column con­
taining only 0.2 g of HAP is required for 10 g of
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Fig. The diagram of system for the studies of isolation ^Na from 
232Th.

thorium in order to measure y-emission of 22Na in 
a solid sample of a minimum volume. The separa­
tion time was 5 h, i.e. one third of 24Na half-life. 
The yield of sodium was always greater than 95%. 
The decontamination factors were greater than 106 
for thorium and 105 for its decay products (22SAc, 
^Ra^Pb^Bi).
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MATERIALS FOR IN-SITU MONITORING 
OF LIGHT WATER REACTOR (LWR) WATER CHEMISTRY 

BY OPTICAL METHODS

L. Fuks, S. Pikus1Z
1''institute of Chemistry, Maria Curie-Sklodowska University, Lublin, Poland

It has been already shown that diffuse reflectance 
spectroscopy (DRS) is one of the most powerful 
methods for monitoring of numerous chemical re­
actions important in material science and in chem­
ical technology. It appeares to be especially effec­
tive for the in-situ investigation of the early stages 
of the process. As a result, the forementioned 
method, discovered in the 1930’ies, successively 
comes back in the last 25 years as the efficacious 
analytical and scientific instrument [1]. General 
theory and practice of the DRS method has been 
now well documented, e.g. by Frei and MacNeil [2].

Articles, produced even from the extremely re­
sistant stainless steel, always slowly corrode. As a 
result a submicroscopic layer of iron oxides is gene­
rated on their surface. Spectroscopic studies of 
oxidation of a stainless steel under the boiling 
water reactor (BWR) conditions (i.e. in 290°C and 
90 barr), carried out in the Paul Scherrer Institute 
(PSI, Villigen, Switzerland) have shown, that:
- in the spectral region 200-3000 nm iron oxide 

layer absorbs strongly both the incising and the 
reflected light. Because absorption seems to be 
more pronounced than surface reflection and

160-

Energy [keV]
Fig.l.y-ray spectrometry of the 65 mg sample of irradiated synthetic sapphire. Exposition time 

n/(cm ■ sec), cooling time - 6 days, time of measurement - 66420 secs.
8 hrs, neutron flux - 61013
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scattering, it should be counted as the main ef­
fect.;

- aqueous solutions, containing particles of the 
corrosion products, exhibit strong light absorp­
tion in the spectral region of above 900 nm (i.e. 
the infrared light);

- because the absorption occures to be proportio­
nal to the thickness of oxide layer, when it is not 
too strong, DRS in the spectral region 200-900 
nm can be efficaciously applied for monitoring 
the early stages of the corrosion process [3],
One of the most important problems for the

realiable optical measurements is the proper choice 
of the material suitable for the production of 
optical windows exposed to the BWR conditions.

light wavenumber* 'em-!]
(Thouienda)
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Fig.2. Transmission curves for synthetic sapphire window.

as emery (a granular form of corundum contami­
nated with iron oxide and silica). At present, pure 
a-AlzOg single-crystals are produced industrially 
mainly by igniting of Al(OH)3 or AIO(OH) at high 
temperatures (~ 1200°C). They show rhombohedral 
or hexagonal crystal structures. Because of its great 
hardness (Mohs 9°), high melting point (2045°C), 
involality (10"6 atm at 1950°C), high specific heat and 
thermal conductivity (0.18 caVg°C in 25°C, i.e. about 
750 J/kg • K, and 600 • 10"4 cal/(cm • sec • °C) parallel to 
c-axis in 260°C, respectively), low linear coefficient 
of thermal expansion (6.7 • 10-6 units/°C, parallel to 
c-axis, for 50°C), high chemical inertness and good 
electrical insulating properties [4], <z-Al%03 finds 
many applications as refractories, ceramics and
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This problem at present is studied jointly in the 
Institute of Nuclear Chemistry and Technology 
(INCT, Warszawa, Poland) and in the foremention- 
ed Paul Scherrer Institute (PSI, Villigen, Switzer­
land) under the IAEA Research Contract 8426/RB

10.00

7.50-

2 60-

2 theta

Fig.3. X-ray diffraction data for the single-crystal synthetic sapphire.

"Materials for in-situ Monitoring of Light Water 
Reactor (LWR) Water Chemistry by Optical Me­
thods".

Results
Preceding experiments on the thermal stability of 

the potential window material, performed in the PSI, 
have been made using various kinds of aluminium 
oxide. Naturally, AI2O3 occurs as the mineral co­
rundum ((Z-AI2O3; specific gravity - 3.98 g cm"3) and

abrasives (including toothpaste), in addition to its 
major use in the electrolytic production of A1 metal. 
As a result of mass production, it is now relatively 
cheep. Larger crystals, when colored with metal-ion 
impurities, are prized as gemstones, e.g. ruby (Cr111

2 theta

—-—treated

red), sapphire (Fe11^11, Ti^ blue), oriental emerald 
(?Crin/V 11 green), oriental amethyst (Cr^/Ti^ vio­
let), and oriental topaz (Fe111, yellow).

Results of the detailed investigations of the syn­
thetic sapphire window material, carried out in the 
INCT and in the Maria Curie-Sklodowska Univer­
sity, can be summarized as follows:
- Quantitative analysis of the chemical composi­

tion of the material, performed using the neu­
tron activation analysis (NAA) has shown, that
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apart of the aluminium matrix, Ag, Ga, Sb, Zn, 
Au, Cr, Mo, W, Ta, Na and Br can be detected as 
the tracers (Fig.l).

- In the spectral region 300-900 nm optical trans­
mittance of the 5 mm layer of the synthetic sap­
phire remains essentially constant. The unused 
window material shows the transmittance on the 
level of 80%. Transmittance of the window hy- 
drothermally treated in the autoclave for about 
500 hrs decreases to the level of 65% (Fig.2).

- Crystalline structure, determined using X-ray 
diffraction, remains unchanged in the course of

treatment in autoclave. However, upon the ac­
tion of the BWR conditions, degree of the crys­
talline structure only in the surface layer de­
creases significantly (Fig.3).
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STATE-OF-THE-ART REVIEW ON FISSION PRODUCT AEROSOL POOL 
SCRUBBING UNDER SEVERE ACCIDENT CONDITIONS

M. Swiderska-Kowalczyk, M. Escudero Berzal% M. Marcos Crespo1^ M. Martin Espigares1^ J. Lopez-Jim&iez^ 
^Institute of Nuclear Technology CIEMAT, Madrid, Spain

Research work performed in the framework of 
the specific programme "Nuclear Fission Safety 
1990-1994" of the European Atomic Energy Com­
munity. Reinforced concerted action on "Reactor 
Safety" - Project 6: Source term (fission product be­
haviour).

The State-of-the-Art described in this document 
consists of a survey of the current fission products 
and aerosol pool scrubbing in water reactors under 
severe accident conditions.

The first chapter summarizes the general charac­
teristics of the LWR under severe accident condi­
tions including possible pathways in submerged 
beds for fission product release during an accident. 
Vapour and aerosol parameters, together with the 
main physico-chemical phenomena influencing par­
ticle removing, are defined.

In the second chapter data have been gathered 
from the ten experimental programmes worldwide 
available on vapour and aerosol pool scrubbing: ACE, 
EPRI, EPSI, GE, JAERI, LACE-Espana, SPARTA, 
UKAEA (Aerosol-Iodine), and POSEIDON. This 
chapter ends with the presentation of the experi­
mental results with conclusions, uncertainties, and 
areas of possible future attention. A certain lack of in­

formation in both subcooled and saturated conditions 
has been found.

The third chapter includes a detailed description 
and comparison of the hydrodynamic and thermo- 
hydraulic processes and removal mechanisms of the 
pool codes SPARC, BUSCA, and SUPRA. A com­
plementary sensitivity study has been performed 
with the SPARC and BUSCA codes, which is pre­
sented in the fourth chapter. Their hydrodynamic 
models will be checked in future experimental pro­
grammes with special attention.

The fifth chapter presents parametric studies 
performed using SPARC and BUSCA They con­
firmed variations of decontamination factor with 
the main parameters: particle size, fraction noncon­
densable, and others.

Finally, the chapter sixth offers a discussion of 
the main phenomena and parameters with influ­
ence on the decontamination factor, along with the 
uncertainties associated.

New experimental data are requested in order to 
cover lack of informations. For future experimental 
programmes, it is recommended to link plant studies 
and simulating sequences selected from among the 
most significant contributors.

SELECTION OF ELEMENTS FOR THE STUDIES OF "EVEN-ODD" EFFECT 
IN CHEMICAL ISOTOPE EXCHANGE REACTIONS

W. Dembinski

The classic theory makes it known that the isotope 
elementary effect in chemical exchange reactions is 
proportional to the mass difference, Am, of the 
isotopes involved. This was confirmed [1] for 234U, 
236U, and 238U. However in the same experiment, 
fractionation of 234U and 235U appeared to be 
much smaller than the one between ^5U and 236U, 
in spite of the mass difference in either isotopic 
pair. This anomaly was concluded to be due to the

odd mass number of 235U and was called the even- 
odd isotope effect. A similar non classic behaviour 

has been also reported for another odd mass num­
ber nuclides: 67Zn [2], 87Sr [3], 135d37ga pj an(j 
157Gd [4].

No theoretical explanation of this phenomenon 
has been till now presented, It may be said that 
more experimental data are needed to offer a rea­
sonable interpretation of the phenomenon. It is so
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because the energy value of hyper fine interactions 
connected with isotope nuclear spin (I), nuclear 
magnetic moment (a), as well as the electric qua­
druple moment (Q) are assumed to be too small 
to change the orbital coupling at the molecular 
level, the more so because, the value of I, pi and Q 
varied strongly with atomic numbers Z and A. Hav­
ing this in mind we have selected ytterbium from 
the rare earth region for the first step of our frac­
tionation studies.

Ytterbium has five even mass number isotopes: 
168, 170, 172, 174, 176 and two odd mass number 
isotopes: 171, 173. The latter are characterized by 
the different spin numbers (Ini = 1/2; 1173=5/2) and 
the different sign of the nuclear magnetic moment 
expressed in nuclear magnetons (am =+0.49188; 
^173=-0.67755). Such a composition is rather 
unique in the periodic system and after successful! 
chemical fractionation may offer more information 
on even-odd effect than for example barium with 
its two odd isotopes (133 and 135) characterized by 
the same spin number (3/2) and nearly the same 
value of the magnetic moment (a 133=+0.83291; 
/*135~ +0.93107).

The chemical properties of ytterbium enabled 
studies of the isotope equilibrium in the ligand ex­
change reactions as well as in the electron exchange 
reactions. The latter offer a higher value of the unit 
separation factor, as it is known from the literature 
[5], and from our studies on isotope fractionation in 
the liquid-liquid extraction systems containing the 
red-ox couples: U(III/IV) [6], Ce(III)/Ce(IV) [7, 8], 
Eu(II/III) [9]. However the separation of the ytterb­
ium isotopes in a similar system was expected to be 
difficult because of the very high value of the 
standard oxidation potential E°Yb(ll)/Yb(iii)= +1.15 
V and the consecutive instability of Yb(II) ions in 
the solutions.

To overcome these difficulties two experimental 
procedures have been proposed and tested:

- Fractionation of the ytterbium isotopes at the 
oxidation state +3 in the liquid-liquid extraction 
systems by means of a 16-stages extractor of the 
mixer-settler type (stage volume 9 ml), using 
di-(2-ethylhexyl) phosphoric acid (HDEHP) as 
the extractant and chlorides, nitrates or sulpha­
tes as anions. It was found that the value of ex­
traction distribution coefficient should amount 
to 1.4-1.5 to secure the break-through (0.05%) 
steady state conditions. The time necessary to 
attain the isotope equilibrium in the whole cas­
cade was estimated to be 15 h. The number of 
the theoretical stages amounted to 10-12.

- Fractionation of the ytterbium isotopes at the 
oxidation stage +2 and +3 by means of multi­
stage batch precipitation. The liquid Na-amal- 
gam has been selected as reducer of Y(III) to 
Y(II) in aqueous or ethyl alcohol H2O solution. 
The fairly stable solutions (ti/2=l h) of Y(II) 
have been obtained provided Y(II) was stabilized 
by means of a acetic acid-sodium acetate buffer, 
citric acid or eventually sodium tetra-phenyl-bo- 
ron. Studies of effective separation of Y(II) by 
precipitation with sulphate ions are in progress.
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IS THERE ANY INFLUENCE OF MAGIC NUCLEI ON CHEMICAL BEHAVIOUR?

T. Mioduski

Recently, it has been discovered [1] that 2$U with 
odd number of neutrons behaves as 2345U on the 
ion-exchange chromatographic column while 234U, 
236U and 238U strictly hold the Bigeleisen AM/M2 
dependence. Moreover, this small even-odd irre­
gularity makes the CHEMEX and Asahi/ACEP 
chemical uranium enrichment competitive with the 
physical methods based on the UF& diffusion [2]. 
This even-odd isotope effect has been confirmed in 
other laboratories also for the isotopes of Gd, Zn, 
Sr and Ba with the DC18C6 crown ether as extract­
ant [1]. The even-even isotopes: %Sr, **Sr and 88Sr 
display a linear increase of the isotope separation 
factor, <2—1, with mass number while for 87Sr the 
a—1 value is much lower than for 86Sr. In the same 
extraction system, the even-even isotopes: %Ba,

136Ba and 138Ba show a linear decrease of the a 
value. The a~ l value decreases also from 135Ba to 
137Ba but the isotope separation factor value for 
137Ba corresponds to the respective value extra­
polated for the ^-active 140Ba. This effect of the odd 
nucleon number and of the nucleus spin on chem­
ical behaviour has not found any theoretical expla­
nation. It is difficult since e.g. in the Sr system the 
odd neutron isotopes behave as the even neutron 
isotope lighter by two neutrons while in the analog­
ous Ba system they behave as the even neutron 
isotope heavier by three neutrons. Trying to eluci­
date the even-odd isotope effect, as a result of a 
slightly smaller stability of nuclei with the unpaired 
nucleon, the present author has predicted [2] the 
opposite chemical isotope effect for extra-stable
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nuclides with magic nuclei (in parentheses the na­
tural abundance is specified):
^Nd [5.76(3)%] vs. 142Nd [27.13(10)%], 143Nd 
(12.18(5)%], 4Nd [23.80(10)%],145Nd [8.30(5)%], 
46Nd [17.19(8)%], 50Nd [5.64(3)%]
2$Fe [5.9(2)%] vs. 56Fe [91.72(15)%; especially sta­

ble], 5 Te [2.1(1)%], 58Fe [0.28(2)%]
$Zr [51.4512)%] vs. 91Zr (11.22(3)%], 92Zr 
117.15(2)%], 94Zr [17.38(3)%], 96Zr[2.80(l)%l 
%Mo [14.8414)%] vs. 94Mo [9.25(2)%], ™Mo 
115.92(4)%], 96Mo 116.68(4)%], ^Mo [9.55(2)%], 
98Mo [24.13(6)%], l0oMo (9.63(2) %] 
jiCr [83.79(4)%], ^Cr [4.345(5)%], % (9.50(1)%], 
54Q[2365(5)%]
$Ca [96.941(13)%; doubly magic] vs. 42Ca [0.647(3)%], 
^Ca [0.135(3)%], ^Ca [2.086(5)%], *Ca [0.004(3)%], 
^Ca [0.187(3)%]
%Pb [52.46%; doubly magic] vs. ^4Pb [1.4(1)%], 

205Pb [24.1(1)%],207Pb [22.1(1)%]
%Sn [0.97(1)%], U4Sn [0.65(1)%], 115Sn (036(1)%], 
ir%n [1453(11)%], 117Sn [7.68(7)%], 118Sn [2422(11)%], 
119Sn [858(4)%], 120Sn (32.59(10)%], %n (4.63(3)%], 
124Sn 5.79(5)%].

In the Sn case, since all the 10 Sn isotopes (the 
highest number of stable isotopes) have a magic 
proton number, the most distinct even-odd isotope 
effect is expected.

The discussed study [1] was not orientated towards 
magic nuclei behaviour; the above mentioned magic 
nuclei of Ba and Sr had inconveniently high natural 
abundances.

The hypothesis, assuming that the magic nuclei 
are "more even-even" than all the others, is to be 
experimentally verified using the effective cascade 
liquid-liquid extraction system [3].
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SELECTIVITY OF ION EXCHANGE 

ON CRYSTALLINE ANTIMONIC ACID - RADIOTRACER STUDY 
IN HYDROCHLORIC ACID AND AMMONIA SOLUTIONS

A. Bilewicz, J. Narbutt

Growing interest in inorganic ion exchangers in 
radiochemistry and nuclear technology results from 
their high radiation and thermal resistance, and 
particularly from extremely high selectivity of cer­
tain inorganic adsorbents for various metal ions.

Crystalline antimonic(V) acid (CAA) is the well 
known selective adsorbent of e.g. Na , Sr2+ and 
some other ions [1]. Its synthesis, properties and 
structure have been studied by numerous authors 
for many years, e.g. [2]. Sorption of radionuclides of 
the elements belonging to the s- and f-block of the 
Periodic Table was studied in the Department of 
Radiochemistry of the Institute of Nuclear Chem­
istry and Technology [3], using commercial CAA of 
the composition determined as Sb2C>5.2.54H20 [2], 
obtained from Carlo Erba, Italy. For all the metals 
investigated linear relationships were observed on 
the log-log plots of the distribution coefficient (IQ) 
vs. HC1 concentration, the slopes being nearly equal 
to the valency of the exchanging ions. This indicates 
that the adsorption proceeded predominantly 
through ion exchange. The IQ values determined in 
the HC1 solutions are consistent with those report­
ed by Abe [1] for the CAA-HNO3 systems. Fig.l 
shows the relationships between IQ and ionic radii 
for the three groups of the metals studied in the 
system CAA - 1 M HC1. The maxima observed on 
the curves for mono- and divalent ions correspond 
with the radii in the range of about 100 to 120 pm 
(Na+, Ca2+, Sr2+). Also the second, less distin­
guished maximum has been found for Rb+ (155

pm), corroborated by an inflection on the divalent- 
ions curve, between Ba2+ (135 pm) and Ra2+ (142

Am Ce

Fig.l . Dependence of the distribution coefficient of metal ions in 
the system CAA -1 M HC1 on their ionic radii.

pm). The appearance of such steep maxima corres­
ponds with very high values of separation factors 
for certain pairs of adjacent elements in the Group. 
There ate probably two different reasons which 
result in the appearance of these maxima:
- steric hindrance from the rigid, crystalline struc­

ture of the sorbent against entering too large 
ions;

- necessity of total dehydration of the ions before 
entering the sorbent structure, which causes that 
too small, strongly hydrated ions require too 
much energy for dehydration.
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The results of our studies on ion exchange of 
some transition metal ions (Ag+, Zn2+, Cd2+, 
Hg2+) in aqueous solutions of complexing species 
(hydrochloric acid or ammonia) [4] are consistent 
with the conclusion on the ion-size recognition by 
CAA (the sorbent was converted into the K+ form 
when alkaline ammonia solutions were studied). At 
not too high concentrations of the complexing 
species CAA very strongly adsorbs the ions whose 
radii fall in the range of 95-115 pm (Cd2+, Hg2+, 
Ag+), while the small (74 pm) Zn2^ ion is only 
moderately sorbed. The slopes of the log-log plots 
of Kd vs. concentration of the complexing (solvat­
ing) agent correspond to the number of ligans re­
leased from the first coordination sphere of solvat­
ed ion when transferred from solution to the CAA 
phase [4]. Thus, assuming that the stoichiometry of 
the complex or solvated ion in the solution is 
known, we easily estimate the number of remaining 
ligands bonded to the ion adsorbed in the crystal 
lattice. In this way we conclude that the bare (as ex­
pected), large Ag+ ions and only partly desolvated 
Zn(NH3)2+ ions are sorbed (Fig.2). Nevertheless, 
desolvation of both species adsorbed on CAA is 
more pronounced than in the case of their adsorp­
tion on not ion-size selective exchanger - hydrous

Fig.2. The distribution coefficients of Ag+, Zn^+ and Cd^+ on 
CAA as a function of the activity of ammonia in the 
aqueous phase.

titanium oxide which adsorbs only slightly desolvat­
ed species, Ag(NHs)+ and Zn(NHg)^ [5]. The 
Cd2* and Hg2* ions which have a very high affinity

to CAA but also form very strong chloride com­
plexes, require high HC1 concentration for elution 
from the sorbent (Fig.3).

Fig.3. The distribution coefficients of Zn^'+, Cd2+ and Hg^+ on 
CAA as a function of the molar concentration of hydro­
chloric acid in the aqueous phase.

The ion exchange selectivity for certain ions 
makes CAA a useful sorbent for nuclear chemistry. 
Apart from its applications recently reviewed [6], 
CAA has been used as effective radionuclide ge­
nerators. Fast procedures of milking very pure 
from 90Sr [3] and 115mIn from 115Cd [7] with 1 M 
HC1 solutions have been elaborated. Recently, 
CAA was suggested as the final sorbent for 
extremely small quantities of 24Na in a radiochem­
ical separation procedure designed [8] for studying 
the effects of expected "cluster" decay of 232Th 
nuclei.
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LANTHANIDE IONS COMPLEXATION BY URONIC ACIDS

L. Fuks

In view of the growing industrial and commercial 
use of toxic metals (e.g. actinides, lead, mercury, 
cadmium or arsenic) and their increasing release 
into the atmosphere, the problem of developing 
effective treatments for such exposure will undergo 
a growing importance in the future. The sheer 
magnitude of the problems that are faced in the 
reprocessing nuclear fuels and the dismantling of 
nuclear weapons insure that human exposures to 
uranium and the transuranium elements, such as

plutonium or americium, will not diminish in the 
near future. Finally, such events as Chernobyl fall­
out have shown the importance of the studies lead­
ing to the development of new therapeutic methods 
for the removal of immobilized heavy metals.

On the other hand, a growing number of meta­
bolic diseases are observed which are proved to be 
the result of the accumulation of excessive amounts 
of essential metals. Direct accumulation is found 
e.g. for copper in Wilson’s Disease or for alumi-
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nium in Alzheimer’s Disease. Indirect accumula- metal poisoning induce an increased excretion of 
tion, in turn, is found e.g. for iron in a great number lead [1] or mercury [2-4]. Furthermore, sodium al-
Table.

1 Galacturonic acid La-galacturonate Glucuronic acid La-glucuronate Assignments
3447s, 3361s about 3445s 3444sh, 3405vs about 3340s u(OH) [strong hydrogen bond] |

3324s, 3284$h, 2981m, 
2955m

3281s, 3231sh, 3166s v(OH) [weak hydrogen bond]

2921m 2925s v(CH) [a-anomer]
2863m, 2839m 2892s, 2839m v(CH) [y9-anomer]

2752m, 2709m 2764m, 2700, 2645m overtones

2613m, 2547m 2593m, 2559m overtones
1712s 1705 v(HOCO)

1643m <$(H20)
1596vs 1590vs v(C=H) antisymmetric 1

1538sh 1510sh

1484sh <$(COH) + <5(CCH)
1438m 1460m <J(CCH) + 3(COH)

1425s 1433m v(OC) symmetric

1413m 1418sh
1367s 1366s <5(CCH) + <5(COH)
1355m 1316sh 1348m 1349m d(COH) + d(OCH)

1327m, 1302m, 1283m 1320w,1289sh 1299m <J(COH) 4- d(OCH)

1243sh 1260s <$(CCH) + d(COH)

1233sh, 1215m 1226s, 1204m 1204w <5(COH) + <J(CCH)
1154s 1149m 1158s 1150sh v(CC) + v(CO)

1119sh 1126m llllsh v(CO) 4- v(COC)

1103sh u(CO) + v(COC) + <5(CCO)
1094vs, 1071s 1088vs, 1076sh v(CO) 4- v(CCC)

1055s 1047s 1054m, 1025vs 1047s u(CO) 4- u(CCO) + <5(CC)

1026s 1016sh
OO&sh 947m v(CO) 4- A(CCH)

970m u(CO) 4- <5(CCO)

940m 944sh u(CO) + u(CCH)

908w 896w 908sh 917w, 913w <5(CC) + v(CO)
863w 875sh 878w <5(CH) [yS-anomer]

822s 817m, 807m <?(CH) [a -anomer]

776m 802m 779w, 767w, 752w 767m r(CCO) + <$(CCO) 4- 3(CCH)

715s <$(CCO) 4- <5(OCO) 4- t(CO)

692m <$r(H20)

655m 675m 778m 672m 3(CCO) 4- r(CCO)

617m, 612m 633s 617m 629m <^w(H20)

about 520m 515m 587s, about 530m 546m t(CO) 4- <)(CCO)
498m 473m 457m 474m 5(CCO) 4- t(CO)

443w,405w 427w 415w, 403w 408w 3(CCO) + <$(CCH)

Bands: s - strong, sh - shoulder, m - medium, w - weak.
Assignments: v - stretching, <5 - bending, t - international rotation, r - rocking, w - wagging.

of people with deviations in the haemoglobin 
synthesis, e.g. people suffering from thalassemia. It 
is caused by the prolonged administration of blood 
transfusions with an accumulation of iron to toxic 
or even lethal levels.

Clinical tests have shown that several natural 
polysaccharides, e.g. alginic acid (a straight chain, 
polyuronic acid comprised of anhydro a-D-mannu- 
ronic acid and L-guluronic acid) or pectines (par­
tially methoxylated polygalacturonic acid), used as 
prophylactic or medication drugs in the case of heavy

ginate incorporated into diet of mices inducted an 
increase of *Sr, 133Ba and 226Ra radioisotopes con­
centration in blood as well as a decrease of their 
deposition in the skeleton [1]. In the marine envi­
ronment, in turn, macroalgae have been used as 
bio indicators for fission products or transuranium 
elements following fallout from nuclear detonation 
tests and releases from nuclear facilities [5,6].

Lanthanide ions are found in living organisms in 
trace amounts only, measured in ppb units [7]. Be­
cause of that they are considered not to play a sig-
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nificant biological role [8, 9]. However, similarity in 
the ionic radii of the trivalcnt REEs with those of
SpectIA

Wavenumbers
Fig.l.FT-IR spectra of the lanthanum glucuronate (upper spec­

trum) and glucuronic acid (lower spectrum).

calcium and sodium, in the charge density (Z/r) with 
magnesium or zinc, followed by the possibility of

spec tin

Wavenumbers
Fig.4. FT-IR spectra of the lanthanum galacturonate (upper spec­

trum) and galacturonic acid (lower spectrum).

probes in the various biological and medical exami­
nations [10, 11]. Finally, because of their chemical 
similarity, REEs may also act as substitution probes
SpectIR
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Fig.5. FT-IR spectra of the lanthanum galacturonate (upper spec­
trum) and galacturonic acid (lower spectrum).

Fig.2. FT-IR spectra of the lanthanum glucuronate (upper spec­
trum) and glucuronic acid (lower spectrum).

mutual isomorphous replacement, combined with 
the unique magnetic and spectroscopic properties of 
the REEs make them very informative substitution

for the actinides - especially for those radioactive 
elements available only in submicroquantities.

The study was initiated to extend the results 
obtained by the electronic absorption spectroscopy 
of the selected Divalent REE cations (ie. of La(III),

SpectinSpec 11A

Wove number-s

Fig.3. FT-IR spectra of the lanthanum glucuronate (upper spec­
trum) and glucuronic acid (lower spectrum).

Fig.6. FT-IR spectra of the lanthanum galacturonate (upper spec­
trum) ana galacturonic acid (lower spectrum).
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Ce(III), Pr(III), Nd(III), Gd(III) and Lu(III)) com­
plexes with mentioned above D-alduronic ligands 
[12]. FT-IR spectra were recorded with an IFS-113v 
vacuum spectrometer under the following condi­
tions: 2 cm"1 bandpass, 128 scans and 4-point (tra­
pezoidal) apodization. The solid samples were pel­
letized in KBr (about 1% of the acid or studied 
complex).

Results and discussion
The Fourier-transform infrared spectra of D-glu- 

curonic acid, D-galacturonic acid and their lanthan­
um salts have been recorded in the region of 
4,000-150 cm"1. It can be seen, that spectra of the 
lanthanum-uronic acid salts are substantially differ­
ent from those of the corresponding free acids. The 
spectra of these salts are covered by the strong and 
broad absorption bands related mainly to the OH, 
CO2, CO stretching and COH bending vibrations, 
which overlap several other fine and sharp sugar 
absorption bands. The coordination involves two 
uronic acid anions, each binding through C(6) and 
C(6’) carboxyl oxygen atoms and C(5) ring oxygen 
atom, as well as several water molecules resulting to 
the usual coordination geometry around the REE 
cation [12]. The main feature of the spectra re­
levant to the following discussion are given in Table 
and Figs 1-6.

On the basis of the comparison made for the 
obtained already stability constants [12] with the 
FT-IR spectra and literature data concerning NMR 
investigation of the Ln3+ - alduronic acid systems, 
the following points may be emphasized:
- The strong intermolecular sugar hydrogen bond­

ing network is rearranged upon the complex 
formation.

- The 1:1 Ln3+-D-galacturonate complex stability 
constants are greater than these for D-glucu- 
ronate. In the contrary, for 1:2 complexation only 
the light lanthanides (ions of the greatest radii) 
are favourably complexed by the D-galacturo­
nic acid. This phenomenon was explained in 
terms of the steric hindrance of C(4) hydroxyl 
groups.

- The 1:1 complexation is effectuated simulta­
neously by the C(6) and C(6’) carboxylic oxygen 
atoms as well as by ring C(5) oxygen atom. It is 
in certain degree supplemented by the C(4) hy­

droxyl groups. The 1:2 complexes, in turn, are 
formed only by two fully ionized acid anions 
through C(6) and C(6’) oxygen atoms of carboxyl 
groups only.

- The Fourier-transform infrared spectra recorded 
for the both D-alduronic acids and their lan- 
thanum(III) crystalline salts in the region of 
4,000-150 cm"1 support the mentioned above 
conclusions. Furthermore, presence of a weak 
absorption band at about 870 cm"1 in the spec­
trum of free galacturonic acid, as well as of both 
investigated salts, may be related to the a-ano- 
mer conformation. Appearence of the band at 
822 cm"1 in the spectrum of free galacturonic 
acid suggests, that mentioned above commer­
cial sample of the acid must be treated as a mix­
ture of both anomers.
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IONIC RADII. EFFECT OF SHELL RADIUS, CATION CHARGE 
AND LONE ELECTRON PAIR

S. Siekierski

Radii of ions, r, [1], were compared with radii of 
their outermost orbitals, <rni> [2]. It has been 
found that for s and p block elements in the oxi­
dation state equal to the Group valence, r; is a 
linear function of <rni> and for a constant value 
of <rni> decreases with increasing formal charge 
of the cation (Fig.l). For p block elements in the

oxidation state two below Group valence the 
difference r, - <rni> exhibits a saw-tooth be­
haviour (Fig.2), i.e. secondary periodicity, simi­
lar to that in stability of oxidation states [3]. The 
saw-tooth behaviour in the radii suggests that 
the lone pair acquires some s character between 
the 3-rd and 4-th Period, and becomes essentially
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Fig.l.The ionic radius as a function of the radius of the outer­
most shell. The oxidation state is equal to the Group 
valence. The full point denotes the ionic radius of Cu(l + ).

an s2 pair in Tl(l+), Pb(2+), Bi(3+), and 
Po(4+). The radii of Lr(l+), 104(4+) and 
105(5+) have been estimated from linear rela-

Period
Fig.2.Variation in the difference ri - <r(n-l)l>. The oxidation 

state is two below the Group valence. Full circles denote 
values estimated from the saw-tooth behaviour.

tionships between r, and <rnj> and those of 
Al(l+), Ga(l+), In(l+) and Si(2+) from the 
saw-tooth pattern.
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REGULAR AND "INVERSE" TETRAD EFFECT

T. Mioduski

The potentiometric data of Sawada et al. [1] for 
protonation of the lanthanide nitrilotris(methyle- 
nephosphonic) (Ln(ntmp)aq) are plotted in Fig., 
as confronted with the present author's potentiome­
tric data [2] for protonation and hydroxo-complexa- 
tion of the Ln(dcta)^ chelates, where dcta denotes 
trans-1,2-diaminocyclohexanetetraacetic acid.

The "regular" [1] and "inverse" [2] tetrad effect 
must be interpreted [2-4] in terms of the opposite 
coordination number (CN) change of the Ln(IIl) 
central ions in result of protonation. For pro­
tonation in the dcta system, the following equilibria 
are valid:

(H20)mLn(dcta)^q + H(OH2)n (*)
(H20)m+iHLn(dcta)aq + (n-l)H2D

Presumably m-3 in the La-Sm range and m=2 
in the Dy-Lu range of the Ln series, and the "in­
verse" tetrad effect is observed in the -RT Ain K vs. 
q variations given in Fig. For protonation in the 
ntmp system the following equilibria are held:

(H20)mLn{N[CH2P(0)2(0)]3}|q + H(OH2)^ (2)

o (H20)mLn{3[(0)(0)2PCH2]NH}iq + nH2D

In eq. (2) presumably m-3, at least for Y(III) 
and heavy lanthanides of the yttrium group. It 
results in the "regular" direction of the tetrad effect 
as presented in Fig., and the tetrad destabilization

e 9 10 11 12 13 V.0 i

La Ce Pr Nd Pm Sm Eu Gd To Dy Ho Er Tm Yb Lu

Fig. Gibbs energy variations for the Ln(ntmp)^' fo), Ln(dcta)' 
(upper cu.rve; full circles) and (HO)Ln(dcta)^' (A) systems 
vs. number of f-electrons q, total orbital quantum number L 
and ground terms of lanthanides, at imprecision of ±0.17 
kJ/mol.



56
RADIOCHEMISTRY, STABLE ISOTOPES,

NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL

of the protonated complexes. The destabilization is 
caused by a decrease in CN by 1 due to protonation 
of the nitrogen donor and the Ln-N bond broken. 
The decrease in CN is most likely from 7 to 6 for 
the heavy lanthanides. This decreased CN is ac­
companied by shortened bonds in the protonated 
complexes and by an increase in overlap integrals 
between the buried 4f-subshell with a small average 
radius <r^> and the ligand orbitals, viz. the % 
and Wim eigenfunctions. Quasi-holmium behaviour 
of Sc(III) in the ntmp system must be explained [2] 
by an increase in CN of Sc by 1, as for lanthanides 
in the dcta system, in result of protonation. For 
scandium CN probably increases from 5 to 6 for the 
protonated Sc(III) complex:

(H20)mSc{3[(0)(0)2PCH2]N}|q + H(OH2)£ (3)

° (H20)m+lHSc{3[(0)(0)2PCH2]N}!q + (n-l)H2Q 

This increase by 1 in CN of Sc is accompanied by 
the decrease by 1 in CN of the Ln(III) ions, as 
specified by eq. (2), producing quasi-holmium/yttr- 
ium behaviour of Sc(III) [2],

Correlations between the tetrad effect, CN, ef­
fective crystal radii, covalent shortenings, nephelau-

xetic effect, ligand field effect, spin-orbit coupling, 
hydration and reactivity are developed in detail in 
[4]. In an up-to-date look at the tetrad effect [4], it 
is indicated that the SO-coupling stabilization en­
ergy, although of similar absolute value to the in- 
terelectronic repulsion stabilization energy for the 
5f-subshell filled in 1/4 and 3/4, is negligible as far 
as the resultant tetrad effect is concerned. On the 
other hand, the minute ligand field stabilization 
energy, as very sensitive to the CN changes, slightly 
increases the tetrad effect for the f-subshell filled in 
1/4 and 3/4.
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SPECIATION OF CHROMIUM IN NATURAL WATERS 
BY SEPARATION AND PRECONCENTRATION 

ON A PYROLLIDINEDITHIOCARBAMATE LOADED RESIN FOLLOWED 
BY GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROMETRY (GF AAS)

J. Chwastowska, W. Zmijewska, E. Sterlinska

In the aquatic environment dissolved chromium oc­
curs in two oxidation states Cr(VI) and Cr(III). 
Since chromium (VI) is highly toxic it is of impor­
tance not only to determine the total chromium 
content but also the content of Cr(VI).

Speciation of chromium can be achieved by various 
methods, however only few of them permit its direct 
speciation. Generally methods of chromium specia­
tion combine some separation and preconcentration 
steps (extraction, coprecipitation, ion-exchange, com 
plexation followed by sorption) with a sensitive ins­
trumental technique, most often GF ASS.

In this work a chelating sorbent - ammonium 
pyrollidinedithiocarbamate (APDC) loaded Bio 
Beads SM-7 resin has been proposed for the 
separation and preconcentration of Cr(VI) from 
natural waters prior to its determination by GF 
AAS. Contrary to sorbents containing dithiocarba- 
mate groups obtained by synthesis, this sorbent is 
obtained by direct deposition of the reagent on the 
resin. A sorbent of this type-diethylammoniumdi- 
ethylditiocarbamate loaded polyurethane foam was 
obtained by Braun and co-workers [1] and applied 
to the preconcentration of inorganic and organic 
mercury species from natural waters.

The sorbent-APDC loaded resin was prepared by 
shaking 100 ml of 0.01 M APDC solution in carbon 
tetrachloride with 4 g of Bio Beads SM-7 resin 
(20-50 mesh) for 1 h.

Sorption of Cr(VI) on the sorbent from solutions 
of various pH (1-9) was examined using the radio- 
tracer 51Cr(VI). The maximum sorption efficiency 
takes place in the pH range 3-4. Consequently further 
experiments were carried out at pH 3.5 ±0.2.

The effects of the following parameters on the 
sorption efficiency of Cr(VI) were examined:
- shaking time (5 min-1 h),
- sample volume (25-200 ml),
- amount of the sorbent (0.3-1 g).

It has been found that the sorption equilibrium 
is attained within 15 min. The sorption efficiency 
decreases with increasing volume of the sample and 
increases with increasing amount of the sorbent.

On the basis of the above experiments the fol­
lowing conditions for the separation and pre­
concentration of Cr(VI) were established: sample 
volume v=100 ml, amount of the sorbent - 1 g, 
shaking time ts=l h.

Under the above conditions Cr(III) is not re­
tained on the sorbent.

Desorption of chromium from the sorbent is 
carried out by decomposition of the reagent with 
concentrated nitric acid (the sorbent is placed in a 
small column and allowed to react with 2 ml of the 
acid for 30 min). The desorption efficiency is 97%.

The determination of chromium is carried out 
directly in the solution after desorption (diluted 
with water to 10 ml) by GF AAS.
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The sorption efficiency of Cr(VI) from a syn­
thetic water sample (of a composition similar to 
that of soft waters) with the additions of heavy 
metals was examined. EDTA was used to eliminate 
the effect of heavy metals. The sorption efficiency 
of Cr(VI) from the synthetic water solution was 
65% for v=100 ml, 1 g of the sorbent and ts=l h. 
The same value of sorption efficiency was obtained 
for v=25 ml, 0.3 g of the sorbent and ts=30 min.

In order to verify the elaborated method of sep­
aration and preconcentration of Cr(VI) samples of 
the synthetic water with additions of Cr(VI) and 
Cr(III) at various Cr(VI)/Cr(III) ratios (0.1-10) 
were analysed. The results are presented in Table 1. 
It follows from Table 1 that the recovery of Cr(VI) 
is good.
Table 1. Recovery of Cr(VI) from synthetic water containing 

heavy metals (h.m.) and Cr(III).
v=25 ml, 0.3 g of the sorbent, pH=3.5, 4 mg EDTA, 
Is=30 min, h.m.(ug4: Zn-100, Pb, Ni, Co, Cu-50, Cd-10.

Ratio
Cr(VI)/Cr(III)

r

Determined*
N

Recovery**
[%]

1:1 Cr (VI) 5
Cr (III) 5

4.9 98

1:10 Cr (VI) 5 
Cr(III) 50

5.2 104

10:1 Cr (VI) 10 
Cr (III) 1

9.7 zzd
•By AAS with flame atomization.
**Corrected for sorption efficiency.

The sorbent was applied to the speciation of 
Cr(VI) in tap water. Cr(VI) was determined in sam­
ples of tap water without and with additions of

known amounts of Cr(VI). The determination was 
carried out by GF AAS. The content of total 
chromium was determined as well (after 10-fold 
preconcentration by evaporation). The results are 
given in Table 2. It follows from Table 2 that the 
amounts of Cr(VI) recovered from the samples, to 
which known amounts Cr(VI) had been added, 
agree well with the amounts added (after subtrac­
tion of the original content in the examined water), 
which indicates no systematic error.
Table 2. Results of analysis of tap water.

Cr total Cr(VI)
yg/l]

Determined Determined Added Determined Calculated
A B A+B (A+B)-A

0.40

0.45 0.40
0.27
0.37

x =0.36 
±0.062

0.80 1.21 0.41
0.80 1.26 0.46
0.80 1.11 0.31

x =1.19 x =0.39
±0.076 ±0.076

The obtained content of total Cr in the examined 
tap water (0.36 ftg/l) is much lower than the ad­
missible value for drinking water (50 ^g/1). About 
80% of the chromium exists as Cr(VI).
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A STUDY ON THE EFFECT OF COLUMN OVERLOADING AND ITS INFLUENCE 
ON THE QUALITY OF ANALYTICAL RESULTS 

WHEN DETERMINING SIMPLE ANIONS BY ION CHROMATOGRAPHY

K. Kulisa, R. Dybczyriski, H. Polkowska-Motrenko

Ion chromatography is known as a modern, fast and 
selective method of simultaneous determination of 
many ionic species in aqueous solutions on ppm 
(mg/1) and even ppb (jug/l) level [1], In analytical 
practice, the necessity of determination of trace 
quantities of ionic species in the presence of 
macro-quantities of other ions frequently occurs. The 
presence of high concentrations of certain ions may 
be the reason of column overloading, leading to 
deformation of the results of analyses. There are no 
data concerning this problem in the available 
literature. Determination of concentration limits for 
all ions and column types is a very important factor 
influencing the accuracy of analyses. A commercially 
available ion chromatograph Dionex 2000i/SP and 
several analytical anion-exchange columns Ion Pac 
AS4A, ASS, AS9SC and Fast Anion-1 were used in 
this study. Analytical columns AS4A, ASS and 
AS9SC were connected with guard columns (AG4A 
AGS and AG9SC, respectively). All the columns 
were filled with new type "agglomerated" ion ex­

change resins of low ion-exchange capacity and the 
structure enabling high velocity of ion exchange 
reaction, so that the chromatograms of complicated 
ionic mixtures could be obtained in several minutes. 
The chromatograph was equipped with anion 
micromembrane suppressor AMMS-1 regenerated 
with solution of 0.025 M H2SO4, a Dionex 
conductivity detector CDM-II and an UV/VIS 
variable wavelength Detector VDM II. The signals 
from the detectors were processed using a computer 
program Labtech Chrom. A sodium carbonate - bi­
carbonate solutions NaHCOs/Na2C03 of different 
concentrations for each column (AS4A - 0.5 mM 
NaHCG3/1.3 mM Na2C03, ASS, AS9SC - 1.7 mM 
NaHCOs/l.S mM Na2CC>3, Fast Anion-1 - 0.15 mM 
NaHCC>3/2.0 mM Na2CG3) were used as a mobile 
phase.

The chromatograms were obtained for each of 
the investigated columns as a function of an anion 
being a macro-constituent. 3 series of solutions 
each consisting of 3 anions, where two were of fixed
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concentrations (trace level) and the concentration 
of the third one was changeable in a rather broad 
range, were studied.
Series 1-0-5 mg/1, NO3 -10 mg/1, SOj“ changing 
concentration 10,30,50,100,150,200,300 and 500 mg/1. 
Series 2-0-5 mg/1, SOS- -15 mg/1, NO3 changing 
concentration 10,20,40,100,150,200,300 and 500 mg/1. 
Series 3 - NO3 -10 mg/1, SO?” -15 mg/1,0 changing 
concentration 5,10,15,20,50,100,300 and 500 mg/1.

Cf • 5 .nfl/l

------7- r  T------- 1——7-------,------- ,------- 1-------T
0 50 100 180 200 230 300 350 400 450 500

concentration of SO?' fmg/l]

Fig. 1. Peak area - column AS9SC.

On the basis of this study the basic characteristics 
of chromatographic process as: peak area, retention 
time, column efficiency and peak shape parameters

18t---------:---------- ------------------------------------------------- -----------

°0 50 1CkT~150 200 250 300 353 400 450~ 500

concentration of SO*- [mg/l]

Fig.2. Retention time (min) - column AS9SC.

were calculated as a function of macro-constituent 
concentration in the analyzed solution for each 
column and for each of the investigated anions. 
Examples of typical changes of peak area and reten­
tion time as a junction of macro-constituent concen­
tration are shown in Figs 1 and 2. It follows from 
these results that for all the investigated columns, 
limits of concentration values where the linearity of 
calibration curves and the stability of retention times 
for macro-constituent were maintained are: for Cl - 
0.84 meq./l (30 mg/l), for NO3 - 0.64 meq./l (40 mg/l) 
and for SO?- -1.04 meq./l (50 mg/l). The influence of 
macro-constituent concentration on peak areas and 
retention times of trace ions was observed only above 
the macro-constituent concentration values of ca. 150 
mg/l (4.2 meq./l for Cl", 2.4 meq./l for NO3 and 3.12 
meq./l for SO^~ respectively). Above these values of 
concentration one can observe changes of retention 
times of all anions which in the case of analyses of real

samples may cause difficulties in identification of the 
species. Non-linearity of characteristics of peak areas

cr - 5 ma/l

50 100 150 200 250 300 350 400 450 500
concentration of SO*' [mg/l]

Fig.3. Tailing factor - column AS9SC.

as a function of anion concentration is a source of 
errors in quantitative determinations. When analyz­
ing real samples, their dilution to the above men­
tioned anion concentration values is necessary.

The shape of peak may also have influence on 
precision and accuracy of the determinations. An

2000-

1000-

50 100 150 200 250 300 350 400 450 500
Concentration of 80*'[mg/)j

Fig.4. Number of theoretical plates - column AS9SC.

example of the changes of tailing factors of chro­
matographic peaks as a function of macro-anion con­
centration is shown in Fig.3. The characteristics of 
theoretical plate number of the column as a function 
of anion concentration is shown in Fig.4 [2], These 
parameters strongly depend on the concentration of 
macro-constituent both for macro- and trace anions. 
The symmetry of the peaks is the best and column 
efficiency is the highest when the concentration of 
macro-constituent is low and decrease along with 
increasing concentration. Decreasing of column 
efficiency values is slow at the beginning and becomes 
very pronounced above the limits of concentrations of 
macro-constituents mentioned previously.

To summarize: the admissible values of concen­
trations of anions determined in this study are the 
limiting values from the point of view of column 
efficiency parameters as well as characteristics of 
chromatographic peaks. When analyzing the real 
samples cave must be taken not to exceed the limit­
ing concentration values of the most abundant con­
stituent. It is one of the main conditions to obtain 
precise and accurate results of analysis.
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DEVISING OF THE METHOD FOR THE DETERMINATION PL9700820
OF SMALL AND VERY SMALL AMOUNTS OF CADMIUM 

IN BIOLOGICAL MATERIALS BY RADIOCHEMICAL VERSION 
OF NEUTRON ACTIVATION ANALYSIS

Z. Samczynski, R. Dybczyriski

Accurate determination of cadmium in biological 
materials is of great importance due to its toxic 
properties, still growing concentration level of this metal 
in biosphere, and its tendency to accumulation in human 
body mainly in kidneys [1]. Neutron activation analysis 
because of its favourable detection limits as well as 
minimization of the problem of blank, seems to be a 
logical method of choice for the determination of trace 
amounts of Cd. The method for cadmium determination 
by radiochemical NAA using amphoteric ion exchange 
resin Retardion 11A8 intended especially for bioma­
terials of very low cadmium content has been devised.

Retardion 11A8 belongs to the class of ampho­
teric ion exchangers. It contains both anionic 
strongly basic benzyltrimethylammonium groups 
and an equivalent amount of weakly acidic carbo- 
xylate groups [2], Depending on the composition of 
the external solution, elements existing as anions or 
anionic complexes can be taken up by the anion 
exchange groups, as well as those existing as cations 
or cationic complexes can be retained by the cation 
exchange groups. It seemed possible, that cadmium 
forming anionic chloride complexes in MCI solu­
tions and cationic amine complexes in NH3 solu­
tions [3] should be taken up both by cation and 
anion exchange groups exploiting cation and anion 
exchange functions of Retardion 11A8.

Ion exchange behaviour of cadmium and other 
elements in a wide range of concentrations of HC1

and NH3 was investigated by means of the batch 
equilibration technique. The results revealed, that 
in both systems there exist quite pronounced ranges 
of concentrations where cadmium shows high 
affinity towards the ion exchanger. The above 
conclusions were verified by column experiments 
using radioactive tracers. Cadmium is selectively 
retained on the column while passing 2 mol l"1 HC1 
and 1 mol V1 NH3 + 0.1 mol l"1 NH4CI solutions 
(Fig.), whereas the accompanying elements are 
practically completely eluted. Zinc showing similar 
properties like cadmium is also kept by the ion 
exchanger in the course of elution with the above 
eluents. For this reason, separation of both these 
elements is necessary. It was found that Zn can be 
effectively washed out with the solution of the 
composition: 0.05 mol l1 NH3 + 2.0 mol V1 
NH4CI, while Cd is still bound by the resin. The 
final stripping of cadmium was performed with 8 
mol l*1 NH3 + 1.0 mol l'1 NH4CI solution.

Determination of cadmium in biological ma­
terials by neutron activation analysis using Retar­
dion 11A8 for the selective separation of cadmium 
was already described previously [4], Separation of 
Cd from other radionuclides present in neutron 
irradiated biological materials as well as accuracy of 
analytical results were satisfactory. During long 
y-ray spectrometric measurements, however, trace 
amounts of several radionuclides were still ob-

6 M NH, +OOSW Wl, +2 M MCI 2 M MCI

Kb. C«, St, Me. Sb, Afl,

Le, r«, Cr, In, He, U,

Tk. Sb, Me

1 | i 1 1 1 | 1 I

effluent volume, drops 
(drop volume = 0.052 ml)

Fig. Ion exchange separation of cadmium from other elements by a stepwise elution. Column: 12.0 cm x 0.0707 cm^; Retardion HAS 
(23<0<46^m).
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Table. Results of cadmium determination in the certified reference materials.

Material
Certified value for Cd 

and its confidence limits 
[mg/kg]

Results of individual 
determinations 

[mg/kg]

Arithmetic mean* and 
its confidence limits 

(mg/kg]

Relative standard 
deviation

IAEAH-8
Horse Kidney

189 ±6 
(183-195)

186.4
191.6
191.2
187.2
182.7

187.8 ±4.6" 2.0

IAEA MA-M-2 
Mussel Tissue

1.32
(1.16-1.54)

1.45
1.48
1.54
1.54
1.60

1.52 ±0.07" 3.8

CTA-OTL-1 
Oriental Tobacco Leaves

1.12 ±0.12 
(1.00-1.24)

1.19
1.14
1.17
1.08
1.25

1.17 ±0.08"* 5.4

IAEA H-9
Human Diet

0.0315 ±0.0045 
(0.0270-0.0360)

0.0343
0.0354
0.0314
0.0304

0.0329 ± 0.0038" 7.2

IAEA H-4
Animal Muscle

0.0049 ±0.0010 
(0.0039-0.0059)

0.00521
0.00492
0.00566
0.00517
0.00460

0.00511 ±0.00049*" 7.7

* Results are presented as x ± to.05' yPjp where: x - arithmetic mean, s - standard deviation, to.05 - parameter of Student’s distri­
bution for significance level of a=0.05 and n-1 degrees of freedom, n - number of determinations.
* * Analytical results obtained using the former version of the method [4].
*** Analytical results obtained using the improved version of the method.

served in the y-ray spectrum of the cadmium frac­
tion. In the improved version of the method, pre­
sented in this paper the main effort was directed 
towards the demonstration of possibilities of inter­
ference free cadmium determination in biological 
materials of low level Cd content.

Samples of biological materials and Cd standards 
were irradiated in the EWA nuclear reactor 
(neutron flux - 8-1013 n cm'V1, activation time - 
16-48 hrs). After 3-5 days of cooling the materials 
were mineralized with HNO3+HCIO4 mixture 
(1 + 1). The next step was the removing of SiO% by 
means of HF and evaporation to dryness. The re­
sidue was afterwards dissolved in 2 mol V1 HC1 and 
transferred quantitatively onto the top of Retar- 
dion 11A8 column (15 cm x 0.126 cm2, particle size 
- 23-46 //m). Then the ion exchange procedure was 
performed in the way described above (Fig.). The 
elaborated method was used for the determination 
of Cd in two biological certified reference materials 
i.e. IAEA H-4 Animal Muscle [5] and CTA-OTL-1 
Oriental Tobacco Leaves [6]. Because of low Cd 
content in first of the two materials, long y-ray 
counting times of 60000 s and more had to be 
employed. The modification of the ion exchange 
separation scheme raised the selectivity of Cd 
isolation still keeping intact the 100% yield of the 
analyte (average 99.8% ±0.4% recovery in the 
cadmium fraction as determined in tracer experi­
ments). Decontamination factors established for 
several selected elements were as follows: Na and 
So 10*, Co and Sb>105, Mo«104, Zn«103. 
Gamma-ray spectrum of the cadmium fraction was 
practically free from other activities. The detection

limit calculated according to Rogers [7] amounted 
to 0.5 ug/kg (sample weight -100 mg, neutron flux - 
8 1013 n cm'V1, activation time - 48 hrs, cooling 
time - 7 days, measurement time - 72000 s). The 
residual blank resulting from the canning material 
was practically zero. The analytical results of cadm­
ium determination in the above mentioned ma­
terials together with those obtained in the previous 
work [4] are listed in Table.

One can easily note a very good accuracy and 
precision of the method demonstrated over the 
concentration range from single ppbs up to hund­
reds of ppms. It is worth stressing, that the ob­
served increase of relative standard deviation from 
2% in Horse Kidney to 7.7% in Animal Muscle is 
surprisingly small considering, that the corres­
ponding decrease in the concentration of the 
analyte amounts nearly five orders of magnitude.
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MECHANISM OF THE CHLORIDE ION EFFECTS 
ON THE ANALYTICAL SIGNAL OF SELENIUM MODIFIED BY PALLADIUM 

IN GRAPHITE FURNACE ATOMIC ABSORPTION SPECTROMETRY

L. Pszonicki, W. Skwara

Selenium is an important element in humans and 
its determination at trace levels in various matrices, 
such as environmental materials and biological 
fluids, is of significance. However, it belongs to the 
troublesome trace elements to analyse owing to the 
volatility of its compounds. One of the methods 
most commonly used for its determination is the 
electrothermal atomic absorption spectrometry 
(ET AAS). In this method the losses of analyte in 
the early stages of the analytical process, such as 
drying and pyrolysing of the sample, can be avoided 
by the use of proper chemical modifiers. The modi­
fiers most frequently used in the determination of 
selenium are nitrates of nickel, copper and pallad­
ium [1]. The last one found application in the deter­
mination of many elements [2]. Therefore it is con­
sidered as a very versatile and becomes more and 
more popular.

The palladium modifier is used in the selenium 
determination either alone or in a mixture with 
various additions [3], particularly, with magnesium 
[1, 2]. These additions are used mainly for the eli­
mination of the interference effect of the chloride 
ion as reported by many authors [4-6]. Although 
the processes in the graphite tube during atomiza­
tion are rather complex some propositions of the 
mechanism responsible for the chloride interfer­
ences may be found [4, 5]. However, they do not 
explain all the observed phenomena and the prob­
lem requires further investigations.

Up to now the effect of the thermally stable 
chlorides, particularly of sodium and potassium 
chlorides, was investigated as a common effect of 
chloride ions and associated metal ions. In our 
investigations the chloride ions were introduced to 
the sample in the form of hydrochloric acid. It was 
found that for the samples dissolved directly in 
hydrochloric acid the analytical signals obtained in 
the presence of palladium chloride is equal to that 
measured for samples in nitric acid when palladium 
is also in the nitrate form. This indicates that there 
is no direct effect of chloride ions. The situation 
changes dramatically when even a small amount of 
hydrochloric acid is added to the sample in nitric 
acid. The selenium signal is suppressed to about 
20%, sometimes to about 0%, of its value. A similar

effect is observed when some amount of nitric acid 
is added to the sample in hydrochloric acid. Such a 
very strong suppression may be caused only by the 
losses of analyte in the presence of the mixture of 
nitric and chloride ions in the acidic medium. The 
detailed examination of this phenomenon indicates 
that the losses occur already during the drying at 
the early stage of the pyrolysis phase. It may be 
explained by the activity of the free chlorine atoms 
evolved from the mixture of nitric and hydrochloric 
acids. Chlorine can form with selenium some com­
pounds which are not formed in the presence of 
hydrochloric acid and which are volatile in the tem­
perature range 100-200°C, e.g. SeOClz or Se2Cl2- 

A similar suppression effect is observed when 
ferric chloride is added to a sample dissolved in 
hydrochloric acid. However in this case the losses 
of selenium occur during pyrolysis phase above 
300°C. It corresponds to the decomposition tem­
perature of FeClg (315°C). Chlorides decomposing 
in higher temperatures do not give such suppress­
ion effects. This confirms the hypothesis that the 
suppression of selenium signal in the presence of 
the palladium modifier is caused not by the chlo­
ride ions in the direct way but by the evolved free 
chlorine atoms which can be produced during 
drying and pyrolysis of the mixture of nitrites and 
chlorides in the acidic medium or by pyrolysis of 
the easy decomposing chlorides.

The discussed suppression effect may be eli­
minated by the addition to the sample easy decom­
posing nitrates of alkali or alkaline earth metals 
since their oxides neutralize the evolved chlorine. 
Magnesium nitrate is particularly suitable because 
of its very low decomposition temperature.
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SOL-GEL FOR PREPARATION OF YBa2Cu408 PRECURSORS 
FROM BY COMPLEX SOL-GEL PROCESS (CSGP)

A. Deptuta, W. Lada, T. Olczak, K.C. Goretta1^
^Energy Technology Division, Argonne National Laboratory, USA

Numerous papers have covered preparation of the few have been devoted to synthesis of the 
YBa2Cu30x (123) phase by sol-gel processes; only a YBa2Cu40g (124) phase by this method. For
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example, S. Sakka et al. [1] modified their 
ammonia-acetate by addition of tartaric acid. In the 
present work a modified acetate-ammonia sol-gel 
process, used by the present authors for 123 pre­
paration [2], to prepare 124 precursors. The modi­
fication, which we called CSGP, consists in intro­
ducing a strong complexing agent - ascorbic acid 
(ASC) - which exhibits additionally a strong reduc­
ing character to the acetate sol. In our previous 
studies [3, 4] we have proved that during synthesis 
of (Bi,Pb)2Sr2Ca2Cu30x precursors, this additive 
promotes formation of homogeneous gels that can

be calcined in air directly, without melting to car­
bonate-free ceramics.

A schematic diagram of the preparation of ace­
tate (AC) and acetate-ascorbate (ASC) sols is 
shown in Fig.l.

Addition of a strong reducer as ascorbic acid to 
blue AC sols changes the colour to black, charac­
teristic of the presence of Cu1+. Also the shard and 
coatings obtained by evaporation of volatiles re­
tained the colours.

The thermal analyses of ground AC and ASC 
gels are shown in Fig.2.

Fig.l.Method for preparation of YBCO 124 precursor?,.



RADIOCHEMISTRY, STABLE ISOTOPES,
NUCLEAR ANALYTICAL METHODS, CHEMISTRY IN GENERAL 63

</> 30

600 800

Fig.2. Thermal analysis of YBCO 124 AC and ASC gels dried at 100°C for 12 days.

In the AC gels, the thermal transformations are 
very distinct. The first endotherm at approximately 
300°C, is accompanied by drastic mass loss, pre­
sumably from volatiles and chemically combined 
water. The last sharp exotherm connected with oxi­
dation of organics, has a maximum at approxi­
mately 500°C. The mass of the AC sample is cons­
tant from 500 to 930°C. Thermal decomposition of 
ASC gels is more complex. After a broad endo­
therm at approximately 150°C, which is associated 
with a relatively small mass loss, several broad

After drying at 100°C the ASC gel is perfectly 
amorphous, in contrast to the AC gel in which 
crystalline acetates are observed. The amorphous 
nature of the ASC gels, in which a strong bidentate 
network of ascorbic anions is present, seems to be 
responsible for the strong bonding of volatiles and 
the concomitant prolonged thermal decomposition. 
The amorphous character of the ASC gels appears 
to be responsible for better quality of coatings 
prepared by a dipping technique [4] on glass and 
silver substrates (Fig.4).

2 0 28 
(+) BaCOg, Ca (o), Y (a) oxides

Fig.3.XRD patterns of YBCO 124 AC and ASC gels dried at 100°C 12 days and calcined at 450°C for 4 h.

exotherms accompanied by continuous mass losses 
are observed. The total mass loss for ASC gels was 
10% higher than for the AC gels because of higher 
organic content. At high temperatures, small drops 
in the TGA indicate reduction of Cu species, and 
loss of oxygen. The differences between the AC and 
ASC gels appear to be connected with the extent to 
which they are amorphous (Fig.3).

The thickness of the 124 coatings varied from 40 
to 20 (jl\n and decreases with the amount of ethanol 
added to the sols and with increased withdrawal 
rate. In all the cases, it has been confirmed [4] that 
the addition of ethanol to sols facilitates the forma­
tion of uniform coatings.

In contrast to the AC system, gelation of ASC 
sol emulsions in 2-ethylhexanol-l by extraction of
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Fig.4. Photomicrographs of coatings of YBCO 124 AC and ASC gels on glass or Ag substrates.

water (IChTJ process) to spherical particles, proved 
to be unsuccessful (Fig.l). A possible reason for 
this is the strong bonding of water to the ASC gel, 
as reported above.

After calcination of both gels at 450°C for 4 h the 
CO3 contents were 22 and 19.5% for AC and ASC, 
respectively. This suggests that some of the carbo­
nates are combined with copper, also because if all of 
the barium were combined as BaCOg, the CO3 
content should be 14.3%. Lack of the XRD patterns 
corresponding to copper carbonates (Fig.3) indicates 
that they are still in amorphous state.

In contrast to B^S^CaO^O* and 
(Bi,Pb)2Sr2Ca2Cu30x ascorbate gels [2, 3] only small 
reduction of CO3 content is observed for ascorbate 
gel as compared to acetate gels. However, addition of 
ascorbic acid results in the formation of more homo­
geneous and amorphous gels, which confirms the

observation of S. Sakka et al. [1] who noted a similar 
effect in the presence of tartaric add.
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RETENTION OF SODIUM ON HYDRATED ANTIMONY PENTOXIDE 
MICROSPHERES (DIAMETER <20/tm)

PREPARED BY SOL-GEL PROCESS

A. Deptuia, W, Zmijewska, W. Lada, T. Olczak

E. Girardi and E. Sabbioni [1] have found that 
hydrated antimony pentoxide (HAP) can be used as a 
sorbent for the retention of sodium with excellent 
selectivity. They prepared irregularly shaped powders

by hydrolysis of SbCls with water. After calcination 
at 270°C they used selected fraction of 100-300 fim. 
The objective of the present work was the prepara­
tion (HAP) in the form of microspheres, using the
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IChTJ sol-gel process [2]. We believed that the 
spherical shape of HAP particles will improve the 
mechanical resistance, decrease of the hydraulic re­
sistance and consequently facilitate practical use of 
HAP as a sorbent for retention of sodium.

Antimony pentoxide sol was prepared by pep­
tization at 95°C of fresh precipitate obtained by 
hydrolysis of SbCls with water. The conditions of 
the precipitation of hydrated antimony pentoxide, 
its peptization as well as properties of the sols are

The untreated gel had a maximum capacity of 12 
mg Na/g Sb20s 4 H2O. After treatment the capacity 
increased to 16 or even >18 mg Na/g for boiling 
procedures. In dynamic conditions the retention 
capacity is even higher - 23 mg Na/g. In order to 
elucidate the differences in the sorption capacity of 
the samples from Table 1 physicochemical studies 
were carried out.

The thermal analysis and XRD patterns of the 
samples are very similar, corresponding to the com-

Table 1. Precipitation of hydrated antimony pentoxide and its peptization at 95°C.

No. of sol
Precipitation conditions Sol properties

temperature
[°C]

antimony losses 
[%}

concentration
[M]

Cl/Sb
molar ratio

viscosity
[cStl pH

1 3 65 0.7 0.45 1.8 1.8
2 20 40 0.9 0.04 12.0 1.5
3 30 55 0.7 0.34 6.0 H 1

shown in Table 1. The peptization was carried out 
using only a small addition of water (<5%).

Then the sol emulsion in 2-ethylhexanol-l (EH) 
was formed. The emulsion drops by extraction of

Fig. 1. Microspheres of HAP.

water with partially dehydrated EH according [2] to 
the nearly perfect microspheres (Fig.l).
Table 2. Retention capacity of HAP for sodium.

Sample Treatment mg Na/g 
Sb%05 4 H2O

Retention
conditions

0 no 12 static

1 3M HNO3, 3 days,
20°C 16 static

2 3M HNO3,15 min,
boil p 18 static

3 NH4OH aq, 15 min, 19 static
boil p 23 dynamic

4 water, 15 min, boil p 18 static

The obtained gels, after washing with acetone, 
were leached with water, concentrated NH4OH or 
3M HNO3, washed from NHf, NO3 ions and dried 
in the ambient conditions to constant weight. These 
operations were carried out on the basis of [3] 
where their positive effect on catalysts activity was 
observed. After washing with acetone the powders 
were leached. The conditions of the treatment as 
well as the retention (studied under static and 
dynamic conditions using the radionuclide ^Na in 
6M HC1) capacity of the HAP samples are shown in 
Table 2.

position Sb20$ 4 H2O. Also the IR spectra (Fig.2) 
of all the samples are similar, except for sample no. 
3 where the band d as NH-t 1405 cm'1, charac­
teristic of ammonia adsorbed on e g. Sb^O^ [4], is 
observed.

wo|---- izool----- SoT"
WAVENUMBER [cm']

Fig.2. Infrared spectra of HAP samples.

Because this sample shows the best sorption 
properties it seems that the presence of ammonia is 
a positive factor for the sodium retention.

The untreated sample (no. 0) has worse reten­
tion capacity. The results of the physico-chemical 
studies have not shown essential differences in the 
structure and composition (except for HAP no. 3). 
Consequently the positive effect of leaching can be 
interpreted as changes of physical properties of the 
grains (e.g. surface). Another possible reason can 
be the presence of traces (non detectable by the 
employed methods) of organics in the untreated 
sample, originating from the solvent used in the 
process.
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The obtained microspheres have two principal 
advantages over a similar fraction of irregularly 
shaped powders:
- lower hydraulic resistance,
- higher stability - no repeptization phenomena 

were observed.
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SINTERING OF ZrOz-CaO, Z1O2-Y2O3 AND Zr02-Ce02 SPHERICAL POWDERS 
PREPARED BY IChTJ SOL-GEL PROCESS

A. Deptuta, M. Carewska1/, T. OIczak, W. Lada 
1/C.R.E. Casaccia, ENEA, Rome, Italy PL9700822

Calcia, yttria or ceria stabilized ZrO% solid solutions 
are one of the most extensively studied systems due 
to many practical applications. One of the most 
promising methods of their preparation is the sol-gel 
processing. These powders were fabricated by the 
continuous IChTJ sol-gel process (Fig.l) described in 
detail in [1, 2] mainly for preparation of coatings by 
plasma spraying technique.

ZrC>2l+nitrate orl 
chloride, AQ.__ j

EXTRACTION
OFANIONSACC.111

Ca2+orY3+orCe4+ 
respective salts, AQ.->

1

zirconia sol

*,------------ *------ 1
1 BLENDING |

doped zirconia sol
V

GELATION BY H20 EXTRACTION, 
FILTRATION AND WASHING 

WITH ETHANOLIUI

doped zirconia microsphem (A)*

i,usTOiimc~1 <-nh4oh
doped zirconia 
microspheres (OH)**

_____ I__ ___
CALCINATION

JL_............... .....
CALCINATION

SPHERICAL POWDERS OF ZrOpCaO, Zr0TY203 
ANDZrOrC*02 (DIAMETERS 1-100(m$

Fig.l.Flow-sheet of the sol-gel process for preparation of doped 
zirconia microspheres. * - (A) powders derived from 
anion-containing gels, ** - (OH) powders derived from 
OH "-containing gels.

However in this paper, we describe systematic 
studies on sinterability at 1700°C of the green com­
pacts pressed under 3000 kg/cm2 from spherical 
powders (Fig.2) of doped zirconia microspheres.

The chemical composition of the gels, dried at 
150°C, is shown in Table 1.

Table 1. Chemical composition of doped zirconia gels, dried at 
150°C.

No. Dopant-anion* Dopant**
m/o

Anion/% Me 
molar ratio %C

1 CaO-NOi 7.7 0.7 1.1
2 CaO-OH (NO3) 8.0 -

3 CaO-Cl 18.6 1.0 0.6
4 CaO-OH (Cl) 19.0 0.8
5 Y2O3-NO3 4.1 0.8 1.5
6 Y2O3-OH (NO*) 4.0 - 1.3
7 Y2O3-CI 6.0 1.2
8 Y2O3-OH (Cl) 5.9 -

9 Ce02-N03 13.3 0.5 1.9
10 CeG2-OH (NO3) 14.0 - 1.7
11 Ce02-Cl 17.0 1.1 2.0
12 CcQ2-OH(Cl) 17.5 - 1.5

* in parenthesis the anionic form of the parents gel is given. 
** Zr02+dopant=100 m/o.

On the basis of the results of thermal analysis of 
these gels, calcination of powders before pressing 
was carried out at 400,600 and 800°C, respectively.

Fig.2. Representative spherical powders of doped zirconia micro­
spheres.

The bulk densities of Zr02-CaO and ZTO2-Y2O3 

materials after sintering are relatively low (<85% 
TD), however slightly higher (several % TD) for the 
latter ones. In the case of Zr02-Ce02 system the 
bulk densities are considerable higher (generally 
90% TD). Those pellets have also high apparent 
densities, very close to the theoretical ones. It means
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that sintered pellets of ceria doped zirconia have very 
low closed porosity in contrast to the pellets of 
ZrC>2-CaO (Y2O3). As the preparation and physico­
chemical properties of the powders are the same or 
very similar, the above results point to the im­
portance of CeC>2 as dopant. The sequence of sinter- 
ability of the studied systems is given in Table 2.
Table 2. Sequence of sinterability of gels.

Dopant The order of sinterability
CaO Cl > OH (Cl) > NO3 > OH (NO3)

Y2O3 Cl > OH (Cl) > NO3 > OH (NO3)

CeOz 0H(N03) > NO3 > OH (Cl) > Cl

One of the most significant differences between 
the dopants used, namely CaO, Y2O3 and Ce02, is 
the ability of cerium to change its valency state. As 
was suggested in [3] this property could be respon­
sible for better densification of the Zr02-Ce02 
system. In the first step Ce4+ accelerates the oxi­
dation of the residual carbon impurities in gels and 
subsequently the formed Ce3+ is reoxidated by 
atmospheric oxygen. This reduction/reoxidation 
process could modify the microspheres morphology 
leading to formation of the so called soft aggre­
gates, which can easily be broken during compac­
tion increasing final sintering density.

Conclusions
- The ceria - doped zirconia sintered pellets (pre­

pared from spherical powders fabricated by the 
IChTJ sol-gel process) exhibit much higher bulk 
densities than those of ZrOz-CaO (Y2O3) sam­
ples, presumably due to cerium reduction/reoxi­
dation.

- In contrast to ZrOz-CaO, Zr02-Y203 powders 
the ZrOz-CeOz hydroxide gels derived powders 
show better sinterability than those derived from 
anionic forms of these gels. In the latter systems 
nitrate gels sinter better than chloride ones.
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LOCATION OF THE PROTON IN THE VERY STRONG O-H...O HYDROGEN BONDS 
IN 2-(N,N-DITHYLAMINO-N-OXYMETHYL)-4,6-DICHLOROPHENOL.

A NEUTRON DIFFRACTION STUDY*
H. Ptasiewicz-Bqk, R. Tellgren1^, I. Qlovsson% A. Koll^
^Institute of Chemistry, University of Uppsala, Sweden 
^Institute of Chemistry, University of Wroclaw, Poland

The title compound has one especially interesting feature 
from the hydrogen bond point of view: it contains two 
crystallographically independent molecules A and B, 
both with a very strong intramolecular hydrogen bond 
O--H--O. Often in the case of such strong hydrogen 
bonds there is some crystallographic symmetry at the 
centre of the 0-0 bond (mirror plane or twofold axis 
perpendicular to the 0-0 bond or centre of symmetry). 
It is very difficult to determine with certainty whether the 
proton is precisely at the centre or slightly off-centred, 
even with neutron diffraction. Unless special technique is 
applied, the least-squares refinement will in the latter 
case give rise to two half-occupied positions. It is there­
fore impossible to decide whether there is actual disorder 
in the structure or just one off-centred proton.

The present compound is one of the rather few 
examples of potentially symmetric hydrogen bonds 
with no crystallographic symmetry in the bond. 
From a chemical point of view the oxygen bridging 
atoms in both molecules A and B have different 
character: one of the oxygens is bonded to carbon 
and the other to nitrogen (Fig.). Usually in such a 
situation asymmetric hydrogen bonds are formed.

A S

^Submitted to Acta Crystallographies. Fig.
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Due to the large uncertainty in the location of the 
proton in the X-ray study [1] a neutron diffraction 
investigation has now been performed to resolve 
this question.

The neutron data were collected at room tempe­
rature at the Neutron Research Laboratory in Stud- 
svik on a Huber-Aracor four-circle diffractometer 
with a Cu(220) double monochromator. Crystal data: 
space group P2\jc, d=11.729(3)A, b=16.232(4)A, 
c=13.689(3)A, /S= 107.37(3), V=2487.3A3. Molecu­
lar formula C11H15NO2CI2, Mr=264.2, Z=8.

The structure contains two different molecules A 
and B, with intramolecular hydrogen bonds 0—0 
distances 2.423(4)A and 2.400(5)A, respectively, and

with no crystallographic symmetry. The single crystal 
neutron diffraction study shows quite unambigously 
that the proton in both cases is located slightly 
off-centred. In the A molecule C>1-H=1.167(6)A, 
H-02=1.258(6)A and the angle 0-H-0=175.8(5); 
in the B molecule 01-H=1.186(7)A, H-02= 
=1.214(7)A and the angle 0-H-0=176.5(5). As 
expected, the proton is closer to the centre in the 
slightly shorter hydrogen bond.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS 
WITH HETEROCYCLIC CARBOXYLIC ACIDS.

PART VII: THE CRYSTAL AND MOLECULAR STRUCTURES 
OF CALCIUM COMPLEXES

WITH 2-PYRAZINECARBOXYLIC AND 2,3-PYRAZINEDICARBOXYLIC ACIDS*

J. Leciejewicz, H. Ptasiewicz-Bqk

As a part of our research programme related to the 
crystal chemistry of metal coordination compounds 
with heterocyclic carboxylic acids [1-6], an X-ray 
diffraction study has been undertaken with the aim 
to determine the crystal structures of calcium com­
plexes with 2-pyrazinecarboxylic and 2,3-pyrazine­
dicarboxylic acids. Pyrazine acids are known as 
effective chelating agents exhibiting donor sites 
represented by the carboxylic group (or groups) and 
two heteroring nitrogens. In the 3-d transition 
metal dipyrazinates [3] and the uranyl dipyrazinate 
[6] only nitrogen atom located in the neighbour­
hood of the carboxylic group has been found to be 
chelating the central ion, jointly with one oxygen of 
this carboxylic group.

The crystal structure of calcum dipyrazinate 
tetrahydrate (title compound I) confirms this 
tendency. Monomeric molecules consist of a 
calcium atom linked to four oxygens of water 
molecules (dca-o=2.369-2.517 A), to two nitrogens 
(dca-N=2.617 A) and two carboxylate oxygens of 
two pyrazinic acid molecules (dca-o=2.465 A). 
Fig.l shows the molecule of the title compound I. 
The molecules are held together by a system of 
fairly strong hydrogen bonds as indicated by their 
lengths 2.68-2.89 A.

O! '

One might expect that addition of another car­
boxylic group to the pyrazine ring will enhance its 
second nitrogen to act as a ligand. Calcium complex 
with pzdc - 2,3-pyrazinedicarboxylic acid (title com-

NJ C*

Fig.2.A fragment of the molecular sheet in the structure of title 
compound II.

pound II) was obtained and single crystals grown. 
In the structure of this compound molecular sheets 
have been found piled up in the direction of the c 
axis. The sheet is formed by calcium atoms linked 
to four pzdc molecules: one of them donates a 
nitrogen (dca-N=2.675 A) and an oxygen atom 
(dca-o=2.426 A), two oxygens are donated by a 
bidentate carboxylic group (dca-o=2,574 A) of an­
other pzdc molecule. A chain -pzdc-Ca-pzdc - could 
be visualized. The oxygens of the above bidentate 
carboxylic group are also linked to calcium atoms 
in chains above and below (dca.o=2.309 and 2.332 
A). Fig.2 displays a fragment of the sheet. In 
addition, two water molecules (dca-o=2.432 A) are 
attached to each calcium ion completing eightfold

Fig.l.The molecule of title compound I. Submitted to Journal of Coordination Chemistry.
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coordination. The molecular alignment within a 
sheet is shown in Fig.3. Two solvation water mole­
cules were identified between the sheets. They link 
the sheets via hydrogen bonds in the way shown in 
Fig-4.

Fig.3. The packing diagram of the structure of title compound II 
viewed along the c axis.

Unlike in the pzdc complexes with 3-d transition 
metals, the second carboxylic group in the title 
compound II does not initiate the nearest to it 
heteroring nitrogen atom to chelate the central ion. 
This effect might be connected with the steric res­
trictions imposed by the calcium atom which usually 
coordinates eight ligands.

X-ray data collection was carried out using the 
KUMA KM4 four circle diffractometer at the Ins­
titute of Nuclear Chemistry and Technology. CuK#

N3

Fig.4. Hydrogen bonds operating via solvate water molecules 
located between molecular sheets in title compound II.

radiation. Data processing and refinement was per­
formed with SHELXL 93 programme package.
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CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS 
WITH HETEROCYCLIC CARBOXYLIC ACIDS.

PART VIII: THE CRYSTAL AND MOLECULAR STRUCTURES 
OF MAGNESIUM COMPLEXES

WITH 2-FURANCARBOXYLIC AND 3-FURANCARBOXYLIC ACIDS
B. Paluchowska1', J.K. Maurin11, J. Leciejewicz 

^Institute of Atomic Energy, Otwock-Swierk, Poland

Magnesium complex with 2-furancarboxylic acid 
(title compound (1)) forms dimeric molecules in 
which two Mg atoms are bridged by one water 
molecule and the oxygen atoms donated by bidentate 
carboxylic groups of two furoate molecules. A 
distorted coordination octahedron around one of the 
Mg2+ cations consists of two oxygen atoms, each 
donated by monodentate carboxylic group, an oxygen 
of a water molecule, an oxygen from the bridging 
water molecule and two oxygens from the bridging 
bidentate carboxylic groups (Fig.l). The Mg-O bond 
lengths range from 2.006 to 2.162 A. The second 
Mg”+ ion exhibits also a distorted octahedral co­
ordination composed, apart from the above three 
bridging oxygens, by three water molecules. The 
corresponding Mg-O bond distances amount to 
2.027-2.097 A; the Mg-Mg distance is 3.575 A 
Extensive hydrogen bonding scheme is operating 
between the unbonded oxygen atoms of the mono-

dentate carboxylic groups and the dimer molecules 
via the coordinated waters, supplemented by the 
solvate water molecules.

rC35 031
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Polimeric chain structure was detected in the 
Mg2+ complex with 3-furancarboxylic (title com­
pound (2)). Magnesium atoms are linked by biden- 
tate carboxylic groups. With three water oxygens 
and an oxygen from a monodentate carboxylic 
group an octahedral coordination around Mg atom 
is completed. Fig.2 shows a fragment of the chain, 
which is propagating along the c direction. In the 
picture, the bridging oxygens are denoted as 021n 
and 021a. The Mg-O bonds range from 2.029 to 
2.147 A. There is also one solvent water molecule, 
which takes part in the hydrogen bond system.

In both structures the Mg atom does not exhibit 
any preference for the bonding to the heteroring 
oxygen atom.

X-ray data collection was carried out using the 
KUMA KM4 four circle diffractometer at the Insti­
tute of Nuclear Chemistry and Technology. CuK*

032

H23

radiation. Data processing and refinement was 
performed with SHELXL 93 programme package.

CRYSTAL CHEMISTRY OF COORDINATION COMPOUNDS 
WITH HETEROCYCLIC CARBOXYLIC ACIDS.

PART IX: THE CRYSTAL AND MOLECULAR STRUCTURES 
OF DINUCLEAR COPPER (II) COMPLEXES 

WITH 3-FURANCARBOXYLIC ACID AND 2-THIOPEPHENCARBOXYLIC ACID*

B. Paluchowskalz, J.K. Maurinlz, J. Leciejewicz 
^Institute of Atomic Energy, Otwock-Swierk, Poland

The crystals of copper (II) di(2-furoate) dihydrate 
(title compound (1)) and copper (II) dithiophenate

Fig. The molecule of title compound (1).

dihydrate (title compound (2)) contain dimeric 
units composed by two copper atoms bridged by 
four bidentate carboxylic groups donated by the

title acids. The molecule of compound (1) is dis­
played in Fig. The coordination about the Cu atom 
is square pyramidal: four oxygens from the carbo­
xylic groups make a plane, an oxygen of a water 
molecule is above it. In the case of title compound
(1) the copper atom is situated 0.209 A above this 
plane. All Cu-O bond distances fall in the normal 
range of values (1.93-1.97 A) encountered in 
copper carboxylate complexes, the Cu-Cu distance 
being 2.612 and 2.605 A in title compounds (1) and
(2) respectively The common feature of both com­
pounds is the absence of any direct bonding be­
tween the heteroring atom (oxygen or sulfur) and 
the copper cation, however, the heteroatoms parti­
cipate in a network of intermolecular hydrogen 
bonds.

X-ray data collection was carried out using the 
KUMA KM4 four circle diffractometer at the Insti­
tute of Nuclear Chemistry and Technology. CuKa 
radiation. Data processing and refinement was 
performed with SHELXL 93 programme package.
•Journal of Coordination Chemistry (in press).

MAGNETIC ORDERING IN LANTHANIDE INTERMETALLIC PHASES

J. Leciejewicz, A. Szytulalz
^Institute of Physics, Jagiellonian University, Krak6w, Poland

A large number of ternary lanthanide stannides with 1:1:1 tal structure. Some of them have been studied by neutron
stoichiometry exhibits the hexagonal LiGaGe type of ays- diffraction, supplemented by magnetometric methods.
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Magnetic ordering in RAgSn (R=Pr,NdyTb,Dy,Ho,Er)
Some RAgSn compounds were reported to show 

at 4 K simple colinear antiferromagnetic ordering, 
however, these results were obtained basing on low 
resolution neutron diffraction patterns. New sets of 
data have been collected at 1.5-1.9 K and at a 
number of temperatures below the respective Neel 
points not only for NdAgSn, TbAgSn and HoAgSn 
which were studied earlier [1, 2] but also for three 
other phases belonging to the RAgSn series: 
PrAgSn, DyAgSn and ErAgSn. Neutron diffrac- 
tograms of all the six compounds were obtained 
using the E6 instrument at the BER II reactor at 
Hahn-Meitner Institute in Berlin, Germany. The

Fig. 1. The antiferromagnetic unit cell of NdAgSn, TbAgSn, 
(above 11 K) DyAgSn, HoAgSn (below 10 K) and ErAgSn 
(below 4.5 K).

neutron wavelength was 2.426 A. The data are 
currently processed and evaluated.

PrAgSn - neutron patterns show that below the 
Neel point at 9 K long range magnetic order has 
been set up. The magnetic peaks positions indicate 
an incommensurate magnetic structure.

NdAgSn - neutron data collected at 1.5 K con­
firm the existance of the previously reported col- 
linear antiferromagnetic structure with Nd3+ mo­
ments aligned along the hexagonal axis [2]. This 
structure is shown in Fig.l.

TbAgSn - excellent resolution of neutron dif­
fraction patterns made it possible to detect at 1.5 K 
satellite peaks close to the main antiferromagnetic 
peak M010 connected with the magnetic structure 
displayed in Fig.l. The satelite peaks vanish at 11 K 
leaving the main magnetic peak. M010 associated

-  1—'  r—• s--- '—r
TbAgSn

BRAOO ANGLB (DEG)

Fig.2. Neutron diffraction patterns of TbAgSn recorded at 1.6, 
15.0, 40.0 K.

with the magnetic structure displayed in Fig.l. It 
falls to zero at 35 K - the Neel point (Fig.2).

DyAgSn - the collinear antiferromagnetic struc­
ture (Fig.l) has been detected at 1.6 K. It is stable 
to 9 K - the Neel point.

HoAgSn - the earlier reported [1] collinear anti- 
ferromagnetic structure (Fig.l) was found to be 
stable at 1.6 K, however, at 10 K two satellite peaks 
are observed indicating that the transition to the 
paramagnetic state proceeds via a noncollinear

HoAgSn

10.0K,,

BRAOO ANGLE (DEG)

Fig.3. Neutron diffraction patterns of HoAgSn.

magnetic phase. The Neel point has been con­
firmed to be at 11 K (Fig.3).

ErAgSn - neutron diffractograms recorded be­
tween 1.7 and 6 K show the colinear antiferromag­
netic structure (Fig.l) transforms itselt at 4.5 K in­
to a noncolinear order, as reflected by appearence 
of satellite magnetic peaks close to the strong M010 
magnetic reflection (Fig.4). The intensities of all

ErAgSn

45 K
MK__
55 K 
6.0 K

BRACK* ANGLE (DEG)

Fig.4. Neutron diffractograms of ErAgSn.

magnetic peaks fall to zero at 6 K - the Neel point 
of ErAgSn.

Magnetic structure of TbCuSn
RCuSn phases also show the hexagonal LiGaGe 

- type crystal structure. Neutron diffraction data 
have been up to now collected for CeCuSn and 
TbCuSn. As previously, the neutron data have been 
obtained at the E6 diffractometer, Hahn-Meitner 
Institute.

CeCuSn - neutron diffractograms recorded be­
tween 1.5 and 10 K indicate the presence of long 
range magnetic order of a complicated type stable 
below 6 K.
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TbCuSn

M01CT

Fig.5. Neutron diffractograms of TbCuSn.

TbCuSn - Fig.5 shows neutron diffractograms 
obtained at temperatures between 1.5 and 15 K. A 
colinear, antiferromagnetic structure with magnetic 
moments localized on Tb3+ ions was deduced from 
the data obtained at 1.5 K. The moments are align­
ed normal to the hexagonal axis (Fig.6). A magnetic

Fig.6. The collinear antiferromagnetic structure of TbCuSn at 
1.5 K.

phase transition to an incommesurate structure 
described by the wave vector k=[0, 0.11, 0] takes 
place at 12 K. This structure is shown schematically 
in Fig.7. The moments are in the (001) plane and 
make angles from -39 to +39 deg. with the [100] 
axis. The magnetic moment localized on the Tb3+ 
ion amounts to 7.40(5) pp at 1.5 K. The Neel point 
is at 15.3 K [3].

Antiferromagnetic ordering in the hexagonal phase 
of TbPtSn

TbPtSn is known to have two polymorphic modi­
fications: orthorhombic (TiNiSi - type of crystal 
structure) and hexagonal (ZrNiAl - type structure). 
The orthorhombic phase exhibits at 1.5 K a sine 
modulated antiferromagnetic ordering which trans­
forms itself at 10 K into another incommensurate 
structure which is stable up to the Neel point at
13.8 K [4-6].

Recently, the hexagonal modification was ob­
tained in a quanity large enough te perform a 
neutron diffraction experiment. E6 diffractometer
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Fig.7. Schematic representation of the incommensurate magnetic 
structure of TbCuSn.

at BER II reactor (Hahn-Meitner Institute) was 
used to collect the data. Fig.8 displays neutron

TbPtSn

001110 101 020 301 120

Fig.8. Neutron diffractograms of hexagonal TbPtSn.

patterns recorded at temperatures between 1.9 and 
15 K. The magnetic structure which remains un­
changed from 1.9 to 11 K (the Neel point) is 
defined by the wave vector k= [0.726, 0.766, 72]- 
The magnetic moment on Tb34" ion is 8.8 (10) pp at

Fig.9. Magnetic moment alignment in the (001) plane in hexa­
gonal TbPtSn.
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1.9 K. The alignment of magnetic moments in the 
(001) plane is schematically shown in Fig.9. The 
magnetic cell is doubled in the c - direction, so that 
the moments in the adjacent plane are directed 
reversibly [7].
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THE IINS SPECTROSCOPY OF AMINOACIDS III*: L-ISOLEUCINE
A. Pawlukojd, J. Leciejewicz, I. Natkaniec57

5/Joint Institute of Nuclear Research, Frank Neutron Physics Laboratory, Dubna, Russia

Continuing our investigations of hydrogen bond 
vibrations in crystals of aminoacids by incoherent 
and inelastic neutron scattering (IINS), a study of 
normal (protonated) and deuterized isoleucine (L-2 
amino-3-methylpentancarboxylic acid) has been 
completed.

NERA-PR inverted geometry time-of-flight 
spectrometer operating at the pulsed reactor IBR-2 
at Dubna was used to collect neutron scattering 
data at 80 K. The incident neutron energy was 
determined by the reactor-sample flight path of 
109.05 m, the energy of scattered neutrons - by 
pyrolytic graphite analysers (E=4.7 MeV) located 
behind a berylium filter. The spectra were recorded 
at ten scattering angles (mean 90 deg.) and summed 
up after subtractting the background due to the 
sample holder and cryostat.

Polycrystalline, commercial grade L-isoleucine 
was used for data recording. The deuterized sample 
had its aminogroup hydrogens substituted up to 
95% by deuterium.

Sharp peaks were observed on IINS spectra 
recorded at 80 K. Therefore, the vibrations were 
treated as harmonic and the phonon density of 
states function G(cu) was calculated assuming one 
phonon mechanism.

This function, obtained for the protonated and 
deuterized samples is shown in Fig. The modes ob­
served at 505 and 518 cm'1 on the G(a>) pattern and 
marked by arrows in Fig. were identified as due to

n - L ■ ieoleutine

d, ■ L - boleudne

Energy tranifef [enr1]

Fig. Phonon density of states function against energy transfer for 
n-L-isoleucine and dg-L-isoleucine.

the vibrations of strong hydrogen bonds operating 
between the nitrogen atom of an aminogroup and 
the nearest oxygen atom of the carboxylic group 
belonging to the adjacent molecule. The mode at 
250 cm'1 was ascribed to weak hydrogen bonds with 
the N-H...O distance longer than 3.0 A.
•Part I. Pawlukojd A, Bobrowicz L., Natkaniec I., Leciejewicz J.: 

Neutron spectroscopy study of L- and DL-valine. Spectrochim. 
Acta, 51A, 303 (1995).
Part II. Pawlukojd A, Leciejewicz J., Natkaniec I.: The IINS 
spectroscopy of aminoacids: L-leucine. Spectrochim. Acta (in 
press).
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DNA REPAIR IN ADAPTED HUMAN LYMPHOCYTES

M. Wojewddzka, I. Szumiel PL9700824

In our previous work [1] we demonstrated that the 
development of adaptive response in human lym­
phocytes requires the presence of calcium ions in 
the medium at the time of applying the adapting 
dose. This result was interpreted in terms of alarm 
signal hypothesis [2]. It could be expected that 
adaptation to the challenge dose is accompanied by 
a higher DNA repair rate and that intervention at 
the level of intracellular signal transduction would 
abolish the development of the adaptive response 
both at the cellular level (revealed by micronuclei 
frequency) and at the level of DNA repair.

To examine this assumption, the following ex­
periments were carried out. Lymphocytes from 4 
human (non-smoker) donors received an adapting 
dose of 0.01 Gy of X rays 6 h after stimulation with 
phytohaemagglutinin and a challenge dose of 1.5 
Gy 10 h later. The adaptive response in three 
donors and its lack in the fourth donor was iden­
tified by the micronuclei frequency estimated after 
cytochalasin B treatment and cell harvest at 72 h 
(FigT).

16C-

140-

O -J 120-CC W
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Fig. 1. Comparison of the adaptive response induced in human 
lymphocytes with 1 cGy X-rays. The end-point analyzed 
was the frequency of micronuclei (5000 cells scored per 
experimental point). The first 3 donors show a statistically 
significant (Student’s t-test, P<0.001) difference from the 
expected micronuclei frequency. Donor 4 has shown a lack 
of adaptive response.

Initial DNA damage and its repair rate were 
measured with the "comet" assay immediately after 
giving the challenge dose (on ice). Although in 
some experiments lower initial DNA damage and 
higher repair rate were observed in adapted, as

compared to non-adapted lymphocytes (Fig.2), this 
was not a rule. On the other hand, lymphocytes 
from the donor lacking adaptive response (as esti-

o 1.5 Gy
• 1 cGy + 1.5 Gy

REPAIR TIME (MIN)

Fig.2. DNA repair rate (per cent damage remaining) in human 
lymphocytes after 1.5 Gy X-irradiation with or without 1 
cGy pre-exposure.

mated by the micronuclei test) repaired DNA 
damage at the same rate, irrespectively of irradi­
ation with the adapting dose or sham-irradiation. 
These results are consistent with those of \V6jcik et 
al. (in press), who observed a discrepancy between 
adaptation estimated from chromosomal aberra­
tion frequency and from DNA repair rate measured 
by the "comet" assay. Moreover, inhibitors of signal 
transduction, such as staurosporine, TMB-8, and 
anti-CD38 antibody, applied together with the 
adapting dose, prevent the development of the 
adaptive response, as identified by the micronuclei 
test. Nevertheless, these inhibitors do not signifi­
cantly affect the rate of DNA repair in lymphocytes 
subjected to such combined (inhibitor+adapting 
dose) treatment. So, there is a discrepancy in the 
manifestation of the adaptive response at the 
cellular and molecular level. The higher rate of 
DNA repair, sometimes observed in the adapted 
cells, as compared to the non-adapted ones, does 
not seem to be a constant feature of adaptation.
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INTERDEPENDENCE OF INITIAL DNA DAMAGE, ITS REPAIR 
AND SENSITIVITY TO TOPOISOMERASEI POISON, CAMPTOTHECIN

I. Grqdzka, I. Szumiel

Two L5178Y (LY) murine lymphoma cell sub­
lines, LY-R, resistant, and LY-S, sensitive to X-ra­
diation, display inverse cross-sensitivity to campto- 
thecin (CPT): LY-R cells are more susceptible to 
this specific topoisomerase I inhibitor than LY-S 
cells. After 1 h incubation with CPT, the doses that 
inhibit growth by 50% (ID50) at 48 hrs incubation

are 0.54/zM for LY-R cells and 1.25 /t<M for LY-S 
cells. Initial numbers of DNA-protein crosslinks 
(DPCs), measured at this level of growth inhibition, 
are two-fold higher in LY-R (5.6 Gray-equivalents) 
than in LY-S cells (3.1 Gray-equivalents), which 
corresponds well with the greater in vitro sensitivity 
of Topo I from LY-R cells to CPT [1,2]. Converse-
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ly, the initial levels of single-strand DNA breaks 
(SSBs) and double-strand DNA breaks (DSBs) are

LY-R O'—O

TIME OF REPAIR, MIN
Fig. DNA double strand breaks (DSBs) measured by field 

inversion gel electrophoresis (FIGE), after 1 h incubation of 
LY cells with CPT and subsequent incubation in a fresh 
medium. DSBs values are given in Gray equivalents. Points 
are the means of 3-5 experiments ±SE.

lower in LY-R cells (4.2 Gray-equivalent SSBs and
5.8 Gray-equivalent DSBs) than in LY-S cells (8.0

Gray-equivalent SSBs and 12.0 Gray-equivalent 
DSBs). Dissimilarity in the replication-dependent 
DNA damage observed after 1 h treatment with 
CPT is not due to the difference in DNA synthesis 
rates between the two cell lines; this factor should 
be considered, because DSBs arise in consequence 
of collision of replication forks with the cleavable 
complex (DNA-CPT-topoisomerase I). The differ­
ence between LY sublines in this respect may arise 
from a substantially slower repair of DNA breaks in 
LY-S cells than in LY-R cells [3]. After a period of 
faster repair, there is a considerable slowing down 
of the process, with a resulting high level of the 
residual damage, as shown in Fig.
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TOPOISOMERASEI IS NOT DOWN-REGULATED BY X-IRRADIATION
IN L5178Y-R SUBLINE

I. Grqdzka, I. Szumiel

A number of reports show a more than additive ef­
fect of combined treatment of mammalian cells with 
camptothecin (CPT) or other modulators of topoiso- 
merase I and X-rays (reviewed in [1]). The molecular 
mechanism of this effect is unclear. Recently, a 
hypothesis has been put forward by Boothman et al. 
[1], which explains the potentiating of post-irradia­
tion lethality by CPT treatment. The authors report 
downregulation of topoisomerase I activity after 
X-irradiation, due to an ADP-ribosylation mediated 
inactivation without diminished topoisomerase I 
gene expression. They propose that the downregula­
tion is required for undisturbed DNA repair; other­
wise, topoisomerase I would increase the number of 
double-strand breaks (DSBs) and contribute to the 
lethal effect of irradiation.

We have previously examined the response of 
two sublines of L5178Y (LY) murine lymphoma to 
combined X-ray+CPT treament [2], We found that 
the radiosensitive subline LY-S is radiosensitized 
by CPT and this is reflected in an increased form­
ation of the DNA-topoisomerase "cleavable com­
plex", as judged from the amount of DNA-protein 
crosslinks (DPCs). In contrast, the other subline, 
LY-R, is not radiosensitized by CPT and the level 
of DPC remains unaltered. The result for LY-S 
cells is compatible with the hypothesis of Booth- 
man et al. [1], which predicts an increased form­
ation of the "cleavable complex" at the sites of 
X-ray-generated SSBs. To further explore the 
relevance of the hypothesis in the examined cellular 
model, we subjected LY sublines to pre-treatment 
with benzamide (BZ), an inhibitor of poly ADP-ri­

bosylation), followed by X-irradiation. Then, we 
determined the activity of topoisomerase I in ex­
tracts from X-irradiated (5 Gy) cells 10 min after 
irradiation. As illustrated in Fig., activity of the 
extractable enzyme was diminished in X-irradiated 
LY-S cells, but not in LY-R cells. This result is

LY-S
150-

100 -

CONTROL 5 Gy XCONTROL 5 Gy X

Fig. Downregulation of topoisomerase I in LY sublines after 
irradiation with 5 Gy X-rays. At 10 min interval after 
irradiation nuclear extracts were prepared, their protein 
concentrations were determined and plasmid DNA 
unwinding assays were performed as described in [1]. An 
equal amount of total protein was used for each reaction. 
Form I supercoiled substrate was separated from reaction 
intermediates and form II open circular plasmid DNA by 
agarose gel electrophoresis. The per cent loss of supercoiled 
substrate was determined after densitometry of the recorded 
separation pattern. The mean results are from 4 (LY-R) or 3 
(LY S) experiments ±SE.

consistent with the 5 times higher poly (ADP-ri- 
bose) polymerase activity in LY-S than in LY-R 
cells (unpublished results).
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PL9700827
ANTIOXIDANT DEFENSE IN L5178Y SUBLINES: GLUTATHIONE

B. Sochanowicz

In an attempt to characterize cellular features that 
determine the sensitivity to hydrogen peroxide of 
two sublines of murine lymphoma L5178Y we esti­
mated the reduced glutathione (GSH) fluorimetri- 
cally with monobromobimane (MBB) in cell sus-

ed simultaneous treatment with hydrogen peroxide 
and AMT did not significantly decrease the GSH 
content. Sequential treatment (1 h AMT followed 
by medium change and 1 h hydrogen peroxide 
treatment) at both AMT concentrations significant-

LY-R LY-S

U 110-

Fig. GSH levels in LY-R and LY-S cells following exposure to hydrogen peroxide 50or AMT. H2O2+AMT denotes simultaneous 
1 h exposure (at two AMT concentrations: LY-R, 1 mM (A) and 20 mM (B); LY-S 10 mM (A) and 50 mM (B). AMT -» H2O2 
denotes 1 h AMT treatment preceding 1 h hydrogen peroxide treatment. Fluorimeiric determinations with MBB were repeated in 
duplicates 6 times; mean results ± standard deviation are shown. Significant differences from the control (Student’s t-test, 
P < 0.05) are marked by asterisks.

pensions containing 4x105 cells in 1.5 ml PBS; the 
mean fluorescence was 198 (±29) for LY-R cells 
and 305 (±49) for LY-S cells, indicating a 54% 
higher GSH content in the latter subline. The mea­
surement, however, is dependent on the intrinsic 
GSH transferase activity and the total thiol content 
[1]; so, the content calculated from the fluorescence 
does not necessarily agree with that obtained by 
an enzymatic assay or chromatographic determina­
tion.

Hydrogen peroxide treatment (50//M, 1 h, 37°C) 
did not change the GSH content of LY cells, 
whereas catalase inhibitor, AMT (aminotriazole), 
applied at 2 concentrations, lowered it slightly 
(Fig.). Supralethal hydrogen peroxide concentra­
tion, 1 mM, decreased the GSH content to 60.9 
(±6.7) in LY-R cells and to 68.7 (±9.5) in LY-S 
cells (standard deviation in parantheses). Combin-

ly decreased the GSH content in the LY-S cells and 
only slightly - in the LY-R cells. These results, 
shown in Fig., may be taken as an indication of a 
relatively greater importance of catalase than GSH 
peroxidase (G-Px) in the antioxidant defense system 
of the LY cells. This especially was seen in LY-R 
cells, where upon inhibiting catalase the defense 
apparently was not taken over by G-Px, as judged 
from the relatively small decrease in the GSH 
content. The result did not comply with the about 2 
times higher total activity of the enzyme in the 
LY-R than in the LY-S cells, but was consistent 
with the lower GSH content in the LY-R cells.
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ANTIOXIDANT DEFENSE IN L5178Y SUBLINES: CATALASE

E. Bouzyk, M. Kruszewski, N, Jarocewicz

We undertook an attempt to characterize cellular 
features that determine the sensitivity to hydrogen 
peroxide of two sublines of murine lymphoma 
L5178Y [1,2]. These sublines are inversely cross-sen­
sitive to hydrogen peroxide and X-rays. We found 
that the amount of initial DNA damage [1] and iron

content [3] contribute to the sensitivity difference. 
Here, we report a diminished total activity of catalase 
and an enhanced susceptibility to catalase inhibitor, 
AMT (aminotriazole) in the sensitive subline.

Catalase activity in LY sublines differed about 2 
times: it was 14085 (±2068) units per mg of the
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AMT CONCENTRATION [mM]
Fig. 1. Sensitivity of L5178Y to AMT (3-amino-l,2,4-triazole, 

inhibitor of catalase). Cells were treated with AMT (1 h, 
37°C). Surviving fractions were estimated by cloning and 
mean results shown from 3 experiments ±SD (standard 
deviation).

total cellular protein in LY-R cells and 26700 
(±2682) - in LY-S cells (standard deviation in 
parantheses). Sensitivity of LY sublines to AMT 
was determined by cloning. As shown in Fig.l, the 
dose-survival curves were biphasic, with an expo­
nential part and a plateau, probably reflecting the 
effect of a complete inhibition of catalase; when 
this was achieved, further increments in AMT con­
centration did not much affect the cells. The slopes 
of the steep exponential parts differed about ten­
fold for LY-R and LY-S cells (values -48.1 and 
-4.07, respectively), indicating a marked sensitivity 
difference. Also the plateau level was lower for 
LY-R cells (32.9% versus 53.3% for LY-S cells).

Accordingly, the decrease in catalase activity in 
extracts from AMT treated cells (1 h, 37°C) was 
greater in LY-R than in LY-S cells. Such a differ­
ence could be the result of differential AMT pene­
tration into the intact cell or its compartments. 
Therefore, AMT treatment was applied in vitro, i.e. 
the inhibitor added directly to cell extracts for 20 
min and catalase activity was estimated. Then,

however, the decrease in activity percentage also 
was more pronounced in LY-R than in LY-S cells 
(Fig.2). These results showed that catalase from 
LY-R cells was more susceptible to AMT and that 
the effect measured in AMT-treated cells was not 
influenced by the inhibitor’s accessibility inside the

AMT CONCENTRATION (mM]

Fig.2. Catalase activity in AMT-treated LY cell homogenates. 
Enzymatic activity was determined in 3-4 experiments and 
related to the amount of protein (mg). Bars indicate SEM.

cell. The cytotoxicity of AMT alone was only rough­
ly related to the degree of catalase inhibition; there 
was no statistically significant direct correlation (at 
a=0.05) in the AMT concentration range corres­
ponding to the steep decrease in survival (results 
not shown). Hence, the cytotoxic effect of AMT 
might depend on another, unspecified target, differ­
ent from catalase; alternatively, lack of defense by 
catalase against endogenous oxidants had a more 
pronounced effect in LY-R cells than in LY-S cells, 
in agreement with the higher sensitivity of the 
former cells, due to higher iron content [3] and in 
consequence, higher danger of damage by the pro­
ducts of Fenton reaction.
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"PROTECTIVE ENZYMES" IN L5178Y SUBLINES AND DNA DAMAGE

M. Kruszewski, T. Iwanenko

A more precise information about the role of 
selenium-induced glutathione peroxidase (G-Px) in 
the response of LY sublines to hydrogen peroxide 
is provided by experiments carried out with the 
"comet" assay. This assay (also called single cell gel 
electrophoresis) allows to detect DNA strand 
breaks in nucleoids from single cells (review in [1]). 
Nucleoid DNA is arranged as supercoiled loops 
protruding from the nuclear matrix. Damaged loops 
become released from the supercoiling status (1 
single strand break per loop is enough to produce 
the effect) and - upon subsequent electrophoresis 
and staining - are seen in the fluorescence micro­

scope as a ’tail" of the comet, the head of which is 
the nucleoid core. The measure of damage is the 
"tail moment", i.e. the length of tail multiplied by 
the amount of DNA in the tail [2].

As shown in Fig., the level of DNA damage was 
the same in LY-R and LY-S cells after completing 
1 h incubation with hydrogen peroxide, irrespective 
of the presence of AMT, inhibitor of catalase. Since 
DNA repair took place during exposure to the 
damaging agent, there are 2 possible interpreta­
tions of this observation: (1) catalase inhibition did 
not increase the damage, because reparable DNA 
damage was completely repaired; (2) catalase did
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Fig. DNA damage expressed as tail moments (see text) in LY-R 
and LY-S cells following 1 h exposure at 37°C to hydrogen 
peroxide 50,mM, AMT (catalase inhibitor), and to combined 
simultaneous treatment with these agents. CTRL - control; 
AMT concentrations: LY-R cells - 5 mM, LY-S cells - 10 
mM. These concentrations reduced the catalase activity by 
80%.

not protect the nucleus and DNA damage was 
unaffected by catalase inhibition. In contrast, after 
induction of G-Px by selenium, DNA damage was 
considerably lowered. The decrease was relatively 
larger in LY-R than in LY-S cells, in spite of the 
higher increase in G-Px activity in the latter cells 
(LY-R cells: increase from 5.2 to 79.8 units x 103; 
LY-S cells: increase from 2.5 to 126.6 units x 103). 
This indicates a difference in the relative impor­
tance of catalase and G-Px for DNA protection in 
the LY sublines. It also may indicate differences in 
the intracellular distribution of both protective en­
zymes in relation to critical targets.

References
[1] , McKelvey-Martin VJ., Green M.H.L., Schmezer

Pool-Zobel B.L., De Meo M.P., Collins A.: Mutat. Res., 288, 
47-63 (1993).

[2] . Olive P.L., Wlodek D., Banath J.P.: Cancer Res., 51,
4671-4676 (1991).

THE INFLUENCE OF COPPER (II) ON RADIATION-INDUCED DAMAGES
TO DNA

H.B. Ambroz, I. Grqdzka, T.J. Kemp% M. Kruszewski, G.K. Przybytniak, T. Wronska 
^Department of Chemistry, University of Warwick, Coventry, Great Britain

Primary products of radiation-induced, direct da­
mages to DNA can be studied by EPR spectro­
scopy. According to molecular ab initio calculations 
[1] as well as experimental evidences [2, 3] the 
favoured site of electron localization is thymine 
(T ) and cytosine (C) while the holes are mainly 
localized on guanine (G +). Also our results indi­
cate that at 77 K these transients exhibit a spectrum 
which is superposition of all of them (Fig. la). It is 
known that if the temperature is raised up above 77

3200 3300 3400 3500 3600

Fig.l.EPR spectra of DNA (calf thymus) 100 mg/ml, 77 K: (a) 
after gamma irradiation with dose 4.8 kGy; (b) after an­
nealing, recorded at 77 K; (c) as (b) with 10 mM Cu(II).

K the radical anion of thymine T* reacts with a 
proton [2] giving the radical TH which could be 
followed by observation of very characteristic octet 
(Fig.lb). The addition of copper ion Cu(II) at a 
concentration higher than 10 mM distinctly de­
creases line intensities (Fig.lc). If the concentration 
reaches 20 mM they disappear completely.

The simplest explanation is scavenging of elec­
trons or one electron oxidation of T* by Cu(II). In 
that case however the reduction of Cu(II)-DNA 
complex signal should be observed. But contrary, in 
our experiments, after annealing the intensity of 
these lines is higher. The reason could be that part 
of the added Cu(II) is binded to DNA in the form 
of a dimer structure Cu2+ • Cu2+, and then un­
detectable by EPR [4], After one-electron reduc­
tion the dimer decomposes to Cu(II) and Cu(I) and 
the recorded amount of Cu(II) complexes increases 
almost twice. It seems that at that range of concen­
tration the majority of all Cu(II) exsists in an aggre­
gated, dimagnetic form. Such effect can be ex­
plained if the dimers are more favourably situated

3000 32002600 2800

Fig 2. EPR spectra of the parallel lines of Cu(II) (2 mM) in 
Cu(II)-DNA complex, 77 Kj (a) before irradiation; (b) 
after gamma irradiation with dose 4.8 kGy; (c-f) after 
gradual annealing, recorded at 77 K.

that: the monomers (probably guanine and cytosine 
are involved) and then more easily accept electrons.
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According to our results their role is less significant 
in capture electrons in ionization events and more 
evident in secondary redox processes.

The Cu(II)-DNA complexes have well defined 
EPR spectral parameters. Almost the same signal is 
obtained under various conditions. The only no­
ticed change is a small additional spectrum (A-152 
mT, g=2.28) induced by gamma irradiation ob­
served for the low concentration of Cu(II) (2 mM) 
which disappears on sample warming (Fig.2). Some 
of complexing fragments of DNA after irradiation 
can entirely change their properties i.e. by oxidation 
(G +). Obviously Cu(II) is not in dynamic equili­
brium with other complexing sites at cryogenic 
temperatures. For that reason the structure of the 
intermediate (which disappears after warming) 
could be observed.

Other reason of this detection could be the 
Cu2+ • • • Cu1+ dimer in which exchange between 
the two copper ions is recorded as a new signal. It 
does not imply that the only one Cu2+ • • ■ Cu2+ 
dimer structure is possible in DNA chain. The first 
dimer is much more populated at higher concentra­
tions and after one electron reduction disintegrates. 
The second dimer concerns only a small fraction of 
all Cu(II) ions, is more easily accomodated and 
better complexed if reduced to the Cu2+ • • ■ Cu1+ 
dimer. These sites are saturated at a Cu:base-pair 
ratio of 1:40, as was postulated by Symons [5].

The role of Cu(II) in direct and indirect damages 
of pBR322 plasmid DNA have been estimated by

gel electrophoresis. Although conclusions from 
EPR spectroscopy indicate that in direct damages 
the ion Cu(II) (or its dimer) accepting electrons 
acts as a protection agent the total effect, when 
direct and indirect damages are taken into account, 
is different. At the concentration of 10 mM Cu(II), 
plasmid (0.2 mg/ml) after gamma irradiation with a 
dose of 200 Gy occurs only in an open circular 
nicked form (II) (single strand-break) or a linear 
form (III) (double strand-break). The same degree 
of damages is caused without participation of 
Cu(II) by a dose of 500 Gy. The strand-breakage is 
accelerated by copper (II) via indirect way. For 
lower concentrations (1 mM Cu(II)), at 200 Gy, the 
fraction of undamaged superhelical form is lower 
than for the pure plasmid. Hydrated Cu(II) ions 
catalyse the decomposition of H2O2 forming OH 
radicals which attack DNA and in this way sensitize 
DNA cleavage. The mechanism of this reaction is 
still discussed.
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MULTISTAGE PROCESS OF DEUTERIUM AND HEAVY OXYGEN ENRICHMENT
BY MEMBRANE DISTILLATION

A.G. Chmielewski, G. Zakrzewska-Trznadel, N.R. Miljevid1^ A. Van Hook2/
^Institute of Nuclear Science, Vinca, Belgrade, Yugoslavia 

2,/Chemistry Department, University of Tennessee, Knoxville, USA

Membrane processes have been employed in nuc­
lear technology for many years. The application of 
membrane permeation for natural isotope enrich­
ment was discussed previously [1, 2]. It was shown 
that permeation coupled with phase transition is 
characterized by a high H/D and *60/180 separation 
factor [3, 4], An economic analysis of the process of 
separation of hydrogen and oxygen isotopes in a 
system of two countercurrent cascades combined in a 
series showed many advantages and suggested that it 
could compete with other methods of isotope enrich­
ment [5], One stage experiments demonstrated many 
advantages of membrane distillation, which can be 
driven with waste heat. Therefore energy demand can 
be significantly reduced.

A new experimental setup for investigation of a 
multistage process of membrane distillation was 
constructed. Four permeation cells connected in a 
series simulated a 4-stage countercurrent cascade.

Two configurations of membrane distillation (MD) 
employing FIFE flat-sheet membranes were investi­
gated, including direct contact MD and an air gap MD:
a) Direct contact membrane distillation (DCMD). 

The membrane directly contacts warm and cold 
solutions. The permeate condenses in the cold 
stream. The counterflow principle can be ap­
plied for both stream and high heat transfer co­
efficients accompanying the heat transport 
through the membrane. It is easy to recover part 
of the heat in this configuration by emploing 
additional heat exchangers.

b) Air-gap membrane distillation (AGMD). An addi­
tional air gap is involved. The permeate condenses 
on a separate surface cooled by a cold stream 
flowing counter-current to the warm stream. The 
heat lost in this configuration is lower than in a) 
arrangement, but heat recovery is more difficult.

The first, direct contact MD is more efficient. It 
is characterized by a high distillate flow rate. The 
temperature polarisation coefficients, were higher 
for direct contact MD.

The experimental setup was equipped with a data 
acquisition system composed of a 486/256 kB compu­
ter (CPU 486DX/66MHz) and a PCL 813,32-channel 
A/D converter card. All temperatures and increments 
of permeate weight were recorded with the computer. 
The measuring signals were collected by a system of 13 
thermocouples, 12 resistance thermometers and 4 
electronic balances.

The vapour pressure difference across the mem­
brane, which results from the temperature differ­
ence, causes the evaporation of water and its diffu­
sion from the warm to the cold side. The distillate 
condensing on the cold side is depleted in heavy 
isotopes of hydrogen and oxygen, while the worm 
stream is enriched. The H/D and 160/180 sep­
aration factors were determined for the 4-stage 
cascade.
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RADIOTRACER INVESTIGATIONS OF FLUE GAS FLOW DYNAMICS 
IN TWO STAGE IRRADIATION PILOT PLANT FOR NO* AND S02 REMOVAL

IN POWER STATION IN KAW^CZYN

A.G. Chmielewski, A. Owczarczyk, J. Palige, A. Dobrowolski, E. Iller

Using radiotracers two series of experiments were irradiation pilot plant at Kawqczyn for the removal of 
carried out on flue gas flow dynamics in a two stage NO% and SO2.
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Radiotracer dosage

Fig. 1. Location of scintillation probes during radiotracer investigations of flue gas flow dynamic in process vessel in EPS Kawqczyn.

The two accelerators were switched off during 
the first series of experiments and switched on

section B-D

t = 6.63 see 
Pe = 19.69 
%d = 17%

time [sec]
Fig.2. Comparison output signal (a) with model output signal (b) 

for investigated B-D section by switched off accelerators.

during the second series of experiments. In both the 
series flue gas flow rates were similar and were 
maintained in the range 5000 to 15000 Nm3/h. 
Br-82 in the form of methyl bromide of activity 2-5

mCi was used as radiotracer. Measurement of 
changes in radioactivity of the gas stream after 
tracer injection were made using scintillation 
probes connected to an electronic data acquiring 
and recording system. Location of the scintillation 
probes is presented in Fig.l (series 1 - A,B,C,D; 
series 2 - AJE).

The results obtained have shown good gas mix­
ing conditions and a longer mean residence time in 
the case of the switched on accelerators because of 
the heat streams convention caused by temperature 
gradient. In this case the zone of flow stagnation 
has been close to zero while in the case of the 
switched off accelerators the 17% contribution of 
the flow stagnation zone has been observed. The 
most adequate description of the dynamic behav­
iour of flue gas appeared to be the model of plug 
flow with turbulent diffusion. The model para­
meters values: mean residence time (t) and Peclet 
number (Pe) were established by using experi­
mental data with the help of an optimization 
method. Results of calculations have shown good 
agreement of the model with experimental data. An 
example is presented in Fig.2.

The very low contribution of the dead volume in 
the process vessel under operational conditions as 
well as lack of such unfavourable phenomena as back 
flow, channeling, recycling etc. allow us to state that 
the reactor construction is close to optimal.

INFLUENCE OF DOSE DISTRIBUTION AND FLOW PATTERN 
BETWEEN IRRADIATION STAGES ON REMOVAL OF NO*

A.G. Chmielewski, B. Tyminski, A. Dobrowolski

The efficiency of NO* removal for single and double 
stage irradiation processes with regard of dose distri­
bution in the cross section of process vessel and flow 
pattern of flue gas between the stages has been calculated 
on the basis of Wittig’s experimental equation [1],

This equation has the following form:
a=tN°[NS,)o °xl °fci[l-«p(-k2D/[NQJ0)](1)

where: a - conversion degree of NOx (efficiency of 
NOx removal); [NOxjo - concentration of NOx in 
the inlet gas of irradiation stage [ppm]; [NOx] - 
concentration of NOx in the outlet gas of irradia­
tion stage [ppm]; D - mean irradiation dose [kGy]; 
ki, kz - model constants.

The formula (1) describes the single-step process 
of the NOx removal. This formula has been used as
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' [NOi]c *" 170 ppm 
[SOjjj « 330 ppm

model constants 
ki -0.5119
k2 - 38.5812 [ppm/kGy]

Dose D/[NO*]o [kGy/ppm]

Fig. 1. Approximation of data from EPS Kaw^czyn for one stage 
irradiation with regard of dose distribution.

a balance equation for the single and double stage 
processes.

The formula of NOx concentration in the outlet 
gas of the k-irradiation stage for the i-zone of dose 
distribution has the following form:

[NOx]ic=[NOx]i)k[l “kl(l“«P(“k2yi*kD/lNOxlbk))] 
where: [NOx]j< - NOx concentration in the outlet of 
k-irradiation stage for i-zone of dose distribution 
[ppm], [NOx]bk - NOx concentration in the inlet of

I5^^9!l-klfl-cxp(-k2D/(NO,M
values of cons tan a 
kv ■ 0.5119
10 - 38.5812 (ppmAGy)

0 0.01 0.02 0.03 004 0.05 006 0.07 0.08 0.09 01 0 11 '0.12 

Dose D/[NOdo [kGy/ppm]

Fig.2. Estimation NOx removal for single stage irradiation: 1 - uni­
form dose distribution, 2 - with regard of dose distribution in 
cross section of reactor (24 zones), 3 - with regard of dose 
distribution in cross section of reactor (3 zones), 4 - irradia­
tion from both sides (3 zones).

k-irradiation stage for i-zone of dose distribution, 
zk - dose delivery ratio for k-stage, zkD - dose ab­
sorbed in the k-stage, yj - ratio of dose absorbed in

*iD zzD

Fig.3. Models of NOx removal for two stage irradiation: A - without regard of dose distribution in the process vessel, B - with regard of 
dose distribution in the process vessel and segregation flow pattern between stages, C - with regard of dose distribution in the 
process vessel and ideal mixing between stages, D - with regard of dose distribution in the process vessel and crossing the oposite 
gas streams.



88 PROCESS ENGINEERING

the i-zone to dose absorbed in the cross section of 
process vessel.

The formula (2) has been used for approxi­
mation of the experimental data for a single stage 
irradiation in the power station in Kaw$czyn as well 
as for the NOx removal model estimation for a 
double stages irradiation. The model constants k%, 
ka were established by using experimental data for 
the single-step irradiation with the help of opti­
mization method on the basis of 24 zones of dose 
distribution. The results are presented in Fig.l. The 
determined values k%, k% were used for model 
curves for the single and double irradiation systems. 
The NOx removal models for the single step ir­
radiation are presented in Fig.2. The four models 
are considered:
1 - uniform dose distribution model,
2 - model with regard of dose distribution in the

cross section of reactor (24 zones),
3 - model with regard of dose distribution in the

cross section of reactor (3 zones),
4 - model of irradiation from both sides by half the

dose rate.
The NOx removal in the case of irradiation from 

both sides by half the dose rate (model 4) is very 
close to the NOx removal at uniform dose distribu­
tion (model 1).

The NOx removal efficiency at one side irradia­
tion for 3 and 24 zones of the dose distribution 
(models 3 and 2) is very similar. For that reason, 
the two-stage one side irradiation models have been 
calculated by taking into consideration 3 zones of 
the dose distribution.

The schemes of two-stage irradiation models are 
presented in Fig.3. The models are considered as 
follows:
- without regard of dose distribution in the pro­

cess vessel model,
- with regard of dose distribution in the process 

vessel and segregation flow pattern between the 
stages model,

- with regard of dose distribution in the process 
vessel and ideal mixing between the stages model,

- with regard of dose distribution in the process 
vessel and crossing the opposite gas streams model.

model constants 
to - 0.5119
to - 38.5812 (ppm/kGyl

0 0.01
Dose D/[NO*]o [kGy/ppm]

Fig.4. Estimation NOx removal for double irradiation (equal dose 
delivery): 1 - without regard of dose distribution in the pro­
cess vessel, 2 - with regard of dose distribution in the pro­
cess vessel and crossing the opposite gas streams, 3 - with 
regard of dose distribution in the process vessel and ideal 
mixing between stages, 4 - with regard of dose distribution in 
the process vessel and segregation flow pattern between 
stages.

The calculations for the above models were 
made at an equal dose delivery ratio at each stage 
(zi=Z2=0.5). The results obtained are presented in 
Fig.4. The NOx removal in the case of crossing the 
opposite gas streams is close to the NO* removal at 
uniform dose distribution. The technical realization 
of that two-stages model with crossing and the op­
posite gas streams seems to be the optimal solution 
for the two-stages NOx removal system.

References
[1], Wittig S., Spiegel G., Platzer K.H., Willibald U.: Projekt 

Europaisches fur Massnahmen zur Luftreinhaltung Simul- 
tane Rauchgasmnigung durch Elektronenstrahl kfk, Karls­
ruhe. 1988.

APPLICATION OF SelRO MEMBRANES TO THE TREATMENT 
OF AGGRESSIVE WASTES CONTAINING THE ABSORBENT GENOSORB

A.G. Chmielewski, M. Harasimowicz,, J. Palige

The subject of our interest were wastes originated 
in the production of H2SO4 containing an organic 
absorbent GENOSORB (Hoechst) - tetraethylene 
glycol dimethyl ether (a homogeneous mixture of 
H3CO(CH3CH20)nCH3; n=3-s-5; average molar 
mass - about 200). Up to now the wastes were 
directed to a general waste utilization collector and 
then neutralized. Because in this waste treatment 
process any GENOSORB recovery cycle was not 
applied, the loss of it calculated only as the cost 
of this component was about 1 million PLN/year.

This loss could be reduced by such a charge in the 
waste streams treatment, which allows recovery of 
GENOSORB.

The experiments were carried out with the waste 
having the GENOSORB concentration from 1 to 
10 g/dm3. The GENOSORB solution useful to the 
H2SO4 purification process should have the con­
centration from 10 to 200 g/dm3, then the waste 
must be concentrated by ten-twenty times. To this 
aim the following kinds of the semipermeable mem­
branes were applied:
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- NTR-739 HF (hyperfiltration) and NTR-7197 
(nanofiltration) made by NITTO,

- UTC-60 (hyperfiltration) and UTC-70 (nanofil­
tration) made by TORAY,

- SelRO type: MPT-32 and MPT-34 (KIRYAT 
WEIZMANN Ltd.).
All the membranes mentioned above are re­

sistant to the GENOSORB interaction on their 
polymeric ultra-thin separating layer, but only the 
SelRO membranes can work continuously in the 
solutions at pH=0-s-14. This condition prefers this 
kind of the membranes for concentration of acid 
waste (pH=0.8-*-2.5) containing GENOSORB 
because the NTR (NITTO) and UTC (TORAY) 
membranes need an initial treatment resulting in an 
increase of pH value up to 44-5.

The best results of the GENOSORB recovery were 
obtained in the experiments with MPT-34 membrane, 
which was applied for the concentration of the waste 
at pH=2 and the following concentration of the main 
components [mg/dm3]: GENOSORB - 490; SO*~ - 
312; Na+ -1.0; Cl~ - 5.5; F~ - 2.1.

The initial waste volume was reduced by a factor 
of 10, i.e. it was separated on the retentate and 
permeate in the proportion 1:9. Concentrations of

GENOSORB and other components in the re­
tentate were the following: GENOSORB - 4780; 
SO*" - 655; Na+ - 8.3; Cl~ - 22.6; F“ -10.2.

In this manner more than 97% of GENOSORB 
was concentrated in the retentate; a volume reduction 
by twenty times causes a small decrease of the 
GENOSORB recovery factor, which reaches 96.3%. 
The concentration of GENOSORB was measured 
using a Perkin Elmer-5000 gas chromatograph; for 
concentration measurements of the other components 
a liquid spectrophotometer HACH DR-2000 was used.

The results obtained on a laboratory scale with the 
MPT-43 membrane were a basis for preparing a 
pilot-plant project and technical conditions for a 
full scale unit project. This unit should be construct­
ed from twenty parallel connected industrial size 
4"x40" MPS-34-A1 KIRYAT WEIZMANN mem­
brane modules (average efficiency of each: 0.3 
m3/h at the operating pressure 3 MPa). The minimal 
GENOSORB recovery should not be below 95%, at 
its concentration in the waste of about 2 g/dm3 and the 
volume reduction coefficient VRC= 104-20.

A total cost of this plant including the project, 
construction, and the exploitation costs through the 
first 3 years was calculated to be 0.9 million of PLN.

----------- PL9700834 -------

SELECTION OF A NEW OUTFALL POINT LOCALIZATION 
FOR SEWAGES DISCHARGED FROM 

"CELLULOSE AND PAPER FACTORY SWIECIE" (CPFS) 
INTO THE VISTULA RIVER

A. Owczarczyk, R. Wierzchnicki, M. Strzelecki, B. Wifdaw

Investigations concerning different aspects of the 
pollution transport in natural water receivers are 
related directly to the natural environment protec­
tion. Diminishing amount of the water resources 
due to human activity as well as progressing degree 
of the natural water contamination oblige us to un­
dertake intensive investigations with the purpose to 
learn the actual situation, predict endangering and 
decide which means are adequate to improve the 
water quality.

The pollutants discharged disperse under mixing 
conditions persisting in surrounding water. This 
process results in diminishing and gradual homoge­
nization of the pollutants concentration within the 
stream cross-section.

From the point of view of environment protec­
tion it is highly desirable to provide a possible high 
rate of transverse mixing. An optimal choice of lo­
cation of the outfall significantly improves the 
pattern of initial stage of mixing which, in conse­
quence, causes a rapid decrease of pollutants. A low 
concentration of the latter promotes biological ac­
tivity of the receiver leading to gradual elimination 
of the impurities from water environment.

The investment plan of CPFS has assumed the 
transition of the sewage discharge point 900 m 
downstream and pass the outfall from the bank to 
the selected point at the bottom in the river stream.

The goal of this work was to select a new optimal 
localization of sewage outfall.

Actually the discharge point is located at the 
river bank. The experimental work consists in a 
series of radiotracer experiments in the Vistula 
river in order to obtain the transverse distribution 
of dilution of the discharged effluent in the various 
distances from the outfall. Similar experiments 
were carried out after injection of the tracer in the 
selected points located along the river width.

Respective distributions of the dilution values, 
corresponding to certain locations of the outfall on 
the river width axis were calculated, on the basis of 
the measured distributions of the instantaneuosly 
injected tracer, by space integration techniques. 
Rhodamine was used as the tracer.
Table. Coefficient of mixing improvement ASM/SM (ASM - dif­

ference of mixing factors between points in "new" and 
"old" cross-sections).

Distance from the left bank Profile ]
[m] 1 2 3 1

26 0.41 0.15 0.10
48 0.61 0.20 0.10
90 0.10 0.23 0.13

The measuring reach of the length of 8,000 m 
was tested. The distribution of the effluent dilution 
was calculated for three transverse profiles. The
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injection points were localized at 26.48 and 90 m 
from the left bank of the river.

The data obtained allowed to select the water 
region optimal for the new location of the discharge 
point. Placing the outfall in the optimal position 
should result in certain improving the mixing pattern.

The obtained results have been compared with 
the actual effluent dilution measured by the tracer 
injection to the "old" bank outfall. The point at the 
distance of 48 m from the bank has been recognized 
as an optimal localization.

DETERMINATION OF WATER LEAKAGES IN HEAT-GENERATING PLANTS

A. Owczarczyk, H. Burlinski, B. Wi^daw, M. Srzelecki, R. Wierzchnicki

Circulating water systems, similary as other piping 
systems, are liable to lose their water tightness 
which leads to water losses. If there are two or more 
such closed water circuits adjacent to each other it 
is clear that leakages between them are likely to 
occur. The situation of that kind are encoutered at 
district heating plants between the municipal circu­
lating water and cooling systems of heat and power 
generating plants. It is obvious that the occurrence 
of leakages between systems is disadvantageous for 
both technological and economical reasons and 
therefore they have to be localized and eliminated 
as soon as possible.

Injection
of tracer

™*
to the town
Ci

i

Q P

heating system

I/vvn
=,t. c* b

cooling system

Fig. Principle of the method.

The practical solution of this problem consists in 
injection of a tracer (Br-82 or rhodamine B) into 
the water coming back from the heating system and 
looking for its occurrence in the plant cooling sys­
tem. The principle of the method is shown in Fig.

The tracer balance equation has the following form: 
q/^ci(t)dt=(Q+q)/^C2(t)dt. ^

Since usually Q> >q equation (1) will be sympli- 
fied and the leakage flow-rate q can be calculated as 
follows:

'3 (2)
/ c2(t)dt

q=Qir-------
/tici(t)dt

where: q - leakage flow rate; Q - flow rate in cooling 
system; ci - tracer concentration in heated water 
system; C2 - tracer concentration in cooling system; 
ti, t2 - period of sample collection from heated 
system; t%, tg - period of sample collection from 
cooling system.

The measurements of leakages were conducted 
in the Warsaw Heat-Generated Plant Siekierki at 
the beginning of the heating season 1995. The 
results are shown in Table.
Table. Leakages in heating system Siekierki.

Date q [m3/h] 1

28.09.95 113 1

24.10.95 - 1
The big leakage 113 m3/h recognized in the first 

measurement was successfully removed, so that 
during the second measurement, a month later, we 
did not find any leakage.
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ALLOYING OF AUSTENITIC STAINLESS STEEL WITH NITROGEN 
USING HIGH-INTENSITY PULSED BEAMS OF NITROGEN PLASMA

J, Piekoszewski, L. WaliS, Z. Werner^, J. Biatoskdrski1'', L. Nowicki1/, M. Kopcewicz2^, A. Grabias2

^Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland 
^Institute of Electronic Materials Technology, Warszawa, Poland

In our previous papers [1, 2] we reported the feasi­
bility of introduction of nitrogen atoms into metals 
using high-intensity pulsed ion beams (HIPIB). The 
characteristic features of this process are:
- the doping occurs by diffusion in the pulse-de­

livered foreign (N) atoms in the surface layer 
melted by the heat supplied by the same ion 
pulse, the retained doses being 1016-1017 N/cm2 
per pulse, for energy densities ranging between
5.8 and 9.8 J/cm2;

- the bulk material remains at a practically un­
changed temperature since the process has a tran­
sient character and occurs in the microsecond 
time scale. The materials studied in [1, 2] were: 
pure iron (ARMCO), low-carbon 18H2N4W and 
high-carbon N9 steels. The most striking finding 
was that regardless of the initial composition of 
the processed material, at the doses higher than 
about 4xl017N/cm2 the predominant phase in the 
near - surface layer (of at least as thick as 0.1 ^m) 
is fee austenite.
The major purpose of the present work was 

twofold:
- to extend the variety of the processed steels by 

studying the case of austenitic stainless steels of 
18-9 type,

- to check the possibility of controlling the N dose 
by varying the number of pulses at a constant 
energy density rather than their magnitude.
The samples were prepared of: 1H18N9T auste­

nitic stainless steel (equivalent to AISI 321 type); 
also some additional samples of ARMCO iron were 
irradiated. Each sample was irradiated separately 
with a varying number of nitrogen plasma pulses, 
generated in the IBIS rod plasma injector described 
elsewhere [2]. The energy density of pulses was kept 
constant at 7 J/cm2.

The samples were characterized by the following 
methods: the 57Fe Conversion Electron Mdssbauer 
Spectroscopy (CEMS), Nuclear Reaction Analysis 
(NRA) using the 14N(d,a)12C reaction, microhard­
ness HVooi and surface roughness Ra measure­
ments. The main results obtained can be summar­
ized as follows:
• The retained dose of N increases linearly with 

the number of pulses for both materials in the 
range from 0 to 20 pulses. Each pulse introduces 
about 0.4xl017 N/cm2.

6 pulsar, N"doea*1.6elO|2?Vem| 
0 pulses, N—6oee"3.**1011N*/cw

0.001

depth [pm]
Fig.l.NRA depth profiles in nitrogen plasma pulse processed 

1H18N9T steel. Number of pulses. N-dose and ranges of 
diffusion time of nitrogen in molten steel are indicated.

• The single pulse is sufficient to remove the 
polishing - induced martensitic phase, observed 
in CEMS spectra of unprocessed 1H18N9T sam-

iry'mrfYy'f’tTrm'Tf^pri'm'yY'f pi >'yvr t»^ r> vTrfWY^vTt'vn rr

oooao y
........... y,
OOOOO pi

1.0 2.0 3.0 4.0 5.0
Nitrogen dose x 10 at./cm

Fig.2. Evolution of y and yN phases as a function of N-dose in 
nitrogen plasma pulse processed 1H18N9T steel. Some 
computed values of yN fraction p(l,2) are also depicted.
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pies. This confirms the tendency for the pulse 
induced austenitic transformation observed in 
[1,2].

• The analysis of NRA nitrogen in-depth profiles 
like those shown in Fig.l indicates that:

- melting depth of the top layer extends to a depth 
of at least 2.5 pm,

- the effective diffusion time r of nitrogen in the 
molten layer is roughly proportional to the num­
ber of pulses and ranges from 30 to 160 ps.

* The numerical analysis of CEMS spectra shows 
that nitrogen dissolves in austenitic lattice for­
ming a new phase - yN. In the yN phase Fe atoms 
have nitrogen atoms as the nearest neighbours at 
the interstitial lattice sites. The dependencies of 
the experimental (derived from CEMS data) y 
and yN and computed fraction of yN denoted as 
p(l,2) are shown in Fig.2.

• The microhardness HVooi of martensite free 
1H18N9T increases linearly with N. This fact is 
interpreted as a result of the interstitial solid 
solution hardening mechanism in accordance 
with data given in Fig.2. The grain size hardening 
mechanism is excluded from considerations, 
since each successive pulse erases the memory of 
the former grain structure and hence cannot ex­
hibit a cumulative character, in contrast to the 
observed results.
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SURFACE MORPHOLOGY OF NITROGEN-ALLOYED STEELS 
USING HIGH INTENSITY PULSED PLASMA BEAMS

J. Piekoszewski, L. WaliS, J. Langner1/ 
lzSoltan Institute for Nuclear Studies, Otwock-Swierk, Poland

In our preceding abstract of the "Annual Report" it 
was shown that it is possible to introduce high 
doses of nitrogen into various kinds of steels and 
thereby to alter their near-surface properties, using 
high intensity pulsed nitrogen plasma beams. 
However, even if the desirable structural charac­
teristics are attained in this way, the range of the 
potential applications of this technique will de­
pend, to a considerable extent, on the final rough­
ness of the processed surface. On the other hand, it 
is known [1] that the transient processing in which 
melting near surface occurs always results in some 
alteration of the surface morphology. Until now, 
the available information concerning this issue are 
rather poor. In this work we report the result of a 
study of the surface morphology of two kind of steel 
samples subjected to nitrogen alloying with the use 
of high intensity pulsed plasma beams. Emphasis 
has been placed upon the influence of the initial 
constituents of the substrate, i.e. whether it consists 
of a single phase or of a heterogeneous mixture of 
more than one phase, and on the initial roughness 
of the surface.

The samples were prepared of:
- medium carbon steel 45,
- stainless steel 1H18N9T (AISI321).

The first consists of two constituents, i.e. ferrite 
and perlite in approximately equal proportions and 
the second consists of a single phase, i.e austenite.

Each sample was irradiated with pulsed nitrogen 
plasma pulses generated in an IBIS accelerator des­
cribed elsewhere [2]. As far as the first aspect of 
this work is concerned the main results are as 
follows. In the case of 1H18N9T of initial rough­
ness 0.05 Ra, the main changes in Ra occur after the 
first pulse. Subsequent pulses practically do not

affect the mean values of Ra, although the nonuni­
formity (oRa/Ra) increases with the number of 
pulses n. By contrast, the pulses have cumulative

•y'TTf rj-rr n-;

ooooo - l pulse 
AAAAA* - 6 pulses 
***** -15 pulses

Fig. Dependence of the normalized roughness R of 45 steel 
processed with 1,6 and 15 pulses on the value of its initial R.

effect in the case of 45 steel. Here, both Ra and 
nonuniformity increases significantly with n. The 
difference in behaviour of these two materials is 
accounted for by the following facts. 1H18N9T 
remains a homogeneous single phase after each 
subsequent pulse, therefore there is no cumulation 
in the morphology alteration. In 45 steel, perlite 
and ferrite exhibit a different ablation efficiency, 
therefore since they cannot be mixed during the 
melting, the difference in morphology of these 
constituents is greater after each pulse, resulting in
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the rise of Ra. Another aspect explored here, was 
the relation between the initial and final state of 
the surface morphology of the processed material. 
Fig. shows the dependence of the normalized 
roughness R, after processing, on the initial Ra for 
45 steel irradiated with 1,6 and 15 pulses. When an 
initial surface is fairly smooth, then the pulse 
processing deteriorates its smoothness. In contrast, 
when an initial surface is very rough, then the pulse 
processing smooths this surface. The demarcation 
region between deterioration and improvement lies 
in our case somewhere about 0.5 fim Ra of the 
initial roughness. The evolution of the morphology 
mentioned above is confirmed by Scanning Elec­
tron Microscopy (not shown here). In all cases the

microhardness HVooi increases by a factor of 1.9, 
2.1 and 2.3 after 1,6 and 15 pulses respectively.

Practical conclusion: if for some reason, it would 
be beneficial to increase the microhardness of a given 
work piece and its Ra can be larger than 0.5 /im, then 
a single pulse is sufficient to achieve this modifica­
tion. If in another case, it would be desirable to im­
prove both HV and Ra of initially rough material, 
then several pulses should be applied.
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EXAMINATION OF HIGH-TEMPERATURE RESISTANCE 
OF ISOTOPE SMOKE DETECTORS

A. Nowicki, L. Rowinska, E. Panczyk

Smoke detectors used in fire protection systems can 
be hazardous if during the fire they are damaged to 
such an extent that the radioactive nuclide con­
tained in the detector is released to the environ­
ment. Therefore results of the examination of their 
resistance to high temperature play an important 
role in granting permissions for their use in alarm 
systems.

In the Department of Nuclear Methods of Ma­
terial Engineering of this Institute a high-tempera­
ture resistance of isotope smoke detectors, manu­
factured by Hekatron GmbH (Germany), has been 
examined.

The examination was carried out at temperatures 
600 and 1200°C, according to [1-3].

Subject of the examinations
Two types of the smoke detectors IRM 136 and 

IRM 141 were examined. The detectors were sup­
plied by ALIMPEX Company Ltd.

The smoke detector, type IRM 136, is designed for 
fire control of large cubature compartments such as 
rooms in factories, sport halls, shops, store houses etc. 
Owing to the application of two ionization chambers 
an exceptionally high sensitivity to smoke detection 
has been archieved. The radionuclide 241 Am of 
activity 2x14.8 kBq-29.6 kBq deposited on an IAM 
Pd 4 foil was used as a sourece of a-radiation.

The smoke detector, type IRM 141, is designed 
for fire control of compartments of small and med­
ium cubature including habitable rooms. Owing to 
the electronic systems specially elaborated for that 
purpose a high sensivity to smoke detection has 
been achieved despite of the application of low 
activity (3.6 kBq) a-radiation source 241 Am, de­
posited on AMMQ 1181 foil.

Examination procedure
The examination of high-temperature resistance 

of the smoke detectors was carried out using an 
apparatus shown in Fig. The principal part of the
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Fig. Apparatus for testing to the smoke detectors.

apparatus is a tube 950 mm long and of 90 mm 
internal diameter made of the fire resistant alloy 
INCONEL,, mounted perpendicularly, with a weld 
on the bottom, with an air inlet and a fixed thermo­
couple. The tube is closed with a tight PTFB 
stopper with a gas outlet. The tube is heated (in­
duction heating) over a lenght of 200 mm (the total 
volume of the heating zone is 1200 cm3).

A complete smoke detector was placed in the 
middle of the heating zone on a quartz support 
(contacts up). The temperature was mantained at 
the desired level with an accuracy of 1.5% (approx.
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10°C) and measured by means of a Ni-CrNi ther­
mocouple placed close to the smoke detector.

The upper outlet of the furnace was successively 
connected to a cold finger type tube cooled with 
liquid nitrogen, a washer with 1M HC1 solution and a 
dust filter made of porous glass. The air flow was 1.5-2 
Vmin. The time necessary to reach the temperature 
600 and 1200°C was 15 and 45 min, respectively. The 
burning time at both temperature was 60 min.

Radiometric measurements
The content of the absorbers was extracted with 

a hot 18% aq. HC1 solution and the washings were 
prepared for scintillation counting. The metal parts 
of the smoke detector were washed with few drops 
of a HC1 solution and the washings prepared for 
scintillation counting. The ashes after burning of 
the smoke detector, the quartz support and some 
parts of the detector were examined using y-ray 
spectrometiy.

Preliminary measurements of the 241 Am activity 
released from the detector source were carried out 
with the aid of a scintillation head, type SSA-1PW, 
coupled to a RUST-3 radiometer. Precise measure­
ments of the 241 Am activity released during the 
examination were carried out with the aid of liquid 
scintillators. The measurements were performed 
using a Beckman Model LS 6000LL spectrometer 
in the energy range corresponding to the energy of 
a-particles of 24Vim (Ea=5.4 MeV). The conta­
mination of the selected surface areas was mea­
sured by y-ray spectrometry using an HPGe detec­
tor (Ortec) and a multichannel analyser Canberra 
S-100 controlled by a PC IBM/PS2. y-rays of 242Am 
of energy 59.5 keV were measured.

Examination of the smoke detector type IRM136 
at600°C

The smoke detector undergoes significant de­
struction. The plastic casing is burnt. The detector 
breaks up into several parts. The laminate of the 
printed board is burnt. In both ionization chambers 
the foil strips with the radionuclide 241 Am are 
intact. The activity released during the burning of 
the detector at 600°C is less than 3 Bq.

Examination of the smoke detector type IRM 136 
at 120(PC

The detector undergoes complete destruction. 
The plastic casing is burnt. The contact pins are 
fused, the detector breaks up into several pieces. In

s

both ionization chambers the foil strips with the 
radionuclide 241 Am undergo melting and disper­
sion.

The activity released during the ashing at 1200°C 
is 1380 Bq, of which 280 Bq is released to the envi­
ronment. The latter value exceeds the permissible 
level [1,3].

Examination of the smoke detector type IRM 141 
at 120(PC

The detector undergoes significant destruction. 
The plastic casing is burnt. The contact pins are 
fused. The detector breaks up into the printed 
board and the ionization chamber sub-assembly. 
However owing to the very strong casing of the 
ionization chamber and high quality laminate used 
for the manufacturing of the printed board the 
sub-assembly of the ionization chamber does not 
break up into individual elements. This part was 
taken as a whole when performing contamination 
measurements. The foil with the radionuclide 
241Am undergoes melting, however the radioactive 
material is not released to the environment. The 
activity released during the ashing of the detector at 
1200°C is less than 2 Bq.

Conclusions
The smoke detector type IRM 141 meets the 

requirements as to the high-temperature resistance 
at 1200°C. The smoke detector, type IRM 136, 
meets these requirements at 600°C but not at 
1200°C. Particularly the 241 Am sources used in 
detectors made by various manufacturers are not 
resistant to the temperature 1200°C.

It should, however, be noted that the examination 
of high-temperature resistance at 1200°C is not 
included in the Polish Standard [1, 2], but only in 
recommendations [3]. Only examination at 800°C is 
recommended in the Polish Standard [2] similarly as 
in the ISO Standard [4].
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WELDING ELECTRODES DOPED WITH THORIUM DIOXIDE

A. Nowicki

In the Metalurgical Works for High Melting Metals 
(MWHMM) in cooperation with the Institute of 
Nuclear Chemistry and Technology (INCT) a tech­
nology for manufacturing of tungsten welding elec­
trodes doped with thorium dioxide has been deve­
loped.

High-melting weldings electrodes made of 
tungsten are used in automatic welding machines 
for works carried out in a protective atmosphere. 
Addition of ThO% to tungsten has a double effect 
[1]. Firstly, ThO% as an oxide with high melting 
point inhibits recrystallization processes of tungs­
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ten at high working temperatures of the electrodes, 
which extends the durability of the electrodes. 
Secondly, being a radioactive material ThOz causes 
ionization of the gas surrounding of the electrode, 
which facilitates ignition of the electric arc. This is 
particularly desirable in the automatic welding ma­
chines.

In the INCT a procedure has been developed for 
the preparation of tungsten-ThOz. mixtures con­
taining 1.5% (by weight) of ThOz- Following the 
permission of the National Inspectorate for Nuc­
lear Safety and Radiological Protection [2], 20 kg of 
the mixture was prepared. The mixture was a 
subject to pressing and sintering processes used in 
MWHMM for manufacturing of tungsten rods 
doped with other oxides.

These works were controlled by the INCT to 
ensure radiological safety. During the control even 
minimal radioactive contaminations arising during

pressing, sintering and mechanical working of the 
tungsten rods were removed without delay. All the 
radioactive wastes were transported to the radioac­
tive waste store at the Institute.

The obtained batch of tungsten electrodes doped 
with ThOz in the form of rods, 1.6 mm in diameter, 
was handed over to the customers, e g. the Institute 
of Welding Technology, for examination of the us­
ability of the electrodes in automatic welding ma­
chines.

The results of this examination will permit to un­
dertake the decision whether or not to implement 
the elaborated technology.
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NEW MAGNETIC MATERIALS OBTAINED 
FROM AMINOTRIAZOLE COMPLEXES WITH TRANSITION METALS

A. Lukasiewicz, L. WaliS, H. Grigoriew

In an earlier publication [1] ferromagnetic materials 
have been obtained by thermal decomposition in the 
air of aminotriazole complexes with transition metals 
of general formula MAnXz (M - transition metal or 
two different transition metals; A - anion present in 
the complex; n = 1 or 2; X - 3-amino-l,2,4 triazole), 
denoted as MAX The oxide material FP, containing 
iron and cobalt, obtained by decomposition of the 
(FeCo)SOg complex has strong ferromagnetic prop­
erties [2]. In the course of further studies on MAX 
complexes their compounds with metal oxalates 
(M’ox) were synthesized. It has been found that 
MAX.M’ox compounds undergo in the air exother­
mic decomposition to oxide materials, similarly to 
MAX. The thermal decomposition of MAX.M’ox to 
carbide materials (M,M’)C in an oxygen-free atmo­
sphere was then examined.
Table 1. Saturation magnetization of (M,M’)C materials.

No.
Metal M and M’ Density

[rnGnT^]
Saturation

magnetization
J(T)M M’

1 Co 2Co 6.85 1.27
2 Co 2Ni 6.21 1.22
3 Ni 2Co 5.82 1.11
4 Ni 2Fe 5.44 1.13
5 NiCo 2NiCo 6.06 0.97
6 Mn 2Co 5.22 0.53
7 Co 2Mn 3.75 0.29
8 Ni 2Ni 3.80 0.13
9 (FeCo)S03 FP 4.95 0.45

Using X-ray diffraction analysis it has been 
shown that the (M,M’)C materials contain metal 
carbides and free metals phases, these materials 
being ferromagnetic. As metal carbides do not ex­
hibit ferromagnetic properties this indicates mutual 
solubilization of the phases.

Properties of (M,M‘’)Cmaterials
The results of measurements of saturation mag­

netization of (M,M’)C materials, carried out in the 
Institute of Material Engineering of the Warsaw 
Technical University are presented in Table 1. 
These properties have been compared with those of 
the FP material described previously [2]. The phase 
composition of some (M,M’)C materials is given in 
Table 2.
Table 2. Phase composition of (M,M’)C materials.
limuMiFinuf jtffTiFiipr

Sample
no.

Metal Phase

M M* certain probable

2 Co 2Ni Co, NIC Ni

3 Ni 2Co Co, NiC Ni

4 Ni 2Fe Ni, Fez.sC Fe$Cz, FegC, FeC, Fe
5 NiCo 2NiCo Co, NiC Ni

Since the reflections of various phases of iron 
carbides overlap (according to ASTM charts) it is 
difficult to explicitly determine which phases are 
present in sample no. 4.

Discussion and results
In most cases (samples 1-6) the examined (M,M’)C 

materials exhibit stronger ferromagnetic properties 
than the FP material (sample 9) described previously. 
Materials with magnetization above IT can be con­
sidered as candidates for permanent magnets. Four 
of the examined (M,M’)C materials (half of the sam­
ples) show such properties. Formation of the metal 
carbide phase during oxygen-free decomposition of 
MAX.M’ox follows from the previously described [1] 
properties of MAX complexes.

Oxalates of some metals (Co) are thermally de­
composed to free metals. It should be noted that 
the formation of the free metal does not depend on
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the position of the respective cation, in MAX or in 
M’ox. In sample no. 4 free nickel occurs and iron 
carbide predominates despite of the fact that Ni2+ 
and Fe*+ are contained in MAX and in M’ox, 
respectively. The oxygen-free thermal decomposi­
tion of the MAX.M’ox complex is of interest from 
the point of view of research as well as of applica­
tions (new materials for manufacturing permanent

magnets). This work is a subject to publication and 
a patent claim.
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NEW ENVIRONMENT-FRIENDLY PREPARATIONS 
FOR IMPREGNATING AND DYEING OF WOOD

A. Lukasiewicz, L. Rowiriska, L. WaliS

Preparations for impregnating wood, based on the 
complexes of aminotriazole with transition metals, 
denoted as MAX, have been described previously 
[1], MAX preparations are obtained and applied as 
aqueous solutions. They exhibit fungicidal proper­
ties and form water insoluble salts with acid dyes. 
They can be used for dyeing of wood using two 
aqueous solutions [2].

Extensive studies on the properties of MAX 
complexes were carried out. As a result new pre­
parations have been obtained, which can be used 
for impregnating and dyeing of wood using one 
solution. The new preparations are common com­
plexes of MAX with basic dye-Bismarck Brown 
(BB). Bismarck Brown has free amine groups, 
which together with ligand X form a complex with 
metal M. The MAX-BB complex is soluble in 
water. Its aqueous solutions are stable and can be 
used as commercial products. After evaporation of 
water an insoluble MAX-BB layer is formed on 
wood.

It follows from the literature data that the BB 
dyes are used for dyeing of wood despite of their

leachability with water and low resistance to light. 
A brown-red colour of wood is obtained. Preli­
minary tests have shown that after binding to MAX 
the BB dye is not leachable with water and its 
resistance against light increases significantly.

Samples of pine wood dyed with BB alone and 
with the MAX-BB preparation were exposed simul­
taneously to light (UV lamp). After 50 h of irradi­
ation the colour of the wood dyed with BB signifi­
cantly faded while no changes in the colour of wood 
dyed with MAX-BB were observed.

MAX-BB preparations are being subjected to 
various tests before offering them for sale. Prepara­
tions in various shades of the brown colour are be­
ing developed. The MAX-BB preparations will be a 
subject to a patent claim.
References
[1] . Lukasiewicz A, Michalik J., WaliS L.: Obtaining of protec­

tive and colour layers on wood and other materials. P-298206 
(1993).

[2] . Lukasiewicz A, Michalik J., WaliS L.: Obtaining new protec­
tive layers on wood. P-303875 (1994).

APPLICATION OF FOLLOW-UP DETECTORS TO LEAKPROOF CONTROL
OF UNDERGROUND PIPELINES

J. KraS, W. Kielak, S. Myczkowski

The detectors, developed in the last years, for leak- 
proof control and localization of leaks in under­
ground pipings, using the radioisotope method, 
were used for routine control in 1995.

A pipeline of 0=260 mm, 150 km long (Kolusz- 
ki-Borondw) as well as a pipeline of 0=210 mm, 70 
km long (Czemczeszur-Teheran, Iran) were con­
trolled. Both pipeline were found to be leakproof.

An ABSR-3 detector was modernized to increase 
the capacity of its batteries. The modernization per­
mitted to extend the working time of the detector in 
the pipeline from 35 to 75 h. Owing to the exten­
sion of the working time it is possible to control

twice longer pipelines with diameters 200-300 mm 
in a single pass, which permits to considerably re­
duce the cost of control.

Studies have been undertaken in order to deve­
lop a detector with continuous recording of its po­
sition in the controlled pipeline (hodometer).

A detector for control of pipelines with dia­
meters in the range 200-600 mm and external di­
mensions similar to those of ABSR-3 detector has 
been designed.

In 1995 leakproof control of 140 technological 
objects was carried out.
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DETERMINATION OF TRACE ELEMENTS IN FILLINGS 
OF SARCOPHAGI OF EGYPTIAN MUMMIES 

FROM THE ARCHEOLOGICAL MUSEUM IN KJRAKdW

E. Panczjk, M. J. Kierzek, K. CieSla, L. Wali6
11 Academy of Fine Arts, Krakdw, Poland

Introduction
The Archeological Museum in Krakdw in co­

operation with the Academy of Fine Arts in Kra­
kdw has begun complex renovation and examina­
tion of the collection of Egyptian sarcophagi and 
mummies from the period of XXIth Dynasty, as 
well as the Ptolomean and Roman periods. In the 
Ancient Egypt sarcophagi were made of sycamore 
trunks and all leaks were filled with a mixture of 
clay and sawdust [1,2].

Analysis of the elemental compositions and crys­
talline structure of those fillings is an important 
source of information about the origin and age of 
the sarcophagi. The content of trace elements is a 
"finger print" of a clay deposit and is characteristic 
of a mineral and its geological history [3].

Two methods, X-ray fluorescence and instru­
mental neutron activation analysis, are particularly 
suitable for such studies. On the other hand exa­
mination of crystalline structure by X-ray diffrac­
tion will permit to identify the minerals present in 
the fillings material.

The purpose of the present work was to accumu­
late information necessary for supplying documen­
tary evidence for the Egyptian Sarcophagi from the 
collection of the Archeological Museum in Kra­
kdw. The obtained results will constitute a bank of 
data, enabling a comparison of materials used in 
the Ancient Egypt.

Characteristics of objects
Preliminary examinations comprised the fillings 

originating from the following objects:
- a sarcophagus, XXIth Dynasty, containing the 

Nesychonsu mummy of the wife of Amon priest 
from Luxor, dated from 1085-941 B.C. (samples 
no. 3 and 5);

- two sarcophagi from the Ptolemean period, 
dated from 332 B.C.-31 AD. excavated in El 
Gamhud; the exploration was carried out by Ta- 
deusz Smolehski under the auspices of the Kra­
kdw Academy of Sciences and Austro-Hungary 
in 1907; the excavations were financially sup­
ported by Philip Back (samples no. 1,2,4 and 7);

- a sarcophagus from the Roman period, dated 
from 4th century AD. (sample no. 6).
Seven representative samples were taken from 

the above four sarcophagi.

Research methods 
X-ray fluorescence analysis

Preliminary analysis of the elemental composition 
of the fillings was carried out with the aid of energy 
dispersive X-ray fluorescence. In this method charc- 
teristic X-radiation of elements is excited by means of

a radioisotope source or an X-ray tube. The spectrum 
of the characteristic radiation was measured by means 
of a spectrometer with a Si(Li) detector for energy 
range 2-25 keV and with a planar HP-Ge detector for 
energies above 25 keV. The excitation of X-rays in the 
objects examined was carried out by means of the 
radioisotope sources Fe-55, Cd-109 and Am-241. The 
first source was used for the determination of light 
elements: K, Ca, Ti, the Cd-109 source was used for 
Mn, Fe, Ni, Cu, Zn, Ga, Rb, Sr, Zr, Nb and Pb, the 
Am-241 source was used for Sn, Ba, La, Ce, Pr and 
Nd. The analysis of X-ray spectra and processing of 
the results was carried out using a set of AXIL-QXAS 
programs elaborated and disseminated by the Inter­
national Atomic Energy Agency in Vienna.
Table 1. Photopeak area ratios [%]. Excitation source Cd-109.

Element Sample no.
1 2 3 4 5 6 7

Cl 0.07 0.54 0.1 0.17 0.14 0.034 0.15
Ar 0.94 0.57 1.0 0.93 0.95 0.28 1.93
K 1.64 1.96 1.56 1.17 1.15 0.19 1.55
Ca 5.77 18.77 4.76 7.51 6.3 30.16 6.98
Ti 2.35 1.42 1.74 1.6 2.42 0.30 1.71
Cr 0.081 0.14 0.074 0.33 0.15 0.06 0.21
Mn 0.27 0.44 0.36 0.38 0.41 0.1 0.42
Fe 28.44 29.51 28.15 30.24 29.75 18.81 34.03
Ni 0.08 0.011 0.05 0.02 0.06 0.0M1 0.087
Cu 0.74 0.68 0.80 1.82 0.72 0.26 1.75
Zn 0.51 1.27 1.14 1.61 0.75 0.26 1.12
As - - - - - 1.4 0.41
Br 0.19 0.33 0.08 0.22 0.07 0.084 0.29
Rb 1.27 1.26 1.22 1.4 1.45 0.45 1.64
Sr 14.16 24.26 13.74 15.64 15.12 41.6 17.88
Y 1.29 0.73 1.38 1.45 1.61 0.40 2.13
Zr 40.00 16.83 41.33 32.78 36.36 4.95 24.72
Nb 1.35 0.63 1.47 1.35 1.74 0.43 1.91
Au 0.46 0.21 0.38 0.48 0.5 0.08 0.71
Pb 0.36 0.43 0.67 0.89 0.38 0.14 0.39

Twenty one measurements of X-ray spectra 
excited in the examined objects were carried out. 
After processing with the aid of the AXIL-QXAS 
program the intensities of X-ray lines of 27 ele-
Tabie 2.Photopeak area ratios [%]. Excitation source Fe-55.

Element Sample no.
1 2 3 4 5 6 7

A1 0.19 0.12 0.25 0.14 0.2 0.07 0.17
Si 4.3 0.75 3.8 3.11 3.77 0.06 6.51
S 0.41 1.08 0.69 0.57 0.47 0.36 0.71

Cl 1.26 2.78 1.37 2.06 1.9 0.6 1.47
Ar 4.46 3.89 6.0 3.81 4.14 1.19 6.39
K 29.57 12.” 24.01 13.57 14.83 2.52 14.49
Ca 59.07 76.23 54.70 68.28 63.95 94.08 62.82
Ti 9.75 2.47 9.19 8.47 10.75 1.13 7.44 |

ments and of the scattered radiation were obtained. 
The obtained results bear a qualitative character and
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are presented in Tables 1,2 and 3 as photopeak area 
ratios for individual excitation sources. The observed 
distribution patterns of trace elements for three 
objects (XXIth Dynasty, sarcophagi from the Ptolo- 
mean period) are similar, while the Roman sarco-
Table 3. Photopeak area ratios [%]. Excitation source Am-241.

Element Sample no.
1 2 3 4 5 6 7

Sb 5.32 5.92 5.61 4.15 4.59 7.07 8.88
Ba 83.39 85.31 78.87 83.51 81.91 63.15 86.2
La 4.24 - 4.34 0.48 2.88 8.44 2.45
Ce 6.25 - 7.64 9.28 4.86 17.46 1.0
Nd 0.81 8.77 3.54 2.59 5.77 3.88 1.47

phagus exhibits distinst differences particularly in the 
content of Cl, Ti, Ba, Sr, Y, Zr and Au.

Instrumental neutron activation analysis
Instrumental activation analysis was chosen as 

the second method for determining the history and 
origin of the examined sarcophagi on the basis of 
elemental analysis. It is an ideal method for solving 
the problem because owing to its high sensitivity it 
permits to determine extremely low concentration 
levels of trace elements. In addition major com­
ponents of clay such as O, Si, Al, Ca, K, Mg either 
do not react with thermal neutrons or form short-

thermal neutron flux of 5xl013 n/cm2s for 12 h and 
cooled for 24 h. The activity of the samples was 
then measured by means of an HP-Ge detector 
(ORTEC) coupled to a Canberra-System S 100 
spectrometer controlled by an IBM/PS2 computer. 
The obtained spectra were processed a using micro- 
-SAMPO program [5]. Twenty seven elements were 
identified in the samples examined. Preliminary 
results of the analyses are presented in Table 4. The 
analysis of the obtained concentrations of elements 
confirms the dependences observed previously - the 
samples taken from the Roman sarcophagus (sam­
ple no. 6) clearly differs from the other samples in 
respect to the content of Fe, As, Co, Ni, Tb, Hf and 
Au.

X-ray phase analysis
X-ray phase analysis based on the powder me­

thod is widely used in mineralogy and petrography. 
Preliminary examination, without separation of 
minerals, comprised three samples representing the 
sarcophagi from the periods of XXIth Dynasty 
(sample no. 5) and the Ptolemean (sample no. 1) 
and Roman (sample no. 6) periods. All analyses 
were performed using the characteristic X-radia­
tion IQzCu (K<% -0.1542 nm). The diffractograms 
were processed using an XRAYAN program. The 
results are shown in Fig.
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Fig. Phase composition of mummies fillings.

-lived radioinuclides [4]. The analysis was carried 
out using standards. A set of standards was 
prepared on the basis of the results of X-ray fluo­
rescence analysis. Attention was paid to choosing 
optimum conditions of irradiation in a nuclear 
reactor. Samples of weight of 100 mg, sealed in 
quartz ampoules, were irradiated together with 
appropriate standards, in the nuclear reactor at a

In addition to quartz, calcite and dolomite a 
great number of feldspars and pyroxenes were iden­
tified. In sample no. 6, originating from a Roman 
sarcophagus, which significantly differed from the 
other samples in respect to the concentration of 
elements determined also vital differences in the 
crystalline structure were observed. The sample 
contains, in addition to aragonite and magnesite,
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huntite a mineral used in the Acient Egypt as white 
pigment for decorative ceramics. This preliminary
Table 4. Concentration of trace elements in mummies fillings 

[ppm].

Element Sample no.
1 2 3 4 5 6 7

Na 4860 7350 3370 4600 4420 1020 2600
K 50300 77700 55000 50000 40000 - -

Sc 43.8 6.9 4.9 5.9 5.4 2.9 3.2
Cr 11 31.7 17.6 18.0 14.0 16.0 9.0
Fe 2120 2270 1600 1900 1650 870 1170
Co 134 177 74.7 110 88 39 85
Ni - 470 320 - - 1300 -

Zn 3.1 7.7 5.2 5.1 1.2 2 4.1
J Pa - - 93.5 - - 100 .

As 1.8 0.22 8.0 3.1 1.6 140 2.9
Br 30.5 60.2 25.7 23 35 17.3 7.0
Mo 0.5 0.54 0.33 0.43 0.46 1.9 0.3
Cd 3.37 2.8 - - - - -

Sb 16.0 24.2 26.0 26 27.4 30 34
Cs 0.35 0.22 0.35 0.39 0.31 0.05 0.02
Ba 29.4 37 41.0 42 48 14 2.3
La 7.4 5.2 5.5 6.3 6.3 2.4 8.6
Ce 7.2 5.2 6.1 6.0 6.9 3.5 9.2
Nd 2.4 12.3 8.6 7.5 16.4 2.45 19.7
Eu 0.3 0.24 0.21 0.25 0.25 0.04 0.04
Yb 0.7 0.38 0.65 0.31 0.33 0.28 0.5
Tb 0.4 0.17 0.28 0.49 0.17 0.03 0.12
Hf 3.9 3.3 4.5 4.1 2.5 0.31 0.6
Ta 41.8 41.2 36.0 44 32.4 13.0 42
W 4.1 4.32 7.2 4.5 4.1 7.4 0.4
Au 0.004 0.03 0.19 0.03 0.009 1.1 0.005
Th 0.23 0.1 0.24 0.22 0.2 0.11 0.7

| 0.41 0.46 0.37 0.32 0.4 0.54 0.5

analysis needs a more thorough study. The detec­
tability of minerals in a mixture varies in a wide 
range (generally from 0.5-30%) depending on such

factors as crystallization degree, mineral symmetry, 
scattering and absorption coefficients of X-rays, 
angle range at which the smallest reflections ap­
pear, dimensions and shape of crystallities. In prac­
tice the number of components of a mixture that 
can be identified is limited.

Summary
The preliminary examinations of the fillings of 

Egyptian sarcophagi have confirmed the suitability 
of the applied complementary methods. However 
in order to obtain reliable data further investiga­
tion of the elemental composition with the aid of 
the X-ray fluorescence method as well as the activa­
tion method it is necessary to use suitable geolo­
gical standards. This will enable us to compare the 
obtained results with the data avaiable in other cen­
ters [6]. On the other hand in order to determine 
the crystalline structure of the examined fillings 
petrogarphic studies should be performed or sep­
aration of the minerals characteristic for the fillings 
should be carried out.

At the final stage of the studies multivariate statis­
tical analysis of the results will be applied e.g. analysis 
of principal components and cluster analysis.
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STUDY OF CHINESE PORCELAINS BY X-RAY FLUORESCENCE ANALYSIS

J. Kierzek, B. Malozewska-Budko

Introduction
An often problem important to museum workers 

is to determine the authenticity (age) cf Chinese 
porcelains, because in many cases imitations are in­
distinguishable from the originals. There are many 
methods to determine the period in which a given 
object was manufactured. These methods often 
base on subjective opinions of experts, who take in­
to consideration colour, glaze, shape, paintings, etc.

Quantitative and more objective methods for the 
determination of porcelaine age have been elabo­
rated. They consist in the determination of ele­
mental composition of the studied objects. The age 
of blue-and-white porcelains often is determined 
basing on the manganese-to-cobalt ratio [1, 2], For 
this purpose also the kalium-to-iron ratio may be 
used [3]. The other methods are based on zinc-ru­
bidium ratio, content of zinc and arsenic [4], con­
tent of barium [5, 6], zirconium and niobium con­
tent [7], and relative content of rubidium, stront­
ium, zirconium, and niobium [8]. In all the works

quoted, for the determination of age X-ray fluore­
scence analysis was applied. Recently, for the deter­
mination of porcelain age X-ray fluorescence ana­
lysis has been used for more elements, than pre­
viously mentioned. In work [9] 15 elements were 
analyzed, and the multivariate data analysis was 
applied for the age determination.

The aim of this work was the determination of 
age of a Chinese urn for grain, dating back, probab­
ly, to the XIII century. For this purpose X-ray flu­
orescence analysis and cluster analysis for objects 
classification were applied.

Studied objects
Four objects from the National Museum in War­

szawa were studied:
1. an urn for grain no. 1, China, XIII (?) century;
2. an urn for grain no. 2, topped with a figure of a 

dog and a wriggling dragon, China, XIX (?) cen­
tury;

3. a fragment of ceramics, China, about 1250 year;
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4. a bowl for a ring, decorated inside by two ap-
pliqued fishes, China, XIII century.
Urns 1 and 2 have lids which were treated in this 

study as independent objects. There are doubts 
concerning the age of the urn for grain no. 1.

Methodology
The determination of elemental analysis was 

performed using the energy-dispersive X-ray flu­
orescence technique. This is a nondestructive assay 
and due to the measurement technique can be suc­
cessfully applied for the elemental content deter­
mination of the studied objects. This method is 
based on exciting of the characteristic radiation of 
elements by radionuclide sources or an X-ray tube. 
Recording of the characteristic radiation spectrum 
was performed using a spectrometric set with a 
semiconductor detector Si(Li) in the energy range 
2-25 keV, and with a planar detector HPGe in the 
energy range above 25 keV. For excitation of X-ray 
radiation in the studied objects the following radio­
nuclide sources were used: 55Fe, 109Cd, and^41Am. 
The first 55Fe source was applied for light elements 
K, Ca, Ti analysis; the source 109Cd - for Mn, Fe, 
Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, Nb, and Pb; the 
source 241 Am for elements Sn, Ba, La, Ce, Pr, and 
Nd. The portable fluorescent analyzers enable 
studying of museum objects without the necessity 
of their transport to a laboratory.

above, lids of two urns were treated as independent 
objects in order to demonstrate that in the case of 
two identical objects (a pair urn-lid) the obtained 
results are similar. With such an approach 6 objects 
were measured (urn no.l and its lid (XIII century), 
urn no. 2 and its lid, bowl (XIII century), and frag­
ment of ceramics (XIII century). 18 measurements 
for areas covered with glaze were carried out (6 
with the use of 55Fe source, 6 with 109Cd source, 
and 6 using 241 Am source). After analysis by the 
AXIL-QXAS program, intensities of X-ray radi­
ation lines and scattered radiation of 21 elements 
(K, Ca, Ti, Mn, Fe, Ni, Cu, Zn, Ga, Rb, Sr, Y, Zr, 
Nb, Sn, Ba, La, Ce, Pr, Nd, and Pb) were obtained.

Similar objects (similar features) have the same 
spectra (heights of peaks and mutual relations be­
tween heights of peaks). An example of the spectrum 
of the characteristic radiation excited by the 109Cd 
source is shown in Fig.l.

Fig.2 represents the results of cluster analysis for 
6 objects, each described by 14 features, which 
corresponded to contents of 14 elements (K, Ca, Ti, 
Mn, Fe, Rb, Sr, Y, Zr, Nb, Sn, Ba, La, and Ce). 
These elements are present in all the objects at 
medium concentrations. Each feature is a number 
equal to the ratio of the intensity of characteristic 
line to the intensity of incoherent scattered radi­
ation. Scattered radiation significantly corrects the 
differences due to the measurement geometry for

Energy, keV
Fig.l. An example of fluorescence spectrum of a bowl for a ring (XIII century).

The X-ray spectra analysis and processing of the 
results were performed by the AXIL-QXAS prog­
rammes set, elaborated and distributed by the IAEA 
in Vienna.

Results
30 measurements of X-ray radiation excited in 

the studied objects were done. As was mentioned

particular objects. On the basis of the cluster ana­
lysis shown in Fig.2 it can be stated, that there is a 
significant similarity between the urn no. 1 and its 
lid, and the urn no. 2 and its lid, respectively. The 
objects of each pair are the same. Similarity of the 
objects (urn-lid) confirms correctness of the ap­
plied method. Quite a high degree of similarity (ca
0.6) exists between the bowl (XIII century) and the



NUCLEAR TECHNOLOGIES AND METHODS 101

Urn for grain no. 1

Lid of urn no. 1

Urn for grain no. 2

Lid of urn no. 2

Bowl for a ring

Fragment of ceramics

t.——   ----------- -—„—  ------- --- ^
0 0.2 0.4 0,6 as 1,0

Similarity

Fig.2. Dendrogram based on hierarchical clustering for 6 objects 
of Chinese porcelain.

fragment of ceramics (also XIII century). The urn 
from the XIII century is more "similar" to the urn 
from XIX century, than the pairs of the objects: 
bowl - fragment of ceramics. Of course, this degree 
of similarity is obtained on the basis of only 14 
features.

A number of the examined objects is also a very 
important factor. Only for four objects of the pre­
sent study it was rather difficult to draw explicit 
conclusions.

Conclusions
Due to the small number of the studied objects 

(four) the exact age determination of the urn for

grain was not possible. On the basis of the measur­
ed spectra of excited X-ray radiation and performed 
cluster analysis of the objects described by 14 fea­
tures the only thing possible to say is that dating 
this urn back to the XIII’s century seems to be 
rather doubtful. With the features analyzed, the urn 
is more similar to the urn from XIX century, than 
to the bowl and the fragment of ceramics coming 
from the XIII century.
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AUTOMATIC INDEXING TEST OF e-BN

K. Godwod1, H. Grigoriew, W. Starosta 
^Institute of Physics, Polish Academy of Science, Warszawa, Poland

The effect of shock-wave on crystallization of BN 
was first discovered by Batsanov et al. [lj. After 
shock pressure they found increasing degree of 
crystallinity of BN powder, and crystals of dimen­
sions up to parts of mm. The. X-ray diffraction 
pattern of these crystals was different from those of 
known forms of BN, such as hexagonal (h-BN), 
wurzite-type (w-BN) and zinc-blende type (z-BN).

Also Batsanov measured the density, ir-spectrum 
and refractive index of the crystals, all different 
from those in known phases of BN.

Batsanow named this unknown phase e-BN 
(explosive). On the basis of his diffraction data, the 
ASTM card, no. 18-251 was generated, marked O as 
an unknown structure.

In spite of the interest in BN structures and 
possibilities of many applications of this material, 
the e-BN structure has remained quite unknown for 
30 years. The only attempt to find related structure 
was made by Akashi et al. [2], Using a slightly dif­

ferent method of preparation they obtained a new 
modification of e-BN with a bit of other interlayer 
distances, in comparison with data from no. 18 251 
card. Akashi stated that this form has a cubic 
symmetry fee and the lattice parameter a=8.405 A.

However, we have been informed by other 
authors [3], that using the impulse plasma method 
under reduced pressure they obtained small quan­
tities of e-BN with exactly the same interlayer dis­
tances as those in ASTM no. 18 251. Because 
Balsanev’s data are more thorough, we decided to 
use his data, from ASTM card, in our test. We used 
two sets of diffraction lines from the card: the first 
one, contained all 26 lines and the second one, con­
tained 20 lines, excluding the weakest ones which 
could originate from additions.

Automatic indexing tests were made using com­
puter programs by W. Paszkowicz (Institute of 
Physics, Polish Acade my of Science).

We obtained the following results:



102 MATERIAL ENGINEERING, STRUCTURAL STUDIES, DIAGNOSTICS

1. For entire set of ASTM 18-251 lines:
symmetry: monoclinic 

Table 1.

No. a b c  y vol. merit
1 4.2826 5.6628 18.8302 91.355 456.534 0.1093
2 4.8384 9.1631 25.2877 91.377 1120.801 0.09923
3 7.0817 6.1028 27.3667 91.394 1182.394 0.0993

where: a, b, c - dimensions of unit cell in A; y - angle; 
merit - the coefficient of fitting (should be at the 
most about 0.1).

The 3 possible unit cells (Table 1) of big volumes 
(456-1182) have rod-like shapes and angle y in the 
range 91.35-91.4°.
2. For 20-lines set of ASTM 18-251 lines:

symmetry: orthorombic 
Table 2.

1 No. a c vol. merit
1 3.7699 10.6411 24.7474 992.7638 0.1076
2 3.7781 19.4624 23.9299 1759.5869 0.1041
3 3.9204 23.0697 25.0569 2266.2075 0.1009
4 4.1899 19.3252 27.1297 2196.7096 0.0953
5 4.8890 6.4613 7.9681 251.7067 0.1064
6 5.0416 18.3360 27.1586 2510.6164 0.1051
7 5.7398 21.2819 27.0205 3300.6581 1.1078

The volumes of these cells change from 250 to 
3300 A3 and their shapes are mainly slice-like (ex­
cept for cells no. 1 and no. 5).

The results, especially the number of possible unit 
cells of various structures, parameters, volumes and 
shapes are difficult to understand assuming that the 
ASTM card no. 18-251 presents interlayer lines 
originating in one crystal phase. Also polytypes are 
excluded because of the lack of hexagonal or cubic 
symmetry.

More likely the card presents lines originating 
from two phases, formed together in the nonequi­
librium process.

The problem of finding of e-BN structure seems 
complicated and requires a sample of sufficient 
degree of crystallinity of e-BN phase, and precise 
diffraction measurements, because the analysis of 
the card data does not lead to positive synonymous 
conclusions.

Also using the ASTM card no. 18-251 data in 
phase analysis can lead to incorrect results.
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RADIATION TECHNOLOGIES

TOWARDS STANDARDIZATION OF THERMOLUMINESCENCE ANALYSIS 
APPLIED FOR DETECTION OF IRRADIATED FOODSTUFFS

K. Malec-Czechowska,

There are several methods applied for detection of 
irradiated foodstuffs [1], None of them is universal 
and none allows to determine the dose absorbed. 
However, two methods have a good chance to be 
implemented in the practice of detection of irradi­
ated foodstuffs. These are: electron spin resonance 
spectroscopy, which allows a direct detection of free 
radicals and paramagnetic centers [2], and thermo­
luminescence (Tl) analysis [3). The latter was studi­
ed extensively during the last decade in order to 
make its application universal [4]. However, in spite 
of the essential progress made in the method of Tl 
analysis, its standardization met virtual difficulties. 
At present, the most reliable procedure which al­
lows comparison of the results of Tl analyses per­
formed in various laboratories is based on:
- using Tl analysis of minerals separated from the 

sample,
- normalizing Tl intensity by relating it to the Tl 

intensity of the same sample exposed to a de­
fined saturating dose of gamma radiation (co­
efficient Kti),

- using a defined temperature interval for compa­
rison Tl intensities.
Sanderson et al. [5] have shown that the main 

source of Tl are minerals present in the sample. 
Their separation followed by Tl measurement has 
been made since a standard procedure in Tl analysis 
of irradiated dry foodstuffs. Normalization of Tl 
intensity has been introduced in order to eliminate 
the Tl dependence on mineral composition and its 
energy storing property. Using for Tl intensity mea­
surement a defined temperature interval, instead of 
the whole diapason of heating temperature, mini­
mizes uncertainty of Tl values caused by quick fading 
of Tl in the area of low temperatures (40-140°C).

Experiments carried out in this Laboratory 
during 1995 were directed towards further exten- 
tion and standardization of Tl analysis of irradiated 
foodstuffs. The method of mineral separation, Tl 
measurements, and normalization as well as the 
home made Tl reader used were described earlier 
[6]. At present, the list of foodstuffs analyzed was 
enlarged and the results obtained are published 
elsewhere [7], The main goal of the present studies 
was to compare values of Kti obtained for the 
whole glow curve, and for the part of it, considered 
as the most optimal. In the procedure of Tl analysis 
put forward by the European Community labora­
tories the optimal interval of heating temperature is

M. Dancewicz, Z. Szot

defined as that between the temperature of the 
peak V of glow curve of a TLD-100 dosimeter and 
the lower temperature obtained by deducting from 
the peak V temperature the interval between the 
peak V and VI temperatures. Because of the differ­
ences in the perfomance of Tl readers, calibration 
of the instrument is needed by measuring the glow 
curve of the TLD-100 dosimeter and finding the 
adequate temperature interval. For this purpose we

GLOW CURVE

40 —

30 —...

120 160 200 240 280 320 360 400

TEMPERATURE (°C

Fig. Glow curves of thermoluminescence dosimeter type MTS-N 
irradiated with a 220 mGy dose of X-rays. The curves were 
recorded at the heating rate 10°C/s. V and VI thermo­
luminescence peaks used for calculating temperature interval 
optimal for KTl coefficient calculation.

were using Tl dosimeters designed as MTS-N and 
produced in the Institute of Nuclear Physics in 
Krakdw. The Tl glow curve of MTS-N dosimeter is 
similar to that of TLD-100. Glow curves for few 
MTS-N dosimeters irradiated with a 220 mGy dose 
of X-rays are shown in Fig. The mean temperature 
interval for optimal measurement of Tl coefficient 
calculated for 10 curves was between 189 ±4°C and 
246 ±10°C.

Table shows that the Kti coefficient calculated for 
the optimal temperature interval of the glow curve in 
all cases gave a positive answer whether sample has 
been irradiated or not within the last 16 months, 
while the same coefficient calculated for the whole 
glow curve temperature interval (40-395°C) led to 
few erroneous identifications when the treshold 
values of Kn was set as 0.5 below which the sample 
should be declared as unirradiated. The results 
obtained are in good agreement with the European 
Community draft of standardized procedure for Tl 
measurement of irradia ted foodstuffs which proposes
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Table. The mean values of thermoluminescence coefficient Kti calculated from the whole glow curve (40-395°C) and from the 
optimal part of the glow curve heating interval (189-246°C) for minerals of non-irradiated and irradiated herbs and spices 
examined at different time after exposure. The coefficient K%1 is given as the ratio of the thermoluminescence intensity of a 
given sample to the thermoluminescence intensity of the same sample exposed to normalizing dose of 1 kGy y-rays.

Herbs and spices
Unirradiated

(control)
Time after exposure to 5 kGy of 60Co y-rays

3 months 6 months 8,5 months 16 months
whole opt. whole* opt.** whole* opt.** whole* opt.** whole* opt.** 

Marjoram 0.002 0.003 0.825 2.870 0.529 1.814 0.621 4.492 0.387*** 0.974
Thyme 0.003 0.007 0.942 4.492 0.611 2.034 0.658 2.338 0.394*** 1.188
Basil 0.005 0.018 0.743 2.041 0.642 1.785 0.653 3.608 0.716 1.257
Oregano 0.005 0.034 0.859 1.628 0.596 1.128 0.728 4.365 0.605 1.214

.Sage 0.003 0.008 0.845 1.919 0.672 1.778 0.820 7.842 1.064 2.486
Black pepper 0.010 0.020 1.590 3.374 1.229 4.890 0.645 3.876 1.208 3.783
Hot paprika 0.004 0.010 0.840 1.490 0.482*** 0.992 0.680 4.650 0.706 2.334
Ginger 0.007 0.031 0.954 1.003 1.250 1.389 1.320 5.109 - -

Dill seeds 0.020 0.020 0.901 2.201 0.462*** 1.091 0.608 1.342 0.818 1.863
Caraway seeds 0.013 0.112 0.973 1.617 0.378*** 0.704 0.134'** 4.451 0.789 1.549

* - whole - Kn calculated for the whole glow curve.
** - opt. - calculated for the optimal heating temperature interval (189-246°C). 

* considered as non-irradiated.

the calculation of K-n coefficient for the optimal 
temperature interval defined as described above [8].

One can conclude that the present standardiza­
tion of the Tl analysis procedure applied to the 
identification of irradiated foodstuffs is at the stage 
where it can be recommended as an official method 
for usage in laboratories called to test irradiated 
foodstuffs.

The work reported here was sponsored by the State 
Scientific Research Committee grant no. 5S 30705103.
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EFFECT OF IONIZING RADIATION ON PROPERTIES 
OF ACRYLIC PRESSURE SENSITIVE ADHESIVES

E. Wojtynska1/, W. Ghiszewski, J. Bojarski, P.P. Panta 
^Institute of Industrial Chemistry, Warszawa, Poland

Pressure sensitive adhesives for medical applica­
tions (sticking plasters) should be resistant to steri­
lization, particularly to radiation sterilization. Both 
the self adhesive glue and its base would be un­
affected by sterilization doses of fast electrons. 
There are the following glues utilized in medical 
products:
- based on natural rubber,
- hot melt adhesives,
- copolymers of acrylic acid and 2-ethylhexyl acry­

late.
Rubber cements and hot melt adhesives are both 

sensitive to processing temperatures and to ultra­
violet (UV) radiation. They are degraded and loose 
their starting useful properties. Hence, they are not 
suitable for use, e.g. for preparating sutures and 
sanitary napkins. Contrary to that acrylic copoly­
mers are more heat resistant and do not change 
their colour after exposure to UV. Thus, one might 
expect that acrylic copolymers should be resistant 
to ionizing radiation. A development of radiation

resistant glue was the most important aim of works 
devoted to the technology of acrylic self adhesives, 
prepared in the form of water emulsion. The radia­
tion resistant glue should not be degradable, and 
should also hold its adhesive properties, such as: 
adhesion tack and cohesion. These properties de­
pend on fine polymer structure.

The glue parameters are examined as follows:
- adhesion - by measuring of force needed to 

failure the glue joint between smoothed chrom­
ium steel plate and adhesive plaster of 25 mm 
width. Adhesive plasters for medical applications 
should have the adhesion within the range 3 to 7 
N/25 mm - peel adhesion;

- cohesion - by measurement of the time of deglu- 
tination of the adhesive plaster (glued to glass 
inside a thermostat at 7(rC, and 0.5 kg loading). 
The cohesion of medical use of adhesive plaster 
should be greater than one hour.

- tack - by measurement of the path length of roll 
of the steell balk accelerated from the inclined
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plane with a slope of 45°. The steel ball should 
roll from 3 to 15 cm - along the glue surface of 
adhesive plaster - the tack rolling ball method. 
Above the mentioned properties of the self ad­

hesive glues depend on many various factors. The 
adhesion and tack are connected with the diffusion 
of free polymer chains, Van der Waals interaction 
and an electrostatic attraction (of functional groups 
generated at the surface of glue layer). The co­
hesion depends on the molecular mass of the poly­
mer. Assuming normalized measurements and the 
application of identical recipes for manufacturing 
of glues, it is reasonable to expect, that the obtained 
parameters are a function of the averaged mole­
cular mass of its statistical distribution. The ad­
hesion and tack are larger at lower masses, and the 
cohesion is higher at larger masses.

r~s5TT

Fig. 1. The main properties of pressure sensitive adhesive vs. 
molecular mass of used polymer, after [1].

Data in Fig.l suggest that the glue having good 
properties should be characterized by a certain 
optimum molecular mass and its statistical distribu­
tion. The similar dependencies of glue properties as 
a function of molecular masses with more detailed 
data are presented in Fig.2.

cohesion

adhesion

molecular mass

Fig.2. Relationship between the properties of self adhesive glue 
and the polymer molecular mass for wide range of change 
of molecular masses.

One can observe, that a polymer after irradiation 
should not be degraded and not cross-linked, be­
cause too large change of the molecular mass in­
fluence the change of glue properties.

Samples preparation
The glue coats were prepared of various values 

of adhesion from 1 to 15 N/25 mm, and the co­
hesion test results within the range of 2 min up to 
above 1 hour. The variety of substrates: polyester 
foils, cloths and unwoven fabrics were coated. 
These samples were irradiated with a recommended 
dose of 25 kGy. Firstly the sample with worse prop­
erties was used for preparation of coat on the 
surface of polyester foil. Then the samples obtained 
by this way were irradiated with various doses from 
20 to 40 kGy. All samples before and after irradia­
tion were examined for the determination of: ad­
hesion, cohesion and tack.

Irradiation procedure
The irradiations were conducted in a new electron 

beam facility for radiation sterilization of medical 
devices for single use (installed in the INCT), applying 
an electron Iinac: UELV-10-10-S-70-1 (Table 1).
Table l.Main technical characteristics of the UELV-10-10-S-70-1 

electron linear accelerator, produced by the Research 
Production Association, TORIY, Russia.

Electron energy 10 MeV
Energy instability 5%

EB current instability 5%
Average beam power up to 10 kW

Pulse duration 4.5 fxs
Repetition rate 25 to 400 Hz
Scan frequency 1, 2,5 Hz
Scan line length 65 cm

The samples were irradiated with the re­
commended dose of 25 kGy. Some samples were 
irradiated with increasing doses: 20, 25, 30 and 35 
kGy at conveyor velocites of: 53, 42, 36 and 30 
cm/min. The values of dose were determined using
Table 2. Properties of glued coats for various samples of the glue, 

irradiated with dose of 25 kGy.

Run no.
Before irradiated After irradiated

adhesion 
N/2.5 cm

cohesion
(time)

adhesion 
N/2.5 cm

cohesion
(time)

1 3.5-10 2 min 35-6.5 > 1 h
2 3.0-5.8 3 h 3.6-4.S 3 h
3 33-6.2 1 h 36-4.8 1 h
4 7.0-10 3 h 7.3-9.0 3 h

____ .I....... . 3.0-5.8 7 min 3.0-4.7 > 12 h

a quasi-adiabatic water calorimeter with an accu­
racy better than 10%. The spatial distribution of dose 
inside the irradiated samples was measured em­
ploying a routine dosimetric PVC film. The radia-
Table 3. Properties of glued coats manufactured with a choosen 

glue batch after the absorption of various doses.

Dose [kGy] Adhesion N/2.5 cm Cohesion (time)
0 3.5 33 min

22.9 3.5-62 > lh
26.1 3.5-5.7 > 1 h
31.1 5.0-7.2 > 1 h
38.5 3.0-4.5 >': I

tion-induced change of PVC optical absorbance was 
determined spectrophotometrically at 395 nm. Ob­
tained results are shown in Tables 2 and 3.
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Conclusions
• sticking plasters for medical applications pre­

pared on the basis of the acrylic emulsion self ad­
hesive glues are radiation resistant up to a dose 
level of 40 kGy;

• properties of the irradiated glue are improved, 
the adhesive dose is not changing and the CO­

hesion increases. The elaborated glue is suitable 
for sticking plasters or self adhesive tapes cont­
acting with living human tissue.
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PARTICLE TRACK MEMBRANES IN A CORONA DISCHARGE FIELD

M. Buczkowski, W. Starosta, D. Wawszczak, A. Fiderkiewicz

Particle track membranes (PTMs) are advanced 
technology products manufactured by cyclotron 
technique. Thin polymeric film is bombarded by 
accelerated heavy ions beam and then processed 
with a photochemical treatment (UV sensitization 
and chemical etching). The result is a thin micro- 
porous membrane with geometrically perfect cylin­
drical pores and a smooth, flat surface. A typical 
polymeric material for PTMs is a polyethylene 
terephtalate (PETP) film, 10-15 pm in thickness. 
Another features of PTMs made of PETP film are: 
good mechanical strength, good chemical, thermal

GENE­
RATOR
M.F.

trans­
former

H.V.

220/380 V

Fig. 1. The device for corona discharge activation of polymer 
films: 1 - a multi-edge electrode, 2 - the air gap, 3 - a cylin­
drical electrode, 4 - an isolator, 5 - the moving strip of a 
membrane.

resistance and very high radiation resistance. The 
characteristic values of PTMs are: pore size in the 
range from 3.0 to 0.2 fim and surface pore density, 
respectively from 106 to 109 pores/cm2.

PTMs can be used for microfiltration including 
microbiological cleaning in: biochemistry, micro-
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Fig.2. Parameters of the PETP particle track membrane from 

Coulter Porometer II instrument: a - differential flow dis­
tribution, b - differential pore number distribution.

biology, medicine, pharmacy, biotechnologies, envi­
ronmental monitoring [1,2].

Because of the wide range of possible applications 
it is a need for the modification of surface properties 
of PTMs, among others for preparing multilayer 
devices. One method for such a modification is the 
corona discharge activation. PTMs samples have 
been treated with a corona discharge using an in­
dustrial type activator in METALCHEM Centre, 
Toruri, Poland (Fig.l). The high voltage was 10-20 
kV with a frequency of 10-40 kHz [3].

A sample of a particle track membrane was taken 
for experiments. The main filtrating parameters of 
the PTM, obtained with a Coulter Porometer II

Fig.3. SEM photograph of PTM surface after the corona discharge: a - high velocity of membrane moving, b - small velocity of 
membrane moving (near region of spark discharge).
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instrument, were the following: mean value of pore 
size - 1.23 fim, surface pore density - 1.3*107 cm'2, 
permeability - 54 litre’"min'1 *cm2 (Fig.2). A strip 
of such PTM was moved between the electrodes 
during the corona discharge with a fluent change of 
velocity (Fig.l).

Unitary energy of activation depends on the 
velocity of the moving membrane strip between the 
electrodes. In the case of too small velocity the 
corona discharge changes into the spark discharge 
which causes the local destruction of the mem­
brane. When the velocity is higher one cannot ob­
serve changes on the surface of the membrane by 
SEM photography (Fig.3), and also it is no change 
in filtration parameters.

In conclusion one can say that the corona dis­
charge activation is a good method for changing of 
the surface energy of the particle track membranes. 
Before such treatment it is necessary to choose 
proper parameters of activation such as high vol­
tage and velocity of the moving membrane strip.
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EB POLLUTANTS REMOVAL PROCESS FROM MODEL GASES 
WITH HIGH SOz CONCENTRATION

A.G. Chmielewski, Z. Zimek, S. Butka, J. Licki1^ L.Z. Villanueva2 , L.S. Ahumada2/
^Institute of Nuclear Energy, Otwock-Swierk, Poland,

^Chilan Commission of Nuclear Energy, Chile

The emission of noxious pollutants (SO2 among 
them) into the atmosphere from the heavy industry 
activity is of growing concern and this has generated 
an interest in finding viable and cost-effective 
solutions to SO2 pollution control. By-products 
produced in such a technology are also of great im­
portance. In the case of SO2 removal in principle 
they are: concentrated SO2, sulfuric acid, elemental 
sulfur or ammonia sulfate.

In the recent years for the removal of SO2 and 
NOx from flue gases an electron beam process has 
been developed. Up to now the technology has 
been applied for the flue gas treatment with SO2 
concentrations up to 3000 ppm. The goal of this

work is to check the possibility of applying the 
process for industrial gases with a high SO2 concen­
tration (up to 15% vol.). This range of SO2 concen­
tration is encountered in industrial off-gases re­
leased in processes applied in the copper industry. 
Because it is well known that SO2 in the eb process 
is removed mostly by a thermochemical reaction 
and partly by a radiation induced reaction only, the 
energy transfer (G factors) for SO2 transformation 
being limited, therefore other modifications of the 
process are studied to improve the reaction effi­
ciency.

The laboratory unit in the Institute of Nuclear 
Chemistry and Technology [1, 2] has been used for

flue gas

reaction vessel

furnaces

Fig. Process flow diagram: T1-T8 - temperature sensors, P1-P2 - pressure sensors, F1-F3 - flc.w meters, Ml-M2 - gas mixers, A1-A3 - 
gas sampling points, PG - microwave pulse generator, CWG - microwave c.w. generator, tv - tv camera, ILU6 - electron acelerator.
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investigation of the SO2 removal efficiency from 
fine gases with high SO2 concentration. The process 
flow diagram is shown in Fig. A heating device with 
a water-tube boiler with 100 kW thermal power was 
applied to produce the combustion gas. The proper 
composition of flue gas has been obtained by intro­
ducing SO2 and NH3 into the gas stream. Natural 
gas is burned in a house heating furnace whose con­
struction, from the technical point of view, is simi­
lar to the water-tube boiler. The produced com­
bustion gas flows to an irradiation chamber. On the 
transportation way of the gas some controls and 
gauges are located. The orifice is used for the de­
termination of flow rate of the combustion gas, by 
measuring drop pressure of the gas flowing through 
the orifice. Along the pathway between the boiler 
and irradiation chamber the probes are located for 
the analysis of flue gases and for the dosage of SO2,
nh3, h2o.

A steam generator was designed, built and in­
stalled to increase the water content in flue gas. The 
amount of steam is controlled by adjustable AC 
voltage which is used for water evaporation. The 
temperature along the transportation way of the gas 
from the furnace to the irradiation and retention 
chamber is kept by 6 separate adjusted heaters to 
stabilize the temperature on the required level. 
Each has changeable electrical power up to 1 kW.

The reaction vessel is constructed as a cylinder 
with a diameter 200 mm. The electron beam intro­
duces the reaction volume perpendicularly to the 
axis of the vessel. It passes though a titanium 
window 25 mm thick. The inlet and outlet of the 
flue gas are mounted on the wall side of the vessel. 
The stream of the gas can flow exactly with a flow 
rate of 5 m3/h.

Measurements of the gas composition before and 
after irradiation were performed to determine the 
efficiency of SO2 removal from gases. At the inlet 
to the installation high concentrations of SO2 up to 
15% (V) are measured. The gas leaving the irradi­
ation chamber contains: a lower concentration of 
SO2, the unreacted NH3 and aerosols of sulfuric 
and nitric acids and solid particles of ammonium 
sulfate and nitrate (final product). The solid parti­
cles of the final products are of submicron size and 
hygroscopic. They may clog and incrust the gas 
sample line or a capillary at the gas analyzers. To 
separate them, a set of gas filters were inserted at 
the beginning of the gas sampling line. The dilution 
technique was used for the measurement of this 
high SO2 concentration. Due to the high concentra­
tion of SO2, up to 15% (V), and water, up to 20%

(V), used for this application, the dilution ratio of 
100 to 1 was selected. Both the gas conditioning and 
the dilution units were equipped with suitable sets 
of capillaries. The Nessler method was used to de­
termine the ammonia content at the outlet of the 
installation; standard solution of NH4CI and water 
free of ammonia were used. Water content in the 
flue gas was measured by the moisture absorption 
tube method (EPA Method 4, JIS Z 8808-1977). 
ILU 6 accelerator was used to accelerate the elec­
tron beam [2,3]. The dose deposited in the flue gas 
was changed by using a different repetition rate of 
the electron pulses. The electron beam passing 
through the accelerator window, layer of air, reac­
tor chamber window, loses its energy. Only 13.2% 
of the total energy of the electron beam at the en­
trance of the reaction vessel is deposited in the gas 
phase.
Table. The matrix of experimental results of SO2 removal effi­

ciency.

SO2
[%] NH3 DOSE

[kGy]
H2O

[%]

S02 5; 10; 15 0.9 6.8 15

NH3 10 0.7; 0.9; 1.1 6.8 15

DOSE 10 0.9 3.4; 6.8; 10.2 15

H2O 10 0.9 6.8 10; 15; 20

ASO2 85; 85; 82 66; 85; 95 75; 85; 88 66; 85; 92

To conclude the flue gas with high SO2 content 
can be effectively cleaned by the NH3 and electron 
beam simultaneous treatment. The efficiency 90-95% 
of the SO2 removal was obtained in specific condi­
tions (SO2 content 10-15%). The ammonia stoichio­
metry, humidity and dose have a sharp influence on 
the SO2 removal efficiency. The product formed in 
the process is ammonia sulfate which is a commercial 
fertilizer especially useful in arid zone where the soil 
deficit of sulfur is observed. The experimental results 
are given in Table.
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REMOVAL OF S02 FROM HIGH HUMIDIFIED FLUE GAS BY USE OF E-B METHOD
A.G. Chmielewski, B. Tyminski, J. Licki% E. filer, Z. Zimek 

^Institute of Nuclear Energy, Otwock-Swierk, Poland

Water vapour concentration in irradiated flue gas is It was found that the humidity 10 to 12% vol. is 
a very important parameter affecting SO2 removal, satisfactory. Usually in raw flue gas the humidity is
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UAS

4 to 6% vol. however the temperature is too high 
for an efficient removal of SO%. Reduction of tem­
perature and an increase of humidity usually is

150-160°C. In the case of lower temperature, which 
is usually at EPS Kawgczyn, the entalphy of flue gas 
is too low for the evaporation of a satisfactory 
amount of water. Some improvement was achieved 
by spraying hot water. In the case when the tem­
perature of inlet flue gas is lower than 110°C the 
real method of efficient humidification of flue gas is 
partial evaporation of hot water. The scheme of 
such a system of conditioning of flue gas is pre­
sented in Fig.l. Circulating of water is forced by a 
pump 4 through a heat exchanger 1 a control valve 
and a spraying nozzle system. The sprayed water 
evaporates in a spray cooler 2 and its temperature 
decreases to about 50°C. At the bottom of the spray 
cooler is a layer of packing 5 where water droplets 
are separated from gas phase and water flows to a 
tank 3. In the process of humidification it is pos­
sible to change the temperature of sprayed water 
and its amount which allows to control temperature 
and humidity of the conditioned flue gas. Fig.2 pre-

High humidity. S02 and NO, removal efficiency. 
04.10.1995
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done by direct evaporation of fine sprayed water sents the results of experiments in which a high
droplets. Such a method of flue gas conditioning is efficiency removal of SO2 was achieved,
good if the temperature of raw flue gas is
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NUCLEONIC CONTROL SYSTEMS

RADON MONITORS

B. Machaj

This research aimed to compare and verify numerous 
methods [1-8] of registration of alpha activity of radon 
short lived daughters deposited on a filter and to 
establish the best processing algorithm of the signal 
including multidimensional methods of regression 
(Partial Least Square). This work includes: elabora­
tion of a computer program for computing the activity 
of radon and its decay products against time, elabo­
ration of a program for multidimensional regression, 
and a comparison of the obtained results. Construc­
tion of a radon chamber for practical verification of 
the computations is foreseen. A gauge for continuous 
measurement of radon concentration in the mine air 
is under consideration.

A computer program based on known relations 
for activity variations [9, 10] simulating activity 
variation of radon and its short lived decay products 
in a measuring chamber was elaborated and veri­
fied. The program computes activity variation for 
different radiation equilibrium degree between 
radon and its decay products. It has some additional 
facilities such as: computation of total alpha activity 
produced by 222Rn±*8Po+214Po against time, and 
total registered activity (number of alpha decays) 
from time t=0 to current time. The results of com­
putations every 1 min. in the range 0-255 min are 
stored on a computer disk and transformed into

dec/min

Radon and its daughters

900 -
800 -
700 -

Rn-222

500 -
400 -
300 -

BI-214
200 -

100 -

Fig.l. Activity variations of radon and its short lived decay pro­
duct against time in a measuring chamber. Radon activity 
at t=0 equals 1000 dec/min, activity of ^°Po, ^14Pb and 
2*4Bi equals 0.

ASCII format that can be used by ready made 
computer programs for drawing diagrams (e.g. 
WordPerfect), Figs 1 and 2. The second part of the 
program concerning variation of activity of decay 
products deposited on the filter during sampling 
period is under development now. The program will

compute activity variation every 1 min starting from 
the moment t=0 when deposition of the sample

Total alpha activity
3200

Rn-222 + Po-2H ♦ Po-214
3000 -
2800 '

2800 -

2400 -

1200 '

1000 ■

Fig.2.Total alpha activity of 2^2Rn+2^®Po+2^4Po against time 
in a measuring chamber at t=0 radon activity equals 1000 
dec/min, activity of 2*®Po, 2*4Pb and ^4Bi equals 0.

begins until 100 min. Again the computations are 
done for the different radiation equilibrium degrees 
with similar facilities as in the previous program.

The constructed radon measuring stand consists 
of two parts: a small (5 1) reference radon source 
chamber with a 200 kBq 226Ra open source giving a 
radon concentration of approx. 40 Bq/cm3, and the 
proper radon chamber approx. 1 m3 in volume. The 
air from the source chamber with high radon con­
centration is injected into the radon chamber to get 
the required radon concentration. The radon cham­
ber was constructed, while the source radon cham­
ber is still under construction.

Continuous radon monitor of radon concentration 
in air

Registration of alpha activity produced by 222Rn, 
218Po and 214Po follows immediately after the mea­
suring chamber is filled with filtered air, within the 
period 15-120 min. Two ways of alpha activity regi­
stration are considered: by the Lucas chamber with 
a ZnS(Ag) scintillator and a semiconductor de­
tector of scintillation light and by a semiconductor 
alpha detector. It results from the analysis that for 
the registration of alpha activity more efficient is 
the Lucas chamber. The estimated number of re­
gistered pulses from the Lucas cell at a 222Rn con­
centration of 250 Bq/m3 is 11 pulses/15 min ±43% 
and 124 pulses/120 min ±13%, whereas for the 
semiconductor detector with an active area of 1200 
mm2 it is 7 pulses/15 min 50% and 96 pulses/120 
min ±16%. To speed up the exchange of the air in 
the measuring chamber, an air pump will force the
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ambient filtered air (radon decay products 
removed) within a short period of time (approx. 1 
min) and flush the chamber. Foreseen electronics 
employs low power consumption microprocessor 
circuits enabling continuous operation for 2-3 
months after the rechargeable battery is fully 
charged. The measuring results are displayed on a 
digital indicator of the gauge, and are transmitted 
to the laptop computer by serial port. The gauge 
will have the form of a cylinder, 8 cm in diameter, 
and approx. 40 cm in length placed in a hole in the 
rock.
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A MATLAB PROGRAM
FOR NONLINEAR PARTIAL LEAST SQUARES REGRESSION

P. Urbanski

The linear biased regression methods such as par­
tial least squares (PLS) and principal components 
regression (PCR) are widely used in multivariate 
calibration [1]. However, nonlinear relationship 
between the (y) and (x) variables often observed in 
practice prevents the use of these methods in 
routine applications [2], There are many developed 
nonlinear regression methods, e.g. [2-7], but from 
the point of view of application in X-ray spectro­
metry the nonlinear PLS regression was chosen, 
since it is particularily well suited for underde­
termined, highly collinear data [3]. An algorithm 
for the PLS regression with nonlinear inner re­
lation is based on the known NIPAJLS procedure 
[1, 7-8]. If X and Y are the data matrices, T and U 
scores (latent variables) matrices, P and C are load­
ings, then the linear PLS model can be expressed by 
the follwing set of equations:

X = TP' + E%
Y " UC' + Ey 

U = T + Eu
Y = TC + Ey

where the matrices E contain residuals [7]. In the 
linear PLS model each column Uj of the matrix X is 
related to the corresponding column t| of the matrix 
T. The concept of the nonlinear PLS model is to 
modify this relation for each dimension with a func­
tional transformation

U| = fi(ti) + Ci
where e* - a vector of residuals.

The program for computing nonlinear PLS mo­
del is based on the described algorithm with the 
polynomial spline used as the inner relation f|. It is 
written in the MATLAB language as the M - file 
spl-pls2.m [9] and can compute various models de­
pending on the three input parameters: my - num­
ber of dependent variables, k - number of knots in

the polynomial spline function, / - degree of the 
polynomial. The models which can be computed by 
the program are listed in the Table.
Table. PLS models computed by the MATLAB spl_pls2.m pro­

gram.

Input parameters Model
my k 1

1 0 0 Linear PLS for one dependent variable
> 1 0 0 Linear PLS for my dependent variables

1 0 > 1 Nonlinear PLS for one dependent variable 1
Inner realation - polynom of 1-degree

>1 0 > 1 Nonlinear PLS for my dependent variables 
Inner realation - polynom of 1-degree

1 > 1 > 1 Nonlinear PLS for one dependent variable 
Inner realation • regression spline

> 1 > 1 > 1 Nonlinear PLS for my dependent variable 
Inner realation - regression spline

The developed program will be used to study non­
linear calibration models of the radiometric gauges. 
This study should be continued, since according to 
the opinion expressed by some researches [3], "the 
nonlinear PLS algorithms are still in a research 
phase, they have not proved themselves in many ap­
plications".
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ANALYSIS OF LEAD AND TIN IN GALVANIC BATH 
BY XRF AND MULTIVARIATE CALIBRATION

£. Kowalska, P. Urbanski

Modern technologies often require strict and fast 
control of the composition of galvanic bath used for 
the deposition of Sn-Pb layers on printed boards. 
An XRF instrument developed for such purposes 
consists of a single measuring head with an Am-241 
source, proportional counter, pulse amplifier and a 
personnal computer [1]. But the most important 
feature of the instrument lies in its multivariate 
calibration methodology, based on the partial least 
square regressions (PLS) [2].

The general goal of the PLS technique applied in 
this case is to express the information contained in 
the data matrix (counts collected in each of m 
channels of the measured X-rays spectrum) X={xi, 
xz,..., xm} by a lower number of latent variables T 
= {t|, t2, ..., ta> called the components or scores 
and the loadings P={pi, P2, •••> p*} The number of 
components a used in the model is determined 
from the analysis of the mean square errors of 
crossvalidation (MSECV) [2-4].

1400

1000

Fig. 1. Spectrum of the X-ray excited by an Am-241 source in 
liquid samples of galvanic bath.

Fig.l shows the spectrum of X-rays excited by the 
source of Am-241 in a liquid sample of galvanic 
bath with a constant tin content (10 g/1) and a 
variable concentration of lead (6-15 g/1). It can be 
seen that variations of the lead content in the bath 
strongly influence the intensity of the tin peak. 
This, so called the interelement effect is often ob­
served in the XRF analysis. It was found that appli­
cation of the partial least squares (PLS) method for 
calibration allows to correct this effect. Fig.2 shows 
the plot of the loading vectors pi and p2 vs. channel 
number. It is seen, that the vector pi which repre­
sent the loadings corresponding to the latent vari­
able ti responsible for tin content, contains some 
information from the channels of the lead peak 
area. Similar behaviour is observed in the case of 
the vector p2 which corresponds to the lead content: 
its value is also dependent on the intensity of the Sn 
K peak. The scatter plot of the first two latent 
variables (scores) is shown in Fig.3. It is seen that in 
the new coordinates Pb vs. Sn content the lines

Channel number

Fig.2. Plot of the loading vector pi and p2 vs. channel number.

corresponding to the constant Pb and Sn concen­
trations are parallel to the new axes. This means 
that the Sn and Pb contents are independent of 
each other, hence the interelement effect was fully 
corrected. Fig.3 remains the nomograms construct­

ed

•TOO

Fig.3. Scatter plot of the first two latent variable li and *2

ed to correct matrix effects in the XRF analysis 
often used in the early days of the application of 
this method [5],

The evaluation of the established model shows 
that for the Pb concentration ranging from 6 to 15 
g/1 the root mean square error of crossvalidation 
(RMSECV) was 0.5 g/1 whereas for the Sn content 
ranging from 10 to 25 g/1 RMSECV it was 0.8 g/1. 
Obtained results have proved that implementation 
of the multivariate calibration in low-resolution 
XRF analysis can result not only in improvement in 
accuracy, but also may expand the range of applica­
tion of this methodology.
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SMOOTHING OF X-RAYS SPECTRA USING REGRESSION SPLINES
AND FOURIER ANALYSIS

W. Antoniak, P. Urbariski PL9700850
The real data obtained by physical measurements 
can be expressed as a sum of the two components: 
the noise component and the signal component [1] 

yr = y + $ (i)
where: yr is the raw data vector, y - the signal vector 
and s - the noise vector. The noise vector can be 
considered here as a sample of the random distri­
bution with the mean of zero. The assumption that 
the noise and signal components are additive and 
uncorrelated seems to be reasonable [1], also in the 
case of X-ray spectra. In the considered case, yr is 
vector of the measured spectrum, y - an "ideal" 
spectrum. Two smoothing methods were tested: re­
gression splines and Fourier analysis.

The first method is based on the approximation 
of the raw spectrum by yr the polynomial piecewise 
regression splines y& [2-3]:

y^=b0+bik4-b2k2H-b3k3+2 bj+i(k~kwj)+ (2)
j=i

where: (k-kwj)+=k-kwj for k>kwj, (k~kwj)+=0 
for k<kwj; k - channel number; kwj - knots posi­
tion; 1 - knots number.

Coefficients b are computed by the least squares 
regressions. An example of the X-ray spectrum 
smoothed by means of regression splines is shown 
in Fig.l.

Fig.l. Spectrum of the X-rays excited in a sample of black coal by 
source: a - without smoothing, b - after smoothing 

using regression splines; knots position marked by the bars.

The second smoothing method utilizes the fact 
that Fourier transform FFT(yr) of equation (1) 
allows to perform the analysis of data in the fre­
quency domain [4],

FFT(yr) = yr(cu) - y(cu) + s(w) (3) 
where: yr(cu), y(cu), s(cu) - Fourier transforms of yr, 
y and s to the frequency (cu) domain.

In the frequency domain y(a>) and s(co) have a 
very different behaviour. Information about ideal 
spectral distribution (y) is concentrated at the low 
frequencies, whereas the noise is distributed in the 
higher band. The aim of the smoothing is to cut-off 
this part in which the noise is dominant from the 
frequency spectrum. Fig.2 shows an X-ray spec­
trum, its transform into frequency domain and

channel number k

channel number k

80 100 120 140 160 160 200
channel number k

Fig.2. Spectrum smoothing using Fast Fourier Transform: a - be­
fore smoothing (the same as in Fig.la), b - Fourier Trans­
form of the spectrum, c - smoothed spectrum using cut-off 
window of 20 channels.

smoothed spectrum. The part of the frequency 
spectrum being cut-off contains all the channels 
from 21 to 179 (Fig.2b).

To obtain properly smoothed spectra in the case 
of regression splines, the optimal knots position 
and its numbers should be chosen. The same should

number of PLS czxnponants

w=10

number of PLS component*

Fig.3. Influence of the smoothing on the crossvalidation error 
(RMSECV) of the PLS model: a - spline smoothing, (Aw - 
distance between knots), b - FFT smoothing (w - cut-off 
window).
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be done with the cut-off window width in the case 
of FFT. The smoothing optimization criteria are 
discussed in [5]

The smoothed spectra were used in calculation 
of the multivariate calibration models using the 
PLS regression method. An example of their 
application for the XRF determination of sulphur 
in black coal [6] is shown in Fig.3. It should be 
noted, that application of the smoothed spectra can 
improve root mean square error of crossvalidation 
(RMSECV) by about 50%. However, in some other 
cases of the multivariate calibration very small or 
no improvement in the model performance was 
observed. Hence, further research is to be per­

formed to explain when and why smoothing of the 
raw data can improve performance of the multi­
variate calibration model.
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DIRECT DETERMINATION OF ABSORBER THICKNESS 
FROM MOSSBAUER SPECTRUM

W. Starosta

The shape of Mdssbauer spectrum in transmission 
geometry is given by the expression:

(1)
2fc 4-n(^)=i>£

dE

(E~Es
2.nexp(-ti- 

1=1
(E-Ej

i)

which is also called the transmission integral (TI). In 
this expresssion Fs, Ta are energy line halfwidths of 
source and absorber, respectively, Ej, tj=fj nj o\ - peak 
positions and effective thicknesses of the i-th line of 
absorber and Es=Eo(l+v/c) - energy of source quan­
ta. Due to difficulties connected with obtaining a 
compact expression for TI, several methods for 
determining the shape of spectrum of absorber are 
applied, e.g. numerical integrations of TI, Fourier or 
Voigt based deconvolution method, approximation of 
exponent by Lorentz terms with width and amplitude 
depending on absorber thickness, or at last approxi­
mation by Lorentz function with the condition of 
"thin absorber". Each of these approaches have some 
disadvantages. Numerical integration is time consum­
ing, especially if such a method is to be incorporated 
into the best parameters fitting routine. Fourier 
transform generally needs a knowledge of the half­
width of source line. Two other methods need some 
calibrations if contents of Mdssbauer nuclei are to be 
determined from the spectrum. Besides of that the 
conception of "thin absorber" requires some defi­
nition which can be drawn only on the basis of 
knowledge of spectrum distortion introduced by finite 
absorber thickness. All these problems could be 
avoided when a new formula recently obtained by the 
author is applied. Using it a direct determination of 
effective absorber thicknesses is possible.

The formula has been obtained using the fol­
lowing representation for Lorentz terms 
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here i=VZ%, and using the expansion of exponent 
containing the Lorentz terms in the form:
exp(yfaii+i;

m=l

tk 
ml y)(<+i)<3>

here Im - Bessel modified function of m-th order.
Applying the known theorem concerning calcu­

lation of an integral in complex plane by the resi­
duals method, the TI can be expressed as a sum of 
residuals in poles in upper half-plane. Finally, the 
TI is given by infinite series in the form:

n(Es)=1.0+ |J]exp 

where:

Z (Lk(E$)+Lk(Es)) (4)

Lk(E$) = £ Akp(a£s - 1.0),

P=1

Es-Ek+2(Ts-ra)
&ks— i •
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Formula (4) can be easily calculated using a per­
sonal computer if the calculations on complex type 
data are involved.

In order to check the validity of the formula, 
calculations of the effective thickness of Armco 
absorber have been performed for 6 fim iron 
ARMCO foil supplied by Amersham for the 
calibrations of spectrometer. In the calculations, 
the halfwidth of the absorber line was assumed to 
be constant and equal to table value of iron 57Fe 
nuclide halfwidth. The value of 2.76 has been ob­
tained for the effective thickness of absorber in fair 
agreement with 2.80 as calculated for our Armco 
foil using the table nuclear data for iron 57Fe. For 
the halfwidth of source line the value of 0.134 mm/s 
has been obtained. A larger value of halfwidth for 
the source line can be explained as due to self 
absorption of Mdssbauer resonant radiation.

The obtained results show that the direct deter­
mination of the absorber effective thickness can be 
done using our exact formula for TI and the nuclear
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data for iron 57Fe nuclide. At present, the validity 
of the formula is under study as applied to the 
contents determination of iron containing minerals 
(pyrite, clay minerals) in coals and for alumino­
silicates. It is expected that the application of this

formula will be helpful in removing thickness 
distortion effects in the Mtissbauer spectrum and 
for more accurate determination of physical para­
meters of the absorber, particularly in the case 
when spectra lines are overlapping.



116 THE INCT PUBLICATIONS IN 1995

THE INCT PUBLICATIONS IN 1995

1. Ambroz H.B., Przybytniak G.K.
Different forms of triplet states of aryl cations.
28th Annual International Meeting on ESR Spectroscopy of Radicals in Organic and Bio-Organic 
Systems. University of Surrey, England, 27-31.03.1995, pp. PI.

2. Ambroz H.B., Przybytniak G.
Nietypowe wlasnoSci spektroskopowe kationdw arylowych (Some specific spectroscopic properties of 
aryl cations).
X Krajowy Zjazd Polskiego Towarzystwa Badali Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referat6w. Warszawa, Poland, 06-07.04.1995, p. 14.

3. Ambroz H.B., Przybytniak G.K.
Radiation induced oxidation of organic sulphides in acidic glasses.
Tenth International Congress of Radiation Research. Wtirzburg, Germany, 27.08.-01.09.1995, p. P09 4.

4. Ambroz H.B., Przybytniak G.K.
Radiation induced radicals of organosulphur compounds.
Electron Spin Resonance in Electron Transfer and Organic Solids. Abstract. Dresden, Germany, 
22-25.11.1995, p. P-1.

5. Ambroi H.B., Przybytniak G.K.
Unique properties of ground state aryl cations.
16th Conference on Radio- and Microwave Spectroscopy. Poznafi, Poland, 25-27.04.1995, pp. P-40.

6. Ambroz H.B., Przybytniak G.K., Wronska T.
EPR and NMR studies of intermediates of organosulphur compounds.
17th Conference and Workshop on Magnetic Resonance and the Structure of Matter. Book of 
Abstracts. Gosen, Germany, 28-30.09.1995.

7. Bartak J., Machaj B.
Instrumentalny pomiar produktdw rozpadu radonu-222 w powietrzu (Instrumental measurement of 
Rn-222 decay products concentration in air).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 268-272.

8. BartoS B., Bilewicz A.
Separation of In3+ from Cd2+ on crystalline antimonic acid. 115Cd-115mIn generator.
Journal of Radioanalytical and Nuclear Chemistry, Letters, 201,2,89-96 (1995).

9. Bazela W., Guillot M., Leciejewicz J., Maletka K., Szytuia Z., Tomkowicz Z.
Magnetic properties of RAgSn (R=Nd, Tb, Ho) compounds.
Journal of Magnetism an Magnetic Materials, 140-144,1137-1138 (1995).

10. Bazela W., Kolenda M., Leciejewicz J., Stuesser N., Szytuia A., Zygmunt A.
Magnetic structure of RPtSn (R=Ce, Tb, Ho).
Journal of Magnetism and Magnetic Materials, 140-144,881-882 (1995).

11. Baiela W., Leciejewicz J., Szytuia A.
Neutron diffraction studies of RAgSn and RPtSn compounds.
Selected Problems of Solid-State Physics. Anniversary issue. Vol. 1, no. 1. Krakdw 1995, pp. 9-24.

12. Bielik M., Dzwigalski Z.
Fiber-optic control system for an electron gun.
2nd National Symposium PLASMA’95 "Research and applications of plasmas". Vol. 1. Contributed 
papers. Warszawa, Poland, 26-28.06.1995, pp. 279-282.



THE INCT PUBLICATIONS IN 1995 117

13. Bielinski J., Ghiszewski W., Stokarski W., Przyhiski J.
AuBenstromlos abgeschiedene Nickel-Korund-Dispersionsschichten-Abscheidungs- und Korrosions- 
verhalten.
Galvanotechnik, 86,1,81-86 (1995).

14. BilewiczA.
Separation of 90Y from ^Sr on crystallione antimonic (V) add.
Radiochimica Acta, 69,137-140 (1995).

15. BilewiczA.
WlasnoSci chemiczne najciqzszych pierwiastkdw (Chemical properties of the heaviest elements). 
Postspy Techniki Jqdrowej, 38,1,35-42 (1995).

16. Bilewicz A., Narbutt J.
Specific and nonspecific interactions of amine complexes of silver, zinc and cadmium with ion exchangers. 
Solvent Extraction and Ion Exchange, 13,6,1083-1096 (1995).

17. Bobrowski K., Pogocki D., Schtineich C.
Mechanizm utleniania kwasdw zawierajqcych grupq tioeterowq generowanymi radiacyjnie rodnikami 
OH (OH induced oxydation mechanism of carboxylic acids containing thioether group).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 19.

18. Bobrowski K., Pogocki D., Schtineich C.
Mechanizm utleniania kwas6w zawierajqcych grups tioeterowq generowanymi radiacyjnie rodnikami 
OH (OH induced oxydation mechanism of carboxylic acids containing thioether group).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia Inzyniertiw i Technikdw 
Przemysiu Chemicznego. Lublin, Poland, 25-28.09.1995, S-l P-7.

19. Bobrowski K., Schtineich C.
Intermediates during OH-induced oxidation of methionine-containing peptides.
Polish-American Workshop on Reactive Intermediates. Zakopane, Poland, 13-18.08.1995, p. L21.

20. Bojarski J., Zimek Z.
Polipropylen odporny radiacyjnie (Radiation resistant polypropylene).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprz^tu Medycznego i Przeszczeptiw. Warszawa, Poland, 
05-06.10.1995, pp. 117-121.

21. Bojarski J., Buihak Z., Burlinska G., Kaluska I., Zimek Z., Szwojnicka D.
Medical quality of the radiation resistant polypropylene.
Radiation Physics and Chemistry, 46,4-6,801-804 (1995).

22. Bojarski J., Burlinska G., Zimek Z
Polipropylen w zastosowaniu do wyrobdw medycznych sterylizowanych radiacyjnie (Radiation resis­
tant polypropylene for medical devices).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySIe, Medycynie, Rolnictwie i Ochronie Arodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 99-102.

23. Bojarski J., Burlinska G., Zimek Z
Procesy radiacyjne w polipropylenie i jego odmianach. Rodniki pierwotne i nadtlenkowe (Radiation 
processes in polypropylene and its modification: Study of primary and peroxide radicals).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 20.

24. Bojarski J., Burlinska G., Zimek Z.
Radiacyjna modyfikacja polipropylenu (Radiation modification of polypropylene).
XII Konferencja Naukowa "Modyfikacja polimerdw". Kudowa Zdrtij, Poland, 11-15.09.1995, pp. 313-316.

25. Borucki J., Pszonicki L.
The seasonal geochemical variations in the active stream sediment of the tributaries of Lubatdwka 
and Jasiolka by Rogi, near Krosno (Carpathians).
Geological Quarterly, 39,1,145-164 (1995).



118 THE INCT PUBLICATIONS IN 1995

26. BouzykE.
Op6inienie mitotyczne indukowane przez promieniowanie jonizujqce (Mitotic delay induced by ionizing 
radiation).
Postspy Techniki Jqdrowej, 38,1,2-7 (1995).

27. Bryl-Sandelewska T., Zimek Z.
Obrdbka radiacyjna lekdw, surowcdw farmaceutycznych i kosmetycznych oraz kosmetykdw (Radi­
ation treatment of drugs, pharmaceutical raw materials and cosmetics).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprz^tu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 49-54.

28. Buczkowski M., Fiderkiewicz A., Starosta W.
Biomedyczne zastosowania trekowych membran filtracyjnych (Biomedical applications of particle 
track membranes).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzgtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 122-134.

29. Buczkowski M., Starosta W., Fiderkiewicz A., Kielkiewicz J., Meinhardt E.
Zastosowanie membran trekowych w charakterze bariery mikrobiologicznej (Application of particle 
track membranes as microbiological barrier).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Arodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 158-162.

30. Bukowski A., Padczyk E., Chaj?cki T., WaliS L.
Oznaczanie zanieczyszczeft w krzemie o czystoici pdlprzewodnikowej metodq instrumentalnej reakto- 
rowej neutronowej analizy aktywacyjnej (Determination of impurities in semiconductor grade purity 
silicon waters by means of instrumental reactor neutron activation analysis).
Krajowe Sympozjum "Technika Jqdrowa w Przemydle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 381-385.

31. Burlinska G., Bobrowski K., Holcman J.
On the reaction of the hydrated electron with methionine-containing oligopeptides.
Symposium on Physical Organic Photochemistry. Book of Abstracts. Poznari, Poland, 23-27.07.1995, 
p. IP-14.

32. Burlinska G., Bobrowski K., Michalik J.
ESR study of solid methionine-containing peptides.
Electron Spin Resonance in Electron Transfer and Organic Solids. Abstracts. Dresden, Germany, 
22-25.11.1995, p. P-29.

33. Burlinska G,, Bobrowski K., Michalik J.
ESR study of solid oligopeptides.
17th Conference and Workshop on Magnetic Resonance and Their Structure of Matter. Book of 
Abstracts. Gosen, Germany, 28-30.09.1995.

34. Burlinska G., Bobrowski K., Michalik J.
Radical processes in methionine-containing oligopeptides. ESR study.
19th Miller Conference Radiation Chemistry. Programme & Abstracts. Cervia/Milano Marittima, 
Italy, 16-21.09.1995, p. 37.

35. Burlinska G., Bobrowski K., Wqsowicz T.
Procesy rodnikowe w polikrystalicznych peptydach metioninowych (Radicals processes in polycrys­
talline peptides containing methionine).
X Krajowy Zjazd Polskiego Towarzystwa Badah Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 21.

36. Chmielewski A.G.
Electron beam gaseous pollutants treatment.
IEEE International Conference on Plasma Science. Madison, Wisconsin, USA, 5-8.06.1995, p. 269.

37. Chmielewski A.G.
Inzynieria procesowa w technologiach jgdrowych (Process engineering in nuclear technologies).



THE INCT PUBLICATIONS IN 1995 119

XV Ogtilnopolska Konferencja Naukowa Inzynierii Chemicznej i Procesowej. Materialy Konferencyj- 
ne. T. IV. Gdansk, Poland, 12-15.09.1995, pp. 214-217.

38. Chmielewski A.G.
Rozw6j technology zaawansowanych (High-Tech) na przykladzie technik radiacyjnych (High-tech 
development exemplified by radiation technologies).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 19-26.

39. Chmielewski A.G.
Techniki jqdrowe i radiacyjne - stan obecny oraz kierunki rozwoju (Nuclear and radiation techniques - 
present state and directions of development).
Ill Walny Zjazd Polskiego Towarzystwa Nukleonicznego. Materialy Sesji Seminary]nej. Raport 
IAE-10/A. Instytut Energii Atomowej, Otwock-Swierk 1995, pp. 39-48.

40. Chmielewski A.G.
Technological development of eb flue gas treatment based on physics and chemistry of the process. 
Radiation Physics and Chemistry, 46,4-6,1057-1062 (1995).

41. Chmielewski A.G., Harasimowicz M.
Application of ultrafiltration and complexation to the treatment of low-level radioactive effluents. 
Separation Science and Technology, 30,7-9,1779-1789 (1995).

42. Chmielewski A.G., Harasimowicz M., Zakrzewska-Trznadel G.
Applications of membrane processes in purification of radioactive wastes.
Towards Hybrid Membrane and Biotechnology Solutions for Polish Environmental Problems. 
Szklarska Porqba, Poland, 12-15.01.1995, pp. 227-233.

43. Chmielewski A.G., Harasimowicz M., Zakrzewska-Trznadel G.
Purification of radioactive wastes by membrane distillation.
IX Symposium on Separation Science and Technology for Energy Applications. Gatlinburg, USA, 
22-26.10.1995, pp. 50-51.

44. Chmielewski A.G., Iller E., Tyminski B., Licki J., Zimek Z.
Technologia usuwania SO2 i NO% z gaz6w spalinowych przy pomocy wiqzki elektrondw (Electron and 
beam technology of removal SO2 and NOx from flue gases).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySIe, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 67-75.

45. Chmielewski A.G., Iller E., Tyminski B., Zimek Z., Licki J.
Electron beam flue gas treatment process upscaling.
International Chemical Congress of Pacific Basin Societes. Book of Abstracts. Honolulu, Hawaii, 
17-22.12.1995, p. ENVR-6(317).

46. Chmielewski A.G., Iller E., Zimek Z., Romanowski M., Koperski K.
Industrial demonstration plant for electron beam flue gas treatment.
Radiation Physics and Chemistry, 46,4-6,1063-1066 (1995).

47. Chmielewski A.G., Licki J., Dobrowolski A., Tyminski B., Iller E., Zimek Z.
Optimization of energy consumption for NOx removal in multistage gas irradiation process.
Radiation Physics and Chemistry, 45,6,1077-1079 (1995).

48. Chmielewski A.G., Palige J., Dobrowolski A
Nowe rozwiqzanie uSredniacza SciekOw - wynik badafi radioznacznikowych (New design of equaliza­
tion-settle tank - results of radiotracer studies).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 193-197.

49. Chmielewski A.G., Palige J., Owczarczyk A., Dobrowolski A.
Nowy typ wysokoefektywnego u&edniacza sldadu Sdek6w (A new type of highly efficient equalization-settle tank). 
XV Ogdlnopolska Konferencja Naukowa Inzynierii Chemicznej i Procesowej. Materialy Konferencyj- 
ne. T. IV. Gdahsk, Poland, 12-15.09.1995, pp. 218-221.



120 THE INCT PUBLICATIONS IN 1995

50. Chmielewski A.G., Tyminski B., Licki J., Iller E., Zimek Z., Radzio B.
Pilot plant for flue gas treatment - continuous operation tests.
Radiation Physics and Chemistry, 46,4-6,1067-1070 (1995).

51. Chmielewski A.G., WaliS L.
Technologic radiacyjne oraz techniki jqdrowe przyjazne dla czlowieka i Srodowiska naturalnego 
(Radiation technologies and nuclear technics friendly for human beings and natural environment).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzgtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 135-141.

52. Chmielewski A.G., Zakrzewska-Trznadel G.
Efekty izotopowe wodoru i tlenu w procesie permeacji wody przez membrany polimerowe (Hydrogen 
and oxygen isotope effects in water permeation process through polymer membranes).
Prace Wydzialu InZynierii Chemicznej i Procesowej Politechniki Warszawskiej, 22,1-2,23-31 (1995).

53. Chmielewski A.G., Zakrzewska-Trznadel G., Miljevid N.R., Van Hook W A.
Membrane distillation employed for separation of water isotopic compounds.
Separation Science and Technology, 30,7-9,1653-1667 (1995).

54. Chmielewski A.G., Zakrzewska-Trznadel G., Miljevid N.R., Van Hook WA.
Multistage process of deuterium and heavy oxygen enrichment by membrane distillation.
IX Symposium on Separation Science and Technology for Energy Applications. Gatlinburg, USA, 
22-26.10.1995. Program and Abstracts, p. 47.

55. Chmielewski A.G., Zimek Z , Bryl-Sandelewska T., Kosmal W., Kalisz L., Kazmierczuk M. 
Disinfection of municipal sewage sludges in installation equipped with electron accelerator.
Radiation Physics and Chemistry, 46,4-6,1071-1074 (1995).

56. Chmielewski A.G., Zimek Z , Bryl-Sandelewska T., Kosmal W., Kalisz L., Kazmierczuk M., Kubera A. 
Higienizacja osaddw Sdekowych przy uzydu wiqzki elektrondw (Sewage sludge hygienisation with electron 
beam).
Inzynieria i Aparatura Chemiczna, 4,26-28, (1995).

57. Chmielewski A.G., Zimek Z., Bryl-Sandelewska T., Kosmal W., Kalisz L., Kazmierczuk M., Kubera A. 
Higienizacja osaddw fciekowych przy uzydu wiqzki elektrondw (Sewage sludge hygienisation with electron beam).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sktodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 25.

58. Chmielewski A.G., Zimek Z., Panta P., Drabik W.
The double window for electron beam injection into the flue gas process vessel.
Radiation Physics and Chemistry, 45,6,1029-1033 (1995).

59. ChudziakA., TrojanowiczM.
Reversed-phase HPLC of phenols with preconcentration by solid-phase extraction.
Chemia Analityczna, 40,39-52 (1995).

60. Chwastowska J., Zmijewska W., Sterlinska E.
Determination of antimony (III, V) in natural waters by separation and preconcentration on a thio- 
nalide loaded resin followed by neutron activation analysis.
Journal of Radioanalytical and Nuclear Chemistry, Articles, 196,1,3-9 (1995).

61. Chwastowska J., Zmijewska W., Sterlinska E.
Zastosowanie sorbentu chelatujqcego z tionalidem osadzonym na zywicy Bio-Beads SM-7 do wydzie- 
lania i wzbogacania Sladdw metali (Application of a thionalide loaded resin to the separation and 
preconcentration of traces of metals).
Piqta Polska Konferencja Chemii Analitycznej "Analityka w stuzbie czlowieka i Srodowiska". Gdatisk, 
Poland, 03-09.10.1995. Materialy konferencyjne. T. 1, p. 206.

62. Chwastowska J., Zmijewska W., Sterlinska E., Gol^biewska W.
Group separation and preconcentration of some heavy metals by sorption on a thionalide loaded 
resin. Application to water analysis.
Chemia Analityczna, 40,879-885, (1995).



THE INCT PUBLICATIONS IN 1995 121

63. CieSla K.
Zastosowanie analizy termicznej w badaniach napromieniowanych bialek (Application of thermal 
analysis to investigation of irradiated proteins).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 148-152.

64. CieSla K., Starosta W.
Heavy ions track structure in a PETP.
Nuclear Instruments and Methods in Physics Research B, 105,115-119 (1995).

65. CieSla K., Trautmant Ch., Vansant E.F.
DSC examinations of heavy ion irradiated thin polymer foils.
Nukleonika, 4Q, 3,141-152 (1995).

66. Ciurapinski A., Przybylski K., Potoczek M.
Autoradiograficzne badania kierunkdw dyfuzji pierwiastk6w w procesach wysokotemperaturowego 
siarkowania wolframu i molibdenu (Autoradiographic studies of directions of elements diffusion in 
high temperature sulphurization processes of tungsten and molybdenum).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 345-351.

67. Danko B., Dybczynski R.
Oznaczanie Sladowych zawartoSd uranu w materialach biologicznych za pomocq neutronowej analizy aktywacyjnej 
(NAA) (Determination of trace amount of uranium in biological materials by neutron activation analysis (NAA)).
Piqta Polska Konferencja Chemii Analitycznej "Analityka w sluzbie czlowieka i Srodowiska". Gdahsk, 
Poland, 03-09.09.1995. Materialy konferencyjne. T. 1, p. 210.

68. Danko B., Dybczynski R.
Radiochemical scheme for the determination of molybdenum and uranium in biological materials by NAA 
Journal of Radioanalytical and Nuclear Chemistry, Articles, 192,1,117-129 (1995).

69. Degueldre C., Bilewicz A., Alder H P.
Behavior and removal of radionuclides generated in the cooling water of a proton accelerator.
Nuclear Science and Engineering, 120, 65-71 (1995).

70. Dembinski W., Mioduski T.
Europium isotope separation in the HC1/HDEHP extraction system.
Journal of Radioanalytical and Nuclear Chemistry, Letters, 195,2,159-171 (1995).

71. Deptuta A., Carewska M., Olczak T., Lada W., Bartolomeo A. di
Sintering of ZrOz-CaO, ZrOz-YzOs and ZrOz-CeOz spherical powders prepared by water extraction 
variant of sol-gel process.
European Ceramic Society Fourth Conference "Basic science - developments in processing of advanced 
ceramics". Part II. Riccione, Italy, 02-06.10.1995, pp. 301-307.

72. Deptula A., Lada W., Olczak T., Chmielewski A.G.
Some comments on the production of medium sized spherical particles by anion and water extraction 
variant of sol-gel process.
Material Research Society Symposium. Proceedings. Vol. 372, pp.83-88.

73. Desrosiers M.F., Burlinska G., Kuppusamy P., Zweier J., Yaczko D.M., Auteri F.P., McClelland M R., 
Dick C.E., McLaughlin W.L.
Research and development activities in electron paramagnetic resonance dosimetry.
Radiation Physics and Chemistry, 46,4-6,1181-1184 (1995).

74. Dudek J., Pszonicki L.
Zachowanie si$ arsenu w obecnoSci rdznych modyfikator6w oraz chlorkdw przy oznaczaniu go tech- 
nikq ASA w kuwecie grafitowej (Behaviour of arsenic in the presence of various modifiers and chlori­
des at its determination by the graphite tube AAS).
Pigta Polska Konferencja Chemii Analitycznej "Analityka w sluzbie czlowieka i Srodowiska". Gdatisk, 
Poland, 03-09.09.1995. Materialy konferencyjne. T. 1, p. 148.



122 THE INCT PUBLICATIONS IN 1995

75. Dybczyfiski R.
The contribution of various analytical techniques to the certification of reference materials.
Fresenius* Journal of Analytical Chemistry, 352,120-124 (1995).

76. Dziewonski Z., Kalicki A., Kielak W., KraS J., Myczkowski S., WaliS L.
Detektory nadq2ne do kontroli szczelnoSci i lokalizacji miejsc nieszczelnych w rurociqgach podziem- 
nych metodq znacznik6w promieniotwdrczych (Follow-up detectors for leak proof control and leak 
localization in underground pipelines by the radiotracer method).
Krajowe Sympozjum Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Arodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 315-320.

77. Escudero Berzal M., Marcos Crespo M.J., Swiderska-Kowalczyk M., Martin Espigares M., 
Lopez-Jlmdnez J.
Nuclear science and technology. State-of-the-art review on fission products aerosol pool scrubbing 
under severe accident conditions.
Final report EUR 16241EN. European Commission Madrid, 1995,183+15 p.

78. Fiderkiewicz A., Buczkowski M., Zdttowski T., Zhitariuk N., Orelovich O., Kovalev G.
Odpornodd radiacyjna trekowych membran filtracyjnych (Radiation resistance of particle track mem­
branes).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 103-109.

79. Fiszer W., Migdat W.
Progress of food irradiation in Poland.
XXV Annual Meeting European Society for New Methods in Agricultural Research. Abstract. 
Castelnuovo Fogliani, Italy, 15-19.09.1995, p. 15.

80. Fiszer W., Migdat W.
Stan obecny i perspektywy stosowania metody radiacyjnej do utrwalania zywnoSci w rdznych krajach 
Swiata oraz w Polsce (Present status of food irradiation in the world and in Poland).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 117-118.

81. Fuks L., Kulyako Malikov D.A
Stability cons tans of acetylacetonate complexes of tetravalent berkelium.
Mendeleev Communication, 74-76 (1995).

82. Fuks L., Narbutt J.
Termodynamiczne funkcje podzialu tetrakis-acetylo-acetonianOw metali(IV) w ukldzie woda-heptan 
(Thermodynamic functions of partition of tetrakis-acetylacetonates of various metals(IV) in the sys­
tem water-heptane).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia Inzynier6w i Technik6w 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, p. S-6, P-44.

83. Gil A., Leciejewicz J., Szytuta A., Tomkowicz Z., Zygmunt A.
Magnetic properties of the Tbi-xRxNiXz systems (x<0.5) where R - Pr, Nd and X = Si, Ge.
Journal of Magnetism and Magnetic Materials, 140-144,927-928 (1995).

84. Ghiszewski W., Bielinski J.
Badania korozyjne bezprqdowych warstw dyspersyjnych NiP-AlzOg, NiP-SiC (Corrosion studies on 
N1-P-AI2O3 and Ni-P-SiC electroless alloys in H2SO4 and NaCl electrolytes).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia InzynierOw i Technikdw 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, p. S-8 P-17.

85. Gniazdowska E.
Wykorzystanie analiz wykonywanych metodq GC do wyznaczania wysokich wspdlczynnikdw podzialu 
czqsteczek organicznych w ukladzie woda/rozpuszczalnik organiczny (The application of GC method 
to determine high partition coefficients of organic compounds in water/organic solvent system).
II Ogdlnopolskie Seminarium Chrom atograficzne "Nowoczesne Metody Analityczne w Kontroli i 
Monitoringu Srodowiska". Streszczenia referatdw (P - 4/II). Toruri, Poland, 20-21.09.1995, p. 42.



THE INCT PUBLICATIONS IN 1995 123

86. Grqdzka I., Szumiel I., Afanasjew G.G., Kapiszcwska M.
Dzialanie kamptotecvny na kom6rki dw6ch podlinii L5178Y napromienione promieniowaniem X 
(Action of camptothecin on two cell sublines L5178Y irradiated with X-rays).
X Krajowy Zjazd Polskiego Towarzystwa Badaft Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 67.

87. Grqdzka I., Szumiel I., Squires S.
Cellular factors determining differential sensitivity to camptothecin in two murine lymphoma L5178Y sublines. 
5th International Symposium on Molecular Aspects of Chemotherapy. Abstracts. Gdatisk, Poland, 
21-24.08.1995, p. 1.

88. Grqdzka I., Szumiel I., Squires S.
SzybkoSd naprawy uszkodzeti DNA wywolanych przez kamptotecynq a przezywalnoSd komdrek w 
dwdch podliniach bialaczki mysiej L5178Y (Rate of DNA repair after camptothecin action and sur­
vival in two sublines of mouse lymphoma L5178Y cells).
XXXI Zjazd Polskiego Towarzystwa Biochemicznego. Streszczenia.Warszawa, Poland, 6-8.09.1995, p. 10.

89. Grigoriew H., Jachimowicz M.
Study of the mechanical nanocrystallization process of amorphous FeygBisSig aloy using the pair 
function method.
Journal of Applied Physics, 78,1,132-136 (1995).

90. Hug G.L., Marciniak B., Bobrowski K.
Sensitized photooxidation of sulfur-containing amino acids and peptides in aqueous solution. 
Symposium on Physical Organic Photochemistry. Book of Abstracts. Poznah, Poland 23-27.07.1995, p. L-6.

91. Hulewicz Z.Z., Chmielewski A.G.
Filtracja zanieczyszczeti aerozolowych za pomocq filtrdw ziarnistych (An aerosols contaminants by 
means of grain filters).
Metodyki Badah Odpaddw Przemyslowych. Wojskowy Instytut Chemii i Radiometrii, Warszawa 1995, 
pp. 81-109.

92. Hulewicz Z.Z., Chmielewski A.G.
On dry granular bed filtration of aerosols induced by irradiation.
Radiation Physics and Chemistry, 45,6,1039-1047 (1995).

93. Jackowski Z, Chmielewski A.G., Zimek Z
Optimization of irradiation chamber for electron beam flue gas treatment in application for large 
steam boilers.
International Chemical Congress of Pacific Basin Societes. Book of Abstracts. Honolulu, Hawaii, 
17-22.12.1995, p. ENVR-6(316).

94. Kalicki A., Panczyk E., Kulczycki A., Banasik Z
Zastosowanie metod jqdrowych do badania skutecznoSci Srodk6w obnizajqcych zuzycie (Applications 
of nuclear methods to the examination of the effectiveness of preparation for wear reduction).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 247-252.

95. Katuska I.
Aktualne przepisy mi^dzynarodowe dotyczqce sterylizacji radiacyjnej (International requirements and 
guidelines concerning radiation sterilization).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzgtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 55-60.

96. Kahiska I.
Polipropylen cdporny radiacyjnie (Radiation resistant polypropylene).
Seminarium "Polimery 2000". Plock, Poland, 02.06.1995, p. 149.

97. Katuska I.
Technologia sieciowania radiacyjnego polietylenu w zastosowaniu do otrzymywania wyrobdw termo- 
kurczliwych (Radiation crosslinking processing of polyethylene applied for obtaining heat-shrinkable 
material).



124 THE INCT PUBLICATIONS IN 1995

Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 97-98.

98. Katuskal.
Wyroby termokurczliwe (Heat-shrinkable materials).
Seminarium "POLIMERY 2000". Ptock, Poland, 02.06.1995, pp. 147-148.

99. Katuskfl I., Mirkowski K.
Radiacyjna degradacja polipropylenu (Radiation degradation of polypropylene).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia InZynier6w i Technikdw 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, p. S-10 P-46.

100. Kierzek J., Kierzek A., Maloiewska-Budko B.
Neural networks based calibration in x-ray fluorescence analysis of polymetallic ores.
Nukleonika, 4Q, 3,133-140 (1995).

101. Kierzek J., Maloiewska-Budko B., Bukowski P., Zara^ S., Kunach B., Wiiand K.
Badanie wlasnodci ekologicznych wqgli i popioldw przy pomocy spektrometrii X i gamma (Investiga­
tion of ecological characteristics of coals and ashes by X-rays and gamma-spectrometry).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 398-404.

102. Kapiszewska M., Grqdzka I., Szumiel I., Afanasjev G.G.
Modulation of camptothecin effects in X-irradiated L5178Y cells.
Tenth International Congress of Radiation Research. Wtirzburg, Germany, 27.08.-01.09.1995. 
Radiation Research 1895-1995. Vol. 1. Congress Abstracts, p. 237.

103. Kleczkowska H E., Althaus F.R., Szumiel I.
Poly(ADP-ribose) metabolism in L5178Y cells exposed to ionizing radiation.
27th Annual Meeting of the USGEB/USSBE. Fribourg, Switzeland, 30-31.03.1995, p. 1.

104. Kleczkowska H E., Althaus F.R., Szumiel I.
Poly(ADP-ribose) metabolism in X-irradiated L5178Y-R and L5178Y-S sublines.
Tenth International Congress of Radiation Research. Wurzburg, Germany, 27.08.-01.09.1995. 
Radiation Research 1895-1995. Vol. 1. Congress Abstracts, p. 301.

105. Kleczkowska H E., Malanga M., Szumiel I., Althaus F.R.
Poly(ADP-ribosyl)ation and radiation sensitivity of two mouse lymphoma cell sublines.
Symposium Genetic Predisposition to Cancer. Ziirich, Switzerland, 15-17.03.1995, p. 1-3.

106. Kleczkowska H E., Szumiel I., Althaus F.R.
Low dose ionizing radiation activates poly(ADP-ribose)-binding proteins.
Workshop: Biological Effects after Small Radiation Doses, Wurzburg, Germany, 02.09.1995, p. 12/95.

107. Kolenda M., Leciejewicz J., Stuesser N., Szytuta A., Zygmunt A.
Incommensurate magnetic ordering in CePtSn and TbPtSn.
Journal of Magnetism and Magnetic Materials, 145,85-92 (1995).

108. KraS A.B., Panczyk E., WaliS L., Sartowska B.
Application of track autoradiography in diagnostics of special closed radiation sources.
Radiation Measurements, 25,1-4,363-366 (1995).

109. KraS A.B., Pahczyk E., WaliS L., Sartowska B.
Diagnozowanie zamkniqtych 2r6del promieniowania wykorzystywanych w czujkach dymu (Applica­
tion of track autoradiography in diagnosis of special closed radiation sources).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 454-457.

110. Kra£ J., WaliS L., Kielak W.
SzczelnoSd instalacji technologicznych i rurociqgdw przesytowych jako element ochrony Srodowiska 
naturalnego (Tightness of technological installations and industrial pipelines as an element of envi­
ronmental protection).



THE INCT PUBLICATIONS IN 1995 125

Rrajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 212-216.

111. Krejzler J., Siekierski S.
Specific and non-specific interaction of hydropseudohalic acids with water and organic solvents. 
Journal of Solution Chemistry, 24,3,253-266 (1995).

112. KruszewskiM.
Indukcja i naprawa uszkodzeti DNA w komdrkach L5178Y o zrdznicowanej wrazliwoSci na promie- 
niowanie X i nadtlenek wodoru (DNA damage and its repair in L5178Z cell lines differing in sensi­
tivity to X-rays and H2O2).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 75.

113. Kruszewski M., Green Lowe J.E., Szumiel I.
Comparison of effects of iron an calcium chelators on the response of L5178Y sublines to X-rays and H2O2. 
Mutation Research, 326,155-163 (1995).

114. Kruszewski M., Szumiel I., Iwanenko T., Kapiszewska M.
Indukcja uszkodzeti labilnych w pH 9 w komdrkach o zrdznicowanej wrazliwoSci na promieniowa- 
nie X i H2O2 (pH9-labile DNA damage in L5178Y cell lines differing in sensitivity to X-rays and 
H2O2).
XXXI Zjazd Polskiego Towarzystwa Biochemicznego. Streszczenia. Warszawa, Poland, 06-08.09.1995, p. 10.

115. Kruszewski M., Szumiel I., Kapiszewska M., Iwanetiko T.
Stosunek zawartoSci miedzi do zelaza oraz indukcja uszkodzeti labilnych w pH 9 w komdrkach o 
zrdznicowanej wrazliwoSci na promieniowanie X i nadtlenek wodoru (Cu and Fe content and 
pH9-labile DNA damage in L5178Y cell lines differing in sensitivity to X-rays and H2O2).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz­
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 77.

116. Krynicki J., Warchot S., Rzewuski H., Groetzschel R.
Damage production in As implanted GaAsi-xPx (Proceedings of the XXIII International School of 
Semiconducting Compounds, Jaszowiec 1994).
Acta Physica Polonica A, 87,1,249-252 (1995).

117. Kulisa K., Polkowska-Motrenko H., Dybczynski R.
Jednoczesne oznaczanie za pomocq chromatografii jondw SO§- i Soi~ oraz innych aniondw 
(NO2 , NO3 , F~, Cl-) w roztworach wodnych uzyskanych w wyniku absorpcji gazdw spalinowych z 
instalacji odsiarczania w Elektrocieplowni Kaw^czyn (The use of ion chromatography for the 
sinultaneous determination of SO^~ and SO|~ anions along with other anions (NO2, NO3 , F , Cl ) 
in water solutions obtained as a result of absorption of combustion flue gases from Electron Beam 
Flue Gases Treatment Installation at Kawgczyn Electric Power Plant).
IV Poznatiskie Konwersatorium Analityczne "Nowoczesne melody przygotowania prdbek i oznacza- 
nia Sladowych zawartoSci pierwiastkdw. Poznati, Poland, 27-28.04.1995. Materialy Konwersatorium, 
p. 19.

118. Kulisa K., Polkowska-Motrenko H., Dybczynski R.
Oznaczanie zawartoSci SO2, SO3 i NOx w gazach odlotowych i aerozolach metodq chromatografii jo- 
nowej (Determination of SO2, SO3 and NOx in combustion flue gases and aerosols by ion chormato- 
graphy).
V Polska Konferencja Chemii Analitycznej "Analityka w sluzbie czlowieka i Srodowiska". Gdatisk, 
Poland, 03-09.09.1995. Materialy konferencyjne, p. 550.

119. Leciejewicz J., Alcock N.W., Kemp TJ.
Carboxylato complexes of the uranyl ion: Effects of ligand size and coordination geometry upon 
molecular and crystal structure.
Structure and Bonding. 82 Springer-Verlag 1995, pp. 43-84.

120. Leciejewicz J., Stuesser N., Szytula A., Zygmunt A.
Antiferromagnetic ordering in CezRhSb.
Journal of Magnetism and Magnetic Materials, 147,45-48 (1995).



126 THE INCT PUBLICATIONS IN 1995

121. Lehmann A.R., Walicka M., Griffiths D J.F., Murray J.M., Watts F.Z., McCready S., Carr A.M.
The radl8 gene of schizosaccharomyces pombe defines a new subgroup of the SMC superfamily 
involved in DNA repair.
Molecular and Cellular Biology, 15,12,7067-7080 (1995).

122. Lewandowska-Szumiet M., Katuska I.
Zastosowanie techniki radiacyjnej do otrzymywania i modyfikacji biopolimerdw. Praca poglqdowa 
(Application of radiation processing for obtaining and modification biopolimers. Overview).
Polimery w Medycynie, XXV, 1-2,57-67 (1995).

123. Licki J., Chmielewski A.G., Radzio B.
Off-line system for measurement of nitrous oxide concentration in gases leaving the irradiation cham­
ber.
Radiation Physics and Chemistry, 45,6,1035-1038 (1995).

124. Licki J., Chmielewski A.G., Radzio B.
Przemyslowe manualne i instrumentalne melody analizy skladu spalin na wylocie z elektrowni (In­
dustrial, manual and instrumental methods of analysis of flue gases composition at the outlet of EPS). 
VIII Gielda "Nowoczesna Technika w Energetyce". Materialy sympozjalne II. Nowoczesne rozwiqza- 
nia w dziedzinie wytwarzania energii elektrycznej i cieplnej; Nowe kierunki w technice informacyj- 
no-sterowniczej i pomiarowej w energetyce. Bielsko-Biafct, Poland, 26-28.09.1995, pp. 22/1-22/13.

125. Lomot D., Juszczyk W, Pielaszek J., Kaszkur Z., Bakuleva T.N., Karpinski Z, Wqsovvicz T, Michalik J. 
Structure and reactivity of supported palladium catalysts. I. Pd/SiOz prepared from PdClz.
New Journal of Chemistry, 19,3,263-273 (1995).

126. Lukasiewicz J., Bartak J.
Nowe techniki akwizycji danych z pomiardw radiometiycznych (New acquisition data technique of 
radiometric measurements).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie 6rodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 327-329.

127. Machaj B., Krawczynska B., Strzalkowski J.
Ocena parametrdw radioizotopowego miernika zapylenia powietrza (Assessment of parameters of 
airborne radioisotope dust monitor).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 261-267.

128. Malec-Czechowska K., Dancewicz A.M., Szot Z.
Metoda termoluminescencji w identyfikacji napromienionej zywnoSci (Thermoluminescence method 
in identification of irradiated foodstuffs).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 131-136.

129. Marciniak B., Hug G.L., Bobrowski K., Kozubek H.
Mechanism of 4-carboxybenzophenone-sensitized photooxidation of methionine-containing dipep­
tides and tripeptides in aqueous solution.
Journal of Physical Chemistry, 99,36,13560-13568 (1995).

130. Marciniak B., Hug G.L., Bobrowski K., Kozubek H.
Photoinduced electron transfer between sulfur-containing simple peptides and the 4-carboxybenzo- 
phenone triplet state in aqueous solution.
Symposium on Physical Organic Photochemistry. Book of Abstracts. Poznafi, Poland, 23-27.07.1995, p. IIP-2.

131. Marciniak B., Hug G.L., Rozwadowski J., Bobrowski K.
Excited triplet state of N-(9-methylpurin-6-yl)pyridinum cation as an efficient photosensitizer in the 
oxidation of sulfur-containing amino acids. Laser flash and steady-state photolysis studies.
Journal of the American Chemical Society, 117,1,127-134 (1995).

132. Michalik J., Azuma N., Sadlo J., Kevan L.
Silver agglomeration in SAPO-5 and SAPO-11 molecular sieves.
Journal of Physical Chemistry, 99,4679-4686 (1995).



THE INCT PUBLICATIONS IN 1995 127

133. Michalik J., Azuma N., Sadlo J., Kevan L.
Tetrameric silver clusters in RHO zeolite stable above room temperature characterized by electron 
magnetic resonance.
VII International Symposium on Magnetic Resonance in Colloid and Interface Science. Conference 
Abstracts. Madrid, Spain, 11-15.09.1995, p. 122.

134. Michalik A., Bartnik W., Owczarczyk A., Wierzchnicki R.
Radioizotopowe metody pomiardw transportu materialu dennego w rzekach gdrskich (Radiotracer 
method of measurement of bed-load transport in sub-mountains rivers).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 231-236.

135. Michalik J., Sadlo J., Azuma N., Kevan L.
Aglomeracja srebra w sitach molekularnych SAPO-5 i SAPO-11 (Silver agglomeration in SAPO-5 
and SAPO-11 in molecular sieves).
X Krajowy Zjazd Polskiego Towarzystwa Badafi Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 26.

136. Michalik J., Sadlo J., Kevan L.
Small silver clusters in RHO zeolites.
17th Conference and Workshop on Magnetic Resonance and the Structure of Matter. Book of 
Abstracts. Gosen, Germany, 28-30.09.1995.

137. Michalik J., Sadlo J., Kevan L.
Tetrameric silver clusters in RHO zeolite stable above room temperature.
19th Miller Conference Radiation Chemistry. Programme & Abstracts. Cervia/Milano Marittima, 
Italy, 16-21.09.1995, p. 33.

138. Michalik J., Sadlo J., Pol A. van der
EPR and ESEM studies on organosilver radicals in zeolites.
16th Conference on Radio- and Microwave Spectroscopy. Poznari, Poland, 25-27.04.1995, p. P-47.

139. Michalik J., Yamada H., Wqsowicz T., Kevan L.
Pulsed electron spin resonance studies of silver atoms and clusters in smectite clays.
Science and Technology 48th Conference Proceedings. Springfield Virginia, USA, 1995, pp. 309-311.

140. Migdal W.
Napromieniowanie zywnoSci (Food irradiation).
Roczniki Paftstwowego Zakladu Higieny, 46,4,323-328 (1995).

141. Migdal W., Maciszewski W., Gryzlov A.
Application of "Elektronika 10-10" electron linac for food irradiation.
Radiation Physics and Chemistry, 46,4-6,749-752 (1995).

142. Migdal W., Owczarczyk B., Malec-Czechowska K.
DoSwiadczalna Stacja Radiacyjnego Utrwalania Ploddw Rolnych (Pilot plant for food irradiation). 
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 119-121.

143. Migdal W,, Owczarczyk B., Malec-Czechowska K.
The task of pilot plant in legislation and commercialization of food irradiation in Poland.
XXV Annual Meeting European Society for New Methods in Agricultural Research. Castelnuovo 
Fogliani, Italy, 15-19.09.1995. Abstract, p. 20.

144. MioduskiT.
Ekologia i energetyka a nukleofobia (Ecology and energetics versus nucleophobia).
PostQpy Techniki Jqdrowej, 38,1,19-32 (1995).

145. MirowiczJ.
Zastosowania przemyslowych radioizotopowych miernikdw stqzenia kwasu siarkowego i oleum (Ap­
plication of industrial radioisotope gauges of sulphuric acid and oleum concentration).



128 THE 1NCT PUBLICATIONS IN 1995

Krajowe Sympozjum "Technika J^drowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp, 297-300.

146. Narbutt J.
On the reliability of "Individual Distribution Constants" of consecutive metal complexes, determined 
by curve-fitting method.
Polish Journal of Chemistry, 69,1589-1590 (1995).

147. Narbutt J.
Outer-sphere hydration of metal /3-diketonates.
VI Meidunarodnaja Konferencija "Problemy sol'vatacii i kompleksoobrazovanija v rastvorach. 
Ivanovo, Russia, 10-12.10.1995, p. P-12,P-13.

148. Nichipor H., Radouk E., Chmlelewski A.G., Zimek Z., Lysov G.W.
SO2 oxidation in humid air by electron beam and microwave energy simultaneous application. 
Radiation Physics and Chemistry, 46,4-6,1115-1118 (1995).

149. Owczarczyk A., Pruszak Z., Szpilowski S., Wierzchnicki R.
Some velocities and bed load transport due to wave and current.
Eight International Conference Transport and Sedimentation. Prague, Czech Republic, 24-26.01.1995. 
Materiafy konferencyjne, p. B-13.

150. Owczarczyk A., Strzelecki M.
Bilanse wodne i Sciekowe w energetyce i cieptownictwie (Water and waste water balance in power and 
heat industry).
VIII Gielda "Nowoczesna Technika w Energetyce". Bielsko-Biala, Poland, 26-28.09.1995. Materialy z 
Sympozjum, p. 33/1-33/8.

151. Owczarczyk A., Szpilowski S., Wi^ctaw B.
Rozwdj radioznacznikowych metod badania szczelnoSci zbiornikdw (Development of radiotracer 
methods for examination of tank tightness).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 206-211.

152. Owczarczyk A., Wierzchnicki R., Pruszak Z
Radiotracer use for bed-load movement parameters and transport estimation in near-shore Baltic Sea zone. 
International Symposium on Isotopes in Water Resources Management. Vienna, Austria, 20-24.03.1995, 
pp. 284-285.

153. Owczarczyk A., Wierzchnicki R., Szpilowski S.
Transport zanieczyszczeh w naturalnych odbiornikach wodnych. Badania znacznikowe (Transport of 
impurities in natural water receivers. Tracer studies).
Konferencja "Ocena i stan Srodowiska przyrodniczego Polski i innych krajdw". Jachranka, Poland, 
10-13.10.1995, p. 106.

154. Owczarczyk B., Malec-Czechowska K., Migdat W
Radiacyjna mikrobiologiczna dekontaminacja suszonvch warzyw (Radiation microbiological deconta­
mination of dry vegetables).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 128-130.

155. Owczarczyk B, Migdat W.
Radiation treatment of dry vegetables, dry mushrooms and some spieces.
XXV Annual Meeting European Society for New Methods in Agricultural Research. Castelnuovo 
Fogliani, Italy, 15-19.09.1995. Abstract, p. 21.

156. Palige J., Chmielewski AG., Dziewonski Z.R^ Rahimi H., Naimpour A., Amini A, Abedinzadeh A^ Khatitipour E. 
Radiotracer glass furnaces investigations.
Nukleonika, 40,1,67-80 (1995).

157. Palige J., Harasimowicz M.
Radioznacznikowe badania wanien szklarskich (Radiotracer investigation of glass furnaces).



THE INCT PUBLICATIONS IN 1995 129

Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 165-170.

158. Panta P.P.
Kontrola procesu napromieniania i sterylizacji (Control of irradiation and sterilization process­
ing).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzqtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 61-65.

159. Panta P.P., Chmielewski A.G., Zimek Z., Paduch M., Tomaszewski K.
Application of nitrogen fluorescence for the dosimetry of electron beam.
Radiation Physics and Chemistry, 46,4-6,1259-1262 (1995).

160. Panta P.P., Ghiszewski W.
Badania dozymetryczne przy wdrazaniu do sterylizacji radiacyjnej nowych wyrobdw medycznych w Stacji 
Sterylizacji Sprz^tu Medycznego i Przeszczepdw (Dosimertric investigations for the implementation of 
radiosterilization of new medical products in the Accelerator Facility for Radiation Sterilization).
X Rrajowy Zjazd Polskiego Towarzystwa Badari Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 6-7.04.1995, p. 38.

161. Panta P.P., Ghiszewski W.
Radiosterylizacja masowego sprzgtu medycznego - technika spelniajqca wymagania ochrony Srodowiska 
naturalnego (Industrial sterilization of medical equipment - the technique compatible to protection of envi­
ronment).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 139-141.

162. Panta P.P., Ghiszewski W.
Zastosowanie dozymetrii radiacyjnej dla technik ochrony drodowiska naturalnego (Application of 
radiation dosimetry for techniques of protection of environment).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 81-82.

163. Panta P.P., Zimek Z., Kowalewski R., Ghiszewski W.
Zastosowanie dozymetrii radiacyjnej dla technik ochrony Srodowiska i sterylizacji masowego sprz^tu 
medycznego (Applications of radiation dosimetry for protection of environment and industrial steri­
lization of medical products).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia Inzynier6w i Technik6w 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, p. S-16 K-6.

164. Panczyk E., Lig^za M., WaliS L.
Zastosowanie reaktorowej neutronowej analizy aktywacyjnej do identyfikacji obrazdw szkofy malo- 
polskiej (Application of instrumental reactor neutron activation analysis for the identification of 
paintings of Malopolska school).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 386-391.

165. Pawlukojd A., Bobrowicz L., Natkaniec I., Leciejewicz J.
The IINS spectroscopy of amino acids: L- and DL-valine.
Spectrochimica Acta, 51A, 2, 303-308 (1995).

166. Pogocki D., Bobrowski K.
Mechanistic study of intramolecular proton transfer to hydroxy sulphuranyl radical in methionine and 
its derivatives.
19th Miller Conference Radiation Chemistry. Programme & Abstracts. Cervia/Milano Marittima, 
Italy, 16-21.09.1995, p. 27.

167. Poll D.C.R., Zimek Z, Vieira J.M., Rivelli V.
Electron beam removal of SOz and NQx from combustion flue gases in Brasil - national and inter­
national cooperation.
Proceedings of the Symposium on Regional Integration in Nuclear Energy. Rio de Janeiro, Brasil, 
02-06.06.1995.



130 THE INCT PUBLICATIONS IN 1995

168. Poll D.C.R., Zimek Z., Vieira J.M., Rivelli V.
Technical and economical feasibility study of the electron beam process for SO2 and NQx removal 
from combustion flue gases in Brazil.
Applications of Intelligent Software Systems in Power Plant, Process Plant and Structural Engineering. 
Proceedings. Sao Paulo, Brasil, 21-23.08.1995, p. 1-16.

169. Przybytniak G., Ambroi H.
Radiolityczne utlenianie atomu siarki i stabilizacja produktdw przejSciowych w sulfidach (Radiolytical 
sulphur oxydation and stabilization of transients in sulphides).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 42.

170. Pszonicki L., Skwara W., Dudek J.
Elimination of interference effects by standard addition and successive dilution method in the 
graphite furnace atomic absorption spectrometry.
Chemia Analityczna, 40,351-360 (1995).

171. Ptasiewicz-Bqk H., Leciejewicz J., Zachara J.
X-ray structure analysis of diaquobis (2-pyrazinecarboxylato) manganese(II), cobalt(II), nickel(II), 
copper(II) and zinc(II) complexes.
Journal of Coordination Chemistry, 36,317-326 (1995).

172. Rafalski A., Zagdrski Z.P.
Dozymetr alaninowy z detekcjq spektrofotometrycznq jako alternatywa dla dozymetru z detekcjq EPR 
(Alanine dosimeter with spectrophotometric detection as the alternative to the dosimeter with EPR 
detection).
X Krajowy Zjazd Polskiego Towarzystwa Badafi Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 43.

173. Rowiriska L., WaliS L., Nowicki A.
Zastosowanie znacznikdw promieniotwdrczych do okre^lania stopnia oczyszczenia indu i galu do 
czystoSci p61przewodnikowej w procesie przetapiania pod zuzlami syntetycznymi (Application of 
radiotracer for evaluation of the efficiency of the processes of purification of indium and galium to 
semiconductor grade purity under the synthetic slags).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Arodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 253-258.

174. Sadto J., Wqsowicz T., Michalik J.
Radiation-induced silver agglomeration in molecular sieves: A comparison between A and X zeolites. 
Radiation Physics and Chemistry, 45,6,909-915 (1995).

175. Samczynski Z., Dybczyriski R.
Oznaczanie niskich zawarto&i kadmu w materialach biologicznych za pomocq radiochemicznej wersji 
neutronowej analizy aktywacyjnej (Determination of small amounts of cadmium in biological materials by 
neutron activation analysis employing amphoteric ion exchange resin for radiochemical separation).
V Polska Konferencja Chemii Analitycznej "Analityka w stuzbie czlowieka i Srodowiska". Gdatisk, 
Poland, 03-09.09.1995. Materiafy konferencyjne, p. 264.

176. Skwara W., Pszonicki L.
Eliminacja wplywu jon6w chlorkowych przy oznaczaniu selenu technika ASA w kuwecie grafitowej 
(Elimination of chloride ion effects on the selenium determination by the graphite tube AAS).
V Polska Konferencja Chemii Analitycznej "Analityka w shizbie czlowieka i drodowiska". Gdatisk, 
Poland, 03-09.09.1995. Materialy konferencyjne, p. 186.

177. Sochanowicz B., Kruszewski M., Szumiel I.
X-ray and HzOz-stimulated synthesis of prostaglandins in L5178Y cells.
Tenth International Congress of Radiation Research. Wtirz'burg, Germany, 27.08.-01.09.1995. 
Radiation Research 1895-1995. Abstract P18/19, p. 292.

178. Sochanowicz B., Szumiel I.
Metabolizm kwasu arachidonowego w komdrkach o zrdznicowanej wrazliwolci na promieniowanie X 
(Arachidonic acid metabolism in the cell sublines differing in radiation sensit ivity).



THE INCT PUBLICATIONS IN 1995 131

X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie, Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 86.

179. Sowinski M., Ptawski T., Osowiecki M., Kobus M., £ak M., Chmielewski A.G., Licki J.
Computer monitoring and control system (CMCS) for electron beam flue gas treatment.
Radiation Physics and Chemistry, 45,6,1049-1055 (1995).

180. Stachowicz W.
Dozymetria EPR promieniowania jonizujqcego oparta na hydroksyapatytach biologicznych i syn- 
tetycznych (EPR dosimetry of ionizing radiation based in biological and synthetic hydroxyapa­
tites).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 110-114.

181. Stachowicz W.
Identyfikacja zywnoSci utrwalanej radiacyjnie (Detection of foods preserved by radiation).
Roczniki Patistwowego Zakladu Higieny, XL VI, 4,329-339 (1995).

182. Stachowicz W.
Metody sterylizacji medycznej (Methods of medical sterilization).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzqtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 71-80.

183. Stachowicz W., Burlinska G., Michalik J.
Wykorzystanie spektroskopii EPR do oceny dawki promieniowania w Srodowisku skazonym w wyniku 
awarii jqdrowej (Application of EPR spectroscopy for estimation radiation dose in areas conta­
minated by nuclear accidents).
Krajowe Sympozjum "Technika Jgdrowa w Przemydle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 76-80.

184. Stachowicz W., Burlinska G., Michalik J., Dziedzic-Godawska A., Ostrowski K.
The EPR detection of foods preserved with the use of ionizing radiation.
Radiation Physics and Chemistry, 46, 4-6, 771-777 (1995).

185. Stachowicz W., Burlinska G., Michalik J., Dziedzic-Godawska A., Ostrowski K.
Identyfikacja napromienionej zywnoSci metodq spekrometrii elektronowego rezonansu paramagne- 
tycznego (Detection of irradiated foods by EPR spectrometry method).
X Krajowy Zjazd Polskiego Towarzystwa Badari Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 45.

186. Stachowicz W., Michalik J., Burlinska G., Sadto J., Dziedzic-Godawska A., Ostrowski K.
Detection limits of absorbed dose of ionizing radiation in molluscan shells as determined by epr spec­
troscopy.
Applied Radiation and Isotopes, 46,10,1047-1052 (1995).

187. Starori K., Kowalska-Loth B., Zqbek J., Czerwinski R.M., Nieznanski K., Szumiel I.
Topoisomerase I is differently phosphorylated in two sublines of L5178Y mouse lymphoma cells. 
Biochimica et Biophysica Acta, 1260,35-42 (1995).

188. Stuglik Z.
Efekty wtdrne towarzyszqcc radiolizie cieczy wiqzkami ci^zkich cz^stek naladowanych (Secondary 
effects in heavy particle radiolysis).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 46.

189. Stuglik Z.
Krytyczny przeglqd metod dozymetrycznych stosowanych w technologiach radiacyjnych zorientowa- 
nych na ochron$ zdrowia (A critical review of dosimetric method for health preservation oriented 
radiation technologies).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 153-157.



132 THE 1NCT PUBLICATIONS IN 1995

190. Stuglik Z.
Laboratorium dozymetryczne dla potrzeb sterylizacji radiacyjnej (Dosimetric laboratory for radiation 
sterilization needs).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzqtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 66-70.

191. Stuglik Z.
On the "oxygen in heavy-ion tracks" hypothesis.
Radiation Research, 143,343-348 (1995).

192. Stuglik Z.
Radiation facility at the JINR U-400 cyclotron checked by Fricke dosimeter measurements.
OlJal, Dubna 1995, E12-95-109,8 p.

193. Stuglik Z.
Some dosimetric techniques for ion beam radiation experiments.
The 10th Congress of the Polish Society of Medical Physics. Medical Physics. 100 Years after the 
Discovery of X-Rays. Krak6w, Poland, 15-18.09.1995, p. RT-13.

194. Stuglik Z , Sadto J.
EPR-dosimetry. An amplitude or a double integral of first derivative as a measure of radiation effects?
4th International Symposium on ESR Dosimetry an Applications. Munchen/Neuherberg, Germany, 
15-19.05.1995, p. 251.

195. Stuglik Z., Sadto J.
Latent tracks generated in micro-crystalline ct-L-alanine and standard bone powder by 59Co ion 
beams as investigated by EPR-method.
Radiation Measurements, 25,1-4,95-98 (1995).

196. Stuglik Z., Sadto J.
A response of L-a-alanine and standard bone powder on intermediate energy ion beams.
4th International Symposium on ESR Dosimetry an Applications. Munchen/Neuherberg, Germany, 
15-19.05.1995, p. 59.

197. Stuglik Z., Sadto J.
Syntetyczne hydroxyapatyty i moZliwoSd ich wykorzystania w dozymetrii EPR (Synthetic hydroxy­
apatites as possible materials for EPR dosimetry).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia Inzynierdw i Technikdw 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, p. S-5 P-24.

198. Szumiel I.
Cellular radiosensitivity: lessons from rodent mutants.
Tenth International Congress on Radiation Research. Wurzburg, Germany, 27.08.-01.09.1995. 
Radiation Research 1895-1995. Congress Proceedings. Vol. 1. Abstracts, p. 8.

199. Szumiel I., Buraczewska I., Grqdzka I., Gasinska A.
Effects of topoisomerase I-targeted drugs on radiation response of L5178Y sublines differentially 
radiation and drug sensitive.
International Journal of Radiation Biology, 67,4,441-448 (1995).

200. Szumiel I., Kapiszewska M., Kruszewski M., Iwanenko T., Lange C.S
Content of iron and copper in the nuclei and induction of pH 9-labile lesions in L5178Y sublines 
inversely cross-sensitive to H2O2 and X-rays.
Radiation Environmental Biophysics, 34,113-119 (1995).

201. Szytula A., Kolenda M., Leciejewicz J., Stuesser N.
Incommensurate magnetic structures in TbRhGe.
Journal of Magnetism and Magnetic Materials, 149,265-268 (1995).

202. Urbanski P.
Wczoraj i dziS radioizotopowej aparatuiy pomiarowej (Past and present of nucleonic control systems).



THE INCT PUBLICATIONS IN 1995 133

Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 51-62.

203. Urban ski P., Kowalska E.
Application of partial least-squares calibration methods in low-resolution EDXRS.
X-ray Spectrometry, 24,70-75 (1995).

204. Urbanski P., Kowalska E., Antoniak W.
Determination of thickness and composition of thin Sn-Pb layers XRF technique and multivariate 
calibration procedure.
Nukleonika, 40,1,61-66 (1995).

205. Urbanski P., Kowalska E., Antoniak W.
MozliwoSci wykorzystania wielowymiarowych procedur wzorcowania w radioizotopowej aparaturze 
przemyslowej (Application of multivariate calibration in nucleonic control systems).
Krajowe Sympozjum "Technika Jqdrowa w Przemydle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 461-466.

206. Urbanski T.S.
INIS - 2r6dlo informacji dla pracownikAw naukowych i technicznych w zakresie nukleoniki (INIS - 
source of information for scientific workers and engineers in the field of nucleonics).
Krajowe Sympozjum "Technika Jqdrowa w Przemydle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 496-498.

207. Villanueva L.M., Ahumada L., Chmielewski A.G., Zimek Z., Bulka S., Licki J.
Electron beam oxidation of SO2 in high concentrated off-gases.
International Chemical Congress of Pacific Basin Societes. Book of Abstracts. Honolulu, Hawaii, 
17-22.12.1995, p. ENVR-6(315).

208. Wasek M., Kulisa K., Dybczynski R.
Metoda iloSciowego oznaczania lantanowcAw w materiaiach waznych dla ochrony Srodowiska za pomoca, 
NAA z wykorzystaniem techniki wymiany jonowej (NAA method of quantitative determination of 
lanthanides in environmental materials with the use of ion exchange preconcentration).
V Polska Konferencja Chemii Analitycznej "Analityka w shizbie cziowieka i Srodowiska". GdaAsk, 
Poland, 03-09.09.1995. Materialy konferencyjne. T. 1, p. 253.

209. Wasek M., Kulisa K., Dybczynski R.
Oznaczanie lantanowc6w metodq neutronowej analizy aktywacyjnej w materiaiach geologicznych i 
Srodowiskowych z wykorzystaniem techniki wymiany jonowej dla wstqpnego wydzielania frakcji pier- 
wiastk6w ziem rzadkich (A method for the determination of lanthanides in environmental and geolo­
gical materials by neutron activation analysis after ion exchange preconcentration).
IV PoznaAskie Konserwatorium Analityczne "Nowoczesne melody przygotowania prdbek i oznaczania 
Sladowych zawartoSci pierwiastkdw". PoznaA, Poland, 27-28.04.1995. Materialy Konwersatorium, p. 20.

210. Wierzchnicki R., PruszakZ., Owczarczyk A.
Badanie transportu osad6w dennych w morskiej strefie brzegowej metodq radioznacznikowq (Study of 
bed-load transport on marine near-shore zone by means of radiotracer method).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 226-230.

211. Wierzchowski K.L., Poznanski J., Bobrowski K.
Modelling of long range electron transfer between proline-bridged tryptophan and tyrosine aromatic side chains. 
Symposium on Physical Organic Photochemistry. Book of Abstracts. PoznaA, Poland, 23-27.07.1995, p. L-17.

212. WojewAdzka M., Kruszewski M., Szumiel I., Wdjcik A., Straffer C.
Alarm signal transduction and DNA repair in the adaptive response in human lymphocytes.
2nd International Conference on Environmental Mutagens in Human Populations. Abstract Book. 
Prague, Czech Republic, 20-25.08.1995, p. Comet-19.

213. WojewAdzka M., Kruszewski M., Szumiel I., WAjcik A., Streffer C., Gasinska A.
Alarm signal transduction and DNA repair in the adaptive response induced by X-rays in human lymphocytes. 
Nukleonika, 40, 3,115-124 (1995).



134 THE INCT PUBLICATIONS IN 1995

214. Wojew6dzka M., Walicka M., Sochanowicz B., Kruszewski M., Szumiel 1.
Inhibitory przekazywania sygnatow wewnqtrzkomdrkowych modyfikujq odpowiedf adaptacyjnq limfocyt6w 
ludzkich (Inhibitors of intracellular signalling pathway modify adaptive response of human lymphocytes). 
XXXI Zjazd Polskiego Towarzystwa Biochemicznego. Streszczenia. Warszawa, Poland, 06-08.09.1995, p. 127.

215. Wojewddzka M., Walicka M., Sochanowicz B., Szumiel I.
OdpowiedZ adaptacyjna limfocytdw ludzkich, modyfikacja inhibitorami przekazywania sygnaldw wew- 
nqtrzkomdrkowych (Adaptive response of human lymphocytes is modified by inhibitors of intra­
cellular signalling pathway).
X Krajowy Zjazd Polskiego Towarzystwa Badati Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz­
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 88.

216. Wojewddzka M., Wdjcik A., Szumiel I., Streffer C.
Faster DNA damage repair in adapted human lymphocytes.
Tenth International Congress of Radiation Research. Wtirzburg, Germany, 27.08.-01.09.1995. 
Radiation Research 1895-1995. Congress Proceedings. Vol. 1. Abstract P20/4, p. 207.

217. Wojtytiska E., Gtuszewski W.
Badanie wpfywu promieniowania jonizujqcego na wlaSciwoSci samoprzylepnych klejdw akrylowych 
(Investigations of the influence of ionizing radiation on the properties of polyacrylic adhesive).
Ill Jesienna Szkoia Sterylizacji Radiacyjnej Sprzqtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 142-146.

218. Zagdrski Z.P.
ALA/DRS as the alternative to ALA/EPR dosimetry.
Radiation Physics and Chemistry, 46,4-6,1291-1294 (1995).

219. Zagdrski Z.P.
Jonizacje wielokrotne jednej czqsteczki w fazie stale) (Multi-ionizations of one molecule in the solid 
state).
Zjazd Naukowy Polskiego Towarzystwa Chemicznego i Stowarzyszenia Iniynierdw i Technikdw 
Przemyslu Chemicznego. Lublin, Poland, 25-28.09.1995, S-R-4.

220. Zagdrski Z.P.
Limits of energy utilization in electron beam radiation processing.
Radiation Physics and Chemistry, 46,4-6,1391-1394 (1995).

221. Zagdrski Z.P.
O oddzialywaniach jonizujqcych wspdlnych wszelkim ukladom napromieniowanym (On ionization 
phenomena, common to all irradiated systems).
X Krajowy Zjazd Polskiego Towarzystwa Badari Radiacyjnych im. Marii Sklodowskiej-Curie. Stresz­
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 55.

222. Zagdrski Z.P.
Radon zly i dobry czyli, jedna z osobliwoSci kotica XX wieku (Radon "bed" and "beneficial": One of 
the pecularities at the end of the 20th century).
Postspy Techniki Jqdrowej, 38,2,44-49 (1995).

223. Zagdrski Z.P.
Sterylizacja radiacyjna a inne melody sterylizacji sprzglu medycznego (Comparison of radiation 
sterilization with another sterilization methods).
Ill Jesienna Szkoia Sterylizacji Radiacyjnej Sprzglu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 1-10.

224. Zagdrski Z.P., Gladysz K.
Pulse radiolysis studies of short-lived species in solid amino adds as precursors of radicals detected by ESR. 
Radiation Physics and Chemistry, 45,6,847-851 (1995).

225. Zagdrski Z.P., Rafalski A.
Diffuse reflectance spectrophotometry in polypropylene radiolysis.
International Chemical Congress of Pacific Basin Societes. Book of Abstracts. Honolulu, Hawaii, 
17-22.12.1995, p. MACR-8(026).



THE INCT PUBLICATIONS IN 1995 135

226. Zagdrsk Z.P., Rafalski A.
Metoda spektrofotometrii Swiatia rozproszonego w chemii radiacyjnej polimerdw (Spectrophoto­
metry of diffuse light in the radiation chemistry of polymers).
XII Konferencja Naukowa "Modyfikacja Polimerdw". Kudowa Zdrdj, Poland, 11-15.09.1995, pp. 171-174.

227. Zagdrski Z.P., Rafalski A.
Nowy dozymetr chemiczny z ciala stalego dla obrdbki radiacyjnej, oparty o pomiar spektrofotome- 
tryczny Swiatla rozproszonego (DRS) (A new chemical solid state dosimeter for radiation processing, 
based on diffuse reflection spectrophotometry (DRS)).
Krajowe Sympozjum "Technika Jqdrowa w PrzemySle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 83-89.

228. Zagdrski Z.P., Rafalski A.
A thin alanine - polyethylene film dosimetry system with diffuse reflection spectrophotometric evaluation. 
Journal of Radioanalytical and Nuclear Chemistry, Articles, 1961,97-105 (1995).

229. Zakrzewska D., Machaj B.
Wykorzystanie beta odbiciowych gruboSciomierzy powlok w kontroli jakoSci wyrobu (Use of beta 
backscatter coating thickness gauge for product quality control).
Krajowe Sympozjum "Technika Jqdrowa w Przemydle, Medycynie, Rolnictwie i Ochronie Srodowi- 
ska". Referaty. Warszawa, Poland, 24-27.04.1995, pp. 304-309.

230. Zakrzewska-Trznadel G., Chmielewski A.G., Miljevid N.R.
Wielostopniowy proces wzbogacania izotopdw wodoru i tlcnu metodq permeacji z przemianq fazowq 
(Multistage process of hydrogen and oxygen isotopes enrichment by membrane permeation coupled 
with phase transition).
XV Ogdlnopolska Konferencja Naukowa Inzynierii Chemicznej i Procesowej. Materialy Konferencyj- 
ne. T. IV. Gdarisk, Poland, 12-15.09.1995, pp. 101-104.

231. Zdunek K., Grigoriew H.
Nanoporosity of AI2O3 coatings obtained by impulse plasma deposition.
Journal of Material Science, 30,4479-4482 (1995).

232. ZimekZ.
Akceleratory elektrondw dla potrzeb sterylizacji radiacyjnej (Sources of ionizing radiation - accelerators).
Ill Jesienna Szkola Sterylizacji Radiacyjnej Sprzgtu Medycznego i Przeszczepdw. Warszawa, Poland, 
05-06.10.1995, pp. 81-86a.

233. ZimekZ.
High power electron accelerators for flue gas treatment.
Radiation Physics and Chemistry, 45,6,1013-1015 (1995).

234. ZimekZ.
Radiacyjna modyfikacja materialdw (Radiation modification of materials).
Krajowe Sympozjum "Technika jqdrowa w przemydle, medycynie, rolnictwie i ochronie Srodowiska". 
Warszawa, Poland, 24-27.04.1995. Streszczenia referatdw, p. 25.

235. ZimekZ.
Zastosowania wiqzki elektrondw w ochronie Srodowiska (The application of electron beam in 
environment protection).
Krajowe Sympozjum "Technika jqdrowa w przemy<le, medycynie, rolnictwie i ochronie drodowiska". 
Warszawa, Poland, 24-27.04.1995. Streszczenia referatdw, p. 17.

236. Zimek Z., Chmielewski A G.
Advanced accelerator technology for environmental protection.
International Chemical Congress of Pacific Basin Societes. Book of Abstracts. Honolulu, Hawaii, 
17-22.12.1995, p. ENVR-6(478).

237. Zimek Z., Chmielewski A.G.
Wykorzystanie wiqzki elektrondw i energii mikrofalowej w procesie usuwania zanieczyszczefi z gazdw 
odlotowych (Simultaneous electron beam and microvawe energy application for removal pollutants 
from flue gases).
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X Krajowy Zjazd Polskiego Towarzystwa Badatl Radiacyjnych im. Marti Sklodowskiej-Curie. Stresz- 
czenia referatdw. Warszawa, Poland, 06-07.04.1995, p. 56.

238. Zimek Z., Chmielewski A.G., Butka S., Lysov G.W., Artukh I.G., Frank N.W.
Flue gases treatment by simultaneous use of electron beam and streams of microwave energy. 
Radiation Physics and Chemistry, 46,4-6,1159-1162 (1995).

239. Zimek Z., Rzewuski H., Migdal W.
Electron accelerators installed at the Institute of Nuclear Chemistry and Technology.
Nukleonika, 4Q, 3,93-114 (1995).

240. 2emik-Kobak M., Szumiel I., Levine A.S., Dixon K.
Analysis of mutagenesis in UV-sensitive mouse lymphoma L5178Y-R cells with a polyomavirus-based 
shuttle vector.
Mutation Research, 344,31-39 (1995).

SUPPLEMENT LIST OF THE INCT PUBLICATIONS IN 1994

241. Buraczewska I., Szumiel I., Zagdrski S., Afanasjev G.G.
Effects of 8-chloroadenosine-3',5'-monophosphate in combination with irradiation in L5178Y mouse 
lymphoblasts.
Acta Oncologica, 33,6,671-675 (1994).

242. ChudziakA., Trojanowicz M.
HPLC determination of patulin in apple juice.
Chemia Analityczna, 39,729-733 (1994).

243. Dybczyfiski R., Danko B.
Accurate determination of cobalt traces in several biological reference materials.
Biological Trace Element Research, 43-45,615-625 (1994).

244. Migdal W., Bogus W.
Napromieniowywanie produktdw rolno-spozywczych i urzqdzenia radiacyjne w Polsce (Food irradi­
ation and radiation facility in Poland).
Konferencja informcyjno-promocyjna "Utrwalanie i Higienizacja Artykutow Rolno-Spo2ywczych 
Metodq Radiacyjn^". Program i streszczenie referatdw. L6dt, Poland, 22.04.1994, pp. 14-19.

245. SzotZ.
Zdrowotne aspekty napromieniania 2ywno$ci (Wholesome aspects of irradiated food).
Konferencja informacyjno-promocyjna "Utrwalanie i Higienizacja Artykuldw Rolno-Spozywczych 
Metodq Radiacyjnq". Program i streszczenie referatdw. L6di, Poland, 22.04.1994, pp. 20-25.
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1. Annual Report 1994.
IChTJ, Warszawa 1995,140 p.

2. Stuglik Z, Sadto J.
A comparison of three materials used in ESR dosimetry: L-a-alanine, DL-a-alanine and standard bone 
powder. Response to Co-60 gamma radiation.
IChTJ, Warszawa 1995. Raporty IChTJ. Seria A, nr 1/95.

3. Kowalska E., Urbatiski P.
Pomiary st$zefi niekt6rych metali w kqpielach galwanicznych (Concentration measurements of some 
metals in galvanic bath).
IChTJ, Warszawa 1995. Raporty IChTJ. Seria B, nr 0/95.
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1. Electron beam converter.
Z. Zimek, A. WoZniak 
Polish Patent 168057

2. Method of preparation 3-amino-l,2,4-triazole complexes with transient metals.
A Lukasiewicz, Z Bazaniak, L. WaliS, I. WoZniak
Polish Patent 168745

3. The method of removal of acid gas pollutants such as SO2 and NOx and organic pollutants such as 
dioxine from industrial flue gases.
A.G. Chmielewski, E. Iller, Z. Zimek, A Janowski, L. Karpiftski, Z Kurzvfiski 
Polish Patent 167481

4. The method of natural water enrichment in oxygen-18.
A.G. Chmielewski, G. Zakrzewska-Trznadel, A. Van Hook, N. Miljevid 
Polish Patent 168152

5. Preparation of high temperatures superconductors.
A Deptula, T. Olczak, W. Lada
Polish Patent 168176

6. Process for removal of SO2 and NOx from combustion flue gases and an apparatus used therefor.
Z. Zimek, A.G. Chmielewski, I. Artiuch, G. Lysow, N. Frank
USA Patent 5,397,444
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1. Method for preparing radionuclides of yttrium and indium.
A Bilewicz, J. Narbutt
P. 308860

2. Method of preparation of hollow spherical ceramic and metallic materials.
A Deptula, AG. Chmielewski, T. Olczak, W. Lada
P. 310741

3. The method of radioactive wastes purification.
AG. Chmielewski, G. Zakrzewska-Trznadel, M. Harasimowicz, A. Van Hook 
P. 310865
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1. SEMINAR THE MICROBIOLOGICAL DECONTAMINATION OF THE SPICES 
AND THE METHODS IMPROVING THEIR HYGIENIC QUALITY , 14 MARCH 
1995, WARSZAWA, POLAND

• "Mikrobiologiczna jakoSC przypraw i problemy z tym zwiqzane" (The microbiological quality of the 
spices)
B. Nowakowska (Institute of Biotechnology of the Agricultural and Food Industry, Warszawa, Poland)

• "Metody sterylizacji przypraw" (Methods of decontamination of spices)
E. Kostrzewa (Institute of Biotechnology of the Agricultural and Food Industry, Warszawa, Poland)

• "Radiacyjna metoda higienizacji artykuldw rolno-spoZywczych" (The hygienization of the agricultural 
commodities by irradiation)
W. Migdal (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Wpfyw metody radiacyjnej na zanieczyszczenia mikrobiologiczne badanych przypraw i ich warto$£ 
uzytkowq" (The effect of irradiation on the microbiological decontamination of some spices and their 
useful values)
B. Owczarczyk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), E. Kostrzewa,
S. Skqpska (Institute of Biotechnology of the Agricultural and Food Industry, Warszawa, Poland)

• "Argumenty za i przeciw napromienianiu zywnodci" (The arguments for and against food irradiation)
W. Fiszer (Academy of Agriculture, Poznafi, Poland)

• "Zdrowotne aspekty napromienionej zywnoSci" (The wholesomeness of irradiated food)
Z. Szot (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

2. NATIONAL SYMPOSIUM NUCLEAR TECHNIQUE IN INDUSTRY, MEDICINE, 
AGRICULTURE AND ENVIRONMENTAL PROTECTION , 24-27 APRIL 1995, 
WARSZAWA, POLAND

Plenary lectures

• "Zastosowanie technik izotopowych" (Application of nuclear techniques)
T. Florkowski (Stanislaw Staszic Academy of Mining and Metallurgy, Krakdw, Poland)

• "Rozw6j technologii zaawansowanych (high-tech) na przyktadzie technik radiacyjnych" (Development 
of high-tech as exemplified by radiation techniques)
A.G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

e "Rozw6j metody atomdw znaczonych w zastosowaniach przemyslowych" (Development of tracer me­
thods in industrial applications)
K. Przewlocki (Stanislaw Staszic Academy of Mining and Metallurgy, Krak6w, Poland)

• "Podstawy fizykochemiczne procesdw radiacyjnych" (Physico-chemical bases of radiation processes)
J.M. Rosiak (L6dZ Technical University, Poland)

• "Techniki jqdrowe w geologii" (Nuclear techniques in geology)
A Kreft (Stanislaw Staszic Academy of Mining and Metallurgy, Krak6w. Poland)

• "Wczoraj i dziS radioizotopowej aparatury pomiarowej" (Past and present of radioisotope measuring 
instruments)
P. Urbaftski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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Radiation technologies in environmental protection

• "Technologia usuwania SO2 i NOx z gazdw spalinowych przy pomocy wi^zki elektrontiw" (Technology 
for the removal of SO2 and NOx from flue gases by means of electron beam)
A.G. Chmielewski, E. filer, B. Tymiftski (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland), J. Licki (Institute of Atomic Energy, Otwock-Swierk, Poland), Z Zimek (Institute of Nuclear 
Chemistry and Technology, Warszawa, Poland)

• "Wykorzystanie spektroskopii epr do oceny dawki promieniowania w Srodowisku skaZonym w wyniku 
awarii jqdrowej" (Use of EPR spectroscopy for the evaluation of radiation dose in the environment con­
taminated by nuclear accidents)
W. Stachowicz, G. Burliriska, J. Michalik (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• "Zastosowanie dozymetrii radiacyjnej dla technik ochrony Srodowiska naturalnego" (Application of 
radiation dosimetry in techniques for the protection of natural environment)
P.P. Panta, W. Gtuszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Nowy dozymetr chemiczny z ciala stalego dla obrdbki radiacyjnej, oparty o pomiar spektrofotometrycz- 
ny Swiatla rozproszonego (DRS)" (A new chemical solid state dosimeter for radiation processing, based 
on diffuse reflection spectrophotometry (DRS))
Z.P. Zagdrski, A. Rafalski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Radiation technologies in material engineering

• "Utwardzalna radiacyjnie Zywica poliestrowa do wykonywania duzych odlewdw" (Use of radiation cured 
polyester resin to produce large castings)
M. Pietrzak (LddZ Technical University, Poland)

• 'Technologia sieciowania radiacyjnego polietylenu w zastosowaniu do otrzymywania wyrobdw termokurcz- 
liwych" (Technology of radiation cross-linking of polyethylene as applied to produce thermo-shrinkable 
products)
I. Kaluska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Polipropylen w zastosowaniu do wyrobdw medycznych sterylizowanych radiacyjnie" (Application of 
polypropylene to medical appliances sterilized by radiation)
J. Bojarski, G. Burlitiska, Z Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "OdpornoSd radiacyjna trekowych membran filtracyjnych" (Radiation resistance of track filtration mem­
branes)
A. Fiderkiewicz, M. Buczkowski, T. Zdltowski (Institute of Nuclear Chemistry and Technology, 
Warszawa, Poland), N. Zhitariuk, O. Orelovich (Joint Institute for Nuclear Research FLNR, Dubna, 
Russia), G. Kovalev (Research Institute for Medical Polymers, Moscow, Russia)

• "Dozymetria epr promieniowania jonizujqcego oparta na hydroksyapatytach biologicznych i syntetycz- 
nych" (EPR dosimetry of ionizing radiation, based on biological and synthetic hydroxyapatites)
W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Food preservation by radiation

• "Stan obecny i perspektywy stosowania metody radiacyjnej do utrwalania zywnoSci w rdznych krajach 
Swiata oraz w Polsce" (Present status and prospects of application of the radiation method for food pre­
servation in various countries and in Poland)
W. Fiszer (Academy of Agriculture, Poznaft, Poland), W. Migdal (Institute of Nuclear Chemistry and 
Technology, Warszawa, Poland)

• "DoSwiadczalna stacja radiacyjnego utrwalania pioddw rolnych" (Experimental plant for radiation 
preservation of crops)
W. Migdal, B. Owczarczyk, K. Malec-Czechowska (Institute of Nuclear Chemistry and Technology, 
Warszawa, Poland)
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• "Zastosowanie promieniowania jonizujqcego w ochronie produkt6w rolniczych przed szkodnikami” 
(Application of ionizing radiation to protect agricultural products against pests)
S. Ignatowicz (Agricultural University of Warsaw, Poland)

• "Radiacyjna mikrobiologiczna dekontaminacja suszonych warzyw" (Radiation microbiological decon­
tamination of dried vegetables)
B. Owczarczyk, K. Malec-Czechowska, W. Migdal (Institute of Nuclear Chemistry and Technology, 
Warszawa, Poland)

• "Metoda termoluminescencji w identyfikacji napromienionej zywnoSci" (Thermoluminescence method 
for identification of irradiated food)
K. Malec-Czechowska, AM. Dancewicz, Z. Szot (Institute of Nuclear Chemistry and Technology, 
Warszawa, Poland)

Radiation technologies in medicine

• "Radiosterylizacja masowego sprzgtu medycznego - technika spelniajqca wymagania ochrony Srodowi- 
ska naturalnego" (Radiosterilization of mass medical utensiles - technique fulfilling ecological norms) 
P.P. Panta, W. Gluszewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Kinetyka i mechanizm reakcji zachodzqcych podczas radiacyjnego tworzenia biomaterialdw hydrozelo- 
wych" (Kinetics and mechanism of reactions occurring during radiational formation of hydrogel bio­
materials)
A. RzeZnicki, J. Olejniczak, P. Ulatiski, J.M. Rosiak (L6dt Technical University, Poland)

• "Zastosowanie analizy termicznej w badaniach napromieniowanych bialek" (Application of thermal 
analysis to study irradiated proteins)
K CieSla (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Krytyczny przeglqd metod dozymetrycznych stosowanych w technologiach radiacyjnych zorientowanych 
na ochrony zdrowia" (Critical review of dosimetric methods used in radiation technologies directed 
towards health protection)
Z Stuglik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Zastosowanie membran trekowych w charakterze bariery mikrobiologicznej" (Application of track 
membranes as a microbiological barrier)
M. Buczkowski, W. Starosta, A Fiderkiewicz (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland), J. Kielkiewicz (Warsaw University of Technology, Poland), E. Meinhardt (Central Mining Ins­
titute. Katowice, Poland)

Radiotracers in industrial investigations

• "Radioznacznikowe badania wanien szklarskich" (Radiotracer investigations of glass furnaces)
J. Palige, M. Harasimowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• Tdentyfikacja procesu odwadniania koncentratu rud miedzi metodq radioznacznikowe" (Identification 
of dehydration process of copper ore concentrate using radiotracers)
Z Stggowski, B. Tora (Stanislaw Staszic Academy of Mining and Metallurgy, Krak6w, Poland)

• "Badania kinetyki procesu flotacji rudy miedzi w maszynach typu PM-17 I OK-50" (Studies of kinetics of 
flotation process of copper ore in installations of PM-171 OK-50 type)
Z Stqgowski, K Przewtocki, L. Furman, L. Petiyka (Stanislaw Staszic Academy of Mining and Metallurgy, 
KrakOw, Poland)

• "Radioizotopowe badania wplywu czynnikdw technologicznych na homogenicznoSd mieszanek gumowych" 
(Studies of influence of technological parameters on homogeneity of rubber mixtures using radiotracers)
E. Koczorowska, W. Gorqczko (Poznaft Technical University, Poland)

Radiotracers in water-sewage disposal and in studies of leak tightness

• "Nowe rozwiqzanie udredniacza 5ciek6w - wynik badati radiozn acznikowych" (A new solution for the 
sewage equalization tank - results of studies with radiotracers)
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AG. Chmielewski, J. Palige, A Dobrowolski (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• "Charakterystyki pracy dia aeratora stozkowego z lopatkami wewnqtrznymi" (Functioning characteris­
tics for a conical aerator with inner blades)
A. Sierzputowski (Warsaw University of Technology, Poland)

• "Rozwdj radioznacznikowych metod badania szczelnoSci zbiornikdw" (Development of radiotracer me­
thods for examination of tank tightness)
A Owczarczyk, S. Szpilowski, B. Wiqclaw (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• "SzczelnoSd instalacji technologicznych i rurodqgdw przesylowych jako element ochrony Srodowiska natu- 
ralnego" (Tightness of technological installations and transmitting pipelines as element of environmental 
protection)
J. KraS, L. WaliS, W. Kielak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland) 

Radiotracers in hydrology

• "Zastosowanie metod izotopdw naturalnych (tryt, radiowqgiel, izotopy trwale) w problematyce w6d 
podziemnych i powierzchniowych w Polsce" (Application of tritium, radiocarbon and stable isotopes in 
studies of surface and underground waters)
M. Dulitiski, T. Florkowski, J. Grabczak (Stanislaw Staszic Academy of Mining and Metallurgy, 
Krak6w, Poland), A Zuber (Institute of Nuclear Physics, Krakdw, Poland)

• "Badanie transportu osaddw dennych w morskiej strefie brzegowej melody radioznacznikowq" (Studies 
of bed-load transport near-shore marine zone using radiotracer method)
R. Wierzchnicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), Z. Pruszak 
(Polish Academy of Sciences, Institute of Hydroengineering, Gdarisk, Poland), A Owczarczyk (Institute 
of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Radioizotopowe melody pomiardw transportu materialu dennego w rzekach gdrskich" (Radiotracer 
methods for measurements of bed-load transport in mountain rivers)
A. Michalik, W. Bartnik (Hugo Kotiqtaja Academy of Agriculture, Krakdw, Poland), A Owczarczyk,
R. Wierzchnicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Prdba zastosowania 210Pb do datowania osaddw jezior GoScigz i Morskie Oko" (Test to apply 210Pb for 
dating sediments of the GoSciqz and Morskie Oko lakes)
P. Wachniew (Stanislaw Staszic Academy of Mining and Metallurgy, Krak6w, Poland)

• "Badanie procesu erozji gleby w Australii" (Studies on erosion process of soil in Australia)
W. Gorqczko (Poznafi Technical University, Poland), G. Elliott, K. Western (Australian Nuclear 
Science and Technology Organisation, Lucas Heights Research Laboratories, Australia)

Radiotracers in material engineering studies

• "Zastosowanie metod jqdrowych do badania skutecznoSci Srodkdw obnizajqcych zulycie" (Application 
of nuclear methods to study of effectivness of wear reducing agents)
A Kalicki, E. Paticzyk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), A Kulczycki 
(Institute of Petroleum Processing, Krakdw, Poland), Z Banasik (Institute of Nuclear Chemistry and 
Technology, Warszawa, Poland)

• "Zastosowanie znacznikdw promieniotwdrczych do okredlania stopnia oczyszczenia indu i galu do 
czystoSci pdlprzewodnikowej w procesie przetapiania pod zuzlami syntetycznymi" (Use of radiotracers 
for determining purification degree of indium and gallium to semiconductor purity in the process of 
smelting under synthetic slags)
L. Rowitiska, L. WaliS, A Nowicki (Institute of Nuclear Chemistry and Technology, Warszawa, Poland) 

Apparatus for environmental protection

• "Ocena parametrdw radioizotopowego miernika zapylenia powietrza" (Estimation of parameters of a 
radioisotope gauge for air dustiness)
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B. Machaj, B. Krawczytiska, J. Strzalkowski (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• Tnstrumentalny pomiar produktdw rozpadu radonu-222 w powietrzu" (Instumental measurement of 
decay products of 222Rn in the air)

J. Bartak, B. Machaj (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Analizatory zanieczyszczeti medidw sypkich i plynnych izotopami naturalnymi" (Analyzers of impurities of 
loose and liquid media using natural nuclides)
W. Michatowski (Nuclear Technique Enterprise POLON-IZOT, Warszawa, Poland)

• "Bezkalibracyjne iloSciowe oznaczanie stqzenia zwiqzkdw chlorowcowych detektorem wychwytu elektro- 
ndw" (Quantitative determination of concentration of halogen compounds by a detector of electron 
capture without calibration)
J. Lasa, I. Sliwka (Institute of Nuclear Physics, Krakdw, Poland)

• "System pomiardw, monitoringu i kontroli zanieczyszczeh gaz6w odlotowych" (System of measure­
ments, monitoring and controlling of impurities in flue gases)
M. Sowihski (Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland)

Radioisotope industrial apparatus

• "Izotopowe mierniki gruboSci" (Isotope thickness gauges)
E. Kowalewski (Nuclear Technique Enterprise POLON-IZOT, Warszawa, Poland)

• "Zastosowania przemyslowych radioizotopowych miernikdw stqtenia kwasu siarkowego i oleum" (Ap­
plication of radioisotope gauges for concentration of sulphuric acid and oleum)
J. Mirowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Izotopowe mierniki gqstoSci i wagi taSmociqgowe" (Isotope gauges for density and belt conveyer flight 
balance)
R. Jablohski (Nuclear Technique Enterprise POLON-IZOT, Warszawa, Poland)

• " Wykorzystanie beta odbiciowych gruboSciomierzy powlok w kontroli jakoSci wyrobu" (Use of beta-scatter­
ed thickness gauges of coatings in control of product quality)
D. Zakrzewska, B. Machaj (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Spektrometria fluorescencyjna w zastosowaniach laboratoryjnych i przemyslowych" (Fluorescence 
spectrometry in laboratory and industrial use)
T. Dudek (Nuclear Technique Enterprise POLON-IZOT, Warszawa, Poland)

Diagnostic and measuring apparatus

• "Detektory nadqzne do kontroli szczelnoSci i lokalizacji miejsc nieszczelnych w rurociqgach podziem- 
nych metodq znacznikdw promieniotwdrczych" (Follow-up detectors to control leak tightness and 
localization of leakages in underground pipelines with the radiotracer method)
Z. Dziewotiski, A Kalicki, W. Kielak, J. KraS, S. Myczkowski, L. WaliS (Institute of Nuclear Chemistry 
and Technology, Warszawa, Poland)

• "Aparatura do profilowania jqdrowego plytkich otwordw wiertniczych" (Apparatus for nuclear logging 
of shallow bore holes)
K. W. Palka, T. Zorski (Stanislaw Staszic Academy of Mining and Metallurgy, Krakdw, Poland)

• "Nowe techniki akwizycji danych z pomiardw radiometrycznych" (Novel techniques of data acquisition 
from radiometric measurements)
J. Lukasiewicz, J. Bartak (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

Application of nuclear techniques in material engineering studies

# "Pomiary makroskopowych parametrdw neutronowych materialdw oraz ich zastosowania" (Measure­
ments of macroscopic neutron parameters of materials and their applications)
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A Kreft, A Bolewski Jr., M. Ciechanowski (Stanislaw Staszic Academy of Mining and Metallurgy, 
Krakdw, Poland)

• "Pomiar dyspersji ciala stalego" (Measurement of dispersion of solid state)
M. Lech (Wroclaw Technical University, Poland), E. Polednia, A. Werszler (Institute of Mineral Building 
Bond Materials, Opole, Poland)

• "Autoradiograficzne badania kierunkdw dyfuzji pierwiastkdw w procesach wysokotemperaturowego 
siarkowania wolframu i molibdenu" (Autoradiographic investigation of directions of diffusion of 
elements in high-temperature sulphurization of tungsten and molybdenum)
A CiurapiAski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), K. Przybylski, 
M. Potoczek (Stanislaw Staszic Academy of Mining and Metallurgy, Krakdw, Poland)

• "Probabilistyczna interpretacja autoradiogramdw struktury stopdw metali" (Probabilistic interpretation 
of autoradiograms of structure of metal alloys)
K. Gibas (PoznaA Technical University, Poland)

Application of nuclear techniques in geology and hydrogeology

• "Wybrane jqdrowe melody badania wqgla kamiennego w prdbkach i w odwiertach" (Selected nuclear 
methods to study hard-coal in samples and bore-holes)
E. ChruSciel, Nguyen Dinh Chau, J. NiewodniczaAski, K.W. Palka (Stanislaw Staszic Academy of 
Mining and Metallurgy, Krakdw, Poland)

• "Monitorowanie jakoSci wggla metodq rozpraszania neutrondw" (Monitoring of coal quality by the 
scattered neutron method)
T. Cywicka-Jakiel, J. Loskiewicz, G. Tracz (Institute of Nuclear Physics, Krakdw, Poland)

• "Oznaczanie izotopdw radu w wodach w oparciu o pomiar aktywnoSci alfa i beta z zastosowaniem 
cieklych scyntylatordw lub spektrometru pdtprzewodnikowego" (Determination of radium isotopes in 
waters based on measurement of alpha and beta activity using liquid scintillations or a semiconductor 
spectrometer)
Nguyen Dinh Chau, E. ChruSciel, A. OchoAski (Stanislaw Staszic Academy of Mining and Metallurgy, 
Krakdw, Poland)

• "Czynniki wptywajqce na dokladnodd oznaczania izotopdw radu metodq niespektrometrycznq z zastoso­
waniem cieklego scyntylatora" (Factors influencing accuracy of determination of radium isotopes by 
nonspectrometric method with a liquid scintillator)
I. Tomza, E. ChruSciel, Nguyen Dinh Chau, A OchoAski (Stanislaw Staszic Academy of Mining and 
Metallurgy, Krakdw, Poland)

Radioanalytical methods

• "Oznaczanie zanieczyszczeA w krzemie o czystoSci pdiprzewodnikowej metodq instrumentalnej reaktoro- 
wej neutronowej analizy aktywacyjnej" (Determination of impurities in silicon of semiconductor purity by 
instrumental reactor neutron activation analysis)
A. Bukowski (Institute of Electronic Materials Technology, Warszawa, Poland), E. PaAczyk, T. 
Chajgcki, L. Walid (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Zastosowanie reaktorowej neutronowej analizy aktywacyjnej do identyfikacji obrazdw szkoly malopol- 
skiej" (Application of reactor neutron activation analysis to the identification of paintings of the Little 
Poland School)
E. PaAczyk (Institute of Nuclear Chemistry and Technology, Warszawa, Poland), M. Ligqza (Academy 
of Fine Arts, Krakdw, Poland), L. Walid (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• "Badanie technik i materialdw stosowanych w malarstwie metodami jqdrowymi" (Studies on techniques 
and materials used in painting applying nuclear methods)
M. Ligqza (Academy of Fine Arts, Krakdw, Poland)

• "Badanie wlasnoSci ekologicznych wqgli i popioidw przy pomocy spektrometrii X i gamma" (Studies on 
ecological properties of coals and ashes by means of X-rays and -/-spectrometry)
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J. Kierzek, B. Malozewska-Budko, P. Bukowski (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland), S. Zarad, B. Kunach, K Wiland (Electropower SIEKIERKI, Warszawa, Poland)

• "Oznaczanie jondw niklu za pomocq substechiometiycznego rozcieticzenia izotopowego z wykorzys- 
taniem wybranych hydrofobizowanych ekstrahentdw oksymowych" (Determination of nickel ions by 
means of substoichiometric isotope dilution using selected hydrophobic oxime extractants)
Z. Gdrski (Poznafi Technical University, Poland)

Detectors of radiation

• "Potencjalne mozliwoSci detektordw z krzemu amorficznego w obrazowaniu rozkladdw megawoltowych 
p61 promieniowania" (Potential possibilities of detectors made of amorphous silicon to picture mega­
volt distributions of radiation fields)
W.M. Szymczyk (Soltan Institute for Nuclear Studies. Otwock-Swierk, Poland)

• "Zastosowanie licznikdw proporcjonalnych promieniowania X i miqkkiego y w przemySle polskim" 
(Application of proportional counters of X-rays and soft y-radiation in the Polish industry)
B. Bednarek, K Jeleri, T.Z. Kowalski, E. Rulikowska-Zar$bska (Stanislaw Staszic Academy of Mining and 
Metallurgy, Krakdw, Poland), T. Sikora (Mining Automatization Centre EMAG, Katowice, Poland), 
J. Nocuti (Cement Plant RUDNIKI, Rudniki, Poland), A Lorek (Mining Plant TRZEBIONKA, Trzebi- 
nia, Poland)

• "Elektroniczny dawkomierz personalny z detektorem krzemowym" (Electronic personal dosimeter with 
a silicon detector)
M. Slapa, M. Traczyk (Soltan Institute for Nuclear Studies, Otwock-Swierk, Poland)

• "Kolimacje wiqzki w ukladzie radiometrycznym" (Collimations of beam in radiometric systems)
M. Lech (Wroclaw Technical University, Poland)

Measurements of radiation

• "Wieloparametryczny system okreSlania aktywnoSci dla wytwarzania wzorcOw radionukliddw" (Multi- 
parametric system of radioactivity determination to produce standards of radionuclides)
A Chylitiski, T. Radoszewski (Radioisotope Centre POLATOM, Otwock-Swierk, Poland)

• Tomiar makroskopowego przekroju czynnego absorpcji neutrondw termicznych na malych prdbkach 
materialu przy uzyciu impulsowego generatora neutrondw" (Measurement of macroscopic absorption 
cross-section of thermal neutrons using small samples of material and a pulse generator of neutrons)
J.A. Czubek, K. Drozdowicz, B. Gabariska, A. Igielski, E. Krynicka, U. Wofnicka (Institute of Nuclear 
Physics, Krakdw, Poland)

• "Diagnozowanie zamkniqtych irddel promieniowania wykorzystywanych w czujkach dymu" (Diagnostics 
of sealed radiation sources used in smoke gauges)
AB. KraS, E. Pahczyk, L. WaliS, B. Sartowska (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

Processing of data from radiometric experiments

• "MozliwoSci wykorzystania wielowymiarowych procedur wzorcowania w radioizotopowej aparaturze 
przemyslowej" (Possibilities of usage of multidimentional procedures of standarization in radioisotope 
industrial apparatus)
P. Urbatiski, E. Kowalska, W. Antoniak (Institute of Nuclear Chemistry and Technology, Warszawa, 
Poland)

• "Zastosowanie filtracji adaptacyjnej do obrdbki danych z ekspeiymentu radioznacznikowego" (Appli­
cation of adaption filtration to process data from a radiotracer experiment)
L. Furman (Stanislaw Staszic Academy of Mining and Metallurgy, Krakdw, Poland)

• "Zastosowanie detektora wychwytu elektrondw w pomiarach znacznikowych" (Application of a detector 
of cuptured electrons in radiotracer measurements)
J. Lasa, I. Sliwka (Institute of Nuclear Physics, Krakdw, Poland)
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Accelerators. Production of isotopes. Literature date base (INIS)

• "Mobility akcelerator radiograficzny - LILIPUT" (Mobile radiographic accelerator - LILIPUT)
J. Bigolas, S. Kuliriski, M. Pachan, J. Pracz, A Salaga (Soitan Institute for Nuclear Studies, Otwock-Swierk, 
Poland)

• "R6zne zastosowania irddel promieniowania jonizujqcego w Polsce w ujqciu statystycznym" (Statistics 
of various applications of sources of ionizing radiation in Poland)
R. Taticzyk (Central Laboratory for Radiological Protection, Warszawa, Poland)

• "Komputerowe forum dyskusyjne propozycjq wykorzystania internetu do prezentacji problemdw pol- 
skiej atomistyki" (A computer discussion forum as a proposal to use the internet for presentating prob­
lems of Polish atomistics)
R. Frydryk (Technical University of Gdaftsk, Poland)

• "INIS - frddlo informacji dla pracownikdw naukowych i technicznych w zakresie nukleoniki" (INIS - a 
source of information for scientific and technical workers in the field of nucleonics)
T. Urbaftski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

3. SCHOOL "RADIATION STERILIZATION IN POLAND - POSSIBILITIES AND 
PERSPECTIVES", 5-6 OCTOBER 1995, WARSZAWA, POLAND

Reports

• "Comparison of radiation sterilization with another sterilization methods"
Z.P. Zagdrski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Hydrogel medical materials obtained in radiation processing"
J. Rosiak (Technical University of L6di, Poland)

• "Artificial implantation materials"
M. Lewandowska-Szumiel (School of Medicine, Warszawa, Poland)

• "Microbiological aspects of radiation sterilization"
E. Czerniawski (Technical University of L6d£, Poland)

• "Radiation treatments of drugs, pharmaceutical raw materials and cosmetics"
T. Bryl-Sandelewska, Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "International requirements and guidelines concerning radiation sterilization"
I. Kahiska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Control of irradiation and sterilization processing"
P.P. Panta (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Dosimetric laboratory for radiation sterilization needs"
Z. Stuglik (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Investigations of the influence of ionizing radiation on the properties of polyacrylic adhesive"
E. Wojtyfiska (Institute of Industrial Chemistry, Warszawa, Poland), W. Gluszewski (Institute of Nuc­
lear Chemistry and Technology, Warszawa, Poland)

• "Methods of medical sterilization"
W. Stachowicz (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Sources of ionizing radiation - accelerators"
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Isotope sources used for radiation sterilization"
W. Bogus (Technical University of L6di, Poland)

• "Rules of admittance radiation sterilized medical supplies for use in medicine"
T. Achmatowicz (Institute for Drugs, Warszawa, Poland)
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• "Packaging materials for radiation sterilization"
H. Kubera (Polish Packing Research and Development Center, Warszawa, Poland)

• "Radiation sterilization in practice of bank tissue"
J. Komender (School of Medicine, Warszawa, Poland)

• "Polypropylene radiation resistant"
J. Bojarski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Biological applications of particle track membranes"
M. Buczkowski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Radiation technologies and nuclear technics friendly for human beings and natural environment"
A. G. Chmielewski (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

4. SEMINAR "PRO-ECOLOGICAL WORKS PERFORMED IN THE INCT PRESENTED 
AT THE INTERNATIONAL POZNAN FAIR "POLEKO’95", 23 NOVEMBER 1995, 
POZNAN, POLAND

• "Badania wlasnoSci ekologicznych wqgli i popioldw" (Studies on ecological properties of coals and 
ashes)
J. Kierzek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Wielopierwiastkowa analiza popiokSw lotnych metodq neutronowej analizy aktywacyjnej. Badanie 
wymywalnodci i dynamiki procesu wymywania pierwiastkdw Sladowych z popioldw lotnych pod wplywem 
kwaSnych deszczdw" (Multielemental analysis of volatile ashes by neutron activation analysis. Studies of 
washing out and dynamics of elution of trace elements from volatile ashes under the influence of acid 
rains)
H. Polkowska-Motrenko (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Miernik produktdw rozpadu radonu w powietrzu" (A gauge for decay products of radon in the air)
B. Machaj (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Automatyczny miernik zapylenia powietrza" (An automatic gauge for dustiness of the air)
B. Machaj (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Usuwanie SO2 i NOx z gazdw spalinowych elektrowni przy uzyciu wiqzki elektrondw" (Removal of SO2 
and NOx from flue gases of power station by the use of electron beam)
E. Iller (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Higienizacja osaddw dciekowych przy uzyciu wiqzki elektrondw" (Hygienization of sludges by the use of 
electron beam)
Z. Zimek (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Kontrola jakoSci kompostdw z utylizacji odpaddw komunalnych. Oznaczanie metali ciQzkich" (Veri­
fication of compost quality from municipal wastes. Determination of heavy elements)
J. Chwastowska (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "Badania oczyszczalni Gciekdw, bilanse wodno-Sciekowe, badanie szczelnoSci sieci Sciekowych oraz zbior- 
nikdw" (Studies on: sewage-treatment plant, water-sewage balance, leak tightness of sewer system and 
tanks)
J. Palige (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

• "USredniacz-odstojnik dciekdw nowej konstrukcji" (Averaging-settler of sewage of new construction)
J. Palige (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)

s "Oznaczanie aniondw w wodach metodq chromatografii jon6w" (Determination of anions in waters by 
chromatography of ions)
H. Polkowska-Motrenko (Institute of Nuclear Chemistry and Technology, Warszawa, Poland)
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PhD THESES

Marian Harasimowicz, M.Sc.
Zastosowanie ultrafiltracji i hiperfiltracji w procesach zat$zania ciekfych odpadow promieniotwdrczych 
(Application of the ultrafiltration and reverse osmosis for liquid radioactive waste concentration), 
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.
Stanisiaw Staszic Academy of Mining and Metallurgy, Institute of Physics and Nuclear Techniques,
24.11.1995.

DOCTOR OF CHEMISTRY DEGREE PROGRAMME

The Institute of Nuclear Chemistry and Technology offers the four years Ph.D. degree programme to 
graduates of chemical, physical and biological departments of universities, engineers in chemical tech­
nology and material science and graduates of medical universities. 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.

Besides of the employment for candidates accepted for the forementioned programme, the Institute
offers an opportunity of application for supplemental doctorial scholarship.

During the programme each participant participates in 45 h course of lectures of fundamental physical 
chemistry, 30 h specialization course and is obliged to give an annual seminar on a topic of his/her 
dissertation area. The final requirements for the Ph.D. programme graduates, consistent with the Ministry 
of the National Education rules, are:
• submission of a formal dissertation, summarizing original research contributions suitable for publica­

tion;
• final examination and public defense of the dissertation theses.

Applicants for the Ph.D. degree programme are accepted all around the year. Detailed information can 
be obtained from Admission Secretary, Dr. Jadwiga Krejzler (phone: 11-27-35), or from the Scientific 
Information Department of the Institute (phone: 11-25-78).
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RESEARCH PROJECTS GRANTED BY 
THE STATE COMMITTEE FOR SCIENTIFIC RESEARCH 

IN 1995 AND IN PREVIOUS YEARS

1. New XRF methods and devices for coating thickness gauging and analysis, 
supervisor: Assoc.Prof. Piotr Urbatiski, Ph D., D.Sc.

2. Dosimetric studies in processes of radiation cleaning up of the flue gases, 
supervisor: Przemyslaw Panta, Ph D.

3. Using of bremstrahlung in radiation technology, 
supervisor: Wojciech Migdal, PhD.

4. New materials from polymetallic complexes of aminotriazole with transition metals, 
supervisor: Prof. Andrzej Lukasiewicz, Ph D., D.Sc.

5. Application of various speciation techniques for investigation of the utility of composts, 
supervisor: Assoc.Prof. Jadwiga Chwastowska, Ph D., D.Sc.

6. Studies on radionuclide adsorption on selective inorganic ion exchangers, 
supervisor: Aleksander Bilewicz, PhD.

7. The detection of irradiated food by means of electron paramagnetic resonanse spectrometry (EPR, 
ESR), thermoluminescence and differential calorimetry.
supervisor: Waclaw Stachowicz, Ph.D.

8. Investigation of homogeneity of reference materials intended for microanalysis by means of neutron 
activation analysis method.
supervisor: Prof. Rajmund Dybczyfiski, Ph.D., D.Sc.

9. The computer spectra simulation in high resolution gamma-ray spectrometry as a tool enabling 
optimization of the costs, labour and time in instrumental neutron activation analysis.
supervisor: Zygmunt Szopa, M.Sc.

10. Concentration of radioactive wastes using the membrane distillation (MD) process, 
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

11. Application of the ultrafiltration (UF) and hyperfiltration (HF) to the concentration of liquid 
radioactive wastes.
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

12. Isotope effects of deuterium and oxygen-18 in the permeation process with phase transition, 
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

13. Examination of activation of the nuclear transcription factor NFkB in two sublines of L5178Y cells 
damaged with X-rays or hydrogen peroxide.
supervisor: Prof. Irena Szumiel, Ph.D., D.Sc.

14. Identification of irradiated food by use of single cell electrophoresis (comet assay), 
supervisor: Prof. Zbigniew Szot, Ph.D., D.Sc.

15. Investigations of new generation of particle track membranes and their applications, 
supervisor: Assoc.Prof. Tadeusz Z6ftowski, Ph.D., D.Sc.

16. The influence of the even-odd nucleus number and other factors on the isotope effect accompanying 
the extraction of the f-electron elements.
supervisor: Wojciech Dembiftski, Ph.D.
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17. High coordination number of metal ions in chelate complexes, 
supervisor: Assoc.Prof. Jerzy Narbutt, Ph.D., D.Sc.

18. Investigations of radical processes induced by hydroxyl radicals in amino acids and peptides 
containing thioether group.
supervisor: Assoc.Prof. Krzysztof Bobrowski, Ph.D., D.Sc.

19. EPR studies of radiation induced radical processes in polycrystalline amino acids and peptides 
containing sulfbr.
supervisor: Assoc.Prof. Jacek Michalik, Ph.D., D.Sc.

20. Optical spectra of free radicals in polypropylene at room temperature, 
supervisor: Prof. Zbigniew P. Zagdrski, Ph.D., D.Sc.

21. Optimization of radiation removal process of SOz and NOx from flue gases containing high 
concentration of SOz (supervision of IEA PhD fellow)
supervisor: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

IMPLEMENTATION PROJECTS GRANTED BY 
THE STATE COMMITTEE FOR SCIENTIFIC RESEARCH IN 1995

1. Absorptiometer for analysis of dosimetric films.
8 8749 95 C/2294

2. Graft copolymerization of polymers induced by radiation.
7 748 093 C/1512

3. Family of microprocessor radon radiometers.
904/C S4-8/94

RESEARCH PROJECTS OF MARIA SKLODOWSKA-CURIE JOINT FUND II
IN 1995

1. Reactivity of silver clusters in zeolites.
PAA/NSF-92-91
principal investigator: Assoc.Prof. Jacek Michalik, Ph.D., D.Sc.

2. Accurate method for the determination of molybdenum, uranium traces in biological materials. 
PAA/NIST-93-154
principal investigator: Prof. Rajmund Dybczyftski, Ph.D., D.Sc.

IAEA RESEARCH CONTRACTS IN 1995

1. Complexation and distribution of ecologically important metals in heterogenous systems. 
POL/7377/RB
principal investigator: Assoc.Prof. Jerzy Narbutt, Ph.D., D.Sc.

2. Synthesis and studies of new selective absorbents for beryllium, strontium and radium radionuc­
lides.
POL/7216/RB
principal investigator: Aleksander Bilewicz, Ph.D.

3. Examination of the adaptive response in human lymphocytes induced by hydrogen peroxide. 
POL/6655/RB
principal investigator: Prof. Irena Szumiel, Ph.D., D.Sc.

4. Preparation and certification of the new certified reference material VIRGINIA TOBACCO LEAVES 
and development of neutron activation analysis (NAA) methods for checking the homogeneity. 
7192/R2/RB
principal investigator: Prof. Rajmund Dybczyhski, Ph.D., D.Sc.
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5. To provide a pc implementation of the agency’s analytical quality control service (AQCS) inter 
comparison program.
7741/RB/TC
principal investigator: Zygmunt Szopa, M.Sc.

6. Materials for in-situ monitoring of light water reactor (LWR) water chemistry by optical methods. 
8426/RB
principal investigator: Leon Fuks, Ph D.

7. Thin layer alanine dosimeter with optical spectrophotometric evaluation.
8533/RB
principal investigator: Prof. Zbigniew P. Zagdrski, Ph.D., D.Sc.

8. Electron beam flue gas treatment.
POL/8/013
principal investigator: Prof. Andrzej G. Chmielewski, Ph.D., D.Sc.

EUROPEAN COMMISSION RESEARCH PROJECTS IN 1995

1. The comet assay: application in gentoxicity testing and as a screening method for assessing the 
exposure of human populations to genotoxins.
CIPA-CT94-0129
supervisor: Marcin Kruszewski, Ph.D.

2. Decontamination of aqueous waste streams.
CIPA-CT93-0224
supervisor: Assoc.Prof. Jerzy Narbutt, Ph.D., D.Sc.

3. Examination of homological recombination in mammalian cell mutants defective in DNA double 
strand break repair.
ERB CIPD CT-930417
supervisor: Prof. Irena Szumiel, Ph.D., D.Sc.

4. Establishment of an Eastern European Network of Laboratories for Identification of Irradiated 
Foodstuffs.

a) ERB CIPA CT 940134-2 
supervisors: Waclaw Stachowicz, Ph.D.

b) ERB CIPA CT 940134-3 
upervisors: Wojciech Migdal, Ph.D.

OTHER FOREIGN CONTRACTS IN 1995

1. Preparation of cathodic materials precursors for fabrication of rechargeable Li batteries (Li 
manganates, LiCoOz, LiNio.5Coo.5O2) by sol-gel process.
2526-ERG/TEA
Contract with ENEA, Italy
principal investigator: Andrzej Deptula, Ph.D.

2. Adaptation of the ABSR-3 detector including an additional power supply unit.
IRA/8/009/007C
UN Development Programme Teheran (Iran) 
principal investigator: Janusz KraS, M.Sc.
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