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Radioisotope Centre POLATOMsince January -
1% 2007 in the structure of the Institute of Atomin-E
ergy, is active in the research and developmeappfi- -
cation of radioactive isotopes in science, nucteadi-
cine, industry and environmental protection.

The main Research and Development domains of Ra-

dioisotope Centre are:

- new radiopharmaceuticals showing the affinity to
cell receptors for diagnostic purposes and foraadi -
immunotherapy;

- radiopharmaceuticals containing peptides, pretein
and monoclonal antibodies for imaging of inflam-
matory sites;

- methods of elements separation and their applica-
tion for production of radionuclides of high spécif ~
activity, including radionuclides generators;

- new types of miniature sealed sources for
brachytherapy; i

- new types of sealed radiation sources for ingalstr
applications;

- development of preparation methods for manufac-

development of technology and implementation of
isotope generatdf®W/*®Re production;
manufacturing technologies for carrier ff&¥ and
carrier-added *""Lu suitable for labeling of
radiopharmaceuticals for therapeutic use;
manufacturing methods of?- -methyl-tyrosine
and *¥4- -methylotyrosine for diagnosis of brain
tumour and its metastasis;

method of internal electrolysis used for depositi
of Ru and '™ layers on metallic surface for
manufacture of active cores of sealed sources;
manufacturing technology df? sealed sources in
the form of miniature® seeds for brachytherapy
of intrabrain, prostate and eyeball tumours;
development of technologies for manufacture of
peptide based kits foP"™Tc-labelling for use in on-
cological diagnostics;

development of absolute measurement methods of
radionuclides’ activity with liquid scintillation
counters (LSC).

The Centre has developed very good communica-

turing radiopharmaceuticals, radiochemicals antion links with the leading clinical centers andclaar
medical materials; medicine departments and Institutes in Poland ireal

- studies on the analytical techniques for qualityn radiopharmaceutical and radiobiological develop-
assurance of medical products; ments as well as with many international reseanski-i

- development of methods for radiation activitytutions. This cooperation is supported by sciemtind
measurement and determination of radionuclides @pplied grants provided by Ministry of Educationdan
radioactive materials; Science. The Centre actively contributes to thearsh

- new reference materials for ionizing radiatiorprojects carried out by the international orgamnires
measurement. and programs:

Since 1999 RC POLATOM has been depositary of International Atom|<_: Energy Age_ncy (IAEA); :

: : . ; L . - European cooperation program in the field of iscie

national standard unit of radionuclide activitywdich o : )
. tific and technical research COST;

the parameters of other reference materials asgece! EUREKA Initiative
through a chain of comparisons. The national stahda '
is supervised by the President of The Central ©f6t Since 2005 RC POLATOM is a member of Con-
Measures (GUM). sortium and takes part in the Network of Excellence
ﬁ)iagnostic Molecular Imaging (DiMI), in the frame-
work of sixth program, FP6 of the European Commu-
nity.

In 2007 several issues have been successfu
accomplished:
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ELECTROCHEMICAL PROCESSES
OF FIXING RADIONUCLIDES APPLIED
IN SEALED SOURCES FOR BRACHYTHERAPY

I. Cieszykowska, M. Mielcarski
Institute of Atomic Energy

One of the methods frequently used in oncology i%able 1. The leachability of*1 wire sources.
radiotherapy. In particular, dynamic development of

. . ipti Activity of source ivi
brachytherapy is observed recently [1]. In thigtneent ~ D°ScriPton of y Activity leached out

sealed radiation sources 8fRu, 3 and in some cases souree (VB [kBa)/[%]

also *4r, %Sy or °Pd are used. The most important Protected Ag 35.43* 15.3%/0.04
task for manufacturing such sources is fixing oé th wire

radionuclides to the source cores [2-4]. Ur';%r?lcier(;ted 40.00* 43.14/0.1

Our results on application of electrochemical meth-yncertainty of activity determination + 5%
ods, in particular of the internal electrolysis,[5 the o 12 . )
source fabrication are presented in [6]. These ousth The distribution of L along the wire is fairly
appeared to be effective for fixing both metali®Ru, good. However, a \_Nlde maximum is observed for the
palladium) and non-metallic'q) deposits as well as central part of the wire (Fig. 1).
simultaneous co-deposition of metal with non-metgl
129 with palladium on a silver substrate. a00E+3

As a result of the investigations performed, opti
mum conditions for fixing'®Ru on a silver base by
means of an internal electrolysis were determifduls SR
method was implemented in practice for manufacturin &
ophthalmic applicators used in eye cancers treatmen §

2,50E+03 4

1,50E+03 9

unt rate,

These methods of manufacturing of the active cored
of the ' seed-type sources are discussed compar
tively. These were a fixing df2 on the silver surface,

a fixing of **1 on the silver plated with palladium and
a codeposition of with palladium on silver.

1,00E+03 9

5,00E+02

o | | B P

After electrolysis, lasting 24 h, 80% &Ru con- tor s e s e T
tained in an electrolyte solution was withdrawn an S
deposited on the silver cathode. The deposits titnis
tained were 2 um thick, metallic and lustrous, aiftge
well to the silver backing, showing no tendencyip-
ping or cracking.

Fig. 1. Activity distribution along the unprotectsiliver wire.

The developed methods of fixing 6f°Ru and
129 on a silver base enabled manufacturing of ophthal
The high quality of the deposit obtained with a-carmic applicators with a monolitic active core of thetiv-
rier-free*®X reduced contamination problems and madiy required for therapeutic applications (13-27 ¢ir
this choice more reasonable from a practical point *Ru and 1.85-9.25 GBq fof).
view. As a result of the process lasting 70-90t98%

of ¥ contained in the electrolyte solution was with-
References

drawn. [1] J. Sienkiewicz et al., Wiad. Lel65 569 (2002)
For each technique applied, the yield and the uniél ~C. Mathew etal., App. Radiat. Is&l7 359(2002)

formity of deposition as well as the leachabilitgne Ch. Zhang et al., App. Radiat. Is6E 309 (2002)

determined. The leachability 6f2 fixed to the unpro- ] R.Monolkar etal,, App. Radiat. IS&9 145 (2003)

. . 5] G. Milazzo, Electrochemistry, Elsevier, Amstand
tected silver bars does not exceed 0.1% and is evle% (196:|%) 2 ISty v

lower for protected bars (Table 1). [6] I. Cieszykowska. PhD Diss., Institute of Nucl&irem-
istry and Technology, Warsaw (2007)

Nevertheless, in the case of an unprotected sourfﬁ R. Kuznetsovert et al., INEA-TECDOC-1512 (2006)

the leachability was still lower than others’ résyr].
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THE DEVELOPMENT OF A PREPARATION METHOD
OF ALBUMIN MICROSPHERES AS POTENTIAL RADIONUCLIDE
CARRIERS FOR DIAGNOSTIC AND THERAPEUTIC USE

J. Pijarowska, A. Jaro , E. lller
Institute of Atomic Energy

Human serum albumin microspheres (HAM) 0?‘? 4 08) O
various size have been widely used for clinicall@arc & ~Qo . ¥
medicine as carriers for radioactive diagnostic an & 0% 00" °
therapeutic molecules since 1969 [1, 2]. Their wide® ' 00 5
application was found in scanning of lungs in agdi& 5 %
sis of pulmonary embolism, pulmonary infarction anc” O(%

o e
ég'; o8
. &)
other lung disorders. % RPN
- o @ s

oo
The purpose of this study was 1o develop a prepar |-g.1. Optical micrographs of HAM in average sizamge of
10-32 m taken at two different magnifications (x200

tion method of batches of albumin microspheres wit

reproducible statistics, reproducible physical did- and x400).
logical parameters which can be labeled with aepgari
of radionuclides and will comply with the requiremte The percentage frequency of microspheres particles

for API (Active Pharmaceuticals Ingredient). In geal, in particular the size range was determined by kteig
the preparation of HAM consists in dispersion dfte  analysis (Table 1).

man serum albumin (HSA) solution in a suitable me- ) _ o
dium and heat stabilization of spherical particles. Table 1. Particle size ranges of albumin microsphe
Frequency of HAM[%)]
Batch No. Size range [m]
<10 10-32 32-50 50-100>100

In the present study HAM were prepared by the
emulsification and heat stabilization technique de-
scribed previously [3,4], with minor modificationghe

processing parameters of homogenization (speed and 1 0.9 86.9 7.2 2.3 2.7
time), oil phase (volume, emulsifier and denatugti 2 0.4 841 118 22 15
factor concentration), water phase (volume and HSA 3 0.3 818 139 21 19
concentration) and protein  denaturation heat Average 0.5 84.3 11.0 2.2 2.0

(temperature and time) were selected in an expetahe

way. The optimized method consisted of adding a HSA The average production yield of the desired HAM
solution containing SDS to liquid paraffin contaigi Size range of 10-32m amounts to 84% and the mean
SDS and Tween 80 and stirring the mixture with mesize of particles was approximately 1%n. Optical
chanical stirrer to obtain water/oil emulsion. Thigul- Micrographs show microspheres as very regular spher
sion was then heated to allow the formation anitlisol cal forms with quite smooth surfaces and slighttsca
fication of microspheres. The supernatant oil was rOf Size in the dominant range (Fig. 1).

moved by decantation and microspheres were washed |n continuation of this project the albumin

with diethy_l ether. Then particles were dried itwam  microspheres will be labeled witi™Tc and -emitter
and later sieved. radionuclides. For the HAM labeling witf™Tc the

Ten batches of microspheres ranging in a diameé{e?ducnon of technetium valency is necessary. Alsice

. or SnChx2H,0O will be used and the development of
from 10 to 32 m were prepared by the describe . . . .
. . . a method of attaching technetium to microspherdks wi

method. The particle size analysis was performedrby

iical mi _ laht mi ., 2 be required. The prepared radiopharmaceuticalsbaill
oplical microscopy using a fight microscope equqapethen tested for thein vivo stability and biodistribution.
with an ocular micrometer and a light camera (Ejg.

The microspheres were sized and photographed irRaferences
normal saline containing Tween 80 to preventl] B.A.Rhodes etal., Radiolog)2 1453 (1969)
aggregation. The particles in each prepared batafe w [2] ~ G. Wunderlich et al., Appl. Radiat. 1sd62 63 (2000)

. . . R.L. Evans, US Patent Office 663.687, (16.052)97
measu_red using a calibrated ocular micrometer a+ B. ucka et al., Report 174/OpiDI (1981)
a special computer program.
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NEW DIAGNOSTIC KIT HYNIC-IGG LABELLED
WITH TECHNETIUM-99 ™ FOR INFLAMMATION IMAGING

E. Byszewska-Szpociska', U. Karczmarczyk J. Michalik, M. Gérska-Chrzstek,
J. Kapuci ski*, J. Kumierek
Ynstitute of Atomic Energy
“National Medicines Institute, Warsaw, Poland
*Nuclear Medicine Department, Medical Universityd 6 Poland
“Department of Quality Control and Radiological Reotion, Medical University, 6d Poland

Scintigraphic detection of infection and infamma- 25

tion enables the determination of both location anc Em3h
number of infectious and inflammatory foci througho 27 W24h
the body. Since scintigraphic images are basedioc:f

I -

tional tissue changes, infectious and inflammafoi t5
can be visualized in their early phases, when amatd

changes are not yet apparent. IgG accumulatedan-in
tious foci by a non specific extravasation dueltually 0.5 1
enhanced vascular permeability. TH&Tc — labelled
preparations have known ideal radiation charadiesis

% ID/g organ

liver kidney non inflammed

Gammaglobulin can be labelled by a direct or irdire
. . . . . treated muscle
method of radiotracer incorporation in the proteiole- muscle
cule. The direct method of labelling is connectathw
organ

changes in the secondary and tertiary structurky@f

molecule. The indirect labelling method using bdun Fig. 1. The time- dependant organ biodistributiéi%Tc-

tional chelate hydrazinonicotinamide (HYNIC) pre- HYNIC-IgG in rat with an inflamed thigh muscle after
serves the structure and biological activity of pinetein 3 and 24 h p.i.(% administration dose per grammf a
[1-3]. organ).

The HYNIC-!gG C(_)nju_gate with a HYNIC:lgG _2:1 Scintigraphy with®®™Tc-HYNIC-IgG was perfor-
molar ratio lyophilized in citrate buffer pH 5.5abte in 4 i patients with clinically osteomielitis orptie

4-8 C for 6 month was obtained. The method of teChn%ﬁthritis. The relative uptake of the radiopharmaical

tium-99m labeling of this conjugate Was_ir_lvestigaine _in inflammation spots comparing to the backgrouras w
the presence of SnChs a reductor and tricine as a coll-Very high (Fig. 2).

gand. Finally, the formulation of the dry kit fohet
HYNIC-IgG labelling with technetium-99m was as
follows: vial | — 2mg HYNIC-IgG in 200 |, citrate
buffer pH 5,5; vial Il — 11.7 g SnC}x2H,0) + 200 g
tricine in 200 | PBS.

The radiochemical purity of the tracéf™c-
HYNIC-IgG was 95% (determined by instant thin-
layer chromatography analysis - ITLC). The obtained
tracer contained16% of**"Tc-HYNIC-IgG aggregates
(HPLC using BioSep-SEC-S-2000 PEEK column with
isocratic elution analysisf®™Tc-HYNIC-IgG was sta-
ble in human serum in vitro during 4 h incubatidn aFig. 2. SPECT/CT scintigraphy witA™Tc-HYNIC-IgG, ac-

37cC. quisition 24 h after the tracer administration iceting

) o . ) an inflammatory process in the right hip.
In the animal biodistribution studies, 24 h post in

jection (p.i) of*"Tc-HYNIC-IgG a high specific radio- The obtained new human immunoglobulin deriva-

activity accumulation in the inflamed thigh muscle;ye IgG-HYNIC labelled with®™Tc by the indirect

compared with a non treated muscle was observegethod with a high radiochemical purity can be very

(Fig. 1). helpful in the assessment of localization and ef ¢iX-
tension of the inflammatory process.

References

[1] A.Roland et al., Eur. J. Nucl. Me#3 414 (1996)
[2] J. Huub et al., Nucl. Med. Biolog7 599 (2000)
[3] M. Abrams et al., J. Nucl. Me@1 2022 (1990)
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THE DEVELOPMENT OF A 3\/1%%Re GENERATOR
FOR THE THERAPEUTIC USE

R. Miko ajczak, D. Pawlak, M. Zuchli ska, M. Konior, J.L. Parus
Institute of Atomic Energy

18%Re is a radioisotope of a high therapeutic poterbecause thé®W mother radionuclide has the half-life
tial for nuclear medicine, which belongs to theabet of 69 days.
gamma emitters group (maximal energy of beta radia-

tlon s 2:11 eV, energy of gamma rays is 155 kevy, o 85,09 PO (0 0 SRS 2 O
With beta particles penetration in soft tissuesabbut d P '

/ . ﬁording to this procedure several generators wane-f
8 mm the cancer tissues can be destroyed, while the . . ity OFfRe |
emission of gamma radiation permits imaging to teca cated with a nominal activity e in the range from
4 to 15 GBq at the calibration date. The activitéshe

. . . . . 8
accumulat|on._ Studies include the cI_|n|caI L_Jse1 &R_e 18800 obtained from a generator were up to 500 mCi at
complexes with HEDP as an effective pain palliation

L 0 -
agent in painful bone metastases and with DMSA f(;[Pe calibration date and over 90% of activity whdesl

cancer treatment®Re complexes with peptides andm first 4 ml of effluent (radioactive concentratiof

- . ) 18 Re from 15 to 120 mCi/ml), hence no post-elution
monoclonal antibodies and their use in therapyregai . : : )
: . concentrating was needed. The radiochemical purity
cancer are also in progress. Sterile and pyrogem-fr

solutions of*8Re agents have been used in brachythewas above 98.0% and radionuclidic purity >99.9%hwit

. respect to gamma impuritie¥3W leakage was <0.5%,
apy of coronary vessels to prevent restenosis {1-5] whereas chemical purity testing showed Al < 10 ppm.

Because of the short half-life 6f%Re, supplying The eluates were sterile and free of bacterial &ndlo
the medicament to remote customers can createis logies. The quality of th#®Re solution has been tested in
tic problem, which can be solved by deliveringabelling of bombesin analogue [8]. Described ganer
183\V/'%Re generators as a source ‘BRe [6,7]. We tors can be used in the clinics for routine appilices as
have used a generator column and lead shieldirdjinse well as in research laboratories.
our standard®Mo/®*™Tc generator (fission produced
“Mo) to fabricate*®8W/**®Re generators. Aluminium T
oxide (Alumina A, ICN, MP Biomedicals) was used
as a solid support. Before loaditf§w, the support was
activated by subsequent washing with the following
solutions: 5 ml 0,9% NaCl solution acidified to
pH=3, 5 ml 32% HCI and 20 ml 0,9% NacCl solution,
pH=3, all at a flow-rate 10 ml/min, to obtain arflefnt

80%

g

Relatiye yield
g

of pH=3. .

The 8 (RIAR, Russia) with a specific activity
between 27 GBg/g W and 133 GBqg/g W, was dissolved, ” . , ; -
before loading on the column, in 0.5M NaOCI (0.5 ml fumberof ecion

NaOCl per 1g of W), 80% CEOOH (1ml
CH;COOH per 1 g of W) and 32% HCI, in order to
lower the pH of the solution to 2.5, to obtain tatenic
acid. The'™W solution (as '?FSSWQAJ was then slowly e acknowledge the support of the IAEA coordinated
loaded on the column using a peristaltic pump (fta®  research project No 12880.

0.1 ml/min). The chemical quantity of W loaded tie t

column was between 40 to 80 mg/g of alumina. Thgeferences

'8%Re was eluted from the generator with 0.9% acidifie[1] K. Liepe et al., Am J Hosp Palliat C&2 457 (2005)

Fig. 1. The yields df®Re elution in collected 4 ml fractions
over 10 consecutive elutions .

saline. [2] S.Leeetal., Am Heart J. 158 (2006)
) ] ) [3] B.Lambert et al., Eur J Nucl Med Mol Imagir&g 344
The elution profile of the generator is presented i (2006)

Fig. 1 where average values of generator yieldaiogtl [4] S. J.Wang et al., Nucl Med Bid8727 (2001)

in 10 consecutive elutions (over the period of £k& [5] G. Ferro-Flores et al., Nucl Med Bidl6 57 (1999)

are shown. More than 95% 8fRe activity were accu- [6] F.F.Knapp etal., Anticancer RS/ 1783 (1997)

mulated at first and second fractions. THaW/®Re [71 F F.Knappetal, Anticancer RS 1803 (1997)
. . . ' [8] E.Koumarianou et al., J Label Compd Radiophditn.

equilibrium is reached in about 72 hrs, howeV&Re S241 (2007)

can be milked from the generator more often with a

satisfactory yield. According to the literature [,

18V/*%Re generators can be used for above 6 months,
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THE INTERCOMPARISON OF *™¢ AND ¥4 MEASUREMENTS
BY RADIONUCLIDES CALIBRATORS IN POLISH HOSPITALS 20 07

R. Broda, T. Dziel, A. Muklanowicz,A. Listkowska, . Pie kowski, A. Patocka, E. Ko akowska
Institute of Atomic Energy

Basing on the experience and publications of for-  The result given by each participa®,icipan) and
eign metrological laboratories [1, 2], the Laborgtof the result obtained in the LR®\ &s) was recalculated
Radioactivity Standards (LRS) has organized indpoli for the same reference date and the ratio
hospitals an intercomparison of activity measuregsen S=

- Aparticipant/ ALRS

of "¢ and®!. Both radionuclides are generally used _ :
for diagnostics and therapy. Organization of thierin ggas determined. The half-life of (6.0067+0.0010pfh
comparison has been financed in 2007 by the Nationa 1¢ and of (8.0233+0.0019) d bfi was adopted [3].
Atomic Energy Agency and supported by the Polish  Not all of participants have delivered an estimated
Society of Nuclear Medicine. uncertainty of measurement, and then it was imptessi
From among 58 Polish hospitals invited, 37 havé evaluate their measurement results using=therite-

participated in the intercomparison. Each hospitak rion [4]. The statistical criterion called normali stan-

identified by a confidential participant number. dard deviationD
The goal of the intercomparison was to obtain an D= Avarticipan = ALrs
information on the accuracy of activity measureraent SiRrs / J3

Polish hospitals in relation to the National Staddanit

of Radionuclide Activity and to increase the efigaf
diagnostics, therapy and security of patients.radlio-
active sources for measurements were manufactared
the RC POLATOM and delivered to participants suc- |D|£2 - good (within all limits),

cessively during 4 months. 2<|D|<3 - acceptable (within the warning limits),
3£|D| - hon-acceptable (out of control).

has been used. Thigrs was adopted as the reference
value. The parametd was used to classify the meas-
urement results according to the specified linbis [

Each participant received about 4 mI°8FTc elu-

ate in a glass vacuum-vial used for elution, anal ‘it The measurement result which differ no more than
capsules, low- and high-active, in separate gl@ss.v +50, from the referencé rs value was assumed to be
Sources were standardized in relation to the Nationgyitable for hospitals purposes [6]. Thefirs =
Standard using a measurement system with phiem- 0.044Ars Was adopted instead f gs values given
zation chamber. The extended uncertaintysp¢s = above and, as a consequence, the warning limits of
+1.5 % for**! and of s.rs = +3.0 % for*®™Tc with the  +7.6% for acceptable results were obtained.

extension parametér= 2 has been evaluated. An exact

measurement time has been noted. ParticipantsrperfgoOd and acceptable results composed jointly of,75%
0, 0, i
med measurements by their own radionuclide calibr 9.2% and 82% for all measurement results in tise ca

99 13 H H
tors and sent results to the LRS. Data obtainewh 8@ of *"Tc eluate,™ capsules -for diagnostics arid!
hospitals participating in the intercomparison havgapslules fo_r thde][apy, respgctlvelyz(;’l'aglges;). Foc8
shown a big variety of radionuclide calibratorsdis&3 esults received from participants, 23 (19.5%) weye-

X i acceptable.
calibrators of 22 types from 12 various manufaature P

Table. 1 Classification of the participant results $'Tc and™*Yi measurement as good, acceptable and non-acceptabtor-
ding to the limits specified by the D criterion.€Tlimits of participant to LRS result ratio, S, aiso given.

Non-acceptable Acceptable Good Acceptable Non-acceptable
results results results results results
DE-3 -3<D<-2 -2EDE?2 2<D<3 3ED
S£0.924 0.924<5<0,9 095£S£1.05 105<S<1.076 1.076£S
9mre 17.5% 75% 62.5 % 5.0 % 7.5%
13 for diagnostics  12.8 % 0.0% 64.1 % 51% 17.9%
1Y for therapy 7.7 % 2.6 % 64.1 % 15.4 % 10.2 %
References [4] ISO/IEC Guide 43-1 (1997)
[1] D.MacMahon, et al., NPL Report DQL-RN 018, Udite [5] N. G. Natrella, Experimental statistics, NBS tdanok
Kingdom (2006) 913 (1963)
[2] A. lwahara, et al., Appl. Radiat. Is&6, 361 (2002) [6] R.Gadd, etal., 93 NPL (2006)
[3] Table de Radionucleides, BNM — LNHB/CEA, France

(2004)
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ON PHOTON STATISTICS IN THE LS-COUNTER

R. Broda
Institute of Atomic Energy

The method of radionuclide standardization by thquite well (Fig. 1), thus justifying its use fortiesating
TDCR technique is based on the statistical Poissdhe efficiency of low energy emitters..
model of the phenomena occurring when an ionizing
particle interacts with the liquid scintillator (L1].
The whole process can be described by binomiakstat
tics as a result of a cascade of binomial processes
the global probability of the whole process is lend
the number of emitted photons in the case of high-
energy emitters is large, the process can be approx
mated by a Poisson distribution for practical psgs
However, for the low-energy emittefsl or >Fe, the
Poisson model failed [2, 3] yielding too high cdogt
efficiency. Satisfactory results of standardizagidrave
been obtained using the negative binomial (Polya)
model. Evidently the model needs to include anckffe
that reduces the number of emitted photons. Thigdco
be result of an optical phenomena occurring when th

Fig. 1. Approximation of the global distributiomrfthe num-
ber of photons, n, collected by photomultipliemnfra
LS-vial (dashed line) obtained by summing of theeth

scintillation light is emitted from a LS-vial. Cadte and binomial distribution a), b) and c) related to tHfer-
Vatin [4] have pointed out that the probabilitypifoton ent layers of scintillator.

emission from the LS-vial depends on the emission

location and that the global statistics of lightigsion The energy conversion factor for the liquid scintil
has a larger variance than the Poisson law. lator obtained when determining t#e activity using

. the Polya model [3], enabled an estimation of the
Probabilities of successive elementary processes:.

. o 2 P2 SRintillation efficiency for*C close to the experimental
leading to the fluorescence of a liquid scintillafmni- : .
) . . . value. This gave further evidence of the correctres
zation along the particle track, quenching of priyna .
o . the Polya model in the case of fiEe measurement.
excitation, energy transfer to the solvent, iori@ator

excitation of p-electrons, internal conversion to the
S, state or quenching, recombination of ions to therS References
S, states, energy transfer to the solute, fluoresgsendl] R.Brodaetal., Appl. Radiat. Iso89 (2) 159 (1988)

internal conversion or quenching in the solute) everl?] E-fBroaa'AK-PP?Chr‘:V?'éziv i)“:L:]- Ed'\éoaktﬁls't!:'issc:h
: : - i ofer, H. A. Polach, (Eds.), Liquid Scintillatiop&c-
described using existing data [5 - 12]. trometry 1992, RADIOCARBON, The University of

The low-energy emitter¥H or **Fe of an average Arizona, Tucson, AZ, 255 (1993) _
energy of interacting particles of 5.7 keV, transtbout [3] R.Broda, A. Jezmieniowski, Appl. Radiat. so60

10% of the energy to theelectrons and create about 20[4] ?,S%Eizsggﬁ)e R. Vatin, Nucl. Instr. Meth. Physs.Re

photons per disintegration in fine. Using the eatdd A31295 (1992)
number of photons and the light emission efficiencys] R. Cooper, J. K. Thomas, J. Chem. P@(11), 5097
g versus the radiugy, of the emission point in a vial (1968)

[4], the global distribution of light collection bgho- [6] 1. B. Beriman, J. Chem. Phy33(2) 598 (1961)
tomultipliers of a TDCR detector could be evaluated’] J- B. Birks, in: D. L. Horrocks, C. T. Peng, (Edrga-
and compared with the Polya distribution. To sifiypli nic scintillators and liquid scintillation countingcad.

. . . L Press, New York, (1971
the calculations, only three binomial distributioft® g7 j B Birks. The théory a)nd practice of scintibia

the number of photons, collected by photomultipliers counting, Pergamon Press Ltd., Oxford, (1964)
were used. Distributions were calculated for thegén-  [9]  D. L. Horrocks, J. Chem. Phy52 1566 (1970)

drical layers of scintillator of radius ® £ 0.6, b) 0.6 < [10] D. L. Horrocks, Applications of liquid scinfgition

R£ 0.8 and c) 0.8 R£ 1.0, and summed with the layer 1 EO‘i/r\‘/“rl‘_gv Acad.FPrﬁgs, New Ysort: (1I<97A:J) Chelme
volume weighting factou = 0.36, 0.28 and 0.36, re-[ I C.W. Lawson, F. Hirayama, S. Lipsky, J. Cheimys:

. S . . 51, 1590 (1969
spectively. The sum-distribution, which approxinthte [12] A. Weinréb in:)D. L. Horrocks, C. T. Peng, (Ed

global distribution of light collection, the binoatj the Organic scintillators and liquid scintillation catiny.
Poisson and the Polya distribution were calculdted Acad. Press, New York (1971)

the expected number» 2.6 of collected photons. The

Polya distribution fits the global distribution photons

101



SYNTHESIS AND TESTING OF GEL METAL-OXIDE COMPOSITES
AS FILLING MATERIALS
FOR W-188/Re-188 GENERATOR COLUMNS

E. lller*, H. Polkowska-Motrenkp D. Wawszczak M. Konior *
Ynstitute of Atomic Energy
Y nstitute of Nuclear Chemistry and Technology, \WersPoland

Rhenium has recently showed up as a useful radio- Samples containing W§¥rO,-SiO, did not reveal
isotope in variety of clinical trials. satisfactory elution profiles.

At present the carrier—free Re-188 is obtained from
W-188/Re-188 generators in which the tungsten-188 i _ wesizo2=1:2
form of a sodium tungstenate W-188 solution is ad- ‘ ] ‘ ‘ ‘ T=800C
sorbed on the alumina filling of a generator column T I
A new approach to preparation of chromatographic co
lumn packing of tungsten-188/rhenium generatornis
application of nanocomposites obtained by mearkeof
sol-gel technique [1-3]. A specific method for then-
thesis of these materials was elaborated at INCT-Wa
saw Poland. The initial stage of the process ipana
tion of the ascorbate- NA- tungsten, nexthe sepa-
rately prepared zirconyl or/and silicon sols arelext
gradually to the reaction mixture. After a gelatistep, ‘ ‘ ‘ ‘ ‘ ‘ ‘
gels are thermally treated at temperatures indichie Mo bt
a thermal analysis (500, 650, 8Q). This way the : : : : A
synthesis of nanocomposites containing 05,
Z2r0O,-WQs, ZrO,-SiO,-WO; at different ratios of oxides
was carried out.

e
=3
=%

TR PRI TR WYY

Intensity

{ T=500C (sample SP)

The several methods have been used for the deter- 10 20 30 40 50 60 70 80 90
mination of their structures and chemical purity. 29

The neutron activation analysis and spectrometry () | Tetragonal 10, [88-1007]
were applied for the determination of radionuclidic
purity of components

Intensity

(0) ‘ ] © Monoclinic WO, [71-2141]
[ h‘ 1

The X-ray diffraction analysis and the neutron scat f by
tering analysis (wide and small angles) allowed for 10 20 30 40 50 60 70 80 90
a determination of their crystal structure [4]. 20°

The samples were analyzed by XRD using a Ri-
gaku Miniflex diffractometer with Cu-K radiation Fig. 1. The X-ray diffraction analysis of WQrO, (1:2)
(tube voltage 30kV and tube current 15mA) and scan- nanocomposites after different temperature treatmen
ning range from 2=3° to 2 =90° (step 0.02° and rate
2°/min). The raw data were submitted to the smagthi
process by the Savitzky method; the backgroundielimfhe work was supported by the research grant No
nation process by the Sonnevelt method and & K3TOQB 042 29 of the Polish Ministry of Science and
elimination process. Education

Next the elution profile of generator column
packed on gels samples activated in a nuclear meacReferences ' o
have been studied using 0,9% NaCl solution as an efll ~M.S. Dadachov etal., Applied Radiation anoltépe

. . ) 57641 (2002)
ent. The best results of elution (profile and etuen [2] M.S. Dadachov, R.M.Lambrecht, J. Radioanal. Nucl.

rity) appeared in the case of filling a chromatgdiia Chem. Letter200211 (1995)

column with WQ-ZrO, materials; in which the oxides [3] M.S. Dadachov et al., J. Radioanal. Nucl. Cheetters
molar ratio was 1:2 and a calcination temperature o 188267 (1994)

500°C and WQ-TiO, with molecular ratio 1:2 and [4] J.J. Milczarek et al,. IAE Report 38-B (2007)

a calcination temperature of 680 The structural

analysis of both composites allowed for theirs

classification as amorphous materials.
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DEVELOPMENT OF RADIONUCLI

DES STANDARDIZATION

METHODS BY MEANS OF A LIQUID SCINTILLATORS TECHNIQU E
USING MONTE CARLO CALCULATIONS

T. Dziel, R. B

roda

Institute of Atomic Energy

The probabilities of interaction of photons in two

The main calculations were performed over the

different liquid scintillators (toluene and widelysed photon energy range 5 — 1000 keV. For each energy

commercial cocktail Ultima Gold) were calculated aval
a function of energy for two different geometristag-
dard 20 ml LS glass vial and LS cocktail volumed@f uni

ue and geometry at least 2ifitial particles were

simulated and the radiation source was assumea to b

formly distributed throughout the LS cocktailh&

and 15 ml) using the Monte Carlo code PENELOPE [1Lalculated probabilities of photon interaction @bffer-

The used geometries were described by coaxi&
cylinders (Fig. 1). The vial was surrounded byrapi-
fied counting chamber structure.

In order to confirm a validity of our proceduregth
results were compared to the results of the catedla
absorbed spectra of the 835 keV photon¥Mh organ-
ized by the Liquid Scintillators working group dfiet
International Committee for Radionuclide Metroloigy
2004 [2]. The calculated interaction probabilitylues
and characteristics of the shape of the resultedtsp
namely, the ratios: the peak-to-valley, the peakéley
of the main Compton spectrum and the amplitudéef t
multiple Compton peak to the amplitude of the main
Compton peak were similar in both simulations.

Pint

Fig

no

pt liquid scintillators are comparable (Fig. 2).
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. 2. Dependence of the photon interaction prolitgton
the energy.

It was observed that in high energy range there was
significant difference between the used scattilis.

For energies below 100 keV the difference did net e
ceed 12%. Lower interaction probabilities in theeaf
toluene result from the alternate composition ds th
cocktail having lower amounts of elements with high

atomic number (S, P or Na). Difference betweenrid a
15 ml of Ultima Gold can be neglected.
Table 1. Atomic composition of the scintillators.

C H N 0] P S Na
UG 1681 2454 0,04 152 0,11 0,02 0,02
Tol 7 8 - - - - -

Results of this work, including calculated spectra

of deposited energy in a liquid scintillator fodiferent
energy, will be used in a primary standardizatidn o
radioactive solutions by the triple-to-double caitence
(TDCR) method in the Laboratory of Radioactivity
Standards in RC POLATOM.
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