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PEKOHCTPYKUIA IHANBIAYAJIISOBAHUX 103 CYB’EKTIB
JTEP2KABHOI'O PEECTPY YKPAIHU OCIB, KI IIOCTPAXIAIN
BHACJIIIOK YOPHOBUJIBCBKOI KATACTPO®U, 1110
IMPOXKHNBAIOTH B KOPOCTEHCBKOMY PAMOHI
XUTOMUPCBKOI OBJIACTI

MeTta pocnigxkeHHsA. Po3pobka eKonoro-A03MMeTpUYHOT MOAENT PEKOHCTPYKLiT iHAMBifYyani30BaHUX 403 ONPOMiHeH-
HA cy6'ekTiB [epxaBHoro peectpy Ykpainu (LPY) ocib, saki noctpaxaanu BHacnigok YopHobunbCcbKoi katactpodm i
NPOXWBaOTb HA PafiioaKTUBHO 3abpyaHeHii TepuTopii KopocTeHcbkoro patoHy Xutommpcbkoi obnacTi, Ta po3paxy-
HOK [,03 OMpOMiHeHHsA Ans Lux ocib.

Marepianu Ta MmeToamn aocnigKeHHsA. Y po6oTi NpeAcTaBAeHO eKONOr0-J03UMETPUYHY MOAENb, PO3POOIIEHY 3 METOK
iHaMBigyanizauii o3 onpomiHeHHs xuTtenis KopocteHcbkoro pailoHy Xutomupcbkoi 06nacTi, Wo 3apeecTpoBaHi y
[PY. Mopenb 6a3yeTbcs Ha pesynbraTax pafioeKoNoriyHoro Ta A03MMETPUYHOrO MOHITOPUHIIB, AKI Manu micue y
1986-2013 pp. Ha TepuTopii NiBHIYHMX 0bBnacTen YkpaiHu. PiyHa [03a 32 KOXKHUIA NicnsaBapiiiHuid pik CKNagaeTbes
3 ABOX KOMMOHEHTIB: PiYHOT eeKTUBHOT J03M 30BHILIHBOrO raMMa-onpoMiHeHHs (33 paxyHOK pajioaKTUBHWUX BU-
nagiHb Ha IPyHTi) i BHYTPilWHbOrO ONPOMiHEHHSA BCbOTO Tifla (32 PaXYHOK CMOXWBAHHA 3a0pyAHEHNUX PafioaKTUBHUMU
i30TONamm NpofyKTiB xapuyBaHHs). Ona 1986 poky A03a BHYTPiWHLOrO ONPOMiHEHHA BUPAXOBYETLCA Bif YCiX OCHOB-
HUX pafioOHYKNiAiB pafioakTMBHOrO aBapiliHoro BMKMAY, a nicns 1987 p. — nuwe Big pagioizoTonis uesito (24Cs Ta
137Cs). Mpu napameTpu3auii Moaeni BpaxoBYETbCA NONEPEAHii [OCBiA 3 pO3POOKM KOMMIEKCY €KONOr0-[03UMETPUY-
HUX Mofenen As OUiHKN pedepeHTHUX 403 ONPOMIHEHHSA HaceneHHs YkpaiHu.

Pe3ynbTatn Ta BUCHOBKMU. IHAMBiAYanizoBaHi 403M 30BHIlHLOMO i BHYTPiWHbOrO ONPOMiHEeHHA (piuHi Ta Hakonu-
YeHi) oUiHeHi Ans HaceneHHs pi3HMX BIKOBUX rpyn, sKe NpoxuBae y Hacenenux nyHktax (HM) KopocteHcbkoro paiio-
Hy (Bcboro 6nau3bko 100 HM). Okpemo npepctaBneHo fo3u aas cinbebkux HI paitoHy i gns m. KopocTeHb 3a KOXHMWIA
pik nicnsaBapiitHoro nepiogy 1986-2016 pp. HaBepeHi ouiHKK 103, HAKONMYeHUX 3a nepwi 15 nicnaaBapitHUX pokis,
3a nepioa 2000-2016 pp. Ta 3a 30-piuHuit nepion nicns aBapii. CepeaHs no3a, HakonuyeHa 3a 30 pokiB nicis aBapii
Ha YAEC xutenamu cinbcbkux HIM KopocTeHcbKoro paiioHy, ouiHeHa Ha pieHi 19,8 M3B, a ans mewkaHuis M. Kopoc-
TeHb — 20,9 mM3B. lNpy yMOBi MOCTINHOTO NPOXKUBAHHA Yy paiioHi xuteni ~ 66 % HIM KopocTeHcbkoro paitoHy oTpumanu
HakonuyeHi 3a 30 pokiB nicns aBapii fo3u y iHTepsani 5-20 m3B. [ns xutenis ~ 25 % HI HakonuyeHa f03a NEXUTD
y iHTepBani 20-50 m38B, a ans 7 % HI — nepesuuye 50 m3B.

KniouoBi cnoBa: meanKko-f03MMETPUYHMIA PEECTP, EKONIOTO-A03UMETPUYHA MOLENb, IHAMBIAYaNi30BaHi 4031 ONPOMi-
HEHHSI, PEKOHCTPYKLis [,03 ONPOMiHEHHS, 033 30BHILWHbLOIO ONPOMiHEHHS, A03a BHYTPiWHBOrO ONPOMiHEHHs, YopHo-
6unbcbka Katactpoda.
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Reconstruction of individualized doses of subjects from the Ukrainian State
Register — of Persons that Affected due to Chornobyl accident and reside in

Korosten raion of Zhytomyr oblast

Study objective. To elaborate an ecological-dosimetric model of reconstruction individualized exposure doses of
subjects from the State Register of Ukraine (SRU) - of persons, affected due to Chornobyl accident and reside at the
radioactive contaminated territory of Korosten raion of Zhytomyr Oblast, and to calculate exposure doses for those
persons.
Materials and methods. In the paper, an ecological-dosimetric model is presented which is elaborated in order to
individualize exposure doses of people who reside in Korosten raion of Zhytomyr Oblast and are registered in SRU.
The model is based on the results of radio-ecological and dosimetric monitoring held in the period of 1986-2013 at
the territory of northern oblasts of Ukraine. Annual dose over each post-accidental year consists of the two compo-
nents: (a) annual effective dose of external gamma exposure (due to radioactive fallout on the ground), and
(b) internal exposure of the whole body (due to consumption of meal contaminated by radioactive isotopes). For
1986, the dose of internal exposure is evaluated out of all main radionuclides of radioactive accidental fallout, and
after 1987 only for radioisotopes of caesium (*Cs and ¥Cs). The parameterization of the model is based on the pre-
vious experience in working out a complex of ecological-dosimetric models for estimation of referent exposure doses
of Ukrainian population.
Results and conclusions. Individualized doses of external and internal exposure (annual and accumulated) are
estimated for the population of various age groups that resides in the settlements of Korosten raion (totally about
100 settlements). Separately the doses are presented for rural settlements of the raion and for the city of Korosten
for each year of the post-accidental period of 1986-2016. Estimates of doses are given that were accumulated:
(a) during 15 years just after the accident, (b) for the period of 2000-2016, and (c) for 30 year period after the acci-
dent. Mean dose accumulated for 30 years after the Chornobyl accident by residents of rural settlements of Korosten
raion is estimated as 19.8 mSyv, and for inhabitants of the Korosten city as 20.9 mSv. On condition of permanent res-
idence in the raion, residents of about 66 % settlements of Korosten raion accumulated the doses in the interval 5-
20 mSv during 30 years after the accident. For the residents of about 25 % settlements the accumulated dose is in
the interval 20-50 mSy, and for 7 % of settlements it exceeds 50 mSv.
Key words: Chornobyl accident, dose of external exposure, dose of internal exposure, ecological-dosimetric model,
individualized exposure doses, medical-dosimetric register, reconstruction of exposure doses.
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BCTVYII INTRODUCTION

KopocteHcrkuii paiton ZKutomupcbkoi objacti Hane-  Korosten raion of Zhytomyr Oblast belongs to north-
JKUTB IO IIIBHIYHOTO peTioHy YKpainu (3aximHuii ciim), ern part of Ukraine (western footprint) that mostly
SKWI HaWOIIBII TToCcTpaXkmaB BHaACHiTOK aBapii Ha Yop-  suffered after the Chornobyl accident. Mean density
HoOmbehKilh AEC. Cepents wmiibHicTh Bumnaginb 'YCs  of 'Y'Cs fallout of Chornobyl origin in inhabited set-
YOPHOOMJIBCHKOIO IMOXOMKEHHSI y HaceJeHux NMyHKTax tlements of the raion in 1986 constituted 117 kBq-m?.
(HIT) paitony B 1986 p. ctanoBmia 117 kbk'm?. Haii- The most contaminated were the villages Voroneve
Oinbll 3a0pyaHeHnMU Oynu cejia Boponese ta Uurnpi  and Chygyri (~560 kBg'm?2), and the less contami-
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(~ 560 xbk'M?), a HaiiMeHIII 3a0pyaTHeHUMH — centa Ky-
me4, PymHst ta OnekcanapiBka (~ 25 kbk-m?). LinbHicTh
punaninb *Sr B HII paiiony y 1986 poii KonuBaiach B
Mexax 1,5—16 kbk'm? (cepenHe 3HaueHHsT 8,1 Kbk-M?).

VY nepion 1991—-2013 pp. B KopocTeHChKOMY paiioHi B
paMKax mporpamMu 3araJibHOJO3UMETPUYHOI MAaCHOPTH-
3awii [1] mpoBoauMBCS 1OPIYHUIA MOHITOPUHT MOJIOKA i
KapToIJli MPUBATHUX TOCIIOJAPCTB Ha BMICT pamioizo-
TOIMIB 1I€3il0 Ta CTPOHILIiI0, a TAKOX MOHITOPUHT BMIiCTy
pagione3ilo B opraHizMi XuTeJliB 3 BUKOPUCTAHHSIM
JNYUIBHUKIB BUNpoMiHIOBaHHA monuan (JIBJI) [2],
po3paxoByBajach nacrnoptHa no3a HII [3, 4]. Bumipro-
BaHHS MPOBOAWIUCH MpakTU4HO y Bcix HII paitony. ¥
Tabauui 1 mpeacTaBieHO s MOPiBHSHHS IACIOPTHI
no3u HIT KopocreHcwkoro paiioHy i Bcix HIT YkpaiHu,
BKJIIOUEHUX y TIporpaMy 3arajJbHOJ03MMETPUYHOI Mac-
nopTHU3allii.

3a3HayuMMo, 1110 NacCMOPTHIi 103U, SIKi € cepeaHbO3Ba-
KEHUMHM 3a TPOPeciiiHO-BiKOBOIO CTPYKTYpOIO MEIII-
kaHuiB HII, BpaxoByloTb cepeaqHbLOCTATUCTUYHUIA pe-
KUM TIOBEHiHKM HaceJIeHHSI, ajie He BPaXOBYIOTb BIK
oco0H, ii MPUHAJEXKHICTh A0 COLiabHO-MpodeciiiHol
rpymnu Ta iHIlIi ocoducTi XxapakrepucTuku. Lli no3u ma-
IOTh JOCTaTHHO BMCOKMIA PiBeHb KOHCEPBATHMBHOCTI i
MpU3HAYeHi BUKJIIOYHO ISl IMATPUMKHU pillleHb, IO
MPUKMMAIOThCS ASPXKaBHUMMU OpPTaHAMM 3TiMHO 3 Hil0YNM
3aKOHOJIaBCTBOM. BpaxoBylouu NPpUHLIMIIOBO HEiHIMUBI-
NyaJli30oBaHUM xapakTep LMX 103, BUKOPUCTAHHS IX Y
enieMioJIOriYHUX JOCTiIKEHHSIX HETTPUITYCTUMO.

V JlepxxaBHOMY PeecTpi YKpaiHu ocib, sIKi mocTpax-
Janmy BHacHigmok YopHoOuabebkoi kKatactpodpu (IPY),
1o ¢yHKUioHye B YKpaiHi 3 1992 p., HAKOIMYY€ETHCS
iH(opMallis 111010 CTaHy 300POB’S MEIIKAHIIiB paioak-
TUBHO 3a0pyaHeHux Tteputopiii Ykpainu. Ilopsna 3 Me-
JUYHUMM JAHUMM 30epiraloThCs IaHi Mpo Micle mpo-

Ta6naumusa 1

nated were the villages Kupech, Rudnya, and
Oleksandrivka (~25 kBq'm?). The density of *Sr fall-
out in settlements of the raion in 1986 varied in the
range 1.5—16 xBq'm?, with mean 8.1 kBq'm?.

In the period of 1991—-2013 in Korosten raion in
the frame of the general dosimetric passportization
Program [1], the annual monitoring of the content of
cesium and strontium radioisotopes in the milk and
potato from private farms, as well as the monitoring
of radiocesium content in the body of inhabitants
with usage of whole body counters (WBC) were held
[2], and a passport dose for the settlements was cal-
culated [3, 4]. Measurements were performed almost
in all settlements of the raion. Table 1 compares all
passport doses for the settlements of Korosten raion
and for all Ukrainian settlements included in the
general dosimetric passportization Program.

Notice that passport doses, which are weight-
average according to professional-age structure of
settlements’ residents, take account for typical
behavioral regime of the population but do not
take into account an age of a person, his/her
belonging to a social-professional group and other
personal characteristics. The doses are rather con-
servative and intended solely for support of deci-
sions taken by state authorities according to the
acting legislation. Due to essentially non-indi-
vidualized nature of those doses, its usage in epi-
demiological investigations is inadmissible.

In the State Register of Ukraine of persons affect-
ed due to Chornobyl accident (SRU), which is act-
ing in Ukraine since 1992, the information is accu-
mulated concerning level of health of residents in
radioactively contaminated territories of Ukraine.
Together with medical data, the data are preserved

BipHocHuit (%) po3noain HM, ae npoBoauBcA papioeKonoriyHUM i JO3UMETPUYHUIA MOHITOPUHI B pamKax
nporpamu 3aranbHoA03MMETPMYHOT NACNOPTU3aLlii 3a iHTepBasaMn NacNOPTHUX A,03.

Table 1

Relative (in %) distribution of settlements, where the radio-ecological and dosimetric monitoring was held in
the frame of the general dosimetric passportization Program, by intervals of passport doses.

HIN KopocteHcbkoro paiioHy
Settlements of Korosten raion

Bci nacnoptusosani HI Ykpaitn
All Ukraine settlements

Pik IHTepBan nacnoptHux po3, M3B / interval of passport doses, mSv
<0,5 0,5-1 1-5 >5 <0,5 0,5-1 1-5 >5

BinHocHa (%) kinbkicTb HIT / relative (in %) number of settlements
1991 36,6 454 18,0 - 51,4 15,5 30,6 25
1996 88,4 7,1 45 - 59,5 15,4 24,8 0,3
2001 91,0 45 45 - 66,7 14,3 18,8 0,2
2006 90,2 53 45 - 82,0 14,4 35 0,1
2011 94,2 48 1,0 - 93,6 51 1,3 -
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>KMBaHHSI 0CcOOM, 11 BiK i coliaJibHUIi CTaTyc, iCTOpilo
MPOXOIKEHHS OUCIaHcepu3amiii. Tak, Hanpukiam, y
KopocreHcbkoMy paiioHi KutomMupchbkoi o0JacTi Ha
ChOTOAHI 3apeecTpoBaHO 35,2 THC. 0OcCiO, OiBLIICTH 3
akux (~94 %) Oyno npuitHATO Ha oOMiK me y 1996 p. ¥
nepion 1987—2010 pp. mopiuHo Oinbme 50 % 3a-
peecTpoBaHuX 0ci0 KopocTeHChKOTro pailoHy mpoxoau-
JIM MEIWYHI OIJISIAM, TiA 4ac SIKMX BCTaHOBJIIOBaJach
rpyIma o0JIiKy, 3a SIKOI0 MOXXHA BU3HAYUTU, YK IIPOJOB-
XKye ocoba mepeOyBaTM Ha OOJiKy, Y4 BOHA 3HSITa 3
00JIiKy (3 OpUYMHM 3MiHM MiclLsl IPOXKUBAHHS abo
cmepTti). Ha TtemepimHiit yac HakomuyeHoi y APV
iH(opMallii JOCTaTHBO TSI PO3PAXYHKY iHAWBimMyaTi3o-
BaHUX 103 HaceyneHHs, ke melnkae y HIT KopocTteHch-
KOI0 pariony.

3 iH1moro 600Ky, B JabopaTopii paIioIOriYyHOTO 3aXUCTY
HHIIPM 3 1986 p. dyHKiioHye LleHTpanbHMii eKoJIo-
ro-pmo3umerpuyHuii peectp (ILIEIP), ne 36epiraioTbes
JlaHi pafioeKOJIOTIYHOTO i J03UMMETPUYHOIO MOHITOPUH-
ry, skuii mpoBoauBcsi Yy KopocTeHChbKOMY paiioHi B
1986—2013 pp. 3a ueii yac 6y10 BUKOHAHO MPUOIU3HO
15 tuc. i 3,5 Tuc. BUMIpiB pamione3ilo y MOJIOL Ta Kap-
TOILI, BignmoBimHo. KinbKicTh BUMIipiB BMIiCTy pamiocT-
POHIIiI0 CTaHOBUTH NMpuoaKn3HO 1,1 Tuc. JIBJI-BuMipio-
BaHHSI BUKOHaHi y ~ 31,5 TUC. 0cCi0, sKi MellIKaloTb B
cinbebkux HIT paitony ta y 29 tuc. oci0, ki mpoxuBa-
1oT1h y Micti Kopocrens. s indopmaliiss mo3Bosie oT-
puMaTu pedepeHTHI OLIHKU ITapaMeTpiB Mofeleil po3-
paxyHKYy iHAMBinyaai3oBaHUX 103 xKuUTeaiB KopocTeHCh-
KOTO paiioHy.

Y nonepeaHix po6orax [5,6] Oyyio mpeacTaBieHO
CTPYKTYpYy Ta IlapaMeTpu3allil0 €KOJOIro-A03MMeTpUY-
HUX MOJeJel, po3poOJeHUX IS PEKOHCTPYKILI iHAU-
BimyanizoBaHux 103 cy0’ekTiB JIPY neB’saTu pagioakTuB-
HO-3a0pyIHEHUX pailloHiB IiBHIUHUX oOJyacTeil YK-
painu. Mogeni 30BHIIIHBOTO i BHYTPIILIHBOTO OITPO-
MiHeHH HaceleHHs KopocTeHChKOro paiioHy, 110 po3r-
JISIMAIOTHCS Y TaHOMY MOBiTOMIJIEHHI, BpaXOBYIOTh IIOIIC-
pelnHilt nocBin iHAMBigyai3alii 103 Ta creuudiky yMoB
MPOXUBAHHS Ta XUTTEAISNIBHOCTI MEIIKAHIIIB 3a3Haye-
HOTO pailoHy.

ITpu inguBigyamizaiii 1o3 cy6’exTiB [IPY 0yn0 BUKO-
pUCTaHO pe3yabTaTH, TIpencTasiieHi y [7—13]. Y pobori
BUKOPUCTOBYBAJIMCS O30Bi KoedillieHTH Ta Tiepioaun
0i0JIOTiYHOI'O HAIiBBUBEACHHS PadiOHYKJIiAiB 3 Op-
raHiamy JoaMHU, pekoMeHaoBaHi ITyonikaniero MKP3
67 [14].

ITinxonu, Mopaeni Ta ix mapamMeTpu, 110 BUKOPHUCTOBY-
BaJiMCs U1l IHAMBIiAyasi3alii 703 OMPOMiHEHHS OcCib 3
HPY KopocTeHcbKOro pailoHy 2KUTOMUPCHKOI 00J1acTi
€ pailoHHO-ceM(pIYHUMHU i BU3HAYAIOTLCS, SKICTIO Ta

about residence of a person, his/her age and social
status, and history of undergoing prophylactic medi-
cal examination. E.g. in Korosten raion of
Zhytomyr Oblast, for today it is registered 35.2 thou-
sand persons, most of which (~94 %) were regis-
tered yet in 1996. Annually in the period of
1987—2010 more than 50 % of registered persons
from Korosten raion had a medical examination.
During the examination, a group of registration was
established that indicated whether the person con-
tinued to be registered or he/she should be taken out
of registration (because of changing the residence or
death). Nowadays the information accumulated in
SRU is enough to calculate individualized doses for
the residents of the settlements of Korosten raion.
On the other side, since 1986 the Central
Ecological-Dosimetric Register (CEDR) is func-
tioning in the laboratory of radiological protection of
NRCRM, where the data are stored of radio-ecolo-
gical and dosimetric monitoring held in Korosten
raion in 1986—2013. During that period ~15,000 and
~3500 of measurements of radiocesium were made in
milk and potato, respectively. The number of mea-
surements of radio-strontium content is about 1100.
WBC measurements were made for ~31,500 persons
residing in rural settlements of the raion and 29 thou-
sand persons residing in the city of Korosten. This
information makes it possible to get reference esti-
mates of the model parameters for calculation of
individualized doses for residents of Korosten raion.
In previous papers [5, 6] it was presented the
structure and parameterization of ecological-dosi-
metric models elaborated for the reconstruction of
individualized doses for subjects of SRU residing in
nine radio-contaminated raions of northern oblasts
of Ukraine. Models of external and internal expo-
sure for the population of Korosten raion, which
are considered in present communication, take
account for the previous experience of the dose
individualization and peculiarity of residence con-
ditions and vital activity of inhabitants of the raion.
Results presented in [7—13] have been used for
the dose individualization of the SRU subjects. In
the present paper there were used the dose coeffi-
cients and periods of biological half-elimination of
radionuclides from human body, that were recom-
mended by ICRP Publication 67 [14].
Approaches, models and their parameters,
which were used for the individualization of expo-
sure doses for the SRU persons from Korosten
raion of Zhytomyr Oblast, are raion-specific and
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MOBHOTOIO PaliOEKOJIOTIYHOTO i JA03UMETPUUYHOTO
MOHITOPUHTIB, 1110 MPOBOAMJIMCS Ha TEPUTOPIi pailoHy B
nepiox 1986—2013 pp.

META JOCJIIJIZKEHHA

Po3pobka eKoJoro-mo3MMeTpUYHOI MOJENi PEeKOH-
CTPYKLil 1iHAWUBiAyaJli3oBaHUX 03 OIIPOMIHEHHS
cy0’exriB JIPY, s1Ki mpoxXnBaloTh Ha palioaKTHBHO-3a0-
pynHeHiil Teputopii KopocteHchkoro paitony 2Kwurto-
MHUPCBHKOi 00J1aCTi, Ta pO3paxyHOK 103 OIPOMiHEHHSI 1JIST
LIMX OCi0.

MATEPIAJIU TA METOAN

3arasbHi cniBBiqHOIEHHs MOeTi

iHmuBigyanizanii 703

Piyna mo3a 3a 7-ii pik onmpoMiHEeHHS YChOTo Tila DlTj
(M3B/pik) cyb’exra i, mo mnpoxwuBae y j-my HII
KopocreHchKoro paiioHy MNpeacTaBisSIETbCS Y BUIIISII
JIBOX CKJIaJOBHX:

settled by the quality and completeness of radio-
ecological and dosimetric monitoring held at the
territory of the raion in the period of 1986—2013.

OBJECTIVE

Elaboration of an ecological-dosimetric model for
the reconstruction of individualized exposure
doses for SRU subjects residing at the radioactive-
ly-contaminated territory of Korosten raion of
Zhytomyr Oblast, and calculation of exposure
doses for those persons.

MATERIALS AND METHODS

General relations of the model for the dose
individualization

Annual dose of the whole body exposure for year
T DTJ (mSv/year) of subject i, which resides in
the settlement j of Korosten raion is decomposed
as

T _ nextT ing,T

ne Df}“’T Ta DI{';.g’T— piuyHi eeKTUBHI 103U 30BHIIIHBO-
ro raMma-oIpoMiHEHHsI (3a paxyHOK palioaKTMBHUX
BUMAAiHb Ha TPYHTi) Ta BHYTPILIHBOTO OIPOMiHEHHS
BCBOTO TiJla (32 paxyHOK CIIOXKMBaHHS 3a0pyIHEHUX pa-
JMi0aKTUBHUMMU i30TONAaMU MPOAYKTIB XapuyBaHH:). J1o-
3a 30BHILIHBOIO ONIPOMiHEHHs y nepiox 1986—2016 pp.
i 03a BHYTPIllIHBOTO ONpOoMiHeHHs Y 1986 p. Bupaxo-
BYIOTbCSI Bill yCiX OCHOBHUX PaJiOHYKJiIiB paaioak-
TUBHOTI'O aBapiiHOro BUKUIY. Jl03a BHYTPIillIHbOTO OIT-
poMiHeHHS micist 1986 p. OLiHIOETbCS JIMIIE 3 ypaxy-
BaHHSIM BHECKY Bim pamioizoromiB mesiro ('*Cs Tta
17Cs), OCKiJIbKM BHECOK iHIIMX pamioizororniB YopHo-
OMILCHKOTO BUKUAY, 30KpeMa *Sr, '“Ru, '“Ce+'"Pr, y
et repion € He3HAYHUM mopiBHAHO 3 **Cs ta *’Cs [9,
13, 15—17].

[Mounnaroun 3 1987 p. piuna n103a Dl.l:'}.g’T BHYTPIlIHBO-
ro OIPOMIHEHHS i-TO Cy0'€KTa, SIKUl IIPOXUBAB Y j-MY
HII, mpencraBiasgeTses K cyMa mo3 Bim **Cs ta '*'Cs,
BiZMOBIIHO DZ.S.S 7T ra DI.S“’T :

ing, T
DT =

IuguBinyanizoBaHa Jgo03a ONPOMiIHEHHS  i-TO
cyo’exta JIPY KopocTeHcbKoro paioHy y 7-my polli
BiamoBigae cepenHiii mo3i, sgky y HII mpoxxuBaHHS
cyo’exkta APY orpuMyloTh NpeacTaBHUKHM BiKOBOI
(abo reHIepHO-BiKOBOI) TpyIu, IO SKOI Yy JaHOMY
poui 7 HanexuTth uei cyo’ext APY. HakonuuyeHa no-
3a KoxHoro cybo’exkra JIPY Bu3HauvaeTbCcs SK cyma
pIYHUX 1103, PO3paxOBaHUX IJISI IILOTO CyO’€KTa 3a
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where DextT and D’”g T are annual effective doses
of external gamma exposure (due to radioactive
fallouts on the ground) and internal exposure of
the whole body (due to consumption of meal con-
taminated by radioactive isotopes), respectively.
The dose of external exposure in the period
1986—2016 and the dose of internal exposure in
1986 are calculated from all major radionuclides of
accidental release. The dose of internal radiation
after 1986 is estimated only taking into account the
contribution from radioisotopes of cesium ('*Cs
and '"Cs), because the contribution of other radio-
active isotopes of the Chernobyl release, in particu-
lar *°Sr, '“Ru, ““Ce + "“Pr, during this period is neg-
ligible compared to **Cs and "*’Cs [9, 13, 15—17].
Starting from 1987, annual dose Dmg Tof inter-

nal exposure for subject 7 residing in settlement jis
represented as a sum of doses from **Cs and *’Cs,
respectively DIS.S 7T and DS_M,T :

+ DCAT @)

The individualized exposure dose of SRU subject
i from Korosten raion in year 7" corresponds to a
mean dose, which get in the settlement of the resi-
dence of the subject the representatives of the age
(or gender-age) group to which in the year 7 the
subject belongs. Accumulated dose of each SRU
subject is determined as a sum of annual doses cal-
culated for this subject for the period of residence
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Mepioll MPOKMBAHHS Y PaiioHi, i BpaxoBY€E pe3yIbTaTh
pPagioeKoJOTivYHOro Ta AO3MMETPUYHOrO0 MOHITO-
punTiB B ibomy HII, abo y paiioni 3a 9ac (poKu) MOXK-
JIMBOT'O OIIPOMIiHEHHSI.

Mogedi, 10 BUKOPUCTOBYIOThCS IJISI PEKOHCTPYKIIii
103 BHYTPIilIHBOTO OMPOMiHEHHSI YChOTro Tijla y Mmepion
1987—2016 pp. € BUpaxXeHO pailOHHO-CIeLHUPIYHUMUA
SIK 3a CTPYKTYPOIO, TaK i 3a mapameTpamu. Lle oOymoBie-
HO TWUM, 110 ouynHatouu 3 1987 p., cneuudika 1030yT-
BOPEHHS BiJl BHYTPIIlTHBOTO OIIPOMiHEHHSI [IJIsI HACCICH-
HSI BU3HaYaJIacsl MOKa3HUKAaMU, SIKi MalOTh CYTO pailoH-
Hy creumugiky, a came: piBHSIMU 3a0pyIHEHHS paio-
Le3ieEM ITPOAYKTiB XapuyBaHHS, IIPOBEICHHSIM CiJTbChKO-
rocrnoaapchbKMX KOHTP3axo/iB, KOedilliEHTOM MEePEXoay
I'PYHT-POCIMHHICTb-MOJOKO.

Mogeab peKOHCTPYKIIii 1031 30BHIIIHbOTO

ONpoMiHeHHS

VY 3aranmpHOMY (hOpMaJTi30BaHOMY BUTJISIIL J03a 30BHIIII-
HBOTO OIPOMiHeHHS 3a T-ii piK ( ijf”T) cyb’eKra i, o
npoxwusaB y j-Mmy HII KopocrteHcrkoro paiiony [4,9—
11,15] oLiHIOETHCS 32 JOMOMOIOIO CITiBBiTIHOLIEHHSI:

in the raion, and it takes account for results of
radio-ecological and dosimetric monitorings in this
settlement or in the raion for the years of possible
exposure.

The models used to reconstruct the doses of
internal exposure of the whole body in the period
of 1987—-2016 are considered as raion-specific
both by the structure and by the parameters. This
is because starting from 1987 the construction of
internal exposure doses for the population was
determined by indicators which has exclusively
raion's peculiarity, namely as follows: level of meal
contamination by radiocesium, conducting agri-
cultural counteractions, transfer factor ground-
vegetation-milk.

Model of external exposure dose

reconstruction

In a general formalized form, the external expo-
sure dose for year T (Df;[’T) of subject i residing
in settlement j of Korosten raion [4, 9—11, 15] is
estimated as

extT _ jexta a 86 T ext
Di,j - kdos “Bopin "0¢s,j J. d ™ (t)dt 3)
T

Ie k;;‘i“ — 3aJIexKHUI Bil BiKy (a) KoeillieHT ITepexoLy
BiJ, MOTY>XXHOCTI MOrjauHyTo1 Ao3u y nositpi (ITITH) mno
edexTrBHOI 103U B Tidi moguHu (36-Ip’); K b?h — KO-
ehilieHT peXuMy MNOBEHiHKM IPEACTaBHUKIB IMpPO-
(deciitHO-BIKOBOI Ipynu @, 10 SIKOI HAJIEXKUTh i-i Cy0’€KT
(6/p); ©(, — winbHicT, BuNaninb ''Cs Ha IPyHTI st
nanoro j-ro HIT, y 1986 p. (kbk'm?); d“(t) — pede-
penTtHa dyHkuisa [T Bix ycix r-X pamioHyKJiAiB, 110
MPUCYTHI HAa MOMEHT 4acy /'y BUIIamiHHSIX, HOpMOBaHa
Ha ONMHUIIO IIibHOCTI BumamgiHb 'Cs Ha IPYHTI:
(nlp-c’ na I kbx-m?).

dyukuis d (1) OLIHIOETBCS 1JIsI KOXHOTO pajio-
HyKJiny YopHOOMIBCHKOrO BUKUIY HA TepUTOPil VK-
paiHu i BpaxoBY€ Taki mapaMmeTrpu Ta (YHKILiI, SIK:
BiIHOIIIEHHS KOHIIEHTpAalii #-ro pamioHyKJIiay mo
¥7Cs y BunaginHsx Ha rpyHTi; [T/, 1o o6ymoBieHa
ONMHMUIICIO BUIMAAiHb F-TO PadiOHYKIiAy Ha TIPYHT;
cTajla pajioaKTMBHOTO HalliBpo3maay r-ro pauio-
HYKJiny, (YHKIIiS 4yacoBOi AMHAMiKM MOCIa0JIeHHS
I Bim “’Cs 3a paxyHOK BepTUKaJbHOI Mirpaitii
panionesito y IpyHTi. Y Tabauli 2 HaBeJeHi YuCI0Bi
3Ha4YeHHSI PYHKIIIT d e (t) , po3paxoBaHi 11 nepiony
1986—2016 pp. 3 ypaxyBaHHSM 3a3HAaYEHUX ITapaMeT-
pis [10, 11].

where kg’éi’“ is age-dependent (a) conversion fac-
tor from gamma dose in air to effective dose in
human body (Sv - Gy'); K b[;h is the behavior fac-
tor for members of age-professional group a, to
which subject i belongs (dimensionless); csgij ; is
"¥'Cs activity per unit area on the ground of the set-
tlement j in 1986 (kBq - m?); d “/(¢) is reference
gamma exposure rate in air function at a height of
1 m above an open area resulting from all radionu-
clides presented at the time moment 7 in the fall-
outs, which is normalized by '’Cs activity per unit
area on the ground (pGy-s™ per 1 kBq'm?).

The function d ©(z) is estimated for each radio-
nuclide of the Chornobyl fallout at the territory of
Ukraine and takes account for the following parame-
ters and functions: deposition of radionuclide 7 rel-
ative to deposition of '*’Cs in fallouts on the ground;
external gamma-exposure rate due to radionuclide
normalized to unit activity of radionuclide » on the
ground; a radioactive decay constant for radionu-
clide r; attenuation function of external gamma-
exposure rate due deposited radionuclide r as the
result of its vertical migration into the soil. Table 2
contains numerical values of the function d ““(t)
calculated for the period of 1986—2016 taking into
account abovementioned parameters [10, 11].
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Ta6nauusa 2 _
3HauenHs MNJ y nositpi Ha oanHuMLto akTUBHOCTI ©*'Cs Ha rpyHTi d < (1).
Table 2 _
External gamma-exposure rate in air to unit of **’Cs activity on the ground de’“(t) values.
d ext(t) d ext(t)
Pik / year (MK p-pik'! Ha KBK-M2) Pik / year (MK p-pik'! Ha KBK-M2)
(1Gy-year' per kBq-m?) (LGy-year-' per kBq-m-2)
1986* 131 2002 6,3
1987 40 2003 6,0
1988 26 2004 5,8
1989 20 2005 5,6
1990 16 2006 54
1991 13 2007 5,2
1992 12 2008 51
1993 10 2009 49
1994 9,6 2010 48
1995 8,9 2011 4,6
1996 8,4 2012 45
1997 79 2013 43
1998 75 2014 41
1999 7,2 2015 40
2000 6,9 2016 39
2001 6,5

IMpumitka. *BpaxoByeTbes iHTepBan yacy 3 26.04.86 no 31.12.86.
Note. *It is taken into account the time interval from 26.04.86 till 31.12.86.

YucnoBe 3HaUeHHS KoedillieHTa peXXUMY MOBEIiHKU

b‘;h 111 i-ro cy0’exty JIPY y piBHsHHI (3) 3a71€XXUTh BiJ
tuny HIT, ne npoxuBae ocoba 3 JIPY (MicbKuii, CiibCh-
Kuii), i1 BiKy Ta couiasbHO-IpodeciitHoi rpymu. Taka
iH¢opMalrist 30epiraeTbcs y BiAITOBiZHUX TOJISIX 0a3u 1a-
Hux JAPY. ¥V tabnuui 3 HaBeaeHi npuitHATI Ipu po3pa-
XyHKax npodeciiiHi rpynu 1opociuX i BinnoBinaHi pede-
PEHTHI 3HAYeHHS KOeDILiEHTIB pexXuMy MOBeIiHK K bcilh’
a TaKOX 3HauyeHHs K b?h JIJISI TUSITU BiKOBUMX TPYIT IiTei
okpeMo 1 MelKaHIIiB cinbebkux HIT KopocTteHchko-
ro paitony ta majist M. KopocTeHb.

[Ipu BU3HaYeHHI KOeIlliEHTIB pexkrMy TOBeIiHKN K b‘;h
I Tiel ym iHmoi ocoou 3 JAPY 3rimHo 3 Tabnuiero 3
MPUIMAIOThCSI HACTYIIHI IPUITYIICHHS.

» Tun HII BBaXaeTbhcs MiCbKUM, SIKIIIO 0cOo0a MPOXU-
Baja y MicTi. ¥ iHIIMX BUIMamKax (CMT, CEJI0, CEJIUIIE)
tun HII BBaXa€eTbCsl CLTbCHKUM.

» Ilpunyckaetbed, mo B HII ciUTbChbKOTO TUIY XUTEMI
(mopocii i AiTH) NpoXMBaIOTh Y AepeB’THUX OyIUHKAX, a
pOOITHUKM, SIKi MpaLOTh BCEpPeNVHiI INPUMILIEHHS
MPaLIOOTh Y HENITHUX OyANMHKaX. Y MiCbKUX HAaCeJIeHUX
MYHKTaX >XUTeJIi MPOXUBAIOTh i MPpalIolOTh Y LETISHUX
OyaMHKAaX.

» Slkiio npodeciitHa Tpyna ocoou (GOpMYIIOETHCS K
«CTYIEHT», TO BUKOPUCTOBYIOTHCS 3HAYeHHST Koedilli-
€HTIB pexXuMy MoBemiHKu K b?h JIJIS1 BIKOBOI TPYMU «IiTH
8—18 pokiB».

(1) 132

Numerical value of the behavior factor K b?h for
SRU subject i in equation (3) depends on the type
of settlement (urban or rural), his/her age and
social-professional group. Such information is
preserved in the fields of the SRU database. Table
3 presents professional adult groups accepted in
calculations and corresponding reference values of
K, , and also the values of K, for five age groups
of children, separately for residents of rural settle-
ments of Korosten raion and for the city of
Korosten.

In determining of behavior factors K b‘;h for a per-
son from SRU according to Table 3, the following
assumptions are made.

» A type of settlement is assumed urban if the per-
son resided in a city. In other cases (urban commu-
nity, village, or small village) a type of settlement is
assumed rural.

» [t is assumed that in rural settlements the inhab-
itants (adults and children) are living in wooden
houses, and workers who are working inside, they
are actually working in brick houses. In urban set-
tlements the inhabitants are living and working in
brick houses.

» If a professional group is stated as ‘student’ then
the value of K b‘;h is used for the age group ‘children
of age 8—18’.
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Ta6nuusa 3

3HaueHHa KoediuieHTi pexxumy nosepinku K, ana pisux npodeciiinux rpyn gopocanx (ocobu crapwi 18
pokiB) ansa HN cinbcbkoro i micbkoro Tunie Kopoctencbkoro paitony [10, 11].

Table 3

Values of behavior factors Kb‘l?h for various professional groups of adults (i.e., persons older than 18) for set-
tlements of rural and urban types of Korosten raion [10, 11].

Ne / # Mpodeciitna rpyna / professional group

KoediuieHt nosepiHkm / behavior factor K h‘fh

ceno / rural MicTo \ urban

1 PobiTHuk / worker 0,26 0,14

2 C/r pobitHuk / farm worker 0,40 0,23

3 Cnyx6oseup / employee 0,26 0,14

4 TleHcioHep (3a Bikom, 3a CTaHOM 3710poB’si) / pensioner (by age or level of health) 0,26 0,14

5  Domorocnopapka / housewife 0,26 0,14

6  Ocoba BinbHoi Npodecii abo rpyna Hesigoma / freelancer or group is unknown 0,28 0,13

7 [DuvHa y Biuj / a child in the age * < 1 poky / year 0,14 (0,16) 0,08 (0,09)
1-2 poku / years 0,15(0,18) 0,08 (0,11)
3-T7 pokiB / years 0,17 (0,21) 0,11
8-18 pokiB / years 0,21 (0,23) 0,14

IMpumiTka. *[ns auTauMx BIKOBMX rpyn po3risaatoTbes Aga Yacosi nepioan: 1986—1987 pp. i 1988—2016 pp. 3HaueHHs ans

K@ AN Ipyroro nepiony HaBefieHe y AyXKax.

Note. *For children's age groups, two time periods are considered: 1986—1987 and 1988—2016. The value of thh for secondbﬂériod is given in parenthesis.
1

» V BUNAAKy BiICYTHOCTI MO3HAYKW Mpo TpodeciiiHy
rpyny B b/l IPY, 1i BitHOBJIEHHS BinOyBa€TbCS HACTYII-
HUM YMHOM:
> FKIIO y TIOTOUHUM pik ocoba 6yia Mojioaia 18 pokis,
BUKOPHCTOBYIOThCS AaHi Tabuili 3;
> SKIIO Y MTOTOYHOMY polli ocoba Majsa Bik crtapiie 18
POKiB, TO [Jis1 MPOXMBAKUYUX Y CEJIi BOHA PO3IJISIIAETHCS
K «C/T pOOITHUK», IJS MPOXHUBAIOUYUX Y MICTi —
«POOITHUK».

VY Tabnuui 4 HaBedeHi KoedilliEHTU Mepexoay Bif
IIT1 y moBiTpi 10 epeKTUBHOI 7031 Ha BCE TiJIO kflzga y
(3) nns m’artu BikoBux rpym [10].

Taoauusa 4

» In case where a professional group is not
marked in the SRU database, its reconstruction is
made as follows:
> if the person was younger than 18 in the current
year, the data of Table 3 are used.
> if the person was older than 18 in the current
year, then for rural residents he/she is qualified as
‘farm worker’, and for urban residents as ‘worker’.
Table 4 presents coefficients } ;ﬁga , which are given
in (3), of conversion factor from gamma dose in
air to effective dose in human body for five age
groups [10].

3HaueHHsA 3anexHux Big Biky KoedinieHTie nepexoay Big MMM y noitpi o edheKTMBHOT AO3M y Tini nioguHmU

ke (38-Tp).

dos
Table 4
Values of age-dependent conversion factor from gamma dose in air to effective dose in human body 5)0“2“
(Sv - Gy?).
Bik (pokwu) / age (years) <2 3-7 8-12 13-18 >18)
3B.Mp-1 1 0.82 0.82 0.77 0.77

Mopenb peKOHCTPYKIIii 1031 BHYTPIilIHHOTO

OnpoMiHeHHS

Moodeaw hopmysanns dozu GHYMPIUHLO20 ONPOMIHEHHS )
1986 p. neranpHO nipeacrasieHay [7—9, 15], tomy y na-
HOMY IOBiTOMJIEHHiI HEMa MOTpeOu AeTalbHO 3YTIMHSI-
TUCh Ha OMUCY MOAEi. 3ayBaXXMMO Julle, 110 edeK-
TUBHI 1031 BHYTPIIlIHEOIO ONIPpOMiHEeHHS Y 1986 p. Oynu
omiHeHi miug 14 pamioHYKTiiB aBapiiHOTO BUKWUIY.

Model of internal exposure dose

reconstruction

The model of forming internal exposure doses accumu-
lated in 1986 is presented in detail in [7—9, 15]; there-
fore, there is no need to describe the model thorough-
ly. Notice only that effective internal exposure doses
accumulated in 1986 were estimated for 14 radionu-
clides of the accidental fallout. The estimate of annu-
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OwiHka piyHOI €(peKTUBHOI 03U BHYTPIIHBLOTO OIl-
POMiIHEHHSI YChOIO TijIa JUISl JOPOCIUX Ha OMUHUIIIO BU-
maniab ¥'Cs B HIT (6e3 ypaxyBanHs BHecKy *') ckirama-
na 19,7 mx36 Ha I kbk-m™? '"Cs Ha IpyHTI i TpUOINU3HO
Ha 90 % obymosmoBanach pagionykiainamu *'Cs i *Cs.
3 ypaxyBaHHSIM BHECKY B €(heKTHUBHY 103y OMPOMiHEH-
Ha Big “'1, ii oninka craHOBUTL 63 MKk36¢ Ha 1 KbK-Mm™?
¥7Cs [15].

Modenws pekoncmpykuyii 003 8HYmMPilUHb020 ONPOMIHEHHS.
cy6’exmig J[PY nouunarouu 3 1987 p.

Js peKOHCTpYKIii iHAMBimyaai3oBaHOl 03U Cy0’€KTa
APY, gxuit nmpoxuBae B j-my HII KopocteHchkoro
paitoHy y T-i piK micyst aBapii BAKOPUCTOBYIOTHCS:

> HII-cnenndivyna dyHKIig yacoBoi guHaMmik 'Cs 'y
MOJIOI — c;f””‘ (1);

> a0COJTIOTHUI MOJIOYHWIA €KBIBAJIEHT pallioHY [UISI TOPOC-
qux xurteniB KopocreHcobkoro paitony ARME™ (1/006a),
SIKMI 3aJIeXXUTh Bil 4acy, 10 IpoiiioB micast YopHo-
OMJIBCHKOI aBapii, i BUBHAYAETHCSA SIK KiJTbKICTh KOPOB’STYO-
TO MOJIOKA, CITIO>KMBAHHSI SIKOTO 3a0e3Ievy€ TaKe XK HaaXo/I-
JKEHHSI palioLe3ito B OpraHi3M XKMUTEJIiB, SIK i BeCh pPaLlioH;
> BIIHOCHE BiK-3ajexHe HamxomkeHHs ''Cs 3 paitio-
HOM 3XUTeiB paiioHy RRI,, 1110 BUBHAYAETHCS SIK BiTHO-
ILIEHHS HAAXOIKEeHHS pajiolle3ilo 3 pallioHOM Y TpeJc-
TaBHMKIiB BiKOBOI IpyMu a 10 HAAXOJIKEHHS padiole3ito
3 palioOHOM AOPOCJINX.

[TapameTpu Mojesi Ta 103a BHYTPIllIHbOIO OIIPOMi-
HEHHSI CIOYAaTKy OILIHIOIOTHCS IS JTOPOCIUX MEII-
KaHLiB paiioHy. ITicasg 4oro po3paxoByeTbCS piuHa ;[033
BHYTPIIITHBOTO OTIPOMIHEHHS TS JiTei B1Ky a( Da )3
BUKOPUCTaHHSAM 03U JUIS TOPOCTIUX Da

al effective internal exposure dose of the whole body
for adults on a unit of *’Cs depositions in settlement
(neglecting the contribution of "'I) constituted
19.7 uSv per 1 kBq - m™? of ’Cs on the ground and it
was up to ~ 90 % stipulated by radio nuclides ¥’Cs
and "**Cs [15]. Taking into account the contribution
to the effective exposure dose from '*'1, its estimation
is 63 uSv per 1 kBq - m? of '¥'Cs.

Model of internal exposure dose reconstruction for
SRU subjects since 19857

To reconstruct individualized dose of SRU subject
residing in the settlement j from Korosten raion in
year 7T after the accident we use the following:

> settlement-specific function of time dynamics of
1¥7Cs in milk, c;””k(t);

> absolute milk equivalent of diet for adult residents
of Korosten raion, ARME™ (L/day), which depends
on time after the Chornobyl accident and is defined
as such a quantity of cow milk that it supplies the
same intake of radiocesium to inhabitant's organism
as a total diet;

> relative age-dependent intake of '¥’Cs with diet of
residents of the raion, RR/,, which is defined as a
ratio of radio cesium intake with diet for representa-
tives of children age group a to radiocesium intake
with diet of adults.

The model parameters and the internal exposure
dose are estimated for adult residents of the raion.
After that it is calculated the annual internal exposure
dose for chlldren of age a, D usmg the dose for
adults, Da

D Dad T RR[ kdos /kdos (5)

ne kdos ki; 905 _ 1032 Ha OIMHMILIO HATXOMKEHHS (11030-
BUI KoeqnmeHT) III1 BiKOBOI Tpynu a abo J0pOCIMUX
(Tabmmmig 5), BigmoinHo (3B/BK).

Ta6auua 5

where kjos , kj;s (Sv/Bq) is the dose on a unit of
intake (i.e. dose coefficient) for age group a or for
adults (see Table 5), respectively.

Jlo3a BHYTPilIHLOro oNpoMiHeHHA kj‘”i kj;s Big *’Cs Ta *“Cs Ha OAMHULI0 HAAXOMKEHHA ANA Pi3HMX BiKOBUX

rpyn [9].
Table 5

Internal exposure dose kj”sand kj;’s from *’Cs and *“Cs on a unit of intake for various age groups [9].

Papionyknip / radionuclide

kj”s, k;’;s ( 38-BK') s BikoBoi rpynu, poku / (Sv-Bq-') for age group, years

0-2 3-7 8-12 13-17 >18
137Cs 1,00E-08 8,30E-09 9,10E-09 1,20E-08 1,30E-08
134Cs 1,30E-08 1,10E-08 1,30E-08 1,70E-08 1,70E-08

. ad,T . ad,T
ITpouienypa BimHOBIEHHS A03U Dj CYTTEBO 3aJie- The reconstruction procedure of the dose D°

KUTh Bifg HasBHOCTI Ta 00’emy JIBJI- Ta MoiouHOTO

(1) 134

depends significantly from the scope of WBC and
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MOHITOpUHTiB B 11boMy HII. Tak, mpu HasiBHOCTI OC-
TaTHBOI KibKocTi JIBJI-Bumipiosarb N>y j-my HIT
B T-my poui y nopociux (N ;" >10), )1033. D“d Toui-
HIOETbCSI OE3IMOocCepeHbO 3a pe3yJibTaTaMu J'IBJ'[ -BUMi-

pIOBaHb Tax, I10:

Dad,T _ —ad,T

J

ne AT = 365 nio; q”d o — cepeIHE 3HAYeHHST HaIXO/I-
keHHs 'Cs 3 pallioHOM y TOpocIuX kuteiiB j-ro HITy
T-my poui (bx/doba). Y cBOIO 4epry:

—ad,T

q./ = NJBJYT Z(QudT }\‘CS

i

ad,j

Y () Qad T — Bwmict ¥’Cs y oprasi3Mi i-ro 10opocyioro
KUTES j- ro HII, Bumipsanuii y 7-i pik (bx); 1S5 — cra-
Jla HamiBBHUBEACHHS 11e€3i10 i3 OpraHiamy A0pOCIOTO
(doba’’).

Axo y j-my HIT KopocTeHChbKOro pailoHy MpoXu-
BaHHS cy0’exkta JIPY y T-it pik JIBJI-MoHiTOpUHT He
MPOBOJAUBCS, aJle MaB MiClie MOHITOPUHT BMICTy paio-
1I€3i10 y MOJIOLIi, TO pidyHa 103a BHYTPIllIHLOTO OMPOMi-
HEHHSI 1T AOPOCINX DJ‘.’ >’ pO3pPaxOBYETHCSI 3 BUKOPUC-
taHHsaM HIT-crienmdiyHoi «MoJIOYHOI» (PYHKIIIT YacoBOI
OWHaMiK¥1 KoHIeHTpallii *’Cs y KOpoB’s’4OMy MOJIOIIi

"™ (1) (BK/n) 3a CHBBIIHOIICHHSIM:

Dad,T — milk

e c"”lk (t)‘ — cepenHs KoHuUeHTpauisa ’Cs B Moo,
posanOBaHa 3a (PYHKILIEO c””lk (t) ymomenrt=T.

IIpu HemocTaTHbOMY OOCSI3i Ta MEPIOAUYHOCTI SK
JIBJI, tak i MoJjiouHOro MoHiTopuHry B j-my HII mns
OLIIHKU 1031 Dad T nepeadayeHe 3aCTOCYBaHHS IpoLie-
Iypu BCTaHOBJleHHH napameTpiB GyHKIIIT c”””‘(t) 3 BU-
KOPUCTaHHSIM PEe3yJIbTaTiB MOJIOYHOTO MOHITOPUHIY B
noBkonuinHix HIT. CtpykTypHa cxemMa MoAesdi peKOH-
CTPYKIil, po3pobieHa ajs iHAuWBimyaizalii o403 oIl-
pomiHeHHs cy0’ekTiB JIPY KopocTeHcbKoro paiiony,
MpeAcTaBieHa Ha PUCYHKY 1.

Oyrkuist ¢7"*(r) ampokcuMyBaTach HaCTYITHOIO MaTe-
MaTUYIHOIO (POPMOIO:

mllk (t) — amllk (b eXp( Xml/k t) + (1 _ b )eXp( xmllk ))

ne a’"™, b; , AN Ta )ik — HapaMeTpH, 11O OLHIOITb-
csl MeTOﬂOM HaliMEHILMX KBaJpaTiB

Yeboro «MojiouyHa» (yHKIis Oyiaa ouiHeHa st 109
HIT KopocTteHcbKoro paitoHy. ¥ cenax bexu, 2Kabue,
MenuniBka Ta HwuBKM MNOTYXHICTb <«MOJOYHOIO»

t=T

kAT

-ARME" - k% - AT

milk monitorings in the settlement. Thus, if there
is enough number of WBC measurements, N lffj] !
at the settlement j m year T for adults (N ¥ >10),
then the dose Da is estimated dlrectly by the

results of WBC measurements such as:

(6)
with AT= 365 days; cYJ‘-Zd’T is mean intake of ¥'Cs
with ration for adults of the settlement j in year T
(Bg/day). And

(7

Here in (7) QlaJdT is content of ’Cs in the body
of adult person i from the settlement j measured in
year T (Bq); 1S5 is a constant of half-removal of
cesium from the body of adult (day™).

If in the settlement j of Korosten raion, where
the SRU subject resides, in year 7the WBC moni-
toring was not held but it took place the monitor-
ing of radiocesium content in milk, then annual
internal exposure dose for adults, D“d T is calcu-
lated using settlement-specific mllk func‘uon of
time dynamics of '’CS concentration in cow milk,
™ (1) (Ba/L), as

®)

where ¢k (t) is mean concentration of '¥’Cs
in milk, which i evaluated by the function (1)
at moment =7.

If the scope and periodicity of WBC are not suffi-
cient, as well as of the milk monitoring in the settle-
ment j, in order to estimate the dose D]‘.’d’T the special
procedure of parameters reconstruction for the func-
tion ¢’ () is used. It is based on results of the milk
monitoring in neighboring settlements. A structural
scheme of the reconstruction model, which is elabo-
rated for individualization of exposure doses for SRU
subjects of Korosten raion, is presented in Picture 1.

The function ¢/ k() was approximated by the for-
mula

&)

where a/"*, b P A" and Alkare parameters to be
estimated by the Least Squares method.

Totally ‘milk function’ was estimated for 109 set-
tlements of Korosten raion. In villages Behy,
Zhabche, Medynivka, and Nyvky the power of
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Pajionnocnenudivyni napamMerpu

Jlani MOJIOYHOTO Hawni JIBJI moniTOpUHTY
monitopunry B HII paiiony B HII paiiony
3a 1991-2013 pp. 3a 1986—-2013 pp.
PaiionHO-cienudiaHU MOJIOYHUN PaiionHO-cnienudivHe BiTHOCHE BiK-
ekBiBasienT pamiony ARME " 3aJIe)KHE HAXOMKEHH, RRI|

. . . d,T
PexoncTpykuisi 1031 y popociux j-ro HI1 y 7-uy poui (D; )

micue JIBJI —

MOHITOPHUHT Y T-# piK B
J-wy HII

(N1 >10)2

ad,j

TakK
) qu v — qjad T k;l;)s AT

Yu maB
MICIle MOJIOYHUNA
MOHITOPUHT
y 1991-2013 pp.
B j-my HII

ad, T __ _milk /A dos
DT =" (1) - ARME' -k’ - AT

Hpoueﬂyr)a JUISL BITHOBJICHHS (1)yHKH11 c”“”C (t)

. VI . . . a,l
PeKoHCTPYKIst 1031 1131 jiiTeil BikoBoi rpynu a j-ro HI y T-my poui (D i)

D;l,T Dad T RR[ kdos /kdos

PucyHOK 1. 3aranbHa cxema nocnigoBHOCTI npoueayp B Moaeni peKoOHCTPYKLii iHaMBiayanizoBaHMx 403 BHYT-
piwHboro onpomiHeHHa cy6'extis IPY, wo npoxusaiotb B HM KopocteHcbKoro paioHy.

MOHITOPUHIY HE 3aI0BOJIbHSIIA 3araJlbHUM yMoBaM Io-  milk monitoring did not satisfy general conditions
OynoBU (pyHKILiT c"“”‘ (¢), i Tomy mist KoxHoro 3 nux HIT  for reconstruction of the function c;?’ilk(t), and the-
dyHKIIiT0 c”””‘ (1) OLIlHIOBaI[I/I 3 BUKOpUCTaHHAM pe3ynb-  refore, for each of these settlements the function

TaTiB <<MOJIO‘{HOI‘O» MOHiTOpUHTY y Tipuiernux HIT. c;?“'”f () was estimated based on results of milk moni-
YucenbHe 3HAYEGHHSI aOCOJIOTHOTO pallOHHOTO «MO-  toring in neighboring settlements.
JIOUHOTO» €KBiBaJIEHTY PaLliOHy [JISI JOPOCIUX KUTEJIiB Numerical value of absolute raion ‘milk’ equiva-

KopocreHcbkoro paiioHy y morouHomy poui 7 (ARMET)  lent of the diet for adults of Korosten raion in cur-
BU3HAYAETHCS K cepeaHe (3BaxkeHe 3a KiabkKicTio JIBJI-  rent year T, ARMET, is defined as mean value (i.e.,
BUMIipIOBaHb) 3HAYEHHS MOJIOYHMX €KBiBaJIeHTIB paui-  weighted over the number of WBC measurements)
OHY /151 JOPOCIUX (WT ad )y pospaxoBaHux m1d okpemux  of milk equivalents of the diet for adults, wTjad

JIBJI-BuMiproBaHb 3a Cl'[lBBl):[HOH_ICHHSIM namely
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Raion-specific parameters

Milk monitoring data in WBS monitoring data in
raion's settlements in raion's settlements in
1991-2013 1986-2013
Raion-specific milk equivalent Raion-specific relative intake,
of diet, ARME" RRI!

d,T
Dose reconstruction for the adults of settlement j in year 7 ( D;’ )

Was there
a WBC monitoring
in year 7 in settlement j

(N#IT >10)9

ad,j

D‘]a'd,T q]adT kdos AT

Was there
a milk monitoring
in 1991-2013
in settlement j ?

ad,T __ _milk /s dos
DT =™ () - ARME" k(' - AT

Procedure to reconstruct the function ¢”™ (1)

Dose reconstruction for children of age group « in settlement j in vear 7 ( D]‘.”T )

D;Z,T Dad T RR] kdos /kdos

Figure 1. General scheme of a sequence of procedures in the model of reconstruction individualized inter-
nal exposure doses for SRU subjects residing in settlements of Korosten raion.

1 _
ARME" =—-%"w’“ (10)
ad i
ne N,, T _ kinbkicts JIBJI-BUMipioBaHb B paifoHi cepen  where NaTd is the number of WBC measurements
I[OpOCJ'[I/IX y nnotrouHuit pik T. 3HayeHHs wT ad oriimio- among adults of the raion in current year 7. The
BaJIOCh SK: T]“d was estimated as
ad,T Cs
(170G )
i,j - mtlk (t)|
j t=T
ne qu]ql T _ gmict Cs B OpraHi3Mi /-To JOpocioro XXu-  where Qf;?’Tis ¥7Cs content in organism of adult
tesis j-ro HIT y notounomy potti 7. person / from settlement j in current year 7.
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IIpu po3paxyHKy Opanu 10 yBaru gaHi MOHITOPUH- In calculation of it was taken account of monitor-
ry Bcix HII posrmsayBaHoro paiioHy, He3anexkHo Bim  ing data of all the settlements of the raion, regard-
Toro, un mpoxuBaloTh y 1umx HII cy6’extn JIPY. ¥V  less whether SRU subjects reside or not in those set-
Tabaui 6 HaBeJICHI CTaTUCTUYHI XapakTepucTuku na-  tlements. Table 6 presents statistical characteristics
pametrpy ARME", onineni mist xuteniB KopocreHcb-  of the parameter ARME™ estimated for residents of
KOro paiioHy JIJs KOXHOro poky 3 iHTepBalry Korosten raion for each year of the interval
1987—-2016 pp. AktuBHicth ’Cs y opraniami ta KoH-  1987—2016. The '’Cs activity in human organism
nenTpauisg *’Cs y Mmosolli, 1110 nogaroThesa y Tabauni 6,  and 'Cs concentration in milk, which are present-
ycepeaHeHi 3a pokoM, y sakuii mposomuscs JIBJI-  ed in Table 6, are averaged in years when WBC
MOHITOPMHI. monitoring was held.

Ta6nuusa 6
Yucnosi 3HaueHHA cepefHbOPANOHHMX aGCONIOTHMX MONOYHUX eKBiBaneHTiB payioHy ARME’, ouiHeHi okpemo
Aana xutenis cinbcbkux HIM KopocteHcbkoro paioHy i micta KopocteHb y nepiog 1987-2013 pp.

Table 6
Numerical values of mean raion absolute milk equivalents of diet, ARME’, estimated separately for residents
of rural settlements of Korosten raion and the city of Korosten in the period of 1987-2013.

Cena KopocteHcbkoro paiioHy / villages of Korosten raion M. KopocTteHb / the city of Korosten
= =
58 2 58 2s
2 g5 $E . 2 g G $E .
g 4 S& = ARME', g g 5E ~ £ ARME',
2 =g ©5 npoba’/Lday' £ w2 85 n-806a" // L-day"
2o O s = £ ArM STD 2o O s = £ ArM STD
@0 2 ER =g 2 El
. == a5 g8 = = 2 g 3
S ] 2B E 5 ] 2% ES
£ %3 g0 g 2o =g g0 g o
S EE £ 3 z8 5E =8 28
& £=2 L] 25 < 2 22 S5
1987 60 21.346 104 1.84 2.09 731 3.766 220 0.11 0.17
1988 407 9.541 66 1.05 1.03 * 0.16 0.46
1989 * 0.80 1.32 * 0.16 0.46
1990 * 0.60 0.99 * 0.16 0.46
1991 363 1.640 32 0.44 0.54 350 3.955 108 0.23 1.31
1992 * 0.50 0.82 * 0.16 0.46
1993 * 0.60 0.99 * 0.16 0.46
1994 217 1.966 55 0.70 0.28 780 1.311 88 0.09 0.27
1995 3,867 2.539 22 0.73 217 216 1.817 84 0.14 0.14
1996 819 3.930 21 1.14 217 410 2.834 81 0.22 0.20
1997 1,381 4.576 29 1.18 0.93 1,984 2.740 79 0.22 0.20
1998 570 6.165 35 1.39 1.46 1,892 2.069 7 0.17 0.82
1999 901 4.326 32 0.94 0.78 615 1.314 75 0.1 0.15
2000 421 5.956 43 1.17 1.53 * 0.12 0.35
2001 353 3.217 24 1.11 1.53 205 1.697 72 0.15 0.18
2002 * 0.95 1.57 * 0.12 0.35
2003 358 3.530 45 0.78 0.93 483 1.242 70 0.1 0.35
2004 308 3.442 41 0.711 0.51 414 1.089 68 0.10 0.51
2005 306 3.634 35 1.08 0.88 53 811 67 0.08 0.06
2006 270 3.997 30 1.35 1.00 586 516 66 0.05 0.08
2007 478 3.286 30 1.04 0.67 1,016 1.423 64 0.14 0.13
2008 512 3.558 31 1.13 1.21 81 671 63 0.07 0.04
2009 * 1.10 1.82 * 0.16 0.46
2010 * 1.10 1.82 * 0.16 0.46
2011 441 1.899 27 0.66 0.64 641 2.404 60 0.25 0.35
2012 488 3.473 27 1.18 0.98 288 2.308 59 0.25 0.10
2013 338 3.162 31 1.08 1.15 84 2.755 58 0.30 0.30
2014-2016 * 0.97 1.62 * 0.27 0.78

Mpumitka. *KinbkicTb JIBJT-BUMipioBaHb MeHLe 20, NPUiManoch eKCriepTHe pillieHHst WWopo Bennynku ARMET.
Note. *Number of WBC measurements was less than 20, and expert decision was taken concerning the value of ARME.
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s po3paxyHKy MapaMeTpiB Tabiauii 6 BimOupamu
JlaHi, SIKi 3aJ0BOJIbHSIIOTh HACTYITHUM YMOBaM:
> BIK 0co0MU, y sikoi nipoBoaunuch JIBJI-BumiproBaHHS,
> 18;
> HacejleHi MyHKTHU, KinbKicTb JIBJI-BUMiploBaHb, Yy
SIKMX B TIOTOYHUI pik > 20;
> cepennst no HIT konuentpauis ’Cs B MoJIoLi B I1O-
TOYHOMY polli 6isbire 10 bx/m.

ITpu HenmocratHilt KinbkocTi JIBJI-BuMiproBaHb y Io-
TOYHOMY poli (MeHIie 20 BUMiplOBaHb) BUKOPUCTOBY-
BaJIM y3arajibHeHi eKcriepTHi oliHku ARMET.

Bionoche paiionno-cneyugiune mixcsixoge

HaoxodxucenHs padioyesiro 3 payionom (RRI,)

ITapameTtp RRI, BUKOPUCTOBYETHCS [IJIS1 PO3PAXYHKY /103
BHYTPILIHBOT'O OTIPOMiHEHHS BiJl pagiole3ito A1l pi3HUX
JUTSYUX BikoBUX rpyrn. BBeneHnHs mapamerpy RRI, 6a-
3Y€EThCS Ha MPUITYIICHHI, 10 BiZTHOCHE HAIXOIKCHHS
paniolesito 3 palioHOM MiX Pi3HMMU BiKOBUMM TpyIia-
MU JiTeN i JOPOCANX MOXHA NIPUNHATA NPUOJIU3HO CTa-
JuM ais xkutediB ycix HIT onHoro paitony.

ITapametrp RRI, po3paXxOBYETHCSl SIK YCEpeaHEHE IO
pokax rmepiomy 1986—2013 pp. 3HaYeHHS IapameTpy
BiTHOCHOTO (MiXBiKOBOT0) HaaXOIKEHHS f, Cs,T , SIKU#
BU3HAYAETHCS 3a CIIBBITHOIICHHSIM:

Cs,T _ CsT
fa JYBJZTZf
5] /

e nﬂBﬂ T_ kinbkicts HIT, 1151 sIKMX 6YJ10 PO3PaXOBaHO

HII- Cl'IeLII/I(bl‘IHC BiIHOCHE HAJXOJXKEHHS, a mapamMmeTp
Cs,T

f a,j ~XapaKTepu3ye MiXBIiKOBE HaIXOLKEHHs paiole-

3it0 3 pauionoM mis j-ro HIT y 7-my pomi. [ns BikoBoi

Trpynu a:

For computation of parameters in Table 6, the data
were selected satisfying the following conditions:
> age of a person, for which WBC measurements
were made, > 18;
> settlements, where the number of WBC measure-
ments in current year, > 20;
> mean over the settlement concentration of *’Cs
in milk in current year exceeds 10 Bq/L.

Under insufficient number of WBC measure-
ments in current year (less than 20 measurements)
generalized expert estimates ARME™ were used.

Relative raion-specific intake of radiocesium
with diet for different age groups, RRI,
The parameter RRI, is used to evaluate doses of inter-
nal exposure from radiocesium for various children’s
age groups. Introduction of the parameter RRI, is
based on assumption that the relative radiocesium
intake with ration between various age groups of chil-
dren and adults can be taken approximately constant
for residents of all settlements of a single raion.

The parameter RRI, is evaluated as a value of rela-
tive (inter-age) intake f, Cs.T , which is averaged in
years of the period of 1986— 2013.

(12)

where naﬂfﬂ T is the number of settlements, for

which settlement-specific relative intake was eva-
luated, and the parameter f T characterizes inter-
age intake of radiocesium w1th ration for settle-
ment j in year 7. For age group a, it holds

KSS . Q‘a,T

—T
cest _ Yay
a,j ~— =T

ad, j

sz XCS — KOHCTaHTH HalliBBUBeICHHS 1ie3ito (1/do-
6a) 3 opraH13My HiTell BiKy a Ta TOPOCIMX BillIOBiMHO;
0 Ja T 1a Q — cepenHe 3HayeHHs BMmicty 'YCs y op-
raHismi (BKZ) 3apeecTpoBaHi nipu JIBJI-BuMiproBaHHSIX
y T-11 pik y j-my HII gk y niteit Biky a, Tak i y Aopoc-
JINX.
Cs,T .
3HaueHHs f, a,j PO3PAXOBYBAJIM U1 YOTUPHOX BiIKOBMX
rpyn giteit: < 2, 3—7, 8—12, 13—17 poxis. IIpu po3pa-
XYHKY f &I posrmsynany e i JIBJI-BUMiploBaHHS aK-
TUBHOCTI 137Cs y Oprasismi XXUTeiB, sIKi MpuHaiiMHI Ha
30 % nepeBuiyBaau MJA npunany.
V tabnuiui 7 HaBeAeHI CTaTUCTUYHI XapaKTepUCTUKU
napaMeTpy RRI,, BCTAaHOBJIEHI 1JIs1 pi3HUX BiKOBUX I'PYII
nmiteit Kopocrtenchkoro paiiony. CtaTucTUYHa IOC-

-0

13)

J

where Kgsand KS; are constants of half-removal of
caesium (1/day) from body of children of age a
and of adults, respectively; O ;”T and Q ;’d’T are
mean values of 7Cs content in organism (Bg),
which are measured in WBC in year 7'in settlement
Jj for children of age a and adults, respectively.

The value f was evaluated for four age groups of
children: < 2, 3 7,8—12, and 13—17 years. In evalu-
ationof f C; ‘I were considered only such WBC mea-
surements of '¥’Cs activity in organism of residents
that at least at 30 % exceeded the MDA of device.

Table 7 presents statistical characteristics of the
parameter RRI,, established for various age groups
of children of Korosten raion. Statistical signifi-
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Ta6auua 7

Yucnosi 3HaYeHHA BiHOCHOrO MiXKBiKOBOro HaaxopaXeHHA papiouesiio 3 pauioHom (RRI;) pna pizHux BikoBuUX

rpyn piteit KopocteHCbKOro panoHy.
Table 7

Numerical values of relative inter-age radiocesium intake with diet, RRI,, for various age groups of children

from Korosten raion.

Bikosa rpyna a, pokie  Kinbkictb HI RRI,
Age group a, years N of settlements ArM STD GM GSD Megpiana / median
Cena KopocreHcbkoro p-Hy / villages of Korosten raion

0-7 85 1,24 0,66 1,12 1,6 1,08
8-12 124 0,98 0,42 0,92 14 0,94
13-17 121 0,87 0,23 0,84 1,3 0,86
>18 207 1 0 1 1 1

m. KopocreHns / City of Korosten

0-7 1 1,28 0,31 1,25 1,3 1,31
8-12 1 1,03 0,23 1,01 1,3 1,08
13-17 1 0,9 0,18 0,88 1,2 0,89
> 18 1 1 0 1 1 1

TOBIpHICTb mapaMeTpiB po3noainy RRI, st 3a3Ha4eHUX
BIKOBUX TPyl J0BeleHa 3 BUKOPUCTAHHIM CTATUCTUY-
HUX TecTiB: BinlkokcoHa (HemapaMeTpuuHuii) Ta CTblo-
JleHTa (mapaMeTpUYHMIA).

Brecok %*Cs y 003y eHympiuib020 onpomineHHs
Panioizoronn '*Cs cyTT€BO BIIMBAJIM Ha BEJIMYMHY
JI03W BHYTPIIITHBOTO OMTPOMiHEHHS HAaceJIeHHs y TIepIITi
poku miciad aBapii. st po3paxyHKy BHecKy **Cs B 10-
3y OIMPOMiHEHHS MpUIMaH, 110 BiJHOIIEHHS BMICTY
B¥4Cs no '""Cs y mpomykTax XapuyyBaHHSI Ha 4yac aBapil
ckinagaio 0,5. OckinbKu pafiofoTiuHi XapaKTepUCTU-
KUY LIUX IBOX PaJiOHYKJIiIiB iIeHTUYHI, IJIs1 OLiHKU J0-
3u Big **Cs, no3y Bix ¥'Cs ( DI“3:7T ) KOPUTYBaJIH 3 ypaxy-
BaHHSM (i3nyHOro nepioay HamiBposmnamy '*Cs (2,06
pOKM).

CymapHny 103y ( D%! ) po3paxoByBau 3a CIIiBBiIHO-

IICHHSIM:
a,T

a,l _
D 137

e kT — KOpUTyIounii (pakTop, 110 BPaXOBYE PamiOaKTUB-
Huii pos3nan 'Cs, k,— BinHouIeHHs 1030BUX Koedi-
mieHTiB '*Cs Ta '¥'Cs nj1s BikoBOi rpyrnu a (Tadauiis ).

PE3VYJIBTATU TA OBI'OBOPEHHS

OuiHky iHAMBiAyali30BaHUX J103 ONPOMiHEHHS
cy0’exTiB JIPY KopocTeHchKoro pailoHy MpoBOIWIN Y 2
eTaru.

1. ®opmyBaHHS pedepeHTHOI «MaTPUIIi 103», eIeMeH-
TOM $IKOI € po3paxoBaHi piyHi 103M (30BHIILIHLOTO,
BHYTPIIIIHBOIO i CyMapHOTO) OMPOMiHEHHSI IpeAcTaB-
HUKIiB KOXHOI BikoBoi rpynu a s j-ro HITy T-ii pik i3
intepBairy 1986—2016 pp.

(1) 140

(1+0.5-k, k),

cance of the distribution parameters of RRI, for
abovementioned age groups is proven based on sta-
tistical tests: Wilkinson (nonparametric) and
Student (parametric).

Contribution of **Cs in internal exposure dose
Radioisotopes **Cs made essential contribution to
internal exposure dose of the population in first years
after the accident. To evaluate the contribution of
13#Cs exposure to the dose it was assumed that the
ratio of **Cs content to ’Cs in meal at the moment
of the accident constituted 0.5. Because radiological
characteristics of those two radionuclides are identi-
cal, in order to estimate the dose from **Cs, the dose
from “’Cs, Dl"3’7T , was corrected taking account for
physical period of half-decay of **Cs (2.06 years).
The total dose D%’ was evaluated as

(14)

where k is correcting factor taking account for ra-
dioactive decay of '**Cs, and £ is ratio of dose coef-
ficients of **Cs and '¥’Cs for age group a (see Table 5).

RESULTS AND DISCUSSION

Estimation of individualized exposure doses of
SRU subjects from Korosten raion was made in
the next two stages.

1. Forming of the reference ‘dose matrix’, whose
matrix elements are evaluated annual doses (of
external, internal, and total) exposure for repre-
sentatives of each age group a of settlement j in
year T of the interval 1986—2016.
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2. BcraHoBneHHs 151 KoxkHOTo ¢cy6’ekTa [IPY (Ha ocHOBI

iHopMalliil «MaTpuLi 403») iHAMBIAyaTi30BaHOI piYHOI A0~

31 30BHIIITHHOTO raMa-OMNPOMiHEHHS Ta e(PEeKTUBHOI 1031

BHYTPIIITHBOTO OIMPOMiHEHHSI YChOTO TiJIa B 3aJIEXKHOCTI Bill:

> IOTOYHOTO POKy 3 iHTepBairy 1986—2016 pp.;

> BiKOBOI I'PYIIH, 10 SIKOI CYO’€KT HaJlexXaB y IMTOTOYHO-

MY pOlli;

> HII npoxuBaHHS y TOTOYHOMY POILIi;

> COLiaJIbHOI TPYIU Y TOTOYHOMY POLIi (SIKILIO BOHA BiioMa).
VY Tabauui 8§ HaBeoeHO cepeaHi 3HAYeHHS PiYHUX

iHAMBiyaliz0BaHUX J03 30BHILLIHBOTO, BHYTPILIHHOIO i

CYMapHOT0 OMPOMiHEHHST JOPOCIUX KUTEIIB CiIbChKUX

HIT KopocteHcbhkoro paitoHy Ta okpemo micta Kopoc-

Ta6nuusa 8

2. For each SRU subject, based on information in

‘dose matrix’, establishing the individualized

annual dose of internal exposure of the whole body

in dependence on:

> current year from the interval 1986—2016,

> are group to which the subject belonged in cur-

rent year,

> settlement of residence in current year,

> social group in current year if it is known.
Table 8 presents mean values of annual individu-

alized doses of external, internal, and total expo-

sure for adult residents of settlements of Korosten

raion and separately of Korosten city. There are

InpguBipyanizoBaHi fo3u cymapHoro (30BHilUHBOro i BHYTPilUHBOro) ONMPOMiHEHHA, PEKOHCTPYIOBaHi AnA
cy6’ektie IPY cinbcbkux HIM KopocTteHcbkoro paitoHy Ta micta KopocTeHb.

Table 8

Individualized doses of total (external and internal) exposure, reconstructed for SRU subjects from rural set-

tlements of Korosten raion and of Korosten city.

Pik Cena KopocrteHcbkoro p-Hy / villages of Korosten raion M. Kopocrehb / city of Korosten
(vacoBuit iHTepBan) - . - - e -
Year CepepHs piuHa inguBigyanisoBaHa go3a, M3B / mean annual individualized dose, mSv
(or time interval) 30BHilHA / external BHyTpiluHg / internal  cymapua /total  3oBHiluns / external BHyTpiluHg / internal  cymapHa / total
1986 4.65 2.22 6.87 4.22 5.67 9.90
1987 1.43 0.93 2.36 1.28 0.17 1.44
1988 0.94 0.39 1.33 0.84 0.18 1.02
1989 0.71 0.22 0.93 0.63 0.14 0.77
1990 0.57 0.13 0.70 0.51 0.11 0.62
1991 0.48 0.08 0.56 0.43 0.13 0.56
1992 0.42 0.07 0.50 0.38 0.08 0.46
1993 0.38 0.07 0.45 0.34 0.08 0.41
1994 0.35 0.07 0.42 0.31 0.06 0.37
1995 0.32 0.07 0.39 0.29 0.06 0.35
1996 0.31 0.09 0.40 0.27 0.10 0.37
1997 0.29 0.08 0.37 0.26 0.08 0.34
1998 0.28 0.09 0.37 0.25 0.08 0.32
1999 0.26 0.06 0.32 0.23 0.04 0.28
2000 0.25 0.06 0.32 0.23 0.04 0.27
2001 0.24 0.05 0.30 0.22 0.05 0.27
2002 0.23 0.05 0.28 0.21 0.04 0.25
2003 0.22 0.03 0.26 0.20 0.04 0.24
2004 0.22 0.03 0.25 0.19 0.05 0.24
2005 0.21 0.04 0.25 0.18 0.03 0.21
2006 0.20 0.05 0.25 0.18 0.03 0.21
2007 0.19 0.04 0.23 0.17 0.04 0.21
2008 0.19 0.04 0.22 0.17 0.02 0.19
2009 0.18 0.04 0.22 0.16 0.05 0.21
2010 0.17 0.04 0.21 0.15 0.05 0.20
2011 0.17 0.02 0.19 0.15 0.07 0.22
2012 0.16 0.03 0.19 0.14 0.07 0.21
2013 0.15 0.03 0.18 0.14 0.08 0.22
2014 0.15 0.03 0.18 0.13 0.07 0.21
2015 0.14 0.02 0.17 0.13 0.07 0.20
2016 0.14 0.02 0.16 0.12 0.07 0.19
CepepHsa HakonuyeHa iHguBigyanisoBaHa no3a, M3e / mean accumulated individualized dose, mSv
30BHiWHS / external BHyTpiwHa / internal  cymapHa / total  30BHiwHS / external BHyTpilHS / internal cymapHa / total

1986-2000 11.6 46 16.2 10.5 7.0 175

2001-2016 2.96 0,55 3.51 2.65 0.83 3.47

1986-2016 14.6 52 19.8 13.1 7.8 20.9
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TeHb. [IpeacTaBiaeHO TaKOX OLIHKM 403, sIKi © MOTJIM OT-
puMaTu nopocii xkuteni KopocTeHcbKoro paiioHy (rpu
YMOBI TIPOXXMBAHHS Ha TEPUTOPil paiioHy) 3a OKpeMi
nepiogn OIMpPOMiHEHHS:

> nepuii 15 pokiB micis aBapii (1986—2000 pp.);

> HacTynHi 15 pokis (2001-2016 pp.);

> 30 pokiB miciig aBapii (1986—2016 pp.).

OnpomineHHs xkuteiB ciibebkux HIT KopocteHchkoro
paifoHy Ta MelikaHuLiB M. KopocTeHb Ma€ nesiki BiiMiH-
HocTi. Tak, A03M 30BHIllIHBOIO OIPOMiHEHHS (SIK ILO-
piuHi, TaK i HAKOMMWYEHi), OTPMMAaHi CiIbCbKMMMU XKUTEJIsI-
MM paiioHy, B cepeaHboMy Ha 10 % Oinblili, HixX 1031 MelLI-
KaHIiB M. KopocTeHb. Y Toil Ke yac BeJTMYMHA BHYTPIlII-
HBOTO OMPOMiHEHHS KuUTesiB M. KopocTeHb B cepeaHbO-
My Oinbiie Ha 50 % Takoi X BEIMYUMHM IJIS KUTEJIB
CIJTbCHKMX HaceJeHUX MyHKTiB KopocTeHchKoro paiioHy.

Ho3a, HakonuyeHa 3a mepii 15 pokiB micisg aBapil
(1986—2000 pp.), Mae 3HaYHUIT BHECOK Y OIMPOMiHEHHS
MELIKAHLIB paiioHy (SIK CLTbCBKMX, TaK i MichbKUX). [i Be-
JINYMHA CTAHOBUTH MPUOJU3HO TPU UBEPTi Bif 103U, HA-
kormuueHoi 3a 30 pokiB micig asapil (1986—2016 pp.).
InauBinyanizoBaHa mo3a, oTpuMaHa MelnkaHusgMu Ko-
POCTEHCHKOTO paiioHy y 1986 p. nae HaiiOLIbIINIT BHe-
COK y HaKOIWYEHY 3a ITiciasgaBapiliHi poOKM 103y OIl-
poMiHeHHs. [Ipu LboMy, SKILO IJISI KUTENIB CUILChKUX
HIT paitoHy no3a BHYTPillIHBOrO ONPOMiHeHHS B 1986 p.
OLIIHIOEThCS K BEIWMYMHA y 2 pa3W MEHIIA Bil IO3M
30BHILIIHBOTO OMPOMiHEHHSI, TO I XKuTesiB M. Kopoc-
TeHb caMe y 1986 p. BHYTpillIHE ONpOMiHEHHST OYJIO TTe-
peBaxarouuM. ITounHaroum 3 1987 p., 30BHIlLIHE OII-
pOMiHEHHSI 1Jisi BCbOro HacelieHHs1 KopocTeHChbKoro
paiioHy Oyn0 TiepeBaxkalouuM y CyMapHiii m03i oIl-
poMiHeHHsI. Y Tabuli 9 pencTaBieHo BimHOCHU (%)
po3nomiy HaceneHUX MyHKTIB KopocTeHChKoro paiioHy
Kurtomupcbkoi obacTi Ta 9 iHIIKMX paiioHiB [5, 6], oe
npoxusanu cyo’extu APV i nias skux Oynm po3paxoBaHi
IHOMBiAyaTi30BaHi J03M OMPOMIHEHHS, 3a iHTepBaJlaMU
HAKOIMMYEHUX 03, SIKi MOTJIA OTPUMATH JOPOCIIi XKUTETi
3a3HauYe€HUX paliOHIB MPU YMOBI MPOXMBAHHS B paiioHi
npotrsaroM 30 pokiB, mounHawouu 3 1986 p. Metonuku,
SIKi BAKOPUCTOBYBAJIVCh [IJIsI OLIIHKY HAaKOITMYEHUX J103,
BpaxoByBaju «pedepeHTHe» [Jisl BCi€l TepuTopii YK-
paiHy CHiBBiAHOLIEHHS PagiOHYKIiAIB y BUIIAAiHHSIX Ta
paitoH- a6o HII-cnenmgivHi xapakKTepuCTUKM pagioak-
TUBHOTO 3a0pyaHeHHs |5, 6, 10].

Ak BugHO 3 Tabaui 9, xurteni ~ 66 % HIT Kopoc-
TeHCBhKOTO paiioHy 3a 30 pokiB Tmicis aBapii (3a yMOBH
MOCTITHOTO MPOXMBAHHS B pailoHi) MOTJIM OTPUMATU
no3u y inTepsaii 5—20 m3B. Hs xureniB ~ 25 % HII
HakonuyeHa 3a 30 pokiB J03a oOlliHEHA B iHTepBali
20—50 M3B, a 151 7 % HII 1poro k paiioHy — SIK OijibIiia
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also estimates of doses, which could obtain adult
residents of Korosten raion (provided they lived at
the territory of the raion) for various periods of
exposure:

> first 15 years after the accident (1986—2000),

> next 15 years (2001—-2016),

> 30 years after the accident (1986—2016).

Exposure of residents of rural settlements of
Korosten raion and the residents of Korosten city
have some difference. Thus, external exposure
doses (both annual and accumulated), obtained by
rural residents of the raion, in average are at 10%
larger than the ones for residents of Korosten city.
At the same time, internal exposure dose for resi-
dents of Korosten city is at 50 % larger than the
one for rural residents of the raion.

The dose accumulated for the first 15 years after
the accident (1986—2000) makes essential contri-
bution in exposure of residents of the raion (both
rural and urban). Its value constitutes about 3/4 of
the dose accumulated for 30 years after the acci-
dent (1986—2016). Individualized dose obtained
by residents of Korosten raion in 1986 makes the
most contribution in accumulated exposure dose
during all the post-accidental years. At the same
time, if for residents of rural settlements of the
raion the internal exposure dose in 1986 is estimated
as a value which is twice less than external expo-
sure dose, then for residents of Korosten city in
1986 internal exposure was prevalent. Starting
from 1987, a component of external exposure has
been prevalent for all the population of Korosten
raion. Table 9 presents relative (in %) distribution
of settlements of Korosten raion of Zhytomyr
Oblast and of 9 other raions [5, 6], where SRU
subjects resided and for which individualized
exposure doses were evaluated, by intervals of
accumulated doses, that adults of this raions could
obtain, provided they resided in the raion for 30
years starting from 1986. The methods used to esti-
mate the accumulated doses were taking into
account the ‘reference’ ratio of radionuclides in
precipitation and district-specific or NP-specific
characteristics of radioactive contamination for
the whole territory of Ukraine [5, 6, 10].

As seen from Table 9, residents of ~ 66 % settle-
ments of Korosten raion for 30 years after the acci-
dent (considered they permanently resided in the
raion) could obtain doses within 5—20 mSv. For resi-
dents of ~ 25 % settlements the dose accumulated for
30 years is estimated in the interval 20—50 mSy, and
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Taoauua 9

BipHocHuit po3noain HN paitoni iHauBipyanizauii po3u 3a iHTepBanamu cymapHoi (30BHiWHLOT i BHYT-
pilwHbOT) A,034 ONpOMiHEHHA YCbOro Tina, AKa Morna 6yTM HakonuuyeHa pAopocnumu xutenamu 3a 30 nicnaa-

BapiliHUX pOKiB.
Table 9

Relative distribution of settlements of the raion, where the dose was individualized, by intervals of total
(external and internal) exposure dose of the whole body, which could be accumulated by adult residents for

30 post-accidental years.

IHTepBan Hakonn4yeHux fo3, M3B / interval of accumulated doses, mSv

PaiioH Kinbkicte HI <5 510 10-20 20-50 > 50
Raion N of settlements = — — —
BifHOCHa KinbkicTtb HIM (%) / relative number of settlements (%)
Xutomupcbka obn. / Zhytomyr Oblast
Hapoauupkuii 82 1,2 2,5 13,6 46,9 35,8
OBpyubkuiA 171 29 24 21,8 64,7 8,2
OneBcbKuii 63 - 3,2 50,8 41,3 4.8
KopocreHcbkuii 115 2,6 29,8 36,0 24,6 7,0
Kuiscbka o6n. / Kyiv Oblast
IBaHKIBCbKMIA 90 13,5 36,0 42,7 79 -
PisHeHcbka 06n1. / Rivne Oblast
[ly6poBuLibKuit 61 - 3,4 37,3 54,2 5,1
PokutHiBCbKMin 46 2,3 4,7 30,2 55,8 7,0
CapHeHcbKuii 72 1,5 40,6 49,3 8,7 -
YepHiriecbka o6n. / Chernihiv Oblast
Koseneupkuit 113 74,3 22,1 3,5 - -
PinkuHcbkuit 128 65,6 21,1 7,8 4,7 0,8

3a 50 m3B. IlopiBHIOIOUM HakomuyeHi 3a 30 pokiB
iHauBiAyani3oBaHi A03U HacejneHHs1 KopocTeHCbKoro
paitoHy 3 iHIIUMU paitoHaMu KUTOMUPCHKOI 00JIACTi,
MOKHa 06aunTH, 1o i xurenis 83 % HIT Haponuib-
xoro, 73 % HII Ospyuskoro ta 46 % HII OneBcbkoro
palioHiB 151 BeJIMYMHA 3HAXOAUThCS B iHTepBajli A03
oinbire 20 m3B. [Ipu mpomy st ~ 36 % HIT Haponuiib-
koro, 8 % HII Ospyubkoro ta 5 % HII Onescbkoro
paitoHiB BoHa € Oinbiioto 50 m3B. HakonuuyeHa no3a y
iHTepBaiti 5—20 M3B oluiHeHa mIsg MelKaHIiB 16 % HIT
Hapoauupkoro paiioHy, a Takox ajist xutetiB 24 Ta 54 %
HIT OBpyupbkoro ta OneBCbKOro pailoHiB, BiIMOBiTHO.
To6To, m030Be HaBaHTaXKEHHS, SIKE OTPUMAIIM KUTEi
Kopocrencrkoro paiiony 3a 30 pokiB Imicias aBapii Ha
YAEC, HuX4de MOpiBHAHO 3 iHIMUMU paiioHaMu 2KHUTO-
MUPCHKOI 00J1aCTi.

BUCHOBKU

Po3po06i1eHO €eKoJIoro-go3uMeTpUYHy MOJIENb IS
iHAMBIAyali3alii 403 30BHIIIHLOIO Ta BHYTPilIHHOTO
onpomiHeHHs cyo’exTiB I PY, mo memkawoTts B HIT Ko-
POCTEHCBHKOro pailony 2Kutomupcbkoi ooacti. Moaeinb
0a3yeTbcs Ha pe3yabTaTax palioeKoJIOTiYHOTO (I'PYHT,
MPOAYKTA XapyyBaHHSI) Ta JO3MMETPUYHOIO MOHITO-
punriB (JIBJI-BumipioBaHHs1), KWK MaB Micle Yy
1986—2013 pp. Ha TepuTopil miBHiYHUX obaacTeil YK-

for 7 % settlements of the raion as > 50 mSv. Compa-
ring accumulated for 30 years individualized doses of
population of Korosten raion with other raions of
Zhytomyr Oblast, one can see that for residents of
83 % of settlements from Narodytskyy raion, 73% of
Ovrutskyy one, and 46 % of Olevskyy one this value is
in the dose range over 20 mSv. At that for ~ 36 % of
settlements of Narodytskyy raion, 8% of settlements
of Ovrytskyy one, and 5 % of settlements of Olevskyy
one it was > 50 mSv. Accumulated dose in the inter-
val 5—20 mSyv is estimated for residents of 16 % settle-
ments of Narodytskyy raion, and also 24 % and 54 %
for residents of Ovrutskyy and Olevskyy raion, respec-
tively. Thus, exposure doses obtained by residents of
Korosten raion for 30 years after the accident are
lower vs. with other raions of Zhytomyr Oblast.

CONCLUSIONS

The ecological-dosimetric model is elaborated for
individualization of external and internal exposure
doses of SRU subjects residing in settlements of
Korosten raion of Zhytomyr Oblast. The model is
based on the results of radio-ecological monitor-
ing (ground, meal) and dosimetric one (WBC
measurements) that took place in 1986—2013 at
the territory of northern oblasts of Ukraine in the
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paiHM B paMmKax IporpamMu 3arajbHOA03UMETPUUYHOIL
nacnoptusauii [1—4]. IHdopmaliis npo pe3yabTaTd LUX
MOHITOPUHTIB 30epiraerbcs B 0a3i gaHux LleHTpanbsHOro
€KOJIOTO-I03UMETPUUHOr0  peecTpy  JabopaTopii
pagionoriyHoro 3axucty HHIIPM.

PiuHa no3a 3a KoXHU MicasiaBapiiiHUiA pik 1151 Meli-
kaHuiB HIT KopocTeHChKOT0O pailoHy NpeacTaBIsIEThCS
y BUIJISIAI IBOX CKJIAJOBUX: PiYHOI e(PeKTUBHOI 03U
30BHIIIIHLOIO FaMMa-OMpPOMiHEHHS (3a paxyHOK pajio-
aKTUBHMX BUIIaliHb HAa IPYHTi) i BHYTPIillIHOTO OII-
POMIHEHHS BCHOTO Tila (3a paXyHOK CITOKMBaHHS 3a0-
PYIHEHUX pamioaKTUBHUMU i30TONAMU TMPOAYKTIB Xap-
gyyBaHHs). Iy 1986 poky m03a BUPaXOBYETHCS Bill YCiX
OCHOBHMX pPaliOHYKJIi[liB padioaKTMBHOIO aBapiiiHOro
BUKULY, a micist 1987 p. — nuiie Bim pamioi3oTOIIB LIe3i0
("*Cs ta 'Cs).

Jlo31 30BHIIIHBOTO i BHYTPIIlITHHOTO OIPOMiHEHHS
(piyHi Ta HAKOMMYEHi) OLIIHEHi IJISI HACEeJEHHS Pi3HUX
BiKOoBUX TpyIl, sike mnpoxuBae y HIT KopocTeHcbKkoro
paitony (6nm3sko 100 HIT). Oxpemo mpeacTaBieHO 10-
3u a4 cinbebkux HIT paiiony ta gist M. KopocteHb 3a
KOXHUI pik 3 iHTepBany 1986—2016 pp. Haseaeni
OLIIHKM HaKOIMMWYEHUX 03 3a Meplii 15 micasiaBapiiHux
pokiB, 3a nepiox 2000—2016 pp., Ta 3a 30-piuyHuii repion
micns aBapii. CepeaHst no3a, HakonuyeHa 3a 30 pokiB
nicis aBapii Ha HAEC, nis xuteniB ciabebkux HIT Ko-
POCTEHCHLKOTO palfoHy OlliHeHa Ha piBHi 19,8 M3B, a mig
xuteniB M. Kopocrens — 20,9 M3B.

IIpoBeneHe MOpPIBHSIHHS pPE3YJIbTaTiB PO3PaXyHKY
iHAMBiAyaTi30BaHUX 103, HakomuueHux 3a mnepiom 30
pokiB micisg aBapii (1986—2016 pp.), IS MEIIKaHILIIB
KopocteHcbkoro paiiony i cy6’exTiB APY, 1o npoxu-
BalOTh B NIeB’ITU paitoHax KutoMupchkoi, KuiBchKoi,
PiBHeHchKOI Ta YepHiriBcbKoi oonacteid. [Toka3zaHo, 1110
3a el mepioa 4030Be HaBaHTaXXKeHHs kuTesiB Kopoc-
TEHCHKOTO pailloHy € HMXXYMM TopiBHSAHO 3 Hapoauib-
kuM, OBpyibkuM Ta OJeBCbKMM  paiioHamu 2KuTto-
MUPCBHKOI 00J1aCTi.
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frame of general dosimetric passportization
Program [1—4]. Information about the results of
the monitorings is preserved in database of Central
ecological-dosimetric register of Radiation
Protection Laboratory of NRCRM.

Annual dose for each post-accidental year for
residents of settlements of Korosten raion is
decomposed in two components: (a) annual effec-
tive dose of external gamma exposure (die to
radioactive depositions on the ground), and
(b) internal exposure of the whole body (due to
consumption of meal contaminated by radioactive
isotopes). For 1986, the dose is evaluated from all
main radionuclides of radioactive accidental fall-
out, and after 1987 — only from radio isotopes of
cesium, **Cs and '’Cs.

External and internal exposure doses (annual and
accumulated) are estimated for population of various
age groups residing in settlements of Korosten raion
(about 100 settlements). Separately are presented the
doses for rural settlements of the raion and for the city
of Korosten for each year of the interval 1986—2016.
The estimates are presented for first 15 post-acciden-
tal years, for the period of 2000—2016, and for 30 year
period after the accident. Mean dose accumulated for
30 years after the accident for residents of rural settle-
ments of Korosten raion is estimated as 19.8 mSyv, and
for residents of Korosten city as 20.9 mSv.

A comparison is made of estimates of individu-
alized doses accumulated for the period of 30 years
after the accident (1986—2016) for residents of
Korosten raion and for SRU subjects residing in
nine raions of Zhytomyr, Kyiv, Rivne, and
Chernihiv oblasts. It is shown that during this peri-
od the dose load of residents of Korosten raion is
lower compared with the one for Narodytskyy,
Ovrutskyy, and Olevskyy raions of Zhytomyr
Oblast.
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