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Abstract. Results of **Cs and ®Sr radionuclides behaviour modelling, which are the most spread radioisotopes in
water bodies of Chernobyl Exclusion Zone are represented. Dynamics of radionuclides activity is modelled in water
body components as the percentage of their total stock. Quantitative transfer of the radionuclides between water body
components in the Chernobyl Exclusion Zone is determined and predicted.
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1. Introduction

Radionuclide contamination of the environment in
general and fresh water in particular, caused by
operation of nuclear fuel cycle enterprises and
accidents at these is the extremely actual problem
nowadays.

Water bodies within the Chernobyl Exclusion
Zone constitute a unique radioecological test ground
allowing us with a high degree of reliability to
appraise quantitative parameters of radionuclide
content in biohydrocenoses (Gudkov 2006).

Modelling migration processes, distribution and
accumulation of technogenic radionuclides in
components of the water ecosystems shall assist in
resolving a number of problems related to the
prospects of economic usage of water resources
within radionuclide-contaminated territories and
shall facilitate elaboration of the countermeasures
minimising the impact of ionizing radiation upon
functionality of biosystems.

2. Analysis of the Latest Researches
and Publications

When process of radionuclide transfer into bottom
sediments, which are the main depot of radionuclides
accumulation in water bodies is studied, two
principal mechanisms are distinguished: biogenic
and chemogenic (Fesenko et al. 2004). Biogenic
migration means absorption of radionuclides
by hydrobionts conducive to transfer of the
radionuclides into the bottom sediments as a
result of their physiological processes. Chemogenic

migration is divided into three directions: first
direction means sorption of radionuclides in
suspensions of organic origin followed by
sedimentation onto the water body bottom where the
radionuclides shall be sorbed directly by the bottom
sediments. Second direction means simultaneous
precipitation with crystalizing calcium carbonate
(the most frequent phenomenon with %Sr). The third
direction means sorption capture of radionuclides
with coagulating gels of iron, manganese or
aluminium hydroxides (Fesenko et al. 2004).

Change in the specific activity of the
radionuclides in water in the event of its one-time
ingress into a water body may be described with the
following equation (Fesenko et al. 2004):

aCy(t) _ D aCy(z,t)  VoKpCy(t)
ot L oz L
Z= —Vot, t > O,

3G, @

where C; — specific activity of the radionuclides in
water, Bq cm’,;

Cy(z,t) — their specific activity in the bottom
sediments at depth z and time t;

D - efficient diffusion coefficient of radionuclides
in the bottom sediments, cm? year™;

L — average depth of the water body, dm;

Vo — increment rate of the bottom sediment layer
(as a result of detrital matter formation), cm year'l;

K, stands for the coefficient characterising
distribution of radionuclides between the solid and
liquid phases in a water body;

A — radioactive decay constant, year™.

Copyright © 2013 National Aviation University
http://www.nau.edu.ua


mailto:ecoetic@yandex.ru
mailto:a_yavnyuk@ukr.net

102 Yu. Kutlakhmedov, A. lavniuk. Radionuclides behaviour modelling of *¥'CS and *°SR...

Box models are often used to describe the
transfer (transition) and migration of radionuclides
in any ecosystem. The entire transfer chain of
radionuclides in such models is divided into
“boxes”. Interaction between boxes in mathematical
models is determined by coefficients describing the
transfer speed (Kutlakhmedov et al. 2003).

The box model method adequately describes the
transfer of radionuclides in hillside ecosystems
exemplified with a system including eight boxes:
“Forest”, ”Outskirts”, ”Meadow”, “Terrace”, ”’Flood
Plain”, ”Water”, ”Biota”, ”Bottom Sediments”.
Impact of the contamination upon the people is
considered in the form of a separate ninth box,
where collective dose for human population is
accumulated (Petrusenko 2008).

To model the transfer of radionuclides in typical
ecosystems of villages in Ukraine, the box model
method is applicable as well. Such method allows us
to appraise adequately and prognosticate certain
radioecological processes between basic links of the
trophic chain “soil — hay — cows — milk — forest
products — people” in such systems (Beliaiev 1991;
Gudkov 2006; Matvieieva et al. 2006).

3. Aim of Research

The aim of research is to create box models of **'Cs
and *Sr radionuclides behaviour in closed water

bodies, to predict radioisotopes transfer and
distribution in components of fresh-water
ecosystems.

4. Materials and Methods

The box models for migration processes of
radionuclides were constructed for Glyboke and
Daleke Lakes, which are the most radionuclide-
contaminated water bodies within the Chernobyl
Exclusion Zone. Behaviour of **’Cs and *°Sr was
analysed, since they are the main dose-forming
isotopes in contaminated water bodies and in their
biotic components. The constructed models (Fig. 1)
included such boxes as “Land Runoff”, ”Water”,
”Biota (common reed)”, ”Bottom sediments”.

In the course of modelling, the decay factor of
radionuclides was taken into account. Initial data
(see Table) for solution of the systems of differential
equations (1) were taken from a collective
monography (Kuzmenko et al. 2010). Systems of
differential equations describing the transfer of
radionuclides between biotic and abiotic components
in Glyboke and Daleke Lakes were solved by virtue
of Maple VI software:

dC,
=0 = _a,,C, —AC,y,
d pm 01to 0
C
dit1 =a01Co —ay,Cy +8,5,C; +a3,C3 —a;3C; —ACy,
dcC
TtZ = alzcl - a21C2 - a23C2 + 3.3203 - A'CZ’
dC
dt4 =813C; —83,C3 +8,3C; —a3,C3 —AC;3,

where dg1, A, d1, A3, dzp, d13, dz; — rates of
radionuclides transfer between boxes;

Co-C3 — activity of radionuclides as % of their
total stock in the ecosystem.
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Fig. 1. Schematic diagram of the box model for
transfer of **’Cs and ®°Sr radionuclides in water bodies
of the Chernobyl Exclusion Zone

Results of the research with the model are shown
on Fig. 2. It was found that communities of common
reed accumulated less than 1 % at most of **’Cs and
%Sy in Glyboke and Daleke Lakes during 20 years
following the sampling time in 2000-2004 years.
This, most likely, may be explained with that some
equilibrium in distribution of radionuclides between
components of Lake ecosystems has been
established after the accident in 1986. Activity in
other boxes (land runoff, water, bottom sediments) is
reducing gradually. Reduction of radionuclides
activity in water and bottom sediments can be
related to the transfer of the radionuclides into other
components such as suspensions, detrital products,
as well as higher aquatic plants.

Thus, the higher aquatic plants, being an integral
component of ecosystems in fresh water, influence
on redistribution and migration processes of
radionuclides in water bodies.

Although radionuclides content in common reed
communities is slight as compared with the total
stock, the transfer of radionuclides to biotic
components shall be nevertheless taken into account
for elaboration of a set of measures aimed at
prevention and minimisation ionising radiation
impact consequences on the biota in water
ecosystems.
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Content of the main dose-contributing radionuclides **'Cs and *Sr
in the components of Glyboke and Daleke Lakes, MBq

Component of ecosystem _ Glyboke Lak(z0 _ Daleke Lake90

Cs Sr Cs Sr
Bottom sediments 962000 444000 51800 37000
Water 6200 50900 236 1650
Seston 2471 800 73 58
Biota 4598 3035 155 96
Communities of higher water plants (common
reed, sedge, reed mace, Sparganium) 1458.6 260.4 41.90 4.1
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Fig. 2. Calculations of **’Cs and *°Sr activity change in boxes of Glyboke (a, b) and Daleke (c, d) Lakes:

1 — Bottom sediments;

2 — Land runoff;

3 — Biota (Common reed);
4 — Water
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5. Conclusions

1. Box models of radionuclide-contaminated
Glyboke and Daleke Lakes in the Chernobyl
Exclusion Zone have been designed and analysed.

2. Slight increase of the radionuclides content
(<1%) in “Biota (common reed)” box of Glyboke
and Daleke Lakes in the Chernobyl Exclusion Zone
has been obtained.

3. General reduction of ''Cs and %°Sr
radionuclides content in abiotic components of the
water bodies (in particular, in “Land Runoff”,
“Water” and “Bottom Sediments” boxes) as some
percentage of their total stock in ecosystems has
been prognosticated.

4. Research results may be used to calculate the
radio-capacity of radionuclide-contaminated water
bodies, to elaborate measures aimed at minimisation
of adverse consequences of ionising radiation for the
biota.

References

Beliaiev, S.T. 1991. Radioactive emissions to the
biosphere. Moscow, Atomizdat. 237 p. (in Russian).

[Ferses C.T. PaanoakTHBHBIE BBIOPOCHI B
ouochepe / C.T. benseB. — MockBa: ATOMH3JAT,
1991. - 237 c.]

Fesenko, S.V.; Skotinnikova, O.G.; Skriabin, A.M.;
Safronova, N.G.; Gontarenko, I.A. 2004. Modelling
long-term migration of **’Cs and ®Sr in a standing
fresh water body. Radiation Biology. Radioecology.
Vol. 44, N 4: 466-472 (in Russian).

[@ecenko C.B. MonenupoBaHue J0JITOCPOUHOM
MUTpalun ¥cs o %Sr B HEMPOTOYHOM
npecHoBogHoM  BojmoemMe /  C.B. ®eceHko,
O.I'. CxornnukoBa, A.M. Ckpsoun, H.I'. Cadyponosa,

WN.A. Tontaperko // PamuanuonHas Owuonorus.
Pamnoskomorust. — 2004. — T.44, Ne 4. —
C. 466-472.]

Gudkov, D.I. 2006. Radionuclides in components
of water ecosystems within the Chernobyl Exclusion
Zone: distribution, migration, radiation burden,
biological effects. Abstract of the doctoral thesis in
Biological ~ Science for specialty 03.00.01
“Radiobiology”. Kyiv. 35 p. (in Ukrainian).

[[yokoe /I PamioHykiiaim B KOMIIOHEHTaxX
BOJHUX €KOCHUCTEM 30HHU Bi}l‘-ly}KeHHﬂ
YopuoOuiscekoi AEC: posnopin, mirpamisi, 7030Bi
HaBaHTaXeHHs, Oionoriuni edextu: ABTOpedepar

JoUc. Ha 3700yTTS HAYKOBOTO CTYIEHS JOKTOpa
Oionoriyanx Hayk: crerl. 03.00.01 — «Pasmiobionoris»
/ I.L T'ynkos. — Kui, 2006. — 35 c.]

Kutlakhmedov, Yu.O.; Korogodin, V.l
Koltover, V.K. 2003. Fundamentals of Radioecology.
Teaching aid. Under the editorship of V.P. Zotov.
Kyiv, Vyshcha Shkola, 319 p. (in Ukrainian).

[Kymaaxmeoos HO.O. OcHOBH paioeKOIIOTil:
HaByanbHuit  mociOoHuk  /  10.O. Kytmaxmenos,
B.I. Koporozin, B.K. KonmsToBep; 3a pen. B.I1. 3orosa.
— Kuis: Buma mxoma, 2003. — 319 ¢.]

Kuzmenko, M.l.; Gudkov, D.l.; Kireiev, S.l.;
Beliaiev, V.V.; Volkova, O.M.; Klenus, V.G
Kaglian, O.Ye.; Shevtsova, N.L.; Shyroka, Z.0;
Nasvit, O.l. 2010. Technogenic radionuclides in
fresh water ecosystems: monography. Kyiv, Institute
of Hydrobiology at NAS of Ukraine, Naukova
Dumka. 262 p. (in Ukrainian).

[Kyszbmenxko M.I. TexHOTeHHI pamiOHYKTiIH y

MPICHOBOAHUX €KOCHCTeMax: MoHorpadis /
M.IL Kysemenko, J.I. T'yakoB, C.I. Kipees,
B.B. benses, O.M. Bonkxoa, B.I'. Kienyc,
O.€. Karnsaun, H.JI. lesmora, 3.0. Ilupoxka,

O.1. Haceit. — Kuis: Incturyt rigpobionorii HAH
VYkpaiuu; HaykoBa aymka, 2010. — 262 c.]

Matvieieva, 1.V.; Kutlakhmedov, Yu.O.;
Isaienko, V.M.; Kryvorotko, V.M. 2006. Comparison
of radioecological processes as exemplified by
villages contaminated with **’Cs and *Sr and
evaluated with the box model method. Nuclear
Physics and Energetics. Volume 18, N 2: 73-77 (in
Ukrainian).

[Mameeesa 1.B. TIOpiBHSHHS PaiOeKOIOTIYHHX
mporeciB Ha OpHKIami cim, 3abpyaHenmx ' Cs
Ta 90Sr, OIIHEHUX 32 METOJIOM KaMEepHUX Mojenei /
I.B. MatBeeBa, HO.O. Kytnaxmenos, B.M. Icaenxko,
B.M. KpuBoporeko // Spepna ¢izuka Ta
enepretuka. — 2006. — T. 18, Ne 2. — C. 73-77.]

Petrusenko, V.P.; Shmakov, I.P.;
Kutlakhmedov, Yu.O. 2008. Stability analysis of an
ecosystem dynamic model under radionuclide
migration. Nuclear Physics and Energetics.
Volume 23, N 1: 73-77 (in Ukrainian).

[{Iempycenxo B.Il. Anani3 CTIHKOCTI TUHAMIYHOT
MOJIEJII €KOCHCTEMH 100 Mirpamii pajaioHyKIigiB /
B.IL. Ilerpycenko, LII. [1Imakos, }0.0. Kytnaxmenos
/I SlnepHa disuka ta enepreruka. — 2008. — T. 23,
Nel —C.73-77]

Received 8 November 2012.



ISSN 1813-1166 print / ISSN 2306-1472 online. Proceedings of the National Aviation University. 2013. N 1 (54): 101-105 105

10.0. Kyriaxmenos', A.A. Sleuiox’. MogemoBanusi mopexinku pamionykaigis *’CS ta PSR B o3epax

I'muboxke Ta lanexe YopHOOMIBLCHKOI 30HU Bil4yKeHHS

Yucruryr kiitunHoi Gionorii Ta remermunoi imkenepii HAH Vkpainn, Bymums Axazemixa 3aGonorroro, 148, Kuis, Vkpaina,

03680

Hanionansruit aBiauiiteuii yaisepenrer, mpocnekt Kocmonasta Komaposa, 1, Kuis, Ykpaina, 03680

E-mails: ecoetic@yandex.ru; %a_yavnyuk@ukr.net
OmNCaHo METOOJIOTIK MOIEIOBAHHS MOBEAIHKN paxioizotomiB = Cs ta *Sr, 1m0 € OCHOBHHMH 1030yTBOPIOKYHMH
PaliOHYKJIiIaMH, B KOMIIOHEHTaX BOJOWM YOPHOOMIBCHKOI 30HU BIAYYKCHHS. 3MOJEIBOBAHO Ta CIPOTHO30BAHO
nepexin *¥'Cs ta PSr Mik MOBEpPXHEBHM CTOKOM, BOJOK, BUIIOK BOISHOK POCIMHHICTIO (O4epeT 3BHuaiiHmii) Ta
JIOHHUMH BifKIagaMu B o3epax [nmboke Ta Jlaneke YopHOOMIBCHKOI 30HU BiT4yKCHHS. 3 BUKOPHCTAHHIM METOMY
KaMEpHHUX MOJIEIICH, 10 € OJHUM 13 HAHOLIBII JOCTYIMHUX Ta 3pYYHHX MCTOIB MOJICIIOBAHHS B €KOJIOTIi, TOCIIIKCHO
BiJICOTOK aKTHBHOCTI DPAJiOHYKIIJIB y KOMIIOHCHTaX BOJONM BiJl 3arajJbHOro iX 3amacy y BOJHHX CKOCHUCTEMax.
OTpuMaHO pe3yNbTaTH, IO CBiITYATh IPO HECYTTEBE MiABUINCHHS aKTUBHOCTI PATiOHYKIIAIB y MOIYJAIISX BHIIHX
BOJSHUX POCIHH (O4epeT 3BHYAMHWI) i3 wacoMm. PesympTat AOCTIIKEHB MOXYTh OYyTH KOPHCHHUMH IIPH PO3pOOII
HOBHX Ta BIOCKOHAJCHHI iICHYFOUMX 3aXO[iB 31 3MEHIICHHS BMICTY PaIiOHYKIIIIB y BOJOWMAX, a TAKOK MiHIMI3aIlil Ta
ToTIepeKeHH HeraTUBHUX HACIIIKIB HOHI3yBaJIbHOTO BUIIPOMIHEHHS ISl O10TH IPICHIX BOJOUM.
Ki1ro4oBi cjioBa: akTHBHICT, KAMEPHA MOJIEITh, TOBEIIHKA PaTiOHYKIIITiB, PaJiOHYKITiTHE 3a0pyIHCHHS.

I0.A. Kyraaxmenos’, A.A. SIBuiok’. Moaeanposanne nosexennsi paamonykauaos °'CS n SR B o3epax

I'iiybookoe u Jasnexkoe HepHOObLIbLCKOI 30HbI OTUYKIEHUS

YMuctuTyT KeTouHol GHoNOrHM M TeHeTHuecKol mmkenepnn HAH Vipamns, ynnma Akagemuka 3aGonortHoro, 148, Kues,

VYxpauna, 03680

HanoHaTbHbIi aBHALMOHHBIH YHIBepcHTeT, mpocnekT KocMonasTta Komaposa, 1, Kies, Ykpanna, 03680

E-mails: ‘ecoetic@yandex.ru; %a_yavnyuk@ukr.net
OrnucaHa METOAOJNOTHS MOJAETUPOBAaHUS MOBEIEHUS PaTUOU30TONOB Bics u Psr, KOTOpBIE SBJSIOTCS OCHOBHBIMH
030(OPMUPYIOIIUME ~ PaTUOHYKIHIAMH, B KOMIIOHEHTaX BOJOEMOB UepHOOBUIECKOM 30HBI  OTUYKICHHS.
CMOenupoBal U CHPOTHO3UPOBAH MEPEX0]l Bics u 28r MEX]ly TTOBEPXHOCTHBIM CTOKOM, BOJOW, BBICHIEH BOJHOU
PaCTUTENBHOCTBIO (TPOCTHUK OOBIKHOBEHHBI) W JOHHBIMH OTJIOKEHUSMU B o3epax [nybokoe u J[amexoe
UepHOOBUTBCKOI 30HBI OTYYXAeHHA. C HCIOJIB30BaHHEM MeETOJa KaMEpHBIX MOJENEH, SBIAIONIErocs OJHUM U3
HauOoyee JOCTYNHBIX W YIOOHBIX METOJOB MOJICJIMPOBAHKMS B OSKOJIOTMH, MCCIIEJIOBAH MPOLEHT aKTHBHOCTH
PaIMOHYKIMAOB B KOMIIOHEHTaX BOJOEMOB OT MX OOIIEro 3amaca B BOJHBIX 3KocucTeMax. [lodyueHbl pe3ynbTathl,
CBHJIETENILCTBYIOIINE O HECYUIECTBEHHOM IOBBINIEHUH aKTUBHOCTH PAJAMOHYKIIUJOB B MOMYJSIUAX BBICIINX BOJHBIX
pacteHH# (TPOCTHHK OOBIKHOBEHHBIH) CO BpeMeHeM. Pe3ympTaThl HCCIEOBaHWH MOTYT OBITH IOJIE3HBIMH IIPH
pa3paboTke HOBBIX W YCOBEPIICHCTBOBAHWHM CYIICCTBYIONIMX MEp YMEHBIICHHUS COACP)KaHUS PaIHOHYKIHIOB B
BOJIOEMAX, a TaKXe MUHMMH3ALUUU U MPEeAyNpeKACHHUs] HETaTUBHBIX MOCJIEICTBUN MOHM3UPYIOLIETO M3JIyYEeHHUS IS
OHOTHI MPECHBIX BOJOEMOB.
KutoueBble cj10Ba: aKTUBHOCTb, KAMEPHAs MOJIENIb, IOBEIEHUE PAJUOHYKINIOB, PAJUOHYKIUIHOE 3arpsi3HEHNUE.
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