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PEKOHCTPYKIA NHINBUIYAJIN3NPOBAHHBIX 103
BHYTPEHHEI'O OBJIVYEHUS CYBBEKTOB
TOCYIAPCTBEHHOTO PETYICTPA YKPAUHBI:

COOBIIIEHHE 1. JOKAJTbHO-CHEHIN®UNYECKNE MOJIEJIU U
TO3bI OBJIYYEHUS XKUTEJENA POKUTHOBCKOTI'O PAIOHA
POBEHCKOI OBJIACTU, OBPYUCKOT'O PATOHA
KUTOMUPCKOM OBJIACTA 1 UBAHKOBCKOT'O PAIOHA
KUEBCKOMU OBJIACTU

Llenb uccnepoBanus. PaspaboTka cucteMbl Mofieneit U NpoLeayp A1s PEKOHCTPYKLMM MHAMBUAYANIN3UPOBAHHBIX 403
BHYTpeHHero o6nyyeHus cy6bekToB locypapcTBeHHoro Peructpa YkpauHsl nn, nocTpagaslumx BCaeacTsue YepHo-
Obinbekoi katacTpodbl (MPY) — xuTeneit pafgMoaKTUBHO-3arps3HEHHbIX TEPPUTOPKUiA POKUTHOBCKOTO pailoHa PoseHc-
Kot o6nactu, OBpyyckoro paioHa *utomupckoit obnactu v MiBaHkoBckoro paiioHa Kuesckoit obnactu.

Marepuanbi n metoabl nccnepoBaHus. lpuBoanTca getanbHoe onucaHUe CTPYKTYPHOW CXeMbl U MaTeMaTU4yecKoro
annapara 3KoN0ro-A03MMeTpuyecknx Mogenen, no3sonaiolnx oCyWecTBUTL PEKOHCTPYKLMIO UHANBUAYANU3MPOBAH-
HbIX 03 06/1y4eHns oT NoTpe6aeHUs NPOAYKTOB NUTAHUA, 3arPA3HEHHbIX pafMoLe3nemM YepHOObIbCKOTO MPOUCXOXK-
JeHus cyObeKToB Tpex palloHoB PoseHckoi, JXutomupckoii u Knesckoit obnacteit. PazpabotaHHble Mofenu eHome-
HOMOTMYECKN UCMONb3YIOT NPeabliAyWMii onbIT Mo pa3paboTke KOMMIEKCA IKONOTO-A03UMETPUYECKUX MOAENeR Ans
OLEHKMN pedepeHTHbIX [03 00/1y4eHUs BCEro HaceneHus YkpauHbl. MapameTpusaunsa Moaeneit peKoOHCTPYKLMK non-
HOCTbIO OCHOBAHA Ha MaTeMaTu4yeckoil 06paboTKe pe3ynbTaToB PAfMO3KONOrMYeckoro (3arps3HeHue paguolesnem
MOJIOKA) U [LO3UMETPUYECKOro (COAepXKaHUe paanoLesuns B OpraHu3me uTenen) MOHUTOPUHIOB, KOTOPbIE MPOBOAM-
nuck B TeyeHue 1986-2012 rr. B HaceneHHbix nyHkTax (HIM) paccmarpuaembix paitoHoB. [ToAHOTA U NEPUOAMYHOCTD
PaAMO03KONOrMYECKOro U [O3UMETPUYECKOr0o MOHWTOPMHIOB MO3BONUAM peanu3oBatb HIl-cneuuduueckuint nogxop
AN PEKOHCTPYKLMK [03, Npyu KoTopoMm ans kaxporo HIT yctaHaBnuBanach 1M60 GyHKLMA NOCTYNIEHNUS paguoLesns ¢
paunoHoM (q?d (7)), nn60 yHKLMA M3MEHEHNA CO BPEMEHEM KOHLIEHTPaL|N PaanoLIe3ns B MECTHOM KOPOBbEM MO-
noke (c‘;.""”‘(t)). B kauecTBe paiioHHO-cneundmryecKnx napameTpoB 1 KaXXA0ro pernoHa onpeaeneHbl Tak HasbiBae-
Mble aGCOMIOTHBIN PaiiOHHBIN MONOYHbIN 3KBUBaNeHT paunoHa (ARME;) n OTHOCMTeNbHOE BO3pacT-3aBUCUMOE MOCTYM-
NeHune paguouesus ¢ paumoHom (RRI) ). Mapametp ARME; ncnonb3yetcs Aas onpepneneHus Jo3 B3poC/ioro HaceneHus
B HI, ana kotopbix cneynduumnpoBaHa QyHKLUUA C_'}“”k(t), a napameTp RRI;vncnonb3yeTcs ois pacyeta 4o3 obnyye-
HUA CyOLEKTOB YETHIPEX AETCKMX BO3PACTHbIX rpynn (< 2 net, 3—7 net, 8-12 net, 13-17 ner).

P«J MBaHoBa Onbra HukonaesHa, e-mail: iolgagm@gmail.com
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Pe3ynbTtatbl U BbIBOAbI. MOENN PEKOHCTPYKLUMM NPUMEHEHDBI ANS UHAWBUAYANN3aALMMN 003 BHYTPEHHEro 06ayYeHns
28 711 cybbekToB [PY PokutHoBCKoro, 18 790 cy6bekToB IPY WBaHkoBckoro u 41 585 cybbektoB MPY OBpyyckoro
paiioHoB. Pe3synbtaThl MHOMBMAyanu3auuuW [03 NPUBELEHbl B BUAE CPELHErofoBbIX 3HAYeHWN ANA nepuona
1987-2012rr., a TaKke B Bufe pacnpeneneHus cyobektos [PY pa3nuyHbix pailoHOB MO MHTEPBANaM [j03, HAKOMJ/IEH-
HbIX 33 BECb NepuOA HabnoaeHus. MpuBefeHbl TaKKEe BENUYMHBI CyMMApPHBIX (OT BHYTPEHHErO M BHEWHEro 0byye-
HUA) [03 Ans cybbekToB MPY paccmatpuBaeMbix paiioHOB.
KnioueBble cnoBa: MefuKo-A03UMETPUYECKUIA PEecTp, 3KOAOro-LO3UMETPUYECKUE MOLENU, UHANBULYANU3UPOBAH-
Hble 403bl 00/1y4eHUs, PEKOHCTPYKLMA [03 061yyeHus, YepHoOblnbcKas KatacTpoda.

Mpobnemu padiayitiHoi meduyuru ma padiobionoeii. 2014. Bun. 19. C. 80-101.
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Individualized internal exposure doses reconstruction for the persons

of Ukraine State Register:

Report 1. Locally-specific models and doses of persons living in Rokytne
raion of Rivne oblast, Ovruch raion of Zhytomyr oblast and Ivankiv raion
of Kyiv oblast

Study objective. Dosimetric support of the Ukrainian State Register of persons, affected due to the Chornobyl acci-
dent (SRU). Development the system of models and procedures for the individualized internal doses reconstruction
for the subjects of SRU residing in radioactive contaminated territories of Rokytne raion of Rivne oblast, Ovruch
raion of Zhytomyr oblast and Ivankiv raion of Kyiv oblast.

Materials and methods. A detailed description for the schematic diagram of the methodology and mathematical
relations of ecological-dosimetric models are given. It allows to reconstruct the individualized doses from the inges-
tion of food contaminated by radiocesium after the Chornobyl accident for the subjects of SRU from three raions of
Rivne, Zhytomyr and Kyiv oblasts. Phenomenologically, the developed models are close to the previously developed
complex of ecological and dosimetric models intended to estimate the reference doses for the entire population of
Ukraine. Calibration of model parameters is based on mathematical treatment for results of extensive radioecolog-
ical (radiocesium milk contamination) and dosimetric (radiocesium burden in human body) monitorings, that were
provided in the period of 1986-2012 in the settlements of raions under consideration. Completeness and periodic-
ity of radioecological and dosimetric monitorings allowed to realize the settlement-specific approach for dose re-
construction, wherein for each settlement either the function of radiocesium intake with diet (q‘?d (¢)) or the func-
tion of time-variation of radiocesium concentration in the local cow's milk (c}””"(t)) were established. Absolute ra-
ion milk equivalent of the diet (ARME;) and relative age dependent intake of radiocesium with diet (RRI) are spec-
ified as a raion-specific functions for each raion. ARME;is used to calculate the doses of adults in the settlement
for which the function c;’”k(t) was specified. RRI]is used to calculate the doses for the subjects of four children age
groups (< 2 years old, 3-7 years old, 8-12 years old, 13-17 years old).

Results and conclusions. Models for individualized internal exposure doses reconstruction of SRU subjects are
developed. The individualized doses are estimated for 28711 SRU subjects from Rokytne raion, 18790 SRU subjects
from Ivankiv raion and 41585 SRU subjects from Ovruch raion. Results of doses individualization are given as annu-
al average doses for the period of 1987-2012. The distribution of SRU subjects of different raions over the intervals
of doses accumulated over the entire observation period is also given. Values of total (from internal and external
exposure) doses for SRU subjects of the raions under consideration are given, as well.

Key words: Medical and Dosimetric Registry, ecological and dosimetric models, individualized exposure dose, doses
reconstruction, the Chornobyl accident. Problems of radiation medicine and radiobiology. 2014;19:80-101.
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BCTYILVIEHUE

B Hactosiee Bpemst B YKkpauHe (yHKIIMOHUPYeT Tocy-
JIapCTBEHHBIM perucTp YKpauHbl CyObEKTOB, KOTOPLIE
nocTpagaiu BcaeacTBue YepHOOBLILCKONW aBapuu
(I'PY). K 2013 . HaKOTIJIEHBI TaHHBIE O PE3yJIbTaTax Me-
JTULMHCKKUX oOclienoBaHUi (IucnaHcepu3aluii) 2 MIH
372 THIC. CYOBEKTOB, TTPOKMBAIOIINX BO BCEX OOJIACTIX
VYkpaunsl. Lleabio 3TOro peructpa sABasieTcs J0JArocpoy-
HBIII aBTOMAaTUYECKUI yJET COCTOSIHUS 3I0POBbBS JIMII,
nocTpagaBIKX nocje aBapuu Ha YepHoObLIbCKO ADC,
uX JeTei U nocieayroumx nokojaeHuii. Ha yuer B I'PY
MOCTaBJIEHbI CYObEKThI, KOTOPbIE OTHOCITCS B OJHOM U3
4 TpyIII ITIEpBUYHOTO y4eTa:

Ipymma 1 — JlukBugatopsl (13,4 % BceX, COCTOSIIIIMX Ha
yyere)

Ipynma 2 — OBakyauTtsl (3,4 %)

Ipynna 3 — IlpoxuBaroiue Ha paaroaKTUBHO-3arpsi3-
HEHHBIX Tepputopusx (64,7 %)

Ipynmna 4 — JIuua, KoTopble pOOAWINCH Y poauteneit 1—3
rpynn (1,8 %).

OnHoii u3 BaxxHeimux 3agad I'PY no nocieaHero Bpe-
MEHM COXpaHsIeTcs 3aJada PeKOHCTPYKIINKA MHIUBUIYa-
JIMBUPOBAHHBIX 103 O0JydeHUsI, 00yCIIOBIeHHBIX Yep-
HOOBLTbCKOM KaTacTpodoii. Haunnag ¢ 2007 roga, B oT-
JeJie NO3UMEeTpUU U pagrauroHHoi ruruensl HHIIPM
B pamkax psga HUP mpoBonsTcst paboThl MO PEKOH-
CTPYKIIMM WHIMBUAYAIU3UPOBAHHBIX 03 OOIYYCHMS
cyobekToB ['PY[1-2]. K HacTog11eMy BpeMeHU pa3pado-
TaHbl MOAEIM PEKOHCTPYKIIUM U OCYIIECTBIIEHA WHIV-
BUAyaIu3alus O03 IJII CYOBEKTOB, ITPOXMBAIOIINX B
MATU pailoHaX pa3IndHbIX objacteil YKkpauHsl (puc. 1):
> PokuTHOBCKMII paiioH PoBeHcKolt 061acTH;
> OBpyucKkuii paiioH ZKUTOMUPCKOI 00J1aCTH;
> IBaHKOBCKUI pailoH KueBckoit 0061acTu;
> Koazeneukuit 1 PenkuHckuii paitonbl YepHUTOBCKO
o0J1acTu.

Hacrosiiee CoobuieHrie 1 moCBSIIEHO OMUMCAHUIO KO-
JIOTO-IO3MMETPUYECKNX MOZENIe PEKOHCTPYKLINHU H03
BHYTPEHHETO OOJIydeHUsI M Pe3yJIbTaToB J03MMETpUYeC-
KO MHIMBUIYAIU3ALUN JUISI CYOEKTOB TPEX U3 IISITU pa-
loHoB: PokuTtHOBCcKOro, OBpyducKkoro u MBaHKOBCKOTO.
BoccraHoBieHre MHOIWBUAYAIM3UPOBAHHBIX 03 BHYT-
PEHHETo 00JTyYeHMsI 3a cUeT MOTpedIeHUST paIMOaKTUBHO-
3arpsi3HEHHBIX MPOAYKTOB MUTAHUS Y XUTeJIel paaruoak-
TUBHO-3arpsI3HEHHBIX TeppUTOpuMii (rpyrma 3) sBisieTcs
Han0oJjee METOAMYECKN CJIOXKHOM 3amaudeil. CII0XXHOCTB
PEKOHCTPYKIIMU 03 3TOI KOMIIOHEHTHI YepPHOOBUIHCKOTO
00JTydeHHs CBsI3aHa C IIIMPOKOM BapradeIbHOCThIO COCTaBa
palnyoHa ¥ caMoOTpaHWMYEHUEM HaceJIeHUEM MOTPeOIeHUS
MECTHBIX ITPOAYKTOB IuTaHus. Kpome Toro, ImpoBoauMEbIe
B T€UEHHUE BCEro IOCIeaBapUtHOTO IepHroaa CeJIbCKOXO0-

INTRODUCTION

Nowadays in Ukraine the State Register of
Ukraine (SRU) of persons, affected due to the
Chornobyl accident is in operation. By 2013 the
information had accumulated about the results
of medical examinations of 2 million 372 thou-
sand persons living in all oblasts of Ukraine. The
aim of SRU is a long-term automatic storage of
the information on health status of persons
directly affected due to the Chornobyl accident,
of their children and future generations. Persons
of SRU are divided over four primary account
groups:

Group 1 — Liquidators (13.4% of all registered
persons),

Group 2 — Evacuees (3.4%),

Group 3 — Residents of the radioactively contam-
inated territories (64.7%),

Group 4 — Persons who were born by parents from
groups 1-3 (1.8%).

Till now, the task of reconstruction the individu-
alized exposure doses due to Chornobyl disaster
remains one of the most important for SRU.
Research on the individualized doses reconstruc-
tion for SRU subjects has been carried out by
Dosimetry and Radiation Hygiene Department of
NRCRM since 2007 [1-2]. Currently the models
of dose reconstruction have been developed and
doses individualization is performed for persons
residing in five raions of different Ukrainian
oblasts (Figure 1):
> Rokytne raion of Rivne oblast,
> Ovruch raion of Zhytomyr oblast,
> [vankiv raion of Kyiv oblast,
> Kozelets and Ripky raions of Chernihiv
oblast.

In Report 1 the description of ecological-dosi-
metric models is given. The description is deve-
loped for the individualized internal exposure
doses reconstruction of persons living in three of
the five raions: Rokytne, Ovruch and Ivankiv. The
reconstruction of individualized exposure doses
due to the consumption of radioactively conta-
minated food for residents of radioactive contam-
inated territories (group 3) is the most methodolo-
gically complicated problem. The complexity of
doses reconstruction of this component of
Chornobyl exposure is associated with a wide
variability of diet and self-limitation of local food
consumption by population. Besides that the
agricultural countermeasures that have been pro-

a) 82



ISSN 2304-8336. lpobnemn pagiauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2014. Bun. 19.

ENIAEMIOJNIOrNIA

TA AO3SUMETPIA

3STCTBEHHBIE POTUBOPAAMAIIMOHHbBIC 3alIUTHBIE MEPOII-
PUSTHS TAKKe MOOUMDUIIMPOBAIA BPEMEHHYIO TUHAMUKY
M3MEHEHMSI KOHLIEHTPAIIK PaAroLe31sI B MECTHOM MOJIO-
Ke, a 3(P(PEeKTUBHOCTb 1 MHTEHCUBHOCTh 3TUX KOHTPMEDP
CYIIECTBEHHO BapblpoOBaja B 3aBUCMMOCTHY OT HaCceJIeHHO-
ro niyHkTa (HII), paiioHa 1 BpeMeHU Iocjie aBapum.
BennuuHa 103 BHyTpeHHEro o0Jy4eHusl OT paauoLe3usl
orpenensercsa KoHueHTtpauueii 713 Cs B moTpebsembIx
MPOIYKTAX IMTUTaHMsI MECTHOTO TTIPOM3BOICTBA, UTO, B CBOIO
ouepeb, 3aBUCUT OT IUIOTHOCTH BBHITAICHUI pagroOLe3usT
Ha IIOYBY M MHTEHCHMBHOCTM BBIHOCA 1I€3MSI M3 TOYBHI B
PacTUTEILHOCTD U JaJiee MO 3BeHbSIM TUILEBOI HIEMOYKHU B
pas3IMYHbIE MSICO-MOJIOUHbIE Y PACTUTEIbHBIE TTPOIYKTHI.
Paitonsr Ykpaunckoro Ilomechsi, K KOTOPEIM OTHOCSITCSI
PoxutHOBCcKMi paiioH PoBeHCKOI 001aCcTH, XapaKTepu3y-
IOTCSI KUCJBIMU TOP(PSHO-00JIOTUCTHIMUA  TTIOYBAMU, TSI
KOTOPBIX XapaKTepHa BbICOKAass MHTCHCUBHOCTD ITepexona
11e31sI U3 TI0YB B KOPHEBYIO CUCTEMY pacTeHUIA, TOTIa Kak
IUTsI TeppuTopr UBAaHKOBCKOTO palioHa XapaKTepHO IIpe-

vided during all postaccident period, essentially
substantially modified the temporary variation of
radiocesium concentration in local milk.
Efficiency and intensity of these countermeasures
are varied significantly in different raions and set-
tlements.

The values of internal doses of radiation expo-
sure due to the ingestion are determined by the
concentration of '¥Cs and '**Cs in the locally
produced foodstuff. This concentration in its turn
is determined by the '¥’Cs activity in the deposi-
tions, uptake of cesium from soil by plants and
further transfer to milk, vegetables and variety of
other food products. In Rokytne raion of north-
ern part of Rivne oblast (part of Ukrainian
'Polessiya’) there are marsh-like and acid soils
with unusually high intensity uptake of cesium
from the soil by plant roots. At the same time in
Ivankiv raion there are mainly sandy soils with
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PucyHoK 1. Kapra-cxema nnotHoctu BbinageHuit 3’Cs Ha nousy 1 reorpaduyeckoe pacnonoxeHue
HaceNleHHbIX MYHKTOB NATU PaitiOHOB NPOXKMBaHUA Cy6beKToB MPY, AnA KOTOpbIX BbINONHEHA PEKOHCTPYKLUUA
WHAMBUAYANU3MPOBAHHbBIX 4,03

Figure 1. Map of *’Cs activity per unit area and geographical location of SRU settlements of five raions for
which the individualization of doses is carried out
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Ta6bauuya 1

06wan xapakTepucTuKa ypoBHein BbinageHuit 3’Cs Ha No4yBy M BeNMYMHA arperMpoBaHHOro Ko3gduumeHTa
nepexopaa uesus “nousa-monoko” (TF') B HaceneHHbIX NYHKTax TPex panoHoOB, rAe NPOXKNBAIOT Cy6bekTbl MPY

Table 1

General characteristic of ¥’Cs ground deposition density and the value of aggregated *3’Cs “soil-milk” transfer
factor (TF?) for the SRU settlements of three raions

PaiioH, o6nactb Konnyecteo MnotHocTb Bhinagenuit '*’Cs Ha nouse*, KBk-M™ TF91, Bk-n"' Ha kBk-M>
HN npoxueanus  '3’Cs ground depositions density*, kBg-m TF91, Bq-L"' per kBq-m
cyonektoB IPY  "min_max cpeaHee meamaHa cpepHee MeamuaHa

Raion, oblast Number of SRU no HI paiiona no HI paiiona

settlements min-max averaged over SRU median averaged over SRU median
in the raion settlements of raion settlements of raion

PokuTHoBCKWiA p-H, PoBeHckast 0611 38 30-195 84 76 7.01 5.3

Rokytne raion, Rivne oblast

OBpyuckuii p-H, Xutommpckas obn. 111 6-649 137 124 2.07 1.08

Ovruch raion, Zhytomyr oblast

MBaHkoBckmii p-H, Knuesckas 06s1. 27 25-185 73 69 0.55 0.48

Ivankiv raion, Kyiv oblast

[MpumeyaHue. * — nAoTHOCTb BbiNafeHus 137Cs Ha nouse npveeseHa k 1986 ropy.
Note. * — 37Cs ground depositions density is adjusted to the year 1986.

obJlagaHue TecYaHbIX ITOYB C JOBOJIHHO HU3KNM TTOKa3aTe-
JIeM Tepexo/a 1ie31sl U3 IMOYBbI B PACTUTETLHOCTb.

B Tabauue 1 npuBeneHa nHpopMalysi OTHOCUTEILHO
BEJIMUMHBI TUIOTHOCTH BhinaneHuii '*’Cs Ha 1MouBy U 5M-
MAPUYECKOTO arpernpoBaHHOr0 KO3 (PUILIMEHTA ITepexo-
na uesud “mousa-mosoko” (TF’')*, xapakTepusyoliero
MOYBEHHBIE 0COOEHHOCTH TOT'O MJI MHOTO PEerroHa.

JlaHHble TaOJULIBLI 1 CBUAETEIBCTBYIOT O IOBOJIBHO 11K~
POKOM Marna3oHe U3MEHEHMS BeJIMIYMHBI YPOBHEH paan-
O0aKTHBHBIX BbIMAJACHUII B paccMaTpuBaeMbIX palioHaX.
Kpome TOro, M3 IpencTaBlIeHHBIX HAaHHBIX OTYETIMBO
BUIHO, YTO MHTEHCUBHOCTb BbIHOCA '*’Cs U3 INOYBBI B
pPacTUTENHLHOCTD U Jajiee, B MOJIOKO, ISl Tepputopuii Po-
KUTHOBCKOTIO paiioHa CYILEeCTBEHHO IPEBbIIIACT 3HAUe-
HuUe 3Toro rnokasares st OBpyuckoro u MTBaHKOBCKOTro
paitoHoB. B cBSI31 ¢ 3TMM MMeHHO TS XKuTeneit PokuT-
HOBCKOTO paifoHa cjeayeT OKMUIATh HAnOOJbIINX 3HAUe-
HUIA 103 BHYTPEHHETo O0ydeHUs (Ha eIUHUILY BbIaae-
Huit '’Cs Ha 1OYBY) B CpPaBHEHUU C IPYTUMU PalOHAMMU.

HOEJb UCCIIEAOBAHUSA

Hacrosiiee CooOliiieHre 1 MOCBSIEHO ONMMCAaHUIO MO-
JeJeli PeKOHCTPYKIIUY WHIWBUIYaIM3UPOBAHHBIX 103
BHYTPEHHETro o0iyueHus cyobekToB I'PY u3 HaceneHus
(rpyrma 3), npoxusamoimnx B PokutHoBckoM, OBpyuc-
KoM 1 UBaHKOBCKOM paiioHaX, a TakoKe MPeACTaBIEHUIO
pe3yabTaTOB IIPUMEHEHMST 3TUX MOJEJICH ST WHIUBH-

relatively low uptake of cesium from soil by plant
roots.

Table 1 provides information on the magnitude
of ¥’Cs ground depositions density and aggregate
empirical “soil-milk” transfer factor for cesium
(TF’))*, which characterizes the properties of soil
in a particular region.

The data in Table 1 show that even within one
raion the values of the radioactive density deposi-
tions can vary by two orders of magnitude. From
presented data it is clear as well that for the terri-
tories of Rokytne raion the intensity of '*’Cs
uptake from soil by vegetation with further trans-
fer to milk greatly exceeds the one for Ovruch and
Ivankiv raions. In this regard it should be expect-
ed that the highest values of internal exposure
doses normalized per unit of '’Cs ground depo-
sitions will take place just for residents of
Rokytne raion.

STUDY OBJECTIVE

The aim of this Report 1 is description of models
developed for the reconstruction of individual-
ized internal exposure doses for the SRU subjects
from population (group 3) living in Rokytne,
Ovruch and Ivankiv raions. The results of apply-
ing these models for doses individualization for

# TP paccumTbIBANCA MO [AHHbIM FOCYLAPCTBEHHOMO SKONOMYECKOT0 MOHUTOPUHTA KaK OTHOLLEHWE KOHLIEHTpaLmm 'S’Cs B MOnOKe B TOM vam uHoM HIT, uamepenHoii B 1990—

1992 rr., K MNOTHOCTY BbinageHuit '3Cs Ha nousy B 1991 r. B 3TOM xe HIl

* TP" was calculated according to the date of the state environmental monitoring as a ratio of the '’Cs concentration in milk in a particular settiement measured in 19901992 to

the density of '3Cs ground depositions in 1991 in this settlement
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nIyanu3aluu 103 cyobekToB I'PY atux paiioHoB. B Coo06-
1eHur 2 OyayT NpeAcTaBlIeHbl COOTBETCTBEHHO MO
PEKOHCTPYKILIUM 1 A03bI 001yuyeHUs1 cyobekToB ['PY Ko-
3esenKoro u Penmkunckoro paiioHoB YepHUTOBCKOI 00-
JIaCTH.

MATEPUAJIBI 1 METO/IbI

DeHOoMEHO0JIOrHs, CTPYKTYPHASA CXeMa ¥ COOTHOLIEHHS
MoJieJH

B xauecTBe MHAMBUIYAIM3UPOBAHHOM HO3BI i-MYy CYOBEK-
Ty I'PY, npoxusawliemMy B j-m HACEJIECHHOM NYHKTE
(HIT), B T-ii rox mocie aBapuy MPUITMCHIBAETCS CPEIHSIS
no3a D'(mnst neteit BO3pacTHO¥ rpyribl a) wiu D' (st
B3POCIIBIX), PEKOHCTPYPOBaHHAS IJISI BO3PACTHOM TPYII-
bl 3Toro HIT, cooTBeTCTBYIOIIEH BO3pacTy i-20 cyObeKTa
B T-ii ro.

B Monesnsix pekoHceTpyKimu D' u D" uctions3yrorest
HII- u paiioHHO-cnieur@uuHble (YHKUMA W HapaMeT-
pbl. B xauectBe HII-cneunduynsix ¢pyakumii j-eo HIT
HCITIOJIb3YETCH:
> HII-cneuuduueckas BpeMeHHass (GyHKIUS TOCTYII-
nenust ¥Cs ¢ pauoHoM B3poCibIX — ¢% (1) ;
> HII-crrennduueckas GyHKINS BpEMEHHON TMHAMM -
ku '¥'Cs B Mosoke — ¢ (1).

B kauecTBe 001IepalfOHHBIX TTApaMETPOB F-20 palioHa
WUCTIONB3YIOTCS:
> a0COMIOTHBI MOJIOYHBIM 3KBMBAJEHT palllOHa Jisl
B3pOCJIbIX XXUTeeil pailoHa r — ARMEy (;1/cyT), onpene-
JISEMBbII KaK KOJIMYEeCTBO KOPOBbETO MOJIOKA, TTOTpebdie-
HUE KOTOPOTo 00eCIeurBaeT Takoe e MOCTyIJIeHUe pa-
IHOIIE3HUsI B OpTaHU3M XKUTEJIel, KaK M BeCh PalllOH;
> OTHOCUTEJIbHOE BO3pacT-3aBUCUMOE ITOCTYILICHUE
1¥7Cs ¢ palimoHOM XuTesneii paifoHa r — RRI”, onpeens-
€MOe KaK OTHOIIIeHUE TOCTYIJIEHUSI Paauole3us ¢ pa-
LIMOHOM Yy MpPEICTAaBUTEICH BO3PACTHOM TIPYyIIbl a K
MOCTYILIEHUIO paloIIe3usl C palliOHOM B3POCJIbIX.

IMapamerpu3sanust GyHKIMIA MOAEIEH TPOBOIUTCS TSI
B3POCJBIX XuTejeil Toro win mHoro HIT wau paitona.
TonoBast 103a BHYTpeHHETo OOJIydeHUs IJIsl IeTeid BO3-
pacta a Bj-m HII r-eo paitona D" paccuntbiBaeTcs ¢ UC-
MOJIb30BAHUEM 03Bl IS B3POCIBIX D'

the SRU subjects from these raions are also given.
Models for the internal exposure doses recon-
struction for the SRU subjects of Kozelets and
Ripky raions of Chernihiv oblast are described in
Report 2 in this digest.

MATHERIALS AND METHODS
Phenomenology, structure and main relations

of model

The individualized dose of SRU subject i of age a
living in settlement j in year 7 corresponds to the
average exposure dose value for children of age-
group a ( D" ) or adult subjects ( D{*") been re-
constructed for the respective age group of that
settlement j corresponding to the age of subject /
in year 7.

In the models for D/ and D/“’" reconstruction
the settlement-specific and raion-specific func-
tions and parameters are used. The settlement-
specific functions for j-th settlement are:
> settlement-specific time-varying function of
H7Cs intake with diet for adults — ¢¢*(1);
> gsettlement-specific function of time dynamics
of '¥’Cs in milk (milk function) — ¢ (1).

The next raion-specific functions are used for
raion r:
> absolute milk equivalent of diet for adults of
raion r (L/day) — ARME; (Absolute Raion Milk
Equivalent). ARME}y corresponds to such amount
of milk intake that would result in an intake of
137Cs equal to the one arising from the consump-
tion of local food in the whole diet.
> relative intake of '”’Cs with diet — RR/’(Raion
Relative Intake), which is defined as a ratio of
137Cs intakes with diet for subjects of age group a
to the one for adults.

The calibration of function parameters is pro-
vided for the adult residents of a particular settle-
ment or a raion. The annual internal exposure
dose D" for children of age a is calculated based
on the dose for the adults D" as follows:

D;l,T — D;zd,T RRI; .kjos /kjsv (1)

rae kj”s , kjf,s — [103a Ha €IVHUILY TOCTYIUIEHUS (1030-
BBl KO2(@MUIIMEHT) IS BO3PACTHOM TPYyMHIBl a WIU
B3POCJIbIX, COOTBETCTBEHHO (3B/bK).

TMpouenypa BocctaHOBACHUS 1036l D" st T-eo ro-
na B j-m HII cyliecTBeHHO 3aBUCUT OT HAIWUUS U 00b-
ema CHY- 1 MOJJOYHOTO MOHUTOPUHTOB B 3ToM HII.
Tax, ipu HaJIUYUU HOCTaTOYHOTO KoaudyectBa CHUY-

u3MepeHuit N ZBJC’T Bj-m HI1 B T-m rofy y B3pOCIIbIX

where kj”s , ki‘f are the effective conversion fac-
tors for '¥’Cs for age a and for adults (Sv per Bq
ingestion).

The approach for the reconstruction of D "in year
T in settlement j depends essentially on availability
and amount of milk- and WBC measurements in
settlement j. Hence if the number of WBC measure-

ments N Zf ]C’T for adults in settlement j in year T is
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(N, WBC 7'>10), nosa D{’" oLIleHNBaeTCs HETOCPEeCTBEH-
HO no pesyasratam CUY-u3mepeHuii Tak, 4To:

ad, T _ —ad,T .dos
D" =gyt ki AT

roe AT = 365 cyTok;
q;’d T _ cpennee 3nauenue noctyrienus ¥’Cs ¢ paum-

OHOM Yy B3pocibix xuteneir j-eo HII B T-m rony
(Bbk/cyT), paccuMThIBa€MOE MO COOTHOIIEHUIO:

—ad ,T

q; —NWTZ@ﬁT@)

ad ,j

B (3) Q“d T _ comepxanue '¥’Cs B opraHusme k-eo
B3pocnor0 )KI/ITeJTH j-eo HII, usmepenHoe B T-ii rof
(bk); A58 aq — TIOCTOSIHHASI ITOJTYBbIBEICHUS LIE3UsI U3 OP-
raHu3Ma B3pocsioro (cyr').

Ecnu B paccmatpuBaemowm j-u HIT mpokuBanus cyonb-
ekta 'PY B T-ii ron CY-MOHUTOPUHT HE TPOBOJAUIICS,
HO B HeM B niepuoj 1987—2012 rr. BeimonHsuiuch CUY-
U3MEpeHUs Mo KpaitHel Mepe B TeueHue 7 JIeT, TO MO0 pe-
syabTaTtaM Bcex CUY-u3mepenuit njist atoro j-eo HIT ye-
taHaBiauBaetcsl HIT-cneuudpuyHasa ¢GyHKIUS TTOCTYILIE-
Hust ’Cs ¢ palmoHoM Ui B3pOCTBIX ¢4 (1), a no3a D"
BHYTPEHHEro o0JIydeHUs IJIs1 B3POCbIX B T-ii o pac-
CUMTHIBAJIACh KaK:

Dy =g ),

e q| (t)‘ — HIl-cnieunduyeckoe mocTyieHe B37Cs
c paLII/IOHOM paccuntaHHoe 1o GYHKIMU g r ( t) nns
T-e0 Tona.

Ecmm B HIT mpoxxuBanms cyosekra ['PY CUY-monn-
TOPUHT IPOBOAWICS MEHee, YeM B TeueHue 7 JIeT B Iie-
puon 1987—2013 rr., To mpu Hanuuuu s storo HIT
JOCTaTOYHOTO KOJIMYECTBA Pe3yJIbTaTOB MOJIOYHOTO MO-
HUTOpUHTA ycTtaHaBnmuBaeTcd HII-crienmduunas “mo-
JIouyHast” (OYHKLMS BpeMEeHHON AMHAMUKU KOHLIEHTpA-
uun VCs B koposbeM Mosoke ¢ (1), Br/11, a ronosas
71032 BHYTPEHHETO O0TydeHUsI IUISI B3POCIIBIX D " pac-
CUYMTBIBACTCS 110 COOTHOILICHUIO:

D}ld,T — C;zt[k(t)‘t:T
e szlk (Z)‘ — cpenHss KoHueHTpauuu ’Cs B Mo-
JIOKE, paccqmaHHaﬂ 1Mo (pyHKUUU cm’”‘ () Ha MOMeEHT
t=T.

[Ipu HemocTaToOUHOM OOBEME M TIEPUOINIHOCTH KakK
CHY, tak m MojmoyHoro MOoHMTOpWHTA B j-M HIT mmsa
OLIEHKM J03bl TPUMEHSIETCS crielrpuruIecKas mpoLeLy-
pa yCTaHOBJIECHMS TIapaMeTPOB (PYHKIIMU C MCIOJIb30-
BaHUEM PE3yJIBTaTOB MOJIOYHOTO MOHUTOPUHTA B OJIM3-
nexammux HIT.

-ARME, -k - AT

large enough (NZZ’?]C’T> 10), dose D" is evaluated
based on WBC measurement results as follows:

(2)

where AT = 365 days;
qjad Tis the average value of '3’Cs intake with diet
for adults of settlement j in year T (Bq per day)

which is calculated as:

)

In (3) Qad T'is the '¥’Cs body burden for adult k
of settlement j measured in year 7 (Bq), ﬂ is bio-
logical elimination rate of '*’Cs from the body for
adults (day™).

In the case if the WBC monitoring in settle-
mentj in year 7T have not been provided, however
the WBC measurements were performed at least
within 7 years (7 times) during 1987—2012, thus
the results of WBC measurements are used to
establish the settlement-specific function of »¥’Cs
incorporation with food ration ¢(z), and the dose
D" of intarnal irradiation for adults in year 7 is
calculated as

ko - AT (4)
where ¢ (t)‘ is the settlement-specific func-
tion of 137Cs intake with diet, calculated by the
function q ( t ) for year T.

In case 1f WBC monitoring in settlement j in
year 7 had been performed during less than 7
years withing the period 1987—2013, then if there
is enough data of milk monitoring the settlement-
specific “milk” function of time pattern of '¥’Cs
concentration in milk ¢”™(z) can be established
just based on the results of milk measurements.
Then the internal radiation dose in adults D;’“ is
calculated as:

5)

where Cm’lk(t) is the annual average concen-
tration *’Cs in n%lk calculated by the function

;-’””‘ (?) foryear T.

A specific procedure for establishing the func-
tion parameters is developed for the settlements
j, where the results of WBC and milk measure-
ments are unavailable. The results of milk moni-
toring in the nearest settlements are used in that
procedure.
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CTpyKTypHasl cxeMa MOJAEJIU PEeKOHCTPYKIIMU, pa3pa- A schematic diagram of the methodology used
0OTaHHOW [JIsI WHAWBUAYaIM3allMd 03 oOiydeHHMs  to reconstruct individualized doses for SRU sub-
cyonekToB ['PY PoxutHoBckoro, OBpyuckoro m MBan-  jects living in Rokytne, Ovruch, and Ivankiv
KOBCKOT'O paliOHOB, MpeACTaBlIeHa Ha PUCYHKE 2. raions is demonstrated in Fig. 2.

PajionHocnenuduyeckne napamMerpol

JlaHHBIE MOJIOYHOTO PaitoHHO-crienudmaecKuii Hannsie CUY MmoHuTOpUHTa
monuropunra B HII paiiona 3a MOJIOYHBIH SKBUBAJICHT B HII paiiona
1991-2012 rr. pamona ARMEr 3a 1991-2012 rr.

'

PationHo-crienuduyeckoe
OTHOCHTEIIbHOE BO3PACT-3aBHCHMOE

nocrymwrenue, RRI]

ad,T
PexoncTpykims 10361 Y B3pocbIx j-ro HII B 7-M roay ( D J )

Wwmen m
mecto CUY —
MOHUTOPUHT B T-ii IO B j-M
HII

WBC,T
Nad,j

ad,T_—ad,T. das.
DT =gt kAT

( >10)?

Wwmen m
Mecto CUY — MOHUTOPHHT
B 19912012 rr.
B j-M HIT'
(>7 ner)?

DI =g (0], ki AT

Nmen mu
MECTO MOJIOYHBIHI
MOHUTOPUHT
B 1991-2012 rr.
B j-m HII
(>7 ner)?

ad,T _ _milk dos
DT =™ 1) - ARME, -kl - AT

HET Crnenudunyeckas nporeaypa Ui BOCCTAaHOBICHHS (QYHKIIHT c;f”'”‘ (t)

a,T
PexoHcTpyKIMs 10361 JUIs AeTeli Bo3pacTHoii rpynnsbl ¢ j-ro HII B 7-M roay ( D ! )

a,T __ ad,T r dos dos
DT = DT RRI] -k /K

*) JTOTIOHUTENbHBIM TpeboBaHueM siBisiercs Hammane CY-n3mepenuii Xots 661 B oHOM roay 1o 1991 r.

PucyHOK 2. 06was cxema MCNoNb30BaHMA Pe3y/ibTaTOB 3KONOro-A03MMETPUYECKOr0 MOHUTOPUHIA U OCHOB-
HasA NoC/ief0BaTeIbHOCTb NPOLEAYpP B MOAENN PEKOHCTPYKUUM MHAMBUAYANU3MPOBAHHBIX A03 Cy6bekToB MPY,
npoxusawowmux B HM PokutHoBCKOro, OBpy4cKoro u MBaHKOBCKOro painoHoB
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Raion-specific parameters

Milk monitoring data Raion-specific milk WBC monitoring data
in raion’s settlements equivalent of diet in raion’s settlement
in 1991-2012 in 1991-2012
ARME -

'

Raion-specific relative intake of ¥'Cs
with diet, RRI,

d,T
Dose reconstruction for the adults of settlement j in year 7 ( D;-l )

Was there
a WBC monitoring
in settlement j in year 7,

(N5 >102

Yes ad,T __ —ad,T dos
—P Dj =q; - kad AT

Was there
a WBC-monitoring
in 1991-2012 in settlement ;
(=7 times/years)?

Yes ad,T __ _ad dos
Dj =4, (t)‘z:T 'kad AT

Was there
a milk monitoring
in 1991-2012
in settlement j
(>7 times/years)?

ad,T _ _milk dos
DT =c™(1) - ARME, -kl - AT

Specific procedure for reconstruction of function c;-””k (t)

a,T
Dose reconstruction for childrens of age group « in settlement j in year 7 ( D ! )

ad

D;l,T — D;zd,T RRI;’ .k;ios /kdos

*) Availability of WBC measurements in at least one year up to the year 1991 is an additional requirement

Figure 2. Structure diagram of the methodology used to the individualized doses for subjects of SRU resided
in the settlements of Rokytne, Ovruch, and Ivankiv raions

B Tabnuire 2 Ha ocHOBaHWM aHanm3a 9actoTel CUY- u Proceeding from the WBC and milk monitoring
MOJIOUHOTO MOHUTOPUHIOB MpuBeaeHo koandectBo HII  frequency a number of settlements in the raions
B paccMaTpUBaeMbIX pailoHax, IJIs KOTOpbIX oKa3zajioch  under consideration, for which settlement-specif-

. . il .
BO3MOXHbIM ycTaHoBuTb HIT-crietmuynbie GyHkunn  ic functions g, (2) or ¢ (¢) can be established, are
milk . .
TNOCTYIUICHUSt ¢ ;(2) um ¢ (1) . given in Table 2.
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Ta6auuya 2

Konuuecteo HM PokutHoBCKoro, UBaHKoBCKOro u OBpYYCKOro paifoHOB, ANA KOTOPbIX BO3MOXHO YCTAaHOBNIEHUE

HN-cneuuduunbix yHKUMiA g (1) uan c;'”’k(t)
Table 2

Number of settlements of Rokytne, Ovruch, Ivankiv raions for which the settlement-specific functions ¢, (1)

or ¢ (1) can be established

PaitoH KonuuyectBo HIT / number of settlements
Raion Bcero HI npoxuBanus BO3MOXHOCTb BOCCTaHOBNEHUS cneuunanbHas npoueaypa
cy6bekToB MPY B paitoHe HIM-cneundunyecknx GpyHKumii BOCCTaHOBJIEHUS
total number of settlements were possibility to reconstruct special procedure for
SRU subjects resided the settlement-specific functions reconstruction
qj (t) c;zzlk (t) c}mlk (U
VIBaHKOBCKMIA 27 27 -
Ivankiv
Ovruch
OBpyuckuii 111 27 75 9
PokuTHOBCKUIA 38 21 17 -
Rokytne

Kak BUIHO 13 JaHHBIX, MPEACTABICHHbIX B TAOJIULIE 2,
st Bcex HIT PokutHoBckoro m MBaHKOBCKOIO paiio-
HOB 00beM U 4yactoTa CHUY mau MOJIOYHOrO MOHUTO-
puHTOB T03BOJsgeT ycTaHoBUThL HII-cnenuduueckue
dyHKLIIMM g (1) n c”””‘ (t). B OBpyuckoMm paiione hyHK-
1MH g, (H)u c"””‘ () MoryT ObITh ycTaHOBIEHBI 17151 102 (13
111) HH ,[[JU{ 9 HII aroro paiioHa pa3paboTaHa CIIeLH-
aJibHag TIpoleAypa BOCCTAHOBIIEHUS apaMeTPOB (pyHK-
1005071 c;_””k (t) . B ViBaHkoBckoM paitoHe mist Beex 27 HIT
0Ka3ajlochb BO3MOXHBIM BoccTaHOBUTH HII-crieuudu-
yeckue (PyHKLUU c;””‘ ().

HII-cnenmuduyeckue ¢ynkuun nocrymienus ’Cs ¢ pa-
LHOHOM B3POCIBIX ¢ Jad (1)

[MapameTphl PyHKIK qad (¢ ) OLCHUBATNCD MyTeM arl-
MIPOKCUMALIMK CPETHUX fonoBbIX nocryruienuit ¥’Cs ¢
PaLMOHOM Y B3pOCJbIX XHTeneil Toro i nHoro HIT
q‘.’d’T (PacCYMTAHHBIX B COOTBETCTBUU C BBIPAKEHUEM

3) pyHKuUMEl BUIa:

gy (t)=al

e g9 (bxecyr')u AZ (rom!') - oueHuBaeMble mapa-
METpHI. /

JlonoTHUTETbHBIM YCJ'IOBI/IGM npu ycraHosnenuu HIT-
cneunuyHOR GyHKIMKU 6] ( t) ObL10 TpeOOBaHME Ha-
mmunst CUY-u3mepenuii B j—M HII xoTs1 661 B OIMH O/
1o 1991 . Kpome Toro, ,ZLJIH JaJIbHEHIIIeTo UCIOIb30Ba-
HUS TPUHUMAIUCH q ( ¢t ) mmuib tex HIT, s KOTO-
pBIX TIpoLIeaypa OHCHKI/I napamMeTpoB pyHKIIUU q ( t)
XapakTepu3oBajlach 3HAUEHUEM Koa(b(bMuHeHTa nne-

-exp(=Ajr)

Table 2 shows that amount and frequency of
WBC and/or milk measurements allow to establish
the settlement-specific functions ¢ (z) or c;."”k (1)
for all settlements of Rokytne and Ivankiv
raions. In Ovruch raion, functions q,(t) and c";”'”‘ ()
can be established for 102 (out of 111) settlements.
Special procedure for reconstruction c;?“"k (1) is
needed for 9 settlements in this raion. In Ivankiv
raion, the establishment of settlement-specific
functions c;””k (¢) for all 27 settlements can be pro-
vided.

Settlement-specific functions of '¥’Cs intake with
diet for adults 4%/ (7 )

The parameters of function q‘?d (t ) were estimat-
ed based on approximation of the average yearly
137Cs incorporation with food in adult residents of
a specific settlement q]‘.’d T (calculated according
to eq. 3) by the function:

(6)

where g9 (Bq-day') and /'Lq (year™!) are esti-
mated parameters.

An additional requirement for establishing set-
tlement-specific function q?d (t) forsettlement
Jj was an availability of results of WBC measure-
ments for settlement j for at least one year up to the
year 1991. Besides, q“d (t ) were accepted for fur-
ther usage only for those settlements where proce-
dure of parameter estimation for g j ( t Jwas cha-
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tepmuHanuu R? > 0,2*. UMeHHO B CUJIY IOCJIEIHE-
ro ycinosusg (R?>0,2) uu nasa ogHoro us HIT Usan-
KOBCKOTO paiioHa GyHKLMS q?d (t) oleHeHa He
ObLIa.

ITapameTpbl GyHKLIMU q?d (t ) ouenensl aist 21 HIT
npoxuBaHus cyobekToB I'PY PokutHoBCcKoro u 27 HII
npoxuBaHust cyonekToB ['PY OBpyuckoro paifoHOB
(tabx. 3). Ha pucyHke 3 B KauecTBe IpUMEPOB BU3Y-
aJIM3MPOBAaHBI CPETHETOOBbIE 3HAUYCHUS gd.Ty yHK-
LS q?d (t ) st psina HIT mpoxkuBaHust Cyé'bCKTOB ey
3THUX PaliOHOB.

Ta6auua 3

racterized by the determination coefficient R? > 0.2*,
Just because of the latter condition (R? > 0.2) the
function q?d (t) was not estimated for any settle-
ment of Ivankiv raion.

The parameters of q?d (t ) were evaluated for 21
settlements of Rokytne raion where SRU subjects
are living, and for 27 such settlements in Ovruch
raion (Table 3). Figure 3 demonstrates as examples
the annual values of g9¢! and corresponding fit-
ted curves q?d (t) for’ some SRU settlements of
Rokytne and Ovruch raions.

Napametpbl HM-cneyuduruHbix GyHKLMI nocTynneHus aktusHoctu 3’Cs y B3pocnblix, q?d (t), ana HN
NpoXXuBaHuA cyobekToB NPY POKUTHOBCKOro n OBpYyYCKOro painoHoB; q;?d (t) = a? .exp(—/lj,t) ' a;f. " ﬂg -

napametpbl, R? — Ko3uymeHT geTepmuHaymu
Table 3

Estimated parameters of settlemen:lc-speciﬁc functions of *7Cs intake for adults, q?d (t ), for SRU settlements
of Rokytne and Ovruch raions; ¢7* (¢) = a - exp(—=A4it), a;]. and ﬂ.? are estimated parameters, R? is

determination coefficient

Ne n/n HN MapameTpbl GpyHKumm / parameters of q;?d (t)
In2
No of SRU settlement al 24 Ti = — R2
settlement / / A
Bk/cyt // Bq/day 1/rop // 1/year roabl / years
PokuntHoBCKuMIA paioH / Rokytne raion
1 Benosex / Belovezh 225 0,094 74 0,4
2 Bepe3sosoe / Berezove 222 0,08 8,7 0,9
3 bnaxesoe / Blazheve 168 0,099 7 0,6
4 Bopogoe / Borove 217 0,16 44 0,8
5 Bexwuua / Vezhitsa 659 0,071 9,7 0,5
6 [nuHHoe / Glynne 145 0,051 13,7 0,6
7 [po3abib / Drozdyn 381 0,06 11,5 0,5
8 [Jly6Ho / Dubno 86 0,03 22,9 04
9 KamenHoe / Kaminne 244 0,11 6,4 0,4
10 Kapnunogka / Karpilovka 142 0,077 9 0,8
1 Kucopuum / Kysorychi 217 0,16 43 0,8
12 Macesuuu / Masevychi 364 0,13 53 0,7
13 06cuy / Obsich 122 0,064 10,9 0,5
14 Octku / Ostky 170 0,13 53 0,7
15 lMepexopmnum / Perehodychi 746 0,14 49 0,7
16 MMo3HaHb / Poznan 145 0,079 8,8 0,8
17 PokutHo / Rokytne 115 0,095 73 0,7
18 CnoBupoBuum / Snovydovychi 224 0,094 74 0,8
19 Crapoe Ceno / Stare Selo 447 0,057 12,2 0,5
20 Tomawropog / Tomashgorod 278 0,08 8,6 0,5
21 Tomawropop (Cexu) / Tomashgorod (Sehy) 237 0,097 7,1 0,8

¥ Koagpduumnent nerepmunaumn (R2) — CTaTUCTUYECKWIA MOKA3ATENb, KOTOPBIA MCTIONL3YETCS B CTATUCTUYECKMX MOAENSX KaK Mepa 3aBUCUMOCTA BapvaLyil 3aBUCUMOIL
NepPEMEHHOI OT BapuaLyy HE3aBUCUMbIX MEPEMEHHBIX. 10Ka3bIBAET, HACKONbKO UMEIOLLMECS HAOMIOAEHUS NOATBEPXAAIOT MOAENb

3
PERIID M7 7) ML P

Z(yi_y)z "

Yin)Y; — daKtnyeckne n OLEHOYHbIE 3HAYEHUS 3aBUCUMOI NEPEMEHHOIA.

¥ Determination coefficient (R?) is statistical indicator, which is used in statistical models as a measure of variation of dependent variable, with regard to variation of indepen-

dent variables. It shows how the available observations fit the model
-2
RI—]_ > =) y:izyi,

Z(yz'_j’)z !

Y; and y; are actual and estimated values of the dependent variable.
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Ta6nauua 3 (npoaoiKkeHue)
Table 3 (continued)

Ne n/n HMN MapameTpbl GyHKUuK / parameters of qj.’d (t)
In2
No of SRU settlement a? 24 Ti = — R2
settlement / / ’1/‘
Bk/cyr // Bq/day 1/rop // 1/year rogbl / years
OBpyuckuii panoH / Ovruch raion

1 Benukas YepHuroska / Velyka Chernihivka 111 0,102 6,8 0,9
2 Benukuit Kobbinux / Velykyi Kobylyn 111 0,16 43 0,98
3 BoicTynosuum / Vlystupovychi 335 0,068 10,2 0,6
4 BoaHuum / Voznychi 425 0,17 4 0,6
5 napkoBuum / Gladkovychi 7 0,07 10 0,3
6 [Oymunckoe / Dumynske 214 0,029 23,7 0,3
7 3abonotb / Zabolot 84 0,06 11,5 0,8
8 Kvppanb / Kyrdany 35 0,051 13,5 0,4
9 JlekoBuum / Levkovychi 74 0,095 7,3 0,8
10 Jlnumansl / Lychmany 104 0,04 17,2 0,4
11 JlyyaHkm / Luchanky 270 0,10 6,8 0,9
12 JopeuHoeka / Lyudvynivka 213 0,056 12,4 0,4
13 Margu+ / Magdyn 181 0,055 12,6 0,2
14 Mauku / Matsky 291 0,095 7,3 0,4
15 Huxusa PyoHs / Nyzhnya Rudnya 180 0,11 6,4 0,8
16 Ospyu / Ovruch 37 0,045 15,4 0,3
17 Mexotckoe / Pehotske 676 0,12 57 0,7
18 MewanHuua / Peschanytsya 50 0,042 16,4 0,8
19 MepotpaBHeBoe / Pershotravneve 94 0,073 9,6 0,6
20 Mo6biun / Pobychi 182 0,077 9 0,6
21 PakoBuumHa / Rakovschina 137 0,15 47 0,97
22 Cenesoska / Selezovka 200 0,076 9,1 0,7
23 Cpennsist PypHs / Serednya Rudnya 283 0,11 6,5 0,9
24 CbipHnua / Syrnytsa 155 0,071 9,7 0,7
25 Cno6opna / Sloboda 80 0,074 9,4 0,8
26 Cnoseytoe / Slovechne 36 0,042 16,3 0,6
27 YabaH / Chaban 119 0,053 13 0,5

HII-cnenudmnueckue “mosounnie” GhyHKIMH c_;?””‘ (t)

ITapamerpsr HII-cnennduyeckux “mMon04HbIX” (PYHK-
LM BpEMEHHO TMHAMUKU KoHLeHTpauuu *'Cs B MO-
JIOKE cm’”‘ (t) 1O pe3yJsTaTaM MOHUTOPHUHIA KOHIIEHTpA-
o 137Cs B MoJsioke B nepuon 1987—2011 rr. oueHeHbI
a1 HIT cyobekToB I'PY PokutHoBckoro, OBpydcKoro
u MBaHKOBCcKOro paiioHoB, rae oobem CHUY-mMoHUTO-
pUHTa ObUT HeoOoCTaTOUHBbIM. DyHKIIMS c’”’”‘ (t) ammpok-

CUMUPOBAJIACh ClIeayIOLIeH MaTeMaTI/I‘{eCKOI/I dopmoii:

Settlement-specific “milk” functions c;”"”‘ (t)
For the residents of SRU settlements of Rokytne,
Ovruch and Ivankiv rayons for which the amount
of WBC monitoring of *’Cs content in milk was
insufficient, the settlement-specific function
"“”‘ (t) was developed based of the results of
m11k measurements in 1987—2011. The function
’”’”‘ (t) can be expressed as a two-exponential
functlon

(@) =a"™ (b, -exp(=A4" 1)+ (1=b,)exp (A" - 1)) (7)
e oMk, b;, 2 udj}" — ouenusaembie napavetphl.  where g ;”ﬂk b, A7\"and 2" are estimated parameters.
HIT- cneumbwmble q)yHKLU/m c””lk (t) OBLIN YyCTAaHOB- Settlement- specn"lc functlons c"”lk (t) were es-

stersl 1ist 17 HIT POKUTHOBCKOTO paiiona, 75 HIT OBpy-
yckoro paitona u 27 HIT MBankoBckoro paiioHa.

Ha pucynke 4 B kauecTBe TIpUMEpPOB BU3yaJIU3MPOBa-
HBI 3HAYCHUS c"”lk (t) nnst psina HIT npoxxuBaHust cyob-
ektoB I'PY POKI/ITHOBCKOFO Ospyuckoro u MBaHKoBC-

KOI'o paliOHOB.

tablished for 17 settlements of Rokytne raion, 75
ones of Ovruch raion, and 27 ones of Ivankiv raion.

Figure 4 shows examples of the empirical annu-
al values of '’Cs concentration in milk and fitted
curves CT”" (t) for some SRU settlements in Ro-
kytne, Ovruch, and Ivankiv raions.
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PucyHoK 3. Mpumepbl 3MNUpUYECKUX CPeAHErof0BbIX 3HaYeHMI noctynnenus 137Cs ¢ pauuouom (o) w ycra-
HOBJIEHHbIX MOAENbHbIX (CnnowHas kpusas) HI-cneundmyeckux GpyHKUUi nocTynneHus ¢ (1) AnA B3poCAbIX
Cy6'bEKTOB I'PY PokutHoBckoro (A) n OBpy4ckoro (B) paitoHos; a i(bk/cym), A (1/200)- napameTpbl hyHKLUM
(t) T _In2 (roppr)
/1/'
Figure 3. Examples of empirical annual values of 137Cs intake with the diet (o) and the fitted curves (solid
curve) of SRU settlements of Rokytne raion (A) and Ovruch raion(B); a’(Bg/day), 1’ (1/year) are estimated

parameters, 77 = 7 (years)
J
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PucyHoK 4. Npumepbl 3MNupu4ecknx 3Ha4eHunit cpeHerofoBon KoHueHTpauuu 37Cs B monoke (o) u mo-
AenbHasA “MonoyHan” dyHKumuA (cnnowHasa kpueas) ana HM npoxusanua cy6bektoB MPY PokutHoBCKoro (A),
OBpyuckoro (b) n UBaHkoBckoro (B) paitoHoB; a;f“”‘, b A 275 = napameTpbl “MONouHON"” yHKUuM c;’?"”‘ (t)

Figure 4. Examples of empirical values of annual concentration of 137Cs in milk (o) and fitted curves of

“milk” function (solid curve) for SRU settlements of Rokytne (A), Ovruch (B) and Ivankiv (C) raions; a™

. ! A milk,
b;, A" and 27" are the estimated parameters of ¢7"* (1)
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milk (Z) s

CrenmanbHasi npouesypa BOCCTAHOBJIEHHS ¢
HII “06e3 M0OJI0YHOr0 MOHMTOpPHHTra”

Hna 9 HIT nmpoxuBaHus cyobekToB OBpYyUCKOTro paiioHa
yacToTa MOJOYHOTO MOHUTOpUHTA (Tabja. 2) He MO3BO-
nser ycraHoButh HIT-criermduyeckue (byHKum/Ic””lk (1)
ITapameTpbl pyHKIMI c””lk (t) nmiag atux HII ycranas-
JINBAJIACh C YIETOM pesyanaTOB MOJIOYHOT'O MOHMUTO-
punra, npoBogumoro B HII, pacnmonoxXeHHBIX B HETIOC-
pEeACTBEHHOM 01130CTH (2—8 KM) OT pacCMaTpUBaEMOTO
HIT npoxuBaHus cyobekToB I'PY.

Ha kapte-cxeMe pucyHKa 5 BU3yaJIMUBUPOBAHO PacCIio-
JloxkeHue ykazaHHbix 9 HII, a Takke pacnojioxkeHue
npyrux HII, toe MOJIOYHBIIT MOHUTOPUHT ITPOBOIMIICS
0oJiee THTEHCUBHO.

Special procedure for reconstruction of c;’”k (t) for

SRU settlement “without milk monitoring”

The amount of milk monitoring (Table 2) did not

allow to establish the settlement-specific functions
”””‘ (t) for 9 SRU settlements of Ovruch raion.

The parameters of c?”lk (t) for these settlements

were assigned based on the results of milk mon-

itoring performed in settlements, located in

close proximity (2—8 km) from the SRU settle-
ments.

The spatial location of these 9 settlements and
the settlements with more intensive milk monitor-
ing are shown at the map in Figure 5.
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PucyHoK 5. leorpacduyeckoe pacnonoxetue HI, ncnonbsyembix B cneyuanbHoM npouegype BOCCTaHOBJe-

HUA GYHKLUU c”“”‘

(t) ana HN OBpyYcKoro panoHa “6e3 MOJIOYHOr0 MOHUTOPUHIA”

Figure 5. Map of spatial locations of 9 SRU settlements of Ovruch raion with special procedure of c;"”k (1)
renewal and locations of the nearest settlements with sufficient milk monitoring

Abcoaromuuiii patioHHbLL MOAOUHBLIL IKGUBAACHIN

pauuona ARME;

YucneHHoe 3HaYeHHE aOCOJIIOTHOTO PaliOHHOIO “MO-
JIOYHOTO” IKBUBAJICHTA PallMOHA JIJIsSI B3POCIbIX XUTE-
JIEW paiioHa 7 B TOM MJIM MHOM rony T (ARMEVT ) ompe-

Absolute raion milk equivalent

of ration ARME;

The value of raion absolute milk equivalent of diet
for adult inhabitants of raion rin year T (ARME rT )
is defined as average (weighted by the number of
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JefisieTcsl Kak cpeaHee (B3BELIEHHOE MO KOJIWYECTBY
CHY-u3mepeHuil) 3HaueHUE MOJIOYHBIX SKBHUBAJICHTOB
paloHa ISt B3pOCIIbIX ( WWTl Iff}cd i ), PACCUMTAHHBIX JJIST OT-

nenbHbIX HIT aTOro0 paiiona, Tak 4to:
ARME] =

rae N7 — xonuuectso HIT, aist Kotopbix B T-ii ro pac-

cuntad HII-crneuuduyecknii MOTOYHBIA 3KBUBAJEHT
—T,ad

milk,j *
Pacuer w ,id] MPOBOIMJICS 110 COOTHOILIEHUSIM:
NWBC T z
—T.ad ad,j i mzlk ,J
Wmllk j =
NWBC T z
ad,j 1
T 137 ;
rae — conep:xaHue °'Cs B opraHu3Me i-ro B3poc-

J _
sioro xuteist j-ro HII, €y j— cpentee 3Ha4eHUEe KOH-

nentpauuu Y’Cs B xopoBbeM Mouioke j-ro HIT B T-ii
TO/I.

IIpu pacuere ARMEFT MPUHUMAIOTCSI BO BHUMaHUE
JaHHble MoHuTopmHra Bcex HII paccmarpuBaeMoro
paiioHa, He3aBUCUMO OT TOro, Obuiu ju B 3Tux HII
cyonekTel I'PY. B Tabnuiie 4 mpuBeneHb! CTaTI/ICTI/I‘IGC—
KUe XapaKTePUCTUKU ITapameTpa ARME , OLIEHEHHbIE
ansg xuteneit HIT PokuTHOBCKOTO, OprqCKoro "u
HMBaHkoBcKoro paitoHoB mis1 nepuona 1987—2012 rr.

Ha puc. 6 Bu3yanusuMpoBaHbl JaHHbIe TaOJULbI 4.
[IpencraBiaeHHbIe JaHHBIC CBUACTEILCTBYIOT O TOM, YTO
IUIST paccMaTpuBaeMbIX pailoHOB He HaOJIIomaeTcsl 3a-
METHOI1 BpeMEeHHOW IMHaMuKy 3HaueHnit ARME, rT IMo-
3TOMY JJIsl 3TUX PaiilOHOB IIPUHUMACTCS SAUHOE JJIS TIe-
puona 1987—2012 rr. snauenne ARME;, kotopoe coc-
TaBaseT: mist PokutHoBcKkoro paitona 0,37 n/cyt, mist
OBpyuckoro paiioHa — 0,70 a/cyt, w1 UBaHKOBCKOIO
paitona — 0,95 i1/cyr.

OTtHocuTebHOE paiioHHO-cnenuduiecKoe

MOCTYILIEHHE PAUONIE3Hs C PAIMOHOM RRI)

Jlis pacyera paiiloHHO-crieHnpUIecKOro BO3pacT-3aB1-
CUMOTO TIOCTYIUIEHUS — RRI] MCIOIb30BaIMCh 3HAYe-
HUSI OTHOCUTEJILHOTO BO3PAaCT-3aBUCUMOIO MOCTYIUIEHUS
paauore3us ¢ pallMOHOM, PAaCCYUTAHHBIE IS OTAETbHBIX
HII ( /,7"), B xotopbix B 7-M rony CUY-m3MepeHyist Bbi-
TOJTHSTMCH OTHOBPEMEHHO Y B3POCJIBIX U XOTSI ObI B OTHOM
JIETCKO-TIOAPOCTKOBOI BO3paCTHOM TpyIIie (a), TaK 4To:

_T
qa,/

WBC measurements) value of settlement- spec1—
fic milk equivalents of adult food ration (W, zlk )
calculated for different settlements j of the raion,
SO

Wrz;ll{/id/ ’ (8)

where N7 is the number of settlements j, for
which the value of w/ d;”’ in year T can be calcula-
ted.

—T, ad

Values of w ik Are calculated as follows:

ad T
/1 d) npu naauquu usmepenuii ’Cs ¢ mosoke 3a 200 T
if 7Cs measurements in milk in year T are available

)

ad T
ﬂ, ", npu omcymcemeuu uzmepenuti 8 moaroke 3a 200 T
mzlk (1 )‘ if measurements in milk in year T are unavailable
t=T

where Qad T'is the 137Cs body burden for adult res-
ident i of settlement Js itk J is annual concentra-
tion of '¥’Cs in cow’s milk in settlement j in
year 7.

The monitoring results for all settlements of the
raion are used to calculate ARME regardless of
residing of SRU subjects in these settlements. The
statistical characteristics of ARMErT estimated for
the settlements of Rokytne, Ovruch and Ivankiv
raion for the years of the period of 1987—2012 are
given in Table 4.

The results of Table 4 and accepted value of
ARMEFT are visualized in Fig.6. The results of
Table 4 indicate that for the raions under considera-
tion there is no significant temporal variation of val-
ues ARME rT . Therefore, for further dose calcula-
tions for each of these raions an unified ARME;
value was established for period of 1987—2011 years,
which are 0.37 L/day for Rokytne raion, 0.70 L/day
for Ovruch raion, and 0.95 L/day for Ivankiv raion.

Raion-specific relative intake

of radiocesium RRI]

To calculate the raion-specific intake RRI’ the va-
lues of relative age-dependent intake of radioce-
sium with diet calculated for different settlements j
(") were used. The values f,," were calcula-
ted for settlements j where WBC measurements
were performed simultaneously for adults and at
least for one child age group (a) in year 7, and so:

/ICS'QHT

Cs,T _ )
faf - T

ad,j

/IZ; . Qjad T (10)
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Ta6nauua 4

T

YucneHHble 3HaYeHUsA CPEAHEroAoBbIX aBCONMIOTHBIX MONOYHBIX IKBUBaNEeHTOB paunoHa ARME,, oueHeHHble
ana xutenen HI PokutHoBCKoro, MBaHkoBckoro m OBpyyckoro paiMoHoB B nepuop 1987-2012 rr; AM -

apugmeTnyeckoe cpepHee; SD — ctaHpapTHas owmMbKa
Table 4

Calculated values of mean annual absolute milk equivalents of diet, ARMErT , for settlements of Rokytne,
Ovruch and Ivankiv raion in the period of 1987-2012 (SD is standard deviation)

Foa / year ARME], njeyr // L/day
Ospyuckuii / Ovruch raion  WBaHkoBckwii / Ivankiv raion  PokutHoBckuii / Rokytne raion
AM / Mean SD AM / Mean SD AM / Mean SD
1991 0,27 0,27 0,34 0,14 0,48 0,50
1992 0,47 0,46 0,51 0,56 0,25 0,17
1993 0,68 0,85 0,21 0,27 0,42 0,34
1994 0,38 0,48 0,61 0,38
1995 0,64 0,90 1,16 0,67 0,55 0,36
1996 0,63 1,05 0,75 0,72 0,45 0,41
1997 0,87 1,18 1,00 0,97 0,32 0,25
1998 0,72 1,15 0,80 0,91 0,38 0,30
1999 0,84 1,43 0,74 0,83 0,25 0,25
2000 0,61 1,17 1,20 0,53 0,29 0,26
2001 0,75 1,20 1,07 0,68 0,31 0,27
2002 0,58 0,56 0,31 0,23
2003 0,68 0,85 0,26 0,22
2004 0,81 1,62 0,27 0,20
2005 0,51 0,99 0,23 0,21
2006 0,74 1,10 0,25 0,27
2007 0,85 0,91 0,48 1,02
2008 0,41 0,64 0,28 0,28
2011 0,36 0,42 0,47 0,49 0,51 0,62
2012 0,52 0,60
Bce ropapi (years 1991-2012) 0,70 1,08 0,95 0,86 0,37 0,37

roe A5, ﬂgfl — KOHCTAHTBI MOJYBBIBEICHUSI LIE3HsI C Op-
raHu3Ma JeTeil Bo3pacta a 1 B3POCIbIX COOTBETCTBEHHO

(1/eym);
0, «T g Qj”"'T — cpenHue 3HaueHus copepxkanus 2'Cs B
opraHusMme, 3aperucrpupoBaHHbie CUY-usmepeHusMu
B T-ii ron B j-M HII y neteii Bo3pacTa a 'y B3pOCJIbIX CO-
oTBeTCTBeHHO (bK);
675, u q_ai, ; — CPEIHME 3HAYEHNS! MIOCTYILIEHUs 37Cs B
opranusM B T-it ron B j-M HII y nereit Bo3pacra a u'y
B3pOCJbIX COOTBeTCTBeHHO (bK/CyT).

3HavyeHue ff}"T PaCCUYUTBIBAJIOCH JIST YETHIPEX BO3pa-
cTHBIX rpynn npereit: < 2, 3—7, 8—12, 13—17 nert. Ilpu
5TOM pacCMaTPUBAIUCh JIUIIL Te U3MEPEHUS aKTUBHOC-
™ '’Cs B opraHusMe XuTesleil, BBITOJIHEHHbIE Ha
CHY-ycraHoBKax, KoTophie XoTs1 061 Ha 30 % 1ipeBbIla-
JIN MUHUMAaJIbHO-IETEKTUPYEMYIO aKTUBHOCTb (M/IA).

Ananu3 paccuntaHHbix HII-cnenudpuyeckux 3Haye-
Huit /07, a Takxke yepeaHeHHbIX 1o Beem HIT 3HaueHnit
3TOTO MapaMeTpa ISl OTIEIbHbBIX 7-X TOIOB, ITOKa3aJl BO3-
MOXKHOCTbD JIJIST KaXKIIOM BO3pAaCTHOM TIPYIIILI @ B paMKax
OJTHOTO paiioHa YCTaHOBUThb €IMHOE Ul BCETO TMepuoia
1987—2012 rr. u nns Bcex HII paitona 3Hauenue RRI! B

where 2, /?,25 are the biological elimination rate
of '¥’Cs from the body of children of age a and
adults, respectively (day™');

0;"'and Q “.T are mean values of the '*’Cs body bur-
den measured in year 7 in settlement j for
children of age a and adults, respectively
(IEQ); ,

q,; and q,, ; are mean values of '¥’Cs intake with
diet in year 7 in settlement j for children of age a
and adults, respectively (Bq - day™').

The values f, " were calculated for four age
groups of children: < 2, 3—7, 8—12, 13—17 years.
The values were calculated only for the settlements
where the results of '*’Cs body burden WBC meas-
urements were at least 30% higher than the mini-
mal detectable activity (MDA).

The statistical analysis of f,values, as well as
analysis of f,""values, averaged for different years
T, demonstrate the possibility to establish the
single value RRI] for each age group a for the
entire period of 1987—2012 and for all settle-
ments of raion, and so RRI| = AM { /. CjT }, where
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KaXJI0i BO3PAaCTHOM Ipyme, Tak 4to RRI] = AM{fCJ T}, AM is mean value of model estimates fCST (see
rne AM — cpenHee apudmeTryeckoe 3HaueHWe Moaeb-  Table 5).
HBIX OLICHOK f, " (Talumia 5).
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PucyHOK 6. CpegHerofoBble YMC/IeHHbIE 3HAYEHUA MOJIOYHbIX 3IKBUBAJIEHTOB ARMEVT ANA B3POCAbIX XuTENen
OBpyuckoro, UBaHKOBCKOro M POKUTHOBCKOrO paitoHOB. CNIOWHAA IMHUA — NPUHATOE MoAenbHoe 3HauyeHne ARME,
Figure 6. Annual milk equivalent ARMEFT for adult residents of Ovruch, Ivankiv, and Rokytne raion. Solid
line is acceptable value of ARME,

Ta6nuua 5
YucneHHble 3HaYEHNA OTHOCUTENBHOIO BO3PacT-3aBMCMMOrO NOCTYNIeHMA paanoLe3uns ¢ pauuoHom (RRI)) ansa
pasHbIX BO3pacTHbIX rpynn ageteit POKUTHOBCKOro, OBpyuckoro u MUBaHKOBCKOro painoHoB

Table 5

Calculated values of the relative intake of radiocesium with diet (RR!]) for different age groups of children
in Rokytne, Ovruch, and Ivankiv raions

Bo3spactHag rpynna a, (net) PokutHoBckuii / Rokytne raion  OBpyuckuii / Ovruch raion  WBaHkoBckwmii / Ivankiv raion

Age group a,(years) RRI ;
AM / Mean SD AM / Mean SD AM / Mean SD
<2 2,8 2,9 1,2 0,69 2,1 1,35
3-7 0,96 0,85 0,92 0,60 1,6 1,15
8-12 0,80 0,32 0,99 0,64 1,05 0,65
13-17 0,84 0,24 0,94 0,52 0,91 0,54
>18 1,0 - 1,0 - 1,0 -
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PE3VJBTATBI U UX OBCYXKJIEHUE

OnucaHHbBIe BbIIIE MOAEIU PEKOHCTPYKIIMU ObLIU MC-
MOJIB30BaHBI IS YCTAaHOBJICHUSI MHAMBUAYAIU3UPOBaH-
HBIX 103 00nydyeHus: cyobekTtoB I'PY PokutHOBCKOTrO,
OBpyuckoro u MBaHkoBcKoro paiioHoB. IIpu pekoH-
CTPYKIIMU J03 YYWTHIBAJIOCh BpeMsl (roj) MOCTAaHOBKHU
TOTO WX UHOTO cyobekTa Ha yueT I'PY, Bo3aMOXHbIE ero
nepememteHust o HIT paitona, a Takke IJUTETbHOCTD
npeObIBaHMs CyObeKkTa Ha yuere B [PY*.

B tabauie 6 ykazaHo ob1lee KOJIUUECTBO CYOBEKTOB
KaxJoro paiioHa, Haxoasiiuxcs Ha yudete B I'PY, a
TakKXKe YMCJI0 CYObEKTOB, A1 KOTOPHIX yIaJl0Ch MHIM-
BUAyaduU3UPOBaTh A03bl 00JydyeHUs. Bo3MOXHOCTHL
WHIWBUAYATN3alMU 03 TOTO WJIM WHOTO CcyObeKTa
OIIpeAessieTCsI JOCTOBEPHOCThIO JAHHBIX O €ro BO3-
pacTe U MEeCTe XXKUTEJIbCTBA, a TAKXKe YaCTOTON U KOJIM-
YeCcTBOM JMCIIaHCEpU3aluii 32 BpeMsl HaOIIOACHUS B
Irpy.

Ta6nuua 6

RESULTS AND DISCUSSION

Reconstruction models described above were used
to calculate the individualized doses of the SRU
subjects from Rokytne, Ovruch, and Ivankiv
raions. At the reconstruction of doses the registra-
tion time (year) of person in SRU, his/her possible
moving among the settlements of raion, as well as
the length of SRU observation was taken into con-
sideration®.

Table 6 shows the total number of persons from
each raion, that are registered in SRU, as well as
the number of subjects for whom individualized
doses have not been done. The possibility of doses
individualization of a subject is determined by
veracity of data on his/her age and location of re-
sidence, as well as the frequency and number of
medical examinations taken during the observa-
tion period in the SRU.

O6wee yncno cy6bLEKTOB, HaxoaALWUXCA Ha y4yeTe B MPY B Tpex paccMaTpuMBaeMbix panoHax M YUCNO CYy6bEKTOB,

ANA KOTOPbIX UHAUBUAYANTU3UPOBAHDbI A03bl o6nyt|eHm|
Table 6

The total numbers of persons that are registered in SRU and living in the three considered raions, for whom

the exposure doses were individualized

PaiioH, oG6nacTb

Konuuecteo cyonektos 'PY / number of SRU subjects

Raion, oblast BCe cy6nexThl MPY C MHAMBMAYaNN3UPOBaHHLIMM 103aMU
all SRU subjects which have individualized doses

KonuyecTBo / number %

OBpyuckuii p-H, Xutommpckas 06n. 63 871 41 585 65

Ovruch raion, Zhytomyr oblast

WBaHkoBckmii p-H, Knuesckas 0611 37 308 18 790 50

Ivankiv raion, Kyiv oblast

PokuTHoBCKUiA p-H, PoBeHckast 0611 52 805 28 711 54

Rokytne raion, Rivne oblast

B Tabnauue 7 npuBeneHbl cpeaHe 3HaUYCHUS] UHAVBU-
Jyanu3upoBaHHBIX 103 cyObekToB ['PY kakgoro palioHa
B nepuon 1986-2012 rr. B taGnuie yka3aHbl 3HAYEHUS
KaK TOJI0BOI 03I BHYTPEHHETO OOJIYyICHMS, TaK ¥ CyM-
MapHOM (B pe3yJikTaTe BHYTPEHHETO M BHEIIIHEro 00JIy-
YeHMs1) J03bl O0JIyYEHUS B 3TOT Mepron””.

B tabnuie 8 nmpuBeaeHbl OTHOCUTEIBHBIE (B %) pac-
npenejeHrs] PeKOHCTPYNPOBAHHBIX MHANBUAYAIU3UPO-
BaHHBIX 103 cyobekToB I'PY paccmarpuBaemMbix paiio-
HOB IT0 MHTEpBajaM 103, HAKOIUICHHBIX 3a Mepro Hao-
JmojaeHus cyobekToB B I'PY.

Table 7 shows the average value of individualized
doses of SRU subjects from each raion during the
period of 1986-2012. The table contains the values
of both the annual internal dose, and total (as a
result of internal and external exposure) dose dur-
ing this period**.

Table 8 shows the relative (in %) distributions of
reconstructed individualized doses of SRU sub-
jects over the intervals of doses, accumulated du-
ring the observation period of SRU subjects from
the raions under study.

# Cy6bekT MoxeT ObiTb CHAT C yyeTa B [PY no npuymrHe ero nepeessia B ApYroii paiioH (06macTb) Uam No NpuymHe ero CMepTU

#* OnucaHue Moaeneit 1 pacyeTHbIX npoLeayp OLEHKM 103 BHELHEro 0bnyyeHns npeactasneHo B [1-3] 1 ocHoBaHo Ha [4, 5]

#The subject can be removed from the SRU record because of he/her relocation to another raion (oblast), or because of his/her death
#* Description of the models and calculated procedures for external dose estimates is presented in [1—3] and is based on [4, 5]
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Ta6nuuya 7

CpepHeroaoBble MHAMBUAYANU3MPOBAHHbIE A03bl BHYTPEHHEr0 U CyMMapHoro (BHyTpeHHee M BHeluHee)
0651yYeHUs, peKoOHCTpYUpPOBaHHbIe AnA cy6bekToB MPY OBpyuckoro, UBaHKOBCKOro U POKUTHOBCKOro paitoHoB
Aana nepuopa 1986-2012 rr.

Table 7
Average individualized internal and total (internal and external) exposure doses reconstructed for SRU
subjects from Ovruch, Ivankiv and Rokytne raions in the period of 1986-2012

Fop / year Oepyuckuii / Ovruch raion WBankoBckuia / Ivankiv raion PokuTtHOBCKMi1 / Rokytne raion
Cpeptsas nHAMBMAYanu3MpoBaHHas fo3a, M3B/rog, // average individualized dose, mSv/year
BHYTpPEeHHee 00/ly4. CyMMapHoe 00y4y. BHYTpeHHee 00/yy. CyMMapHoe 00sly4. BHYTpeHHee 00Jiyd. cymmapHoe 00nyu.

internal exposure total exposure internal exposure total exposure internal exposure  total exposure
1986 2,37 6,24 1,52 4,58 1,51 4,28
1987 1,82 2,99 0,82 1,75 1,77 2,61
1988 1,37 2,13 0,59 1,21 1,44 2,01
1989 1,04 1,61 0,44 0,91 1,04 1,47
1990 0,81 1,27 0,33 0,71 0,80 1,14
1991 0,63 1,02 0,26 0,58 0,85 1,14
1992 0,52 0,86 0,20 0,49 0,71 0,96
1993 0,43 0,74 0,09 0,34 0,65 0,88
1994 0,26 0,54 0,13 0,35 0,62 0,83
1995 0,31 0,57 0,10 0,32 0,62 0,81
1996 0,25 0,50 0,06 0,27 0,45 0,64
1997 0,16 0,39 0,06 0,26 0,46 0,63
1998 0,17 0,39 0,05 0,23 0,40 0,57
1999 0,20 0,40 0,08 0,26 0,31 0,46
2000 0,13 0,31 0,05 0,22 0,36 0,49
2001 0,12 0,29 0,07 0,23 0,35 0,46
2002 0,10 0,27 0,03 0,19 0,31 0,42
2003 0,08 0,25 0,03 0,18 0,26 0,37
2004 0,08 0,24 0,02 0,17 0,22 0,33
2005 0,08 0,24 0,02 0,17 0,20 0,31
2006 0,06 0,21 0,05 0,19 0,20 0,29
2007 0,08 0,22 - - 0,20 0,29
2008 0,06 0,20 - - 0,17 0,26
2009 0,07 0,20 - - 0,18 0,26
2010 0,06 0,18 - - 0,17 0,25
2011 0,06 0,17 - - 0,15 0,23
2012 0,05 0,16 - - - -
Ta6nuua 8

OtHocuTenbHoe (B %) pacnpepeneHue cyobbekros PY OBpyuckoro, NBaHKOBCKOro u POKUTHOBCKOrO paioHOB
no MHTEpPBanaMm [03 BHYTPEHHEro U CYyMMapHOro 06Jiy4eHns, HAKOMJIEHHbIX 32 Bpems HabniopeHusa B MPY B
nepuop 1986-2013 rr.

Table 8
Relative (%) distribution of SRU subjects from Ovruch, Ivankiv and Rokytne raions over the intervals of
internal and total exposure doses accumulated during the observation period in SRU in 1986-2012

HakonneHHas posa, M3B Og.pyuckuii / Ovruch raion WBankoBckuii / lvankiv raion  PokutHoBCkuii / Rokytne raion
Accumulated dose, mSv BHYTPEHHSI CyMMapHas BHYTPEHHSI CyMMapHas BHYTPEHHSI CyMMapHas
internal total internal total internal total

KonuyecTtBo cy6bekToB (% ot koroptbl) // number of subjects (% from all subjects)

<1 - - 0,06 - <0,01 -
1-2 0,12 - 6,1 - 1,6 0,10
2-5 26 0,22 39 3,0 8,3 5,5
5-10 39 " 55 22 4 9,5
10-20 23 47 0,04 75 38 49
20 -50 12 39 - 0,47 12 33
>50 <0,01 2,7 - - 0,05 2,3
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BbIBO/IbI

B paboTe npuBeneHo aeTaabHOE OMUCaHue IKOJO0T0-10-
3UMETPUIECKUX MOJIEJIel, pa3paO0TaHHBIX C LIEJIbIO NH-
NUBUIYaTU3alMK 103 BHYTPEHHETO 00JIyYeHUs CyObeK-
toB I'PY, npoxupatomux B POokuTHOBcKOM paitoHe Po-
BeHCKOIi 001acTu, OBpyueckoM paiioHe 2KUTOMUPCKOM
obnactu, MBaHKOBCKOM paiioHe KueBckoit o0iacTu.
PaszpaboranHbie Monenu HocaT BeIpaxkeHHbIN HIT-cre-
udUUecKnil xapakTep M IMOJHOCTbIO OCHOBaHbBI Ha
00001IEHUH PE3YIBTATOB PAANO3KOJOTMIECKOro (M3Me-
peHUsI KOHIIEHTPALlMK Panvole3rsl B MOJIOKE) M T03U-
meTtpuueckoro (CHMY-usmepeHust cogepkaHusl paguo-
11e31s1 B OpraHU3Me KUTeJeil) MOHUTOPUHTOB.

Mg xaxxgoro HIT npoxuBaHus cyobekToB I'PY aTHX
paliOHOB YCTaHABIMBANIACh:
> nuoo HII-cneumdpuyeckas GyHKUMS MOCTYIUIEHUS
paguone3us ¢ paoHoM xuteseit atoro HIT, mapamer-
pusrpoBaHHag 1o pesyasratam CHUY-mMoHuTOpUHTA,
npoBoaumoro B HIT B 1987—2013 rr,, qj?d (t),
> 6o HII-crienuduyeckas pyHKIIMS BpeMEHHON 11~
HaMMKN KOHIIEHTpALMU pagyole3rsi B MECTHOM KO-
POBbEM MOJIOKE, TTapaMeTpU3MpOBaHHAsS IO pe3ysibra-
TaM MOJIOYHOrO MOHMTOpUHra, npoBogumoro B HII B
1987-2013 rr., c_jf’f’k(t).

Ha ocHoBaHMU COBMECTHOI 0OpabOTKM pe3yJbTaTOB
MosiouHoro 1 CMY-MOHUTOPUHTIOB TSI KaXKI0ro paio-
Ha YCTaHABJIMBAJICSI TaK HA3bIBAEMBIN palilOHHO-CIICLIV-
(budeckuii MOOYHBIA 3KBUBaNeHT pauyroHa (ARMEy).
BospacTHble 0COOEHHOCTU MUTAHUSI U, COOTBETCTBEH-
HO, J103bI O0JIyYeHUSsI JJIs1 Pa3IUYHbBIX IE€TCKUX IPYII yC-
TaHABJIMBAJINCh ITyTeM BBEICHUSI MapaMeTpa OTHOCH-
TEJBLHOTO BO3pacT-3aBUCUMOTO roctyrienus ( RRI)),
3HAYEHUSI KOTOPOTO YCTAaHABJIMBAIUCH OTACIBHO IS
KaXJI0ro U3 paccMaTpuBaeMbIX pailOHOB Ha OCHOBAaHUU
o6paboTtkn pe3ynbraTtoB CHUY-MoHUTOpPUHTA B pa3HBIX
JeTCKUX Tpynmax u y B3pocibix. HIT-crienmmdpuueckue
(byHKILIMY TOCTYIIIEHUST q;?d (t ) mapaMeTpU3UpOBaHbI 71
27 HII OBpyueckoro paitoHa u 21 HII PokutHOBCcKOro
paitona. g 27 HIT MBankoBckoro paiiona, 84 HIT1 OB-
pyudeckoro paiioHa u 17 HII PoxutHoBcKOro paiioHa
napametrpusupoBanbl HII-creunduueckue “mMoiou-
Hple” dyukuun ¢ (1).

PazpaboTaHHble MOAEIN PEKOHCTPYKLIMU TTO3BOJIUIN
BOCCTAaHOBUTh WHAMBUAYaIU3UPOBAHHBIE TO3bI BHYT-
pEHHEro O0y4YeHUs IS
> 41 585 cyobekToB OBpyuckoro paitoHa (65 % ot Bcex
cyonekToB I'PY B aTOM paiione);
> 18 790 cyonekToB MBaHKOBcKOro paitoHa (50 % Bcex
cyosekToB I'PY B aTOM paiioHe);
> 28 711 cyowekToB PokuTHOBCKOTO paitoHa (54 % Bcex
cyonekToB I'PY B aTOM paiione).

(1) 100

CONCLUSIONS

This paper contains a detailed description of eco-
logical-dosimetric models elaborated with the
purpose of internal doses individualization of the
SRU subjects residing in Rokytne raion of Rivne
oblast, Ovruch raion Zhytomyr oblast, and
Ivankiv raion of Kyiv oblast. The developed mo-
dels are settlement-specific and fully based on the
generalization of the results of radioecological
(measuring the concentration of radioactive
cesium in milk) and dosimetric (WBC measure-
ments of radiocesium in the body of inhabitants)
monitoring.

For each SRU settlement in these raions, one of
settlement-specific functions was calculated:
> either the function qja.d (t ) of radiocesium intake
with diet which have been parameterized accord-
ing to the results of WBC monitoring that took
place in this settlement in 1987—2013,
> or the function ¢ (¢) of temporary dynamic
of radiocesium concentration in cow’s milk which
was parameterized according to the results of milk
monitoring that was conducted in this settlement
in 1987—-2013.

On the basis of joint processing of the results of
milk and WBC monitoring for each raion, a raion-
specific absolute raion milk equivalent of the
ration (ARME};) was determined. Age features of
diet and, consequently, the exposure doses for dif-
ferent children groups were determined using the
parameter of relative age intake of radiocesium
with the ration (RRI)). Its values are determined
separately for each considered raion on the basis of
processing the results of WBC monitoring in dif-
ferent groups of children and adults. Settlement
specific intake functions q?d (t) were parameteri-
zed for 27 settlements from Ovruch raion and 21
settlements from Rokytne raion. For 27 settle-
ments from Ivankiv raion, 84 settlements from
Ovruch raion and 17 settlements from Rokytne
¢ () raion, the settlement specific “milk” func-
tions were parameterized.

The developed models of reconstruction allowed
to restore individualized internal radiation doses
for:
> 41585 subjects of Ovruch raion (65% of the
SRU subjects in the raion);
> 18790 subjects of Ivankiv raion (50% of the
SRU subjects in the raion);
> 28711 subjects of Rokytne raion (54% of the
SRU subjects in the raion).
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