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OCOBJINBOCTI TA ITPOI'HO3 BHYTPIIIIHHOI'O OITPOMIHEHHA
CLUILCBKOI'O HACEJIEHHS YKPAIHCBKOTI'O IIOJIICCA

Y BIIJAJIEHUI IEPIOJ ITICJISA ABAPIT HA YOPHOBMJILCHKIM
AEC (MOHITOPUHI'OBE JOCJIII2KEHHS)

MeTa: ouiHka BMAMBY NicCOBOT eKOCUCTEMU Ha (HOPMYBAHHSA PiYHUX e(EKTUBHUX A03 BHYTPilUIHBOFO OMPOMiHEHHS
(**’Cs) HaceneHHs YkpaiHcbkoro Monicca y BigaaneHuit nepiog nicns aBapii Ha YopHobunbcbkiit AEC Ta nporHosHe mo-
JeNoBaHHA 403 BHYTPiWHLOrO ONPOMiHEHHSA MELWKaHLiB PerioHy.
Marepianu i metoau. [J03MMeTPUYHMII KOHTPONb HAaceNeHHs (BOpOCAi Ta AiTW WKiNbHOTO BiKy, B cepefHbomy no 80
0ci6 y rpyni y HaceneHomy nyHkTi) KuiBcbkoi 061. npoBogmuimn Bnpogosx 2003—2011 pp. 3 BUKOPUCTAHHAM CNEKTPO-
metpa «CkpiHep-3M» BignoBigHO Ao «MeTomMUYHMX peKOMeHAAUill 3 [O3UMETPUYHOT MacmopTM3aLii HaceneHux
NYHKTIB YKpaiHu, AKi 3a3Hann pafioakTMBHOro 3abpyaHeHHs nicns YopHoOUNbCbKOT aBapii». [aMma-cnekTpomeTpuy-
HUW aHani3 npo6 nposoaunn cnektpomeTpuyHum metogom (OCTY 3743-98) Ha npunapi CEM-005, petektop BAEr-63.
CratuctnyHa o6pobka aaHux byna npoBeaeHa 3a gonomoroto Microsoft Excel 2016 ta OriginPro 9. Komn'ioTepHy pe-
anizauito mogeni BUKOHyBanu y matematuyHomy naketi MAPLE 10.
Pe3synbratn. PiyHi edeKTWBHI [03M BHYTPIlUHLOrO OMPOMiHEHHA MEWKAHLIB HaceneHUX NYyHKTIB YKkpaiHCbKOro
Moniccs BM3HA4alOTbCA piBHEM 3a0pyAHEHHA MEeBHUX EKOCUCTEM, Hacamnepen TaK 3BaHWUX «KPUTUYHUX». [ns
LOCNiAXYBAHOTO pPerioHy Le, nepiw 3a BCe, NiCOBi €KOCUCTEMU Ta NPUPOSHI KOPMOBI yrinas, aki 3aatHi GopmysaTu
3HAYHi [LO30Bi HABAHTAXEHHA HA HACENIEHHS BHACNILOK CMOXWBAHHSA MOJIOKA i NPOAYKTIB XapyyBaHHSA NiCOBOro no-
XO[KEHHSA: rpn6iB, NicOBUX ATIM, ANYMHM TOLLO. ANPOKCUMALIA eKCNepUMEHTaNbHUX AAHMX 3a NOPaMu PoOKy nifTBep-
Auna rinoTesy CTOCOBHO €KCMOHEHLiAHOro po3noginy Anf BECHW Ta JIOTHOPMANbHOro Anf oceHi. EKcnoHeHUinHui
po3MoAin BNAacTUBUI CTaTUCTUYHUM CYKYMHOCTAM, YNHHUKM (OPMYBAHHA AKUX € HE3MIHHUMKM 20O MaANO3MiHHUMU.
To6TO, HaBECHi XOAEH A030(OPMYIOYMNII YNHHUK, HANPUKNAZ, NPOAYKT XapyyBaHHSA, HE € BU3HAYANbHUM.
BMCHOBKM. VIMOBipHiCTb OTPMMaHHA HaceNeHHAM DiYHNX eeKTUBHUX [103 BHYTPIlIHLOTO ONPOMiHEHHSA B OCiHHiil
nepioa NOpPiBHAHO 3 BECHAHWM 3HAYHO 3POCTAE BHACNI[OK BXWUBAHHA NPOAYKLIT 3 NiCOBMX eKOCUCTeM, a came: rpubis,
Arig, M'sca AMKUX TBAPMH TOLWO.
KniouoBi cnoBa: nicosa ekocucteMa, eheKTMBHA [03a BHYTPILIHBOTO OMPOMiHEHHS, MaTeMaTUyHa mogens, YAEC.
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CHARACTERISTICS AND PROGNOSIS OF THE INTERNAL
EXPOSURE DOSES OF THE UKRAINIAN POLISSYA RURAL
POPULATION IN THE REMOTE PERIOD AFTER THE ACCIDENT
AT THE CHERNOBYL NUCLEAR POWER PLANT (MONITORING
STUDY)

Objective: Estimation of the forest ecosystem influence on the formation of annual effective internal exposure
doses (*’Cs) of the Ukrainian Polissya population in the remote period after the Chornobyl accident and predictive
modeling of the internal exposure doses of the region residents.
Materials and methods. Dosimetric control of the population (adults and children of school age, for 80 people in
the group on average in the settlement) of the Kyiv region was conducted during 2003-2011 with the Scriner-3M
spectrometer according to «Methodical recommendations for conducting measurements using whole body counters
for dosimetric certification of settlements» [9]. Gamma-spectrometric analysis of the samples was conducted by the
spectrometric method (DSTU 3743-98) with SEG-005, the BEDG-63 detector. Experimental data were analyzed using
Microsoft Excel 2016 and OriginPro 9. Computer modeling was carried out in the mathematical software MAPLE 10.
Results. Annual effective internal exposure doses of Ukrainian Polissya inhabitants determine by the contamina-
tion level of certain ecosystems, first of all so-called critical ones. For the region under study these are primarily fo-
rest ecosystems and natural forage areas which can cause significant body burdens of the population due to the
consumption of milk and forest food products like wild-breed mushrooms, forest berries, game, etc. The approxima-
tion of experimental data by seasons, obtained on the WBC-measurements results, confirmed the hypothesis of the
exponential distribution for spring and the lognormal one for autumn. The exponential distribution is typical for
statistical ensembles, formation factors of which are little variable or permanent. Thereby, neither of dos-forming
factors, for instance, any food product, is determinative in spring.
Conclusions. The probability of receiving annual effective internal exposure doses by the population increases sig-
nificantly in autumn versus spring as a result of forest food products consumption like mushrooms, berries, game
meat, etc.
Key words: forest ecosystem, mathematical model, effective internal exposure dose, ChNPP.
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BCTVYII

Hwuni, yepes 32 poku micis aBapii Ha YopHOOMIBCHKIM
AEC (HAEC), B cTpyKTypi CyMapHOI0 J030BOr0 HaBaH-
TaXXEHHSI Ha HaceJleHHs YKpaiHcbKkoro ITomiccs nepea-
JKa€ BHYTPIITHE onpoMiHeHHsI. BoHO (popMyeThCcsT BHaA-
CJIIIOK CTNOXMBAHHS PadiOaKTMBHO 3a0pyIHEHUX Xap-
YOBHX ITPOAYKTIB, OTpPMMAHUX HA TEPUTOPISIX, SIKi ITOCT-
paxkaajJv BHACHIiIOK aBapii. ¥ pi3HUM yac Ta Ha pi3HUX
TEPUTOPISIX OCHOBHUMHU J030YTBOPIOIOUMMHU MPOIYKTa-
MU OyJIM MOJIOKO KOpiB, KapToruisi, oBodi Tomro. s
OLTBIIOCTI HaceJleHUX MYHKTIB YKpaiHchbkoro Ilosmiccs
KPUTUYHVMU B LIbOMY PO3YMiHHi OY/IY i 3aMILAIOThCS
MPOAYKTH XapuyBaHHS JIiCOBOTO IMOXOIKEHHS — Ipuou,
sgroau, nuuuHa [1, 2]. IloripiieHHs eKOHOMIYHOI CUTY-
allii 3yMOBWJIO 3HUKEHHSI PiBHS 10OpoOYyTYy JIoAei, 1110
MIPU3BEJI0 OO0 3POCTaHHS CIHOXMBAHHSI IOTEHIIIHO
pamioaKTUBHO 3a0pyIHEHUX ITPOIYKTIB (peryaspHe 301~

INTRODUCTION

Totay, 32 years after the accident on Chornobyl
nuclear power plant (ChNPP), internal irradiation
is prevalent in the structure of the total radiation
exposure on the population of Ukrainian Polissya.
It is formed as a result of the consumption of
radioactive contaminated food products obtained
in areas affected by the accident. At different times
and in different territories the main dose-forming
products were cow milk, potatoes, vegetables, etc.
For most settlements of Ukrainian Polissya forest
food products, such as mushrooms, berries and
game were and remain critical in this sense [1, 2].
The deterioration in the economic situation
caused the people’s welfare decline. It led to an
increase in the consumption of potentially
radioactively contaminated products (hunting,
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paHH4 TpuoiB, ATim, momoBaHH) [3]. Came 1i TPpOIyKTH
XapuyyBaHHs HAaKONMU4yIOTh *’Cs, IKOMY HaJIeXKUTh Maii-
ke 3/4 y CTpyKTypi JO30BOr0 HaBaHTaXKEHHSI Ha Hace-
JleHHs BHacinok asapii Ha YAEC [4, 5]. Ix BHecok y fo-
3y BHYTPIIlTHBOTO OMPOMiIHEHHST KOJIMBAEThCA Bim 12 10
40 % y Bcboro HaceneHHs [omicest i o 50—95% — vy iio-
ro KpuTuyHux rpyn [6—8]. Bce Bulle3a3HayeHe it BU3-
HAYMJI0 METY HAIIIOTO AOCIIiKEHHSI.

META JOCJIIJIZKEHHA

Merta gocnigKeHHs — OLliHKa BILIMBY J1iCOBOI €KOCUCTE-
MU Ha (popMyBaHHS piYHUX €(PEKTUBHUX J03 BHYTPIIII-
Hboro ornpomiHeHHs (*’Cs) HaceleHHS YKpaiHChbKOTO
IMonicca y BinganeHuit nepion micis aBapii Ha YopHo-
omnbcekiii AEC Ta TporHo3He MoOAENIOBAHHS 103
BHYTPILLIHBOTO ONPOMiHEHHS MEIIKAHIIiB pEeTiOHY.

MATEPIAJIN I METOJIN

AHai3 paaioeKoJIoriyHol cuTyallii B AOC/iIXXyBaHOMY
perioHi 3AiliCHIOBaIM Ha OCHOBI JaHMX, OTPUMaHUX ITij
yac eKCIeaulliid, MpOoBeIeHUX CIiBpoOiTHUKaMu [HCTH-
TYTY arpoeKoJIorii i mpupomoKopucTyBaHHs1 HaioHanb-
HOI akajeMmii arpapHUX HayK YKpaiHM, Ta CIOCTEPEKEeHb
MiCIIEeBMX palioJIOTIYHUX 1 PadioeKOJOTiUHUX CIYKO.
byno 3ibpaHo, mpoaHadi3oBaHO Ta y3arajbHEHO Taki
JaHi: 3a0pynHeHHs1 ’Cs jgicoBUX MacHBIiB (3a JaHUMU
MinicrepctBa AIIK Ykpainn); pamioHykiimHe 3a0py-
HEHHsI CiIbrOCHIIPOAYKIIii; pallioH XapyyBaHHsS Hace-
JIEHHS (aHKETyBaHHs €KCIIepTiB); piuHa e(peKTUBHA JI0-
3a BHYTPILIHbOIO OMPOMIHEHHSI MEILIKAHLIB YKpaiHCh-
koro Ilomiccs.

MOHITOPUHT CE30HHOTO PO3MOJIiTY N030BMX HaBaHTA-
JKeHb cepell TOpOCJIOro HaceJeHHs Ta AiTeil IIKiJIbHOTIO
BiKy (B cepeaHboMy 1o 80 oci® y rpymi y HaceJleHOMY
nyHKTi) KriBcbKoi 0051, ipoBoamm Bripogosx 2003—2011
Pp. 3 BUKOPUCTaHHSIM criekTpoMeTpa «CkpiHep-3M» (J1i-
YUJIbHUK BUMTPOMiHIOBaHHS toauHu, JIBJI) BignosigHo 10
«MetoanyHuX peKoMeHalliil 3 JO3UMETPUYHOI Tacrop-
TU3allil HACeJeHUX MYHKTIB YKpaiHu, SIKi 3a3HaJIi palioak-
TUBHOTO 3a0pyaHeHHS Mmicsa YopHoOMIbehbKoi aBapii» [9].

HocnimkeHHsT palioaKTUBHOTO 3a0pyIHEHHS JIiCiB Oy-
JIO mpoBelneHO y 3eeHOMNOJISIHCbKOMY JlicHMUTBI JI1
«ITonickke sicoBe rocnomapctBo» KMiBCbKOI 00JacTi.
BukopucroByBanu ctaHgapTHI METOAMKM Ta iHCTPYKIILii,
MPUIHATI JU1sT BiTOOPY 3pa3KiB, iX MiATOTOBKYU Ta MpOBe-
JIeHHs JJabopaTopHuX aHai3iB [10—12].

TamMa-cneKTpoMeTpUYHMI aHajli3 Mpod IMPOBOAUIU
crnexkTpoMeTpudHuUM MeToaoM (JACTY 3743-98) Ha npu-
nani CEI'-005, nerektop BJAET-63. IToxubka BuMiplo-
BaHHs BMicTy 'Cs y 3pa3kax He IepeBuiiyBaia 15 %.
BumipioBanbeHi ipunagy Manu CBigoILTBO TIPO MOBipKY

regular picking up mushrooms and berries) [3].
These particular food products accumulate '’Cs,
which takes almost 3/4 in the dose structure of the
population caused by the ChNPP accident [4, 5].
Their contribution to the internal exposure dose
ranges from 12 to 40 % for the total Polissya popu-
lation to 50—95 % for its critical groups [6—8]. All
the above determined the goal of our research.

OBJECTIVE

Estimation of the forest ecosystem influence on
the formation of annual effective internal exposure
doses ("*"Cs) of the Ukrainian Polissya population
in the remote period after the Chornobyl accident
and predictive modeling of the internal exposure
doses of the region residents.

MATERIALS AND METHODS
The analysis of the radioecological situation in the
region under investigation were carried out on the
basis of data obtained by expeditions conducted by
the Institute of Agroecology and Environmental Ma-
nagement, National Academy of Agrarian Sciences
of Ukraine and observations of local radiological and
radioecology offices. The following data was collec-
ted, analyzed and summarized: 'Cs contamination
of forest (according to the Ministry of Agrarian Policy
and Food of Ukraine); '¥Cs contamination of agri-
cultural products; diet of the local population (ques-
tionnaire of experts); annual effective internal expo-
sure dose of Ukrainian Polissya residents.
Monitoring of seasonal distribution of internal
exposure dose of the adults and school-age chil-
dren (for 80 people in the group on average in the
settlement) of the Kyiv region was conducted dur-
ing 2003—2011 with the gamma spectrometer
Scriner-3M (whole-body counter, WBC) accord-
ing to «Methodical recommendations for con-
ducting measurements using whole body counters
for dosimetric certification of settlements» [9].
Researching of radioactive contamination of
forests was carried out in Zelenopolyanske forestry
of the State Enterprise «Poliske Forestry» of the
Kyiv region. Standard techniques and instructions
adopted for sampling, preparation and laboratory
analysis were used [10—12].
Gamma-spectrometric analysis of the samples
was conducted by the spectrometric method
(DSTU 3743-98) with SEG-005, the BEDG-63
detector. The “’Cs measurement error did not
exceed 15 %. Measuring devices had a Certificate
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poboyoro 3acody BUMiproBajibHOI TexHikM, Buaany JI1
«YKpMeTpTeCTCTaHAAPT».

AHKeTyBaHHS eKcriepTiB [13] mependavano oTpruMaH-
HsI JaHUX TIPO OCOOJMBOCTI pallioHy XapyyBaHHSI Hace-
JIeHHSI BOCEHHU Ta HaBeCHi, 00’€MU 3aroTiBji Ta CIOXHU-
BaHHSI Xap4YOBMX IIPOIYKTIB JIiICOBOTO ITOXOIKCHHSI,
iH(OpPMOBaHICTb HaCEJIEHHS TTPO PagioaKTUBHE 3a0py/I-
HEHHS i CTaBJIEHHS 10 HbOTO.

CratuctruyHa oOpoOKa gaHuX Oyjia mpoBeleHa 3a J10-
nomororo Microsoft Excel 2016 ta OriginPro 9. T'imore-
31 IIPO BUJ PO3IOILTY TO30BUX HAaBaHTaXKeHb Ha Hace-
JIEHHS TIepeBipsiin 3a KpuTepieM y3romxkeHocTi [Tipco-
Ha. KoMmm’otepHy peaizaliito Moaesli BAKOHYBaJIU y Ma-
tematuyHoMy naketi MAPLE 10. PiBeHb 30iKHOCTI
MPOrHO3iB, OTPUMAHMX 3a JOIIOMOIOI Hallol MOAei, 3
NPOrHO3aMU BXE iCHYIOUMX CXOXHMX MOJAEJe OlliHIOBa-
JIU 32 3HAYEHHSIM OCHOBHOI ITOXUOKU.

PE3VYJIBTATU TA IX OBGTOBOPEHHS

Sx Oyno BKa3zaHO BHIIE, PiyHi e(DEKTUBHI J03U BHYT-
pillIHBOTO ONMPOMiHEHHS MEIIKAHIIIB HaceJeHUX
NyHKTiB YKpaiHcbkoro IToJiccst BU3HAYalOTHCS piBHEM
pagioHyKJIiIHOro 3a0pyIHEHHsI HacaMmIlepel TaK 3Ba-
HUX «KPUTUYHUX» ekocucteM [13]. Jna mocaimkysa-
HOTO perioHy lie, meplil 3a Bce, JIiCOBi eKOCUCTeMHU Ta
OpUPOAHI KOPMOBI yrigas, sKi 3aaTHi (GhopmyBaTH
3HAYHi T030Bi HABAaHTAXXEHHS HA HACEJCHHS BHACIiI0K
CMOXMBAHHSI MOJIOKA Ta MPOAYKTIB XapuyBaHHS JIiCO-
BOI'O MOXOJXEHHS: TpUOiB, JiCOBUX SITill, IMYUHU TO-
mo. OkpiM Toro, 1Li ypouyuila MalTh CKJIAAHY TiIpo-
JIOTiI0, SIKa iCTOTHO BIUTMBA€E Ha (Pi3WKO-XiMiuHiI Biac-
TUBOCTI I'pyHTiB. CamMe TOMYy J103a BHYTPIillIHbOTO OIT-
POMiHEHHS MEIIKaHIIiB PErioHy TpaAulliiiHO Oijblla
BOCEHM, HixK HaBeCHi (puc. 1), 1o miaTBepAXYIOTh AaHi
JocmigHuKiB [14—17].

ATnpokcuMmallisi eKCriepMMeHTaIbHUX JaHUX 32 TIopaMU
poky (puc. 1) miaTBEpaWsa TilOTE3y CTOCOBHO E€KCIIO-
HEHIIITHOTO PO3MOIiIY IS BECHM Ta JIOTHOPMAJIBHOTO
JJis1 oceHi. EXCroHeHLiiiHU# po3noaia BIacTUBUIA CTa-
TUCTUYHUM CYKYTTHOCTSIM, YUHHUKU (hOPMYBAHHSI SIKMX
€ He3MiHHUMMU a00 Majio3MiHHUMU. ToOTO, HaBeCHi XO-
IeH 1030(OpMYyIOUYMi YMHHWK, HAIPUKIIaA, IPOLYKT
XapuyBaHHS, He € BU3HavaabHUM. HocmimkenHs [18—20]
MOKa3yloTh, 110 B AESIKHUX HACEJIEHUX ITyHKTaX IMpOCTe-
JKYETBCS came TaKuit BuA po3noaiay. ToOTo He3MiHHUMU
a00 MaJ03MiHHMMM TYT € TaKi OCHOBHi J1030(opMyroui
YUHHUKU: piBeHb 3a0pYyAHEHHS MPOAYKTIB XapyyBaHHSI
1¥7Cs, 0cOOIMBOCTI pallioHy XapuyyBaHHsS HaceJIeHHS,
COLIiaJTbHO-€KOHOMiUHi YMOBH TOIIO. € MiACTaBU OUiKYy-
BaTH, 110 €KCMOHEHLIIHHWI 3aKOH pO3MOIiIy iHIUBILY-
aJIbHOI 031 BHYTPIiLIHHOTO OMTPOMiHEHHSI MiCLIEBOTO Ha-

of wverification issued by State Enterprise
«Ukrmetrteststandart».

The questionnaire of experts [13] provided the
data on: characteristics of the population diet in
fall and spring; harvesting volumes and consump-
tion of forest food products; awareness of the pop-
ulation about radioactive contamination and its
attitude towards it.

Experimental data were analyzed using Mic-
rosoft Excel 2016 and OriginPro 9. Hypotheses
on the distribution type of the internal exposure
dose of the population were tested by Pearson
criteria. Computer modeling was carried out in
the mathematical software MAPLE 10. The
agreement level of our model forecasts and simi-
lar current ones was estimated by the pure error
value.

RESULTS AND DISCUSSION
As mentioned above, annual effective internal expo-
sure doses of Ukrainian Polissya inhabitants are deter-
mined by the level of radionuclide contamination of
certain ecosystems, especially the so-called critical
ones [13]. For the region under investigation, it is pri-
marily forest ecosystems and natural forage areas
which can cause significant internal exposure doses of
the population due to the consumption of milk and
forest food products: mushrooms, forest berries,
game, etc. Moreover, these lands have complex
hydrology that significantly affects the physical and
chemical properties of soils. That is why the internal
exposure dose of the region inhabitants, calculated on
the WBC-measurements results, is traditionally high-
er in autumn rather than spring (Fig. 1), which is con-
firmed by the data of other researchers [14—17].
Approximation of experimental data by the sea-
sons (Fig. 1) confirmed the hypothesis of the expo-
nential distribution for spring and the lognormal
one for autumn. The exponential distribution is
typical for statistical ensembles, formation factors
of which are little variable or permanent. Thereby,
neither of dos-forming factors, for instance, any
food product, is determinative in spring. Studies
[18—20] observed precisely the same distribution
type for some settlements. In another words, such
basic dosage-forming factors as the level of “’Cs
contamination of food, characteristics of the popu-
lation diet, socio-economic conditions, etc., are
permanent or little variable. There are some rea-
sons to expect that the exponential distribution law
of the individual internal exposure dose of the local
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PUCYHOK 1. Po3nopgin piuHux eheKTUBHUX [03 BHYTPilLHbOro ONPOMiHEHHA, OTPUMAHUX HacesleHHAM YKpaiH-
cbkoro Monicca (Ha npuknapi c. Pariska Kuiscbkoi 06s., B cepepHbomy no 80 oci6 y pik) B pi3Hi nopu poky

(BecHa, ociHb), 2003-2011 pp.

Figure 1. Distribution of annual effective internal exposure doses of the Ukrainian Polissya population, cal-
culated on the WBC-measurements results (on the example of Rahivka vill., Kyiv reg., about 80 people a year)

in different seasons (spring, autumn), 2003-2011

ceJIeHH# Yy BigganeHuii repion micas aBapii Ha YAEC 0y-
Jle XapaKTepHUM JJjig 0araThbOX HACEJICHUX ITyHKTIiB
periony. Illlogo ociHHBOTO Iepiody, TO IS CTaTUCTUYHA
CYKYITHICTh (DOPMYETHCS BHACIIAOK il TTEBHOI KiJIbKOCTI
YMHHUKIB, AesIKi 3 IKUX MOXYTb TlepeBaxkaTu (HarpuK-
JIaJ, CIIOKMBAHHSI XapuYOBUX IPOAYKTIB JIICOBOTO ITOXO/I-
KeHHs1). TakuM 4MHOM, OOMIBA CE30HU XapaKTepU3y-
JOTbCS HU3KOIO CIEeUN(IYHNX YMHHUKIB, SKi TUM YU
iHIIMM YMHOM BHM3HAYalOTh OCOOJMBOCTI (popMyBaHHS
JI031 BHYTPILLIHBOTO OMTPOMiHEHHS HAaCeJEHHS i MOBUHHI
OyTH BpaxoBaHi IIpA IPOTHO3HOMY MOJIEIIOBaHHi.

HoCnimKeHHSIMM BCTAHOBJIEHO, IO «Iapw» JICy Xa-
PaKTEPU3YIOTHCS 3HAYHOIO ITUTOMOIO akTUBHIicTIO 'Cs 3
IIMPOKUM PO3IOAIIOM 3a a0COMIOTHUMM 3HAYEeHHSIMU
(taba. 1). Ile € onHi€l0 3 NPUUMH LLIMPOKOrO CIEKTPY
3HaYeHb I030BUX HaBaHTaXXeHb Ha HACEJICHHSI.

Sk BugHO 3 TaGja. 1, MiKBUIOBI BiIMiHHOCTI HaKO-
muaeHHs ’Cs rppubaMu Ta sirofaMu JTOBOJII 3HA4Hi, a
KpaiiHi 3HAYe€HHSI BiApi3HSIOTbCS Maiixe y AeB’SITb
pasiB. InTeHcuBHicTh amcop6buii *’Cs rpubamu 3aje-
KUTh BiJl BULZOBUX O0COOJIMBOCTEN, OCOOJIMBO IITMOUHU
pPO3MIilllEeHHS Milleilo, a TAKOX TUITY JIICOPOCIUHHUX
yMoB [21]. ¥V pizHuit nepion micasa apapii Ha HAEC
BapialiiiHuii psn piBHiB 3a0pymHeHHs '7Cs rpubis
3MIHIOETHCS 3 Mirpaii€o pagioHYyKIigy BrJIMO I'PyHTY.
BinMiHHOCTI MixX AoCHigKyBaHUMH BUJIAMU JIiCOBUX
arig 3a 3gaTtHicTio Ao akymyasauii 'YCs 3Ha4yHOIO
MipOI0 TMOSICHIOIOTHCS OCOOIMBOCTSIMU 1X MiCLI€3POC-

population many years after the Chornobyl acci-
dent will be inherent for many settlements of the
region. As for autumn, this statistical ensemble is
formed as a result of a certain number of factors,
some of which may prevail (for example, consump-
tion of forest food products). Thus, both seasons
are characterized by a number of specific factors
determine the peculiarities of the formation of the
of internal exposure dose of the population which
in one or another way and should be taken into
account in predictive modeling.

The research has established that the forest «gifts»
are characterized by a significant '’Cs specific activi-
ty with a wide distribution of absolute values (Table 1).
This is one of the reasons of a wide range of values
of the internal exposure dose of the population.

As can be seen from the Table 1, the interspecies
differences of the '*’Cs accumulation in mushrooms
and berries are quite significant, and the extreme val-
ues have almost nine times difference. The intensity
of ¥Cs adsorption by fungi depends on the species
characteristics, especially the mycelium depth, and
also the forest site type [21]. In different times after
the ChNPP accident, the ordered sample of '¥’Cs
contamination levels of fungi changes with the
radionuclide migration depthward the soil.
Differences in the *’Cs accumulation ability between
the considered species of forest berries could be
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Ta6bnuuysa 1 -
IHTeHcUBHicTb akymynauii *’Cs npoAyKTaMu xapuyyBaHHA NicOBOro noxopKeHHa, (X +S-)
Table 1
Intensity of '*’Cs accumulation by forest food products, (X +5-)
Bupoea Ha3Ba scs', KBK/M? B", Bk/kr Kn"
Species name scs, kBq/m? Bi", Bq/kg TF"
AvuunHa / game meat
Kaban mukuii / European wild hog (Sus scrofa) - 480,0+126,7 -
CapHa / roe deer (Capreolus Gray) - 556,0+146,8 -
Jlicosi aropu / wild forest berries
YopHuug / bilberry (Vaccinium myrtillus L.) 115,9+33,6 971,4+419,0 8,4+4,0
Xypaenuxa / Cranberry (Vaccinium oxycoccos) 144,9+37,7 384,0£101,4 2,5+0,9
Bysixu / blueberry (Vaccinium uliginosum L.) 102,7+26,7 248,8+65,7 1,8+0,7
Cynuus / wild strawberry (Fragaria vesca) 214,8+55,8 632,5+166,9 2,4+0,9
ByauHa / elderberry (Sambucus nigra L.) 135,1£35,7 436,3+118,24 2,9+0,4
MakpomiueTtn / macromycetes
Cwupoixkw / russula (Russula Pers.) 266,7+64,0 5496,0+1250,0 23,3+0,2
loBopyLuka 3anatHa / clitocybe (Clitocybe odora) 361,1£20,5 1464,0£375,0 4,326
Panoska dionetosa / wood blewit (Lepista nuda) 213,8+45,5 2392,0+575,0 11,246,5
Macniok nisHiii / butter mushroom (Suillus luteus) 229,7+46,3 8296,0+3565,0 34,1+16,2
Monbcbkuid rpub / bay bolete (Boletus badius) 223,0+£33,5 5400,0+750,0 37,5£7,9
CauHyxa ToHka / brown roll-rim (Paxillus involutus) 178,4+36,5 6304,0+3000,0 38,4+10,1
Binuit rpu6 / king bolete (Boletus edulis) 223,5+23,3 3440,0+650,0 16,8+8,3
MNinbepesHuk 3suyaiiHmii / brown birch bolete (Boletus scaber) 253,8+21,0 1624,0+375,0 8,1£5,8
Xpsiw-monouHuk ripyak / red-hot milkcap (Lactarius rufus) 159,8+23,8 3600,0+500,0 23,6+9,4
OneHbOK OCiHHIl / honey agaric (Armillaria mellea) 228,9+24.5 1320,0+225,0 5,5+21,6

TpUMITKA. 'sgs — LWNbHICTb 3aBpyaHenHs rpyHTy '37Cs, "B; — nuToma aktuewicts ''Cs, "KM — koedivien nepexopy '37Cs.
Note. 'scs —'¥Cs contamination density of soil, "B; — specific '¥’Cs activity, ""TF — transfer factor for '¥’Cs.

TaHHS, a TAKOX MOrOAHUMU yMoBaMM. JIyisT MiciieBUX
MeIIKaHLiB 30MpaHHs JIiCOBUX TI'pUOIB Ta srig ajs
BJACHOTIO CHOXWBAHHS, a iHKOJM ¥ Mpoaaxy € Tpa-
TULIAHUM.

Jo3u onpoMiHeHHST MeIIKaH1IiB YKpaiHcbkoro Iloices
3arajloM BiIoMi i 3 poKamMu MOCTYIIOBO 3MeHIIYIOThCs [20].
OjHak MoripllieHHs] eKOHOMIUHOI CUTYyallii MpU3BeIo J10
3pOCTaHHSI CITOXMBAHHS MiCIEBUMM KUTEISIMU IIPO-
JIYKTIiB JIiICOBOTO MOXOMKeHHs [3, 22], a morogHo-KiiMa-
TAYHI YMOBHM OKPEMUX POKiB MOXYTb CIIPUIMHUTH 301JTb-
ILIEHHST KOeMilLliEHTIB Mepexoay pamdioHYKIIidiB y L0 Mpo-
JIyKIilo 3 IpyHTY. ToMy HeOOXiOHICThb iHAMBIAYyaIbHOTO
KOHTPOJIIO A03 BHYTPIIITHHOTO OMPOMiHEHHS HaceJIeHHs,
0COOJIMBO MO0 KPpUTUYHUX IPYII, HE BTPATUIa CBOEL aKTy-
anpHoCTi. He3Baxarouu Ha 1€, OCTaHHIM 4aCOM MUTaHHIO
PaIiOHYKJIiIHOIO OIPOMiHEHHS 0Ci0 BHAC/IAOK €KCILTya-
Tauil JIICOBUX €KOCUCTEM TMPUIUISIETbCS MEHILE YBaru,
OCKiJIbKM PEeryjJloBaTU TPOLEC CIOXMBAHHS JiCOBUX
rpubiB Ta 4rig, BUIIAC XyOOOM Ha JICOBMX MaCOBMILAX
MPaKTUIHO HeMOXJINBO. CUCTeMHI JOCTiIKEHHS BILUINBY
HeBU3HaYeHOCTEN Ha akymyJ Lo *’Cs B opraHizMax Jio-
Jiel y BimgaJleHuit Mepion Micjsd aBapili He MPOBOASTHCS.
OkpiM TOro, pe3yabTaTu OOCHiIXKEHb IOoKa3zaiau, IO
piBeHb O0i3HAHOCTI MiCLIEBOIO HAaceJeHHSI 3 Cy4aCHOIO

explained mainly by their growth location as well as
weather conditions. Collection of forest mushrooms
and berries for own consumption and sometimes for
sale is traditional for local population.

The exposure doses of the Ukrainian Polissya resi-
dents are generally known and gradually diminishing
with time [20]. However, the deterioration of the
economic situation has led to an increase in the con-
sumption of forest products by locals [3, 22], and the
weather and climatic conditions of some years can
lead to an increase in the radionuclide transfer factor
in this product from the soil. Therefore, the need for
individual control of internal exposure doses of the
population, especially its critical groups, is still rele-
vant. In spite of this, the issue of radionuclide irradi-
ation of individuals due to the exploitation of forest
ecosystems has been neglected lately since it is prac-
tically impossible to regulate the consumption of for-
est mushrooms and berries, as well as cattle grazing
on forest pastures. Systemic studies of the uncertain-
ties effect on the '¥"Cs accumulation in human in the
remote period after the accident are not conducted.
Moreover, the studies have shown extremely low
awareness of the local population with the current
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Pa/lioeKOJIOTIYHOIO CUTYaIli€0 Ta TOTpUMaHHsS pekoMeH-  radioecological situation and adherence to radiation
Jaliii pamiamiiiHol ririeHm moBom Hu3bKMii. ToMy He-  hygiene recommendations. Therefore, the necessity
OOXiIHICTbL BM3HAYEHHS OCOOJNMBOCTEl BIIMBY JlicoBnx  to determine the characteristics of the forest ecosys-
eKkocucreM Ha (opMyBaHHS edeKTHBHOI H03M BHYT-  tems influence on the formation of effective internal
PIlITHBOTO OINPOMiIHEHHS 0Ci0 y BimmasieHuit nepion miciss  exposure dose of people in the remote period after
apapii Ha YAEC € oueBunHomo. Ile 3aBmanHs mouinbHo  the ChNPP accident is quite obvious. This problem
BUpIIIyBaTM METOIOM MaTeMaTMYHOTO MomenoBaHHsI, should be solved by the mathematical modeling,
OCKIiJIbKM JIiCOBi €KOCUCTeMH € HaMCKIagHIIIMMM cepen  since forest ecosystems are the most complex among
YCiX Ha3eMHMX €KOCUCTEM, a iX pamioakTuBHe 3a0pyaHeH-  all terrestrial ecosystems, and their radioactive con-
HsI MO3aiyHe i 0araTOKOMIIOHEHTHE. tamination is mosaic and multicomponent.
BpaxoByroun Bxe iCHyIOUUt JOCBiI MOOYI0BU KOMIIA- Taking into account current experience of com-
pTMeHTHUX Mogaeneit [23—29], marematuuyHa ¢op- partment models developing [23—29], the deve-
MaJizalliss po3pobieHoi Hamu Mopeni Mirparii ’Cs y  loped model of '¥’Cs migration in the forest eco-
JIICOBIlf €KOCHCTEeMi Ma€ BUIJISII CUCTEMU JIHIMHMX au-  system is mathematically formalized as a first
¢epeHIiaTbHUX PiBHSIHB TIEPIIOTO TTOpIAKY 3i crammMu  order partial differential system with constant

KoedilieHTaMu: coefficients:
i S (40 + a0+ F) - 20 |
Nl A i (1)
i#j

ne Qi, Q; — piBeHb 3a6pyaHeHHs1 *’Cs y meBHOro Kommna-  where Q;, Q; are ’Cs contamination levels in cer-
pT™MeHTy ekocucteMu (bk/M?); tain compartments (Bq/m?);
F; — 3oBHimHe HagxomkenHsa 'Cs no nmesHoro komma-  F;is a external source of '*’Cs for certain compart-
pr™menty (brm2t!); ment (Bqgm™>t");
@ — MIBUIKICTb MiXKKOMIIAPTMEHTHOTO Tiepexonay (t'); a;is an intercompartmental migration velocity (t);
i — HOMep KOMITapTMEHTAa, [0 SKOT0 HampasjieHo MoTik  / is a number of the ''Cs flow-towards-directed
B1Cs; compartment;
Jj — HOMEp KOMITapTMEHTa, 3 SIKOTO Lieil MOTiK BUXO- j — is a number of the '’Cs flow-of-directed com-
IUTD; partment;
A — mBUAKicTh HaniBpo3mamy ’Cs. A — "'Cs half-life period.

KomMmm’roTepHy peanizaliito Mojei O0yjao 3ailiCHEHO B Computer modeling was carried out in the math-

matemaTnaHomy naketi MAPLE 10, gakuit y cBoiit cuM-  ematical software MAPLE 10, which is the basis of
BOJIBbHII YaCTUHI CKJIala€ OCHOBY TOMyJsipHOTO TakeTy  the popular MatLab package in its symbol part.
MatLab. MoaentoBaHHS 1a€ 3MOTY OLIiHUTHU CTyMHiHb mo-  Simulation allows us to estimate the degree of
TeHIIHOI pamioJioridHol HeOe3IeKr IeBHOI JicoBoi  potential radiological danger from certain forest
€KOCUCTeMHM JJI HaceJIeHHs IUISIXOM ITPOTHO3yBaHHS  ecosystem for the population by predicting the le-
PiBHIB pafioaKTUBHOIO 3a0pyAHEHHS ii KOMIIOHEHTIB Ta  vels of radioactive contamination of its compo-
iX MATOMOro BHECKY Yy 3arajibHe pajialiiiHe HaBaHTa-  nents and their contribution to the total popula-
JKeHHSI Ha HaceJieHHs. Hamri mporHosm 3abpymHeHHsT — tion burden. Our prognosis of contamination of
Pi3HUX KOMITOHEHTIB JIiCOBOI €KOCUCTEMH CIIiBMAgaloTh  various forest ecosystems components agree close-
3 pe3yjabraraMu, OTpMMaHMMU iHIIMMU dociaimHukamu  ly with the other researchers results [23—29]. The
[23—29]. PiBeHs 30iry mporHo3iB (Tadomuug 2), otpuMma-  agreement level of obtained predictions (Table 2)
HUX 3a TOMOMOTOI0 Halllol Mojesli, 3 MporHo3aMu Bxe  between our and similar current ones was estimat-
ICHYIOUMX CXOXMX MOJeJell OLiHIoBaau 3a 3HaueHHsAM  ed by the value of the main error calculated from

OCHOBHOI MOXMOKM 3a 3araJbHOBiTOMUM BUPA30M: the well-known expression:
'\2
v =n)
o= 271 )
n—1
JIe ¥ — OCHOBHa noxuoka, bx/m?; where y is a main error, Bq/m?;

Y1 — 3HAYEHHS PalioaKTMBHOTO 3a0pyIHEHHsI KOMITapT-  y;is a value of radioactive contamination of the
MEHTa, OTpUMaHe WIJISIXOM BMKOPUCTAaHHS Halloi Mo- compartment, obtained with our model,
neni, Bk/M2; Bq/m?;
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Ta6nuusa 2

MopiBHAHHA pe3ynbTaTiB MOJENIIOBAHHA 3 YKe iCHYIOYUMU MOAeNAMU

Table 2

Comparison of modeling results with current models

KomnapTtmeHTH po3po0bneHoi mogeni Mopgeni, asTopu y', BK/M? R" o
] 2 » 70

Compartments of the developed model Models, authors y', Bq/m

«[nOOKi Lwapm rpyHTy» RIFE2 (I'. Loy, Koponiscbkuin konemx, BennkobputaHis) 9,24 60

«Deep soil layers» RIFE2 (G. Shaw, Imperial College, UK)

«[epeso» RIFE2 (T". Woy, Koponiscbkuii konemx, BenukobpuTanis) 2,04 72

«Tree» RIFE2 (G. Shaw, Imperial College, UK)

JTabinbHa dopma '*'Cs B rpyHTi» FORESTLAND (P. Agina, [lepxasHa agMmiHiCTpaLls pagiauiitHoro 3axucty, LLsewis) 1,27 81

«Labile "*Cs in soil» FORESTLAND (R. Avila, Swedish Radiation Protection Institute, Sweden)

«[lipcTnnka» FORESTPATH (1. JliHkoB, apBapachbkuii yHiBEpCUTET) 0,10 T4

«Forest litter» FORESTPATH (1. Linkov, Harvard University, USA)

«KuBWiA HAAI'PYHTOBWIA NOKPUB» Seymour (E. Ceiimyp, M. Mityenn, YHiBepcutetchbkuii konemx [y6nina, lpnaHpjs) 1,30 82

«Living layer» Seymour (E. Seymour, P. Mitchell, University College Dublin, Ireland)

«®ikcosana dpopma "*'Cs B rpyHTi» RIFE2 (I'. Loy, Koponicukuii konenx, BenvkobpuTanis) 0,02 85

«Fixed ""Cs in soil»

RIFE2 (G. Shaw, Imperial College, UK)

MpumiTka. 'y — ocHoBHa noxubka; "R — 36ir pesynbTartis MOAENOBAHHS.
Note. 'y — pure error, "R — agreement of modeling results.

y’1 — 3HAYCHHS pagioaKTUBHOTIO 3a0pyIHEHHS KOMITIapT-
MEHTa, CIIPOTHO30BaHE 3a JOIMOMOIOI BXE iCHYIUYOl
Mozeni, bk/m?;
1 — YKCJIO Map MOPiBHIOBAaHMX 3HAYCHbD.
ITincyMoBy1OUM pe3yabTaTu IPOTHO3HOIO MOJENIO-
BaHHA 3a0pyaHeHHs Cs JIicOBUX €KOCUCTEM 1 Mirparii
pagioHyKJIiga ixX JJaHKaMu, CJiJ HaroJloCWUTH, IO 3HU-
)eHHss 'Cs B JIiCOBill eKocHCTeMi IPSIMO 3aJIeXKUTh
Maiixke BUK/IIOYHO Bif (izuyHOro posmnaay pajiio-
HyKJIiga.
IIBunkicts HagxomkeHHs Cs 10 opraHizmy JIOIUHU
3 pallioHOM XapuyBaHHs BU3Hauvaiu 3a popmysoto [30]:

y’1 is a value of radioactive contamination of the
compartment, predicted wish current model,
Bg/m?;
n is the number of pairs of comparable values.
Summarizing the results of predictive modeling
of forest ecosystems 'YCs contamination and
radionuclide migration by their compartments, it
should be emphasized that the *’Cs decrease in the
forest ecosystem depends nearly exclusively on
physical decay of the radionuclide.
The velocity of '¥’Cs reception by the human body
with a diet was determined by the expression [30]:

k= Z%Aik By (3)

ne A — CIOXWBaHHS JIIOAWHOIO i-TO KOMITOHEHTY pa-
LiOHY Xap4yyBaHHs 32 OOUHUIIIO Yacy i (Kr/mo0y);
By — tturoMe 3a0pynHeHHs 'Y'Cs i-To KOMIIOHEHTY pa-
LiOHY, 110 HAAXOAUTH i3 k-1 ekocuctemu (bk/Kr).

SKIIO MIPUIYCTUTH, IO B ITOYaTKOBUM MOMEHT Yacy
t = 0 BMicCT 3a0pyAHEHHSI B OpTaHi3Mi JIOAMHU CTAHOBUB

Qi (DyHKIIiS yTpUMaHH#), TO: )

where Ay — consumption by a person of the i-th
component of the diet per i-th unit of time (kg/day);
Bix — specific '’Cs contamination of the i-th compo-
nent of the diet originated by k-th ecosystem (Bq/kg).

Assuming that at the initial time # = 0 the body
burden was Qjp (the confinement function), then:

t

Fi(t) = Fyge "+ FiT;(1—¢ ' ) “)

ne To=T1,2Ty/(T1/2+Ts) — yac epeKTUBHOTO BUBENECHHS
1%7Cs 3 opratizmy;

T; — 4Jac 3MeHIIeHHS KiJIbKOCTi 3a0pyOIHEHHSI B Op-
raHismi;

T2 — nepion HamiBpoamany *’Cs;

T» — vac Giosoriunoro HamiBBuBeaeHHs *'Cs.

where Tgf=T1/2Tb/(T//2+ Tb) is a time Of 137CS CffGC-
tive elimination from a body;

T: — time of decreasing of the ’Cs body contami-
nation;

T/> — half-life period for 'V’Cs;

T» — biological half-time for '’Cs.
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VY Bumamky XpoHiyHOro HamxomkeHHs '“'Cs gm0 op-
raHiamy, 1110 CIPaBEAINBO AJIS1 MEIIKAHIIIB YKPaiHChKO-
ro Ilomiccst (SIKIIO MPUITYCTUTH, IO MOTO BUBEACHHS
BiOyBa€eTbCs 3a €KCITOHEHLIHHUM 3aKOHOM), Oro Ha-
KOIMUYEHHS (g) ONMUCYETHCS (POPMYJIOIO;

—

1
q= E FT, ef
ne F; — mBuakicts HagxomkeHHs *’Cs 1o opraHizmy 3
pauioHoOM (BM3HAYalOTh SK CYMY YCiX KOMIIOHEHTiB
pallioHy XxapuyBaHHS);
T.r — yac edekTrBHOrO BuBeaeHHs “’Cs 3 opraHiamy.
ITig yac KOXXHOro HACTYITHOIO paaioaKTUBHOIO po3Iia-
Iy OpTaHi3M TOTJIMHAE €Heprilo FEy, gdKa BUIUISETHCS
BHACJTIIOK po3nafy. 3BicH BeIMYNHA €KBiBaJIEHTHOI 10-
3u H y uboMy oprasi3mi 3a yac t BU3BHaA4a€ThCSI BUPA3OM:

H= m
Jie m — Maca opraHiaMmy;
1,6:10°" (Ixx/MeB) — koediuieHT niepeBoay MeB y JIx;
Es — cymapHa eHepris, 110 BUIISIETbCS TIpU B-po3mami
onHoro sapa (1,176 MeB s '¥Cs).

BcraHoBieHMT HaMM pallioH XapuyyBaHHSI BKJIIOUYA€E
BU3HAYaJlbHi KOMITOHEHTHM HAIXOIXKCHHS pamio-
HYKJIiiB 70 opraHizmMy joavHu [31]. HaitGinbiry yact-
KY B pallioHi XapuyBaHHSI O0CTEXEHNX MEIIKAHIIIB 3aii-
MaloTh oBoui (10 46 % HaBecHi Ta 59 % BoceHU) i MOJIO-
ko (mo 23 % HaBecHi Ta 13 % Bocenu). JlocmimkeHnit
palioH xapuyBaHHS IaB 3MOI'Y BU3HAYUTH BHECOK KOX-
HOTro MPOAYKTY pallioHy AO 103U BHYTPIilIHbOIO OIl-
poMmiHeHHs. Pe3ynbratu oOuyMclieHb IMOKa3aiu, IO,
He3BaXXalouy Ha BiTHOCHO HEBMCOKY YaCTKy XapyOBUX
MPOAYKTIiB JIiCOBOrO MOXOAKEHHS Y palliOHi MEIIKaHIIiB
VYkpaincbkoro Iloniccs, iX BHECOK Y 103y BHYTPiLLIHbO-
ro OIpOMiHEHHSI MOXe csiraTh Bin 48 % HasecHi 10 70 %
BoceHu. OTXe, y BimgajqeHUWil Tepion Imicjast aBapii Ha
YopHoobunbebkiiit AEC BHacC/IiIoK iHTEHCUBHIILIOTO T1e-
pexoay pagioHYKIiAHOTO 3a0pyAHEHHS i3 IPYHTY B IIPO-
JOYKIIiI0 JIiCy MOPiBHSIHO 3 CiIbCBKOTI'OCIIOIapChKOIO
MNpPOAYKIIi€ID0, a TaKOX TPUBAJOro YTpUMaHHS palio-
HYKJIi[IiB JICOBUMU €KOCUCTEMaMM, MEIIKaHIIi CiIbCh-
KHMX HaceJIeHUX MYHKTIB, po3TallloBaHUX HEIMoAalliK Bif
JIiciB, HaJexXaTh 10 rpynu pusuky. Lle minreepaKyeTbes
YacTiliuM (QiKCyBaHHSIM y HHUX BUCOKHUX H03 OII-
poMiHeHHs. Y TiBHIYHMX palioHaX YKpaiHCbKOro
IMosiccst cniocTepiraeTbesl 3HAaYHE CIOXWMBAHHS MeEIll-
KaHUSIMU TpUOIB, SATig Ta IMYMHU, IO CIIPUYMHSIE 3POC-
TaHHS 3HAY€Hb PiYHOI €(PEKTUBHOI 103U BHYTPIllITHHOTO
ONPOMiHEHHSI.

) 224

1—exp(—
p( T

In a case of chronic irradiation due to chronic
¥Cs incorporation (assuming that its output is
exponential), which is true for inhabitants of
Ukrainian Polissya, its accumulation (g) can be
described by the equation:
0093 ) 5)
ef
where F; — velocity of 7Cs uptake by a human
body from a diet (defined as a sum of all the diet
components);

T,r— half-time for '"Cs in human body.

During each following radioactive decay, the
body absorbs the energy E released as a result of
decay. Hence, an equivalent dose H in this body for
time t can be determined by equation:

1,6:10°" . ¢

E, [qat (6)
0

where m — body mass;

1.6:10" (J/MeV) — MeV to J conversion factor;
Eos — the total energy emitted due to B-decay of a
one nucleus (1.176 MeV for the '’Cs).

The diet established by us includes the main
components of the radionuclides intake by the
human body [31]. The largest fraction of the
surveyed inhabitants diet belongs to vegetables
(up to 46 % in spring and 59 % in autumn) and
milk (up to 23 % in spring and 13 % in autumn).
The studied diet allowed us to determine the
contribution of each product of the diet to the
internal exposure dose. The results of the calcu-
lations showed that the contribution of forest
food products to the internal exposure dose can
range from 48 % in spring to 70 % in autumn
despite their relatively low proportion in the
diet of Ukrainian Polissya population. Thus,
residents of rural settlements located near the
forest are at risk as a result of the intensive
radionuclide transition from soil to forest pro-
ducts versus agricultural products, as well as the
long-term radionuclide maintenance by forest
ecosystems in the remote period after the
ChNPP accident. This is confirmed by the
more frequent detecting of high exposure doses
there. The high wild-breed mushrooms, berries
and game meat consumption is observed in the
northern regions of Ukrainian Polissya, which
causes an annual effective internal exposure
dose increase.
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BUCHOBKU
BcranosiieHo, 1110 Xap4yoBi MPOAYKTH JICOBOTO TTOXOIKEH-
HS € BOXJIMBUM [KEPEIOM OTPUMAaHHSI TONATKOBOI 103U
BHYTPIIITHBOTO OIIPOMiHEHHS /1 HaceJIeHHsT YKPaiHChKO-
ro ITomiccs. Y 3B’S13Ky 3 IIUM IMOBIpHICTh OTPUMaHHS BU-
ILIMX 3HaYeHb €(heKTUBHUX 103 BHYTPIiLIHLOTO OMPOMiHEH-
HsI 3HAYHO OLIbIIIa BOCEHU, aHiK HaBecHi. OMHAK He JIUIIe
CITOXKMBaHHS TIPOIYKTIB JIiCOBOIO TOXOKEHHS BILIMBAE
Ha ¢opMyBaHHS JTO3H, IO ITOKA3y€E arpOKCHMMALIis 1030-
BUX HaBaHTaXX€Hb Ha HACCJICHHSI JIOTHOPMAJIbHUM PO3-
noniioM. Tomy BCTaHOBJIEHHSI OiMbILIOI KiJIBKOCTI YMH-
HUKIB (pOpMyBaHHS J031 Ta OCOOJIMBOCTEH 1X BIUITMBY ITOT-
pedyIOTh MOAAJIBIIOrO MOIIMOJIEHOTO JOCTiIXKEHHS.
BusisieHo, 1110 y BeCHsIHUI TTepioa ()OpMyBaHHS J0O3HU
BHYTPILIHBOTO OMPOMIiHEHHSI € OiJbII CTIMKUM, 0€3 me-
peBaXkaHHS XOIHOTO 3 1030(hOPMYIOUMX YMHHUKIB, 110
MiATBEpIMIOCS allpOKCUMAIIIEI0 JO30BUX HAaBaHTaXKEHb
Ha HaceJICHHSI eKCIIOHEHIIIHUM PO3ITOIiIIOM.
Po3paxyHku Ta mpor1o3u, OTpUMaHi 3a JOMOMOTrol0 Ma-
TEMATUYHOIO MoemoBaHHs Mirpaii '’Cs jJicoBUMu eKo-
CHUCTEMaMM, JaJIA 3MOTY OLIIHUTH BHECOK JIICOBUX €KOCHC-
TE€M Y 103y BHYTPIIIHLOTO OMNPOMIiHEHHSI HaceJeHHsSI YK-
paiHcbkoro [lomices, skuit Moxe carati Bin 48 % HaBecHi
1m0 70 % BoceHHM, He3BaXKalOUM Ha BiTHOCHO HEBHMCOKY
YaCTKy Xap4yOBUX ITPOAYKTIiB JIICOBOTO IOXOIKEHHS Y
palioHi MicleBUX MellKaHLiB. OCKiIbKM, SIK TMOKa3aau
PE3YIBTATI MOIETIOBAHHS, 3HIDKeHH ¥ Cs B JTiCOBiii €KO-
CHUCTEMi MPSIMO 3aJIeXKUTh MalizKe BUKITIOUHO BiJl (hi3UIHO-
To po3naay pamioHyKIiga, MEIIKaHIli CUTbChKUX Hacele-
HUX MYHKTiB, PO3TallOBAaHMX HEIOAATIK Bil JiciB, Hajie-
2KaTb J0 IPYIU pU3uKy. Po3pobiieHy MaTeMaTUUHy MOJE/b
MOXHa BUKOPUCTOBYBATH TpU (pOPMYBaHHi CIIOXKUBYOTO
KOILLIMKA HaceJIeHHSI padioaKTUBHO 3a0pyIHEHUX PETiOHiB.

BucnoBiioBaHHS BASTYHOCTI

Mu BucnoBmoemo BaguHicTb MiHictepcTtBy AITK Vk-
paiHM 3a HaJaHHS JaHUX CTOCOBHO 3a0pyaHEHHS Jico-
BUX MAaCHBIB Ta JicOBOI MPOAYKIil, a TaKOX HOKTOPY
¢i3.-mat. Hayk SckoBio 1. 1. 3a KoHCyBTaLIil TPK PO3-
pobneHHi Mopeni, kepiBHUKY cekTopy ConssHuky €. 1.,
npoBigHOMY (axiBio YMaHcbkomy M. C., sIKuii IpOBO-
B TaMMa-CIIEKTPOMETPUYHI BUMipIOBaHHS

CMUCOK BUKOPUCTAHUX OAXEPEN

1. Analysis of the contribution of forest pathways to the radiation expo-
sure of different population groups in the Bryansk region of Russia / S.
V. Fesenko, G. Voigt, S. I. Spiridonov, N. |. Sanzharova, I. A. Gon-
tarenko, M. Belli, U. Sansone. Radiat. Environ. Biophys. 2000. Vol. 39.
P. 291-300.

2. The '*'Cs accumulation by forest-derived products in the Gomel region /
N. I. Bulko, M. A. Shabaleva, A. K. Kozlov, N. V. Tolkacheva, |. A. Mashkov.

CONCLUSIONS

It was found that forest food products are an
important source of obtaining an additional inter-
nal exposure dose for the Ukrainian Polissya pop-
ulation. In this context, the probability to obtain
higher effective internal exposure doses is much
higher in autumn than in spring. However, the
dose forms not only due to consumption of forest
products, which is confirmed by the lognormal
approximation of population exposure doses.
Therefore, the detection of a greater number of
dose-forming factors and the peculiarities of their
effects need to be further in-depth researched.

It was revealed that the formation of internal
exposure doseis more stable in spring, without any
dose-forming factors predomination, which was
confirmed by the exponential distribution of pop-
ulation exposure doses.

Calculations and forecasts of mathematical
modeling of '’Cs migration in forest ecosystems
enabled us to estimate the contribution of forest
ecosystems to the internal exposure dose of the
Ukrainian Polissya population, which can range
from 48 % in spring to 70 % in autumn despite a
relatively low portion of forest food products in the
local inhabitants’ diet. Since the '"Cs decrease in
forest ecosystems depends directly on the physical
decay of the radionuclide, as was shown by the
simulation results, inhabitants of rural settlements,
located next to the forests, are at risk. The mathe-
matical model developed can be used in forming of
the consumer basket for the population of radioac-
tively contaminated regions.
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