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METOJIVKA PEKOHCTPYKIII IHAVUBIIYAJII30BAHUX 103
OITPOMIHEHHA OCIb, IIO MEIIIKAIOTH HA PAIIOAKTUBHO
3ABPYJIHEHUX TEPUTOPIAX YKPAITHU

MeTta pocnigxeHHA. Po3poOka METOAWKM PEKOHCTPYKUii iHAWBiLyanizoBaHUX [03 OMPOMiHEHHA HACENEeHHs, sKe
MelKa€e Ha PafioakTMBHO 3a0pyAHEHMX BHAcNifoK YopHOOUIbCbKOT KaTacTpodu Teputopisx.
Marepianu Ta metoam pocnipKeHHA. MeToanka 6a3yeTbCa Ha JaHUX PALiOEKONOriYHOrO (IPYHT, NPOAYKTM Xapuyy-
BaHHA) Ta fo3umeTpuyHoro (JIBJI-BumipioBaHHA) MOHITOPMHTIB, Wo NpoBoAuUnuch B YkpaiHiy 1986—-2013 pp., pe3ynb-
TaTh AKUX 36epiratoTbcs y 6a3ax gaHux LleHTpanbHOro eKonoro-a03MMeTpUYHOro peecTpy nabopatopii pagionoriyHo-
ro 3axucty HHLPM. MpeactaBneHo yoTupu piBHi iHAMBIAyanisalii 4o3 onpomiHeHHs. KoxeH HacTynHuii pieHb ba-
3Y€ETbCA HA NonepegHbOMY i BpaxoBYeE [OAATKOBI NapaMeTpu, 3aBAAKM YOMY MOAeNb HACTYMHOrO PiBHA 0XONIOE GiNnb-
Wy KiNbKiCTb CUTYaLii ONPOMIHEHHSA Ta HaAA€ TOUYHIWi OUiHKKM. Py BUKOPUCTAHHI MeTOAMKM Cnig BUOMpATH Moaenb
TOTO PiBHA, AKUIA HAWKpALMUM YMHOM LO3BONSE PO3B'A3aTH NOCTABNEH] Nepes LOCNIAHUMKOM 3aBLaHHA. [ns HaceneH-
HA PafioaKTUBHO 3a0pyaHEHNUX TepUTOPiil PO3rAKAIOTLCA ABA OCHOBHUX WAXM ONPOMiHEHHSA: (a) 30BHiIHE ramma-
ONpOMiHEHHS Bif pafioHYKNiAiB y IpyHTi Ta (6) BHYTPilUHE ONPOMiHEHHSA Bif CNOXMBAHHA PaAioakTUBHO 3abpyaHe-
HUX MPOAYKTiB XapuyBaHHsA. [lo3a 064YNCIOETLCA Bif YCiX OCHOBHMX PafioHyKNiAiB paaioakTMBHOIO aBapinHOro Bu-
KWAy, a y BUNaAKy BHYTPilWHbOrO onpomMiHeHHsA nicns 1986 poky - nuwe Bif pagioizotonis uesito (*“Cs ta *’Cs).
Pe3ynbratu. IHauBigyanizoBaHi o3 po3paxoBaHO Ans Pi3HMX BIKOBMX rpyn HaceneHHs, ake mewkae y 10 paitoHax
HaMBiNblW NOCTpaXaanux BHaCAiAoK YOpHOOMIbCbKOT aBapii obnacteit Ykpainu: Xutomupcekoi, Kuiscbkoi, PiBHEHCh-
Koi Ta YepHiriBcbkoi. HaBOAATbCA OLiHKM [,03, 3BAXEHMX HA YNCENbHICTb HAaceNeHHs y Hacenenux nyHktax (HM) ok-
pemux paioHiB. Cepep Hux: fo3a 3a 1986 p.; fo3un, HakonuyeHi 3a nepwi 15 nicnaasapitHux pokis (1986-2000 pp.)
Ta 3a 32-piyHuii nepiog (1986-2017 pp.) nicns aBapii.
BucHoBku. CepeiHbOpaiiOHHA 1033, PEKOHCTPYNOBAHA A1 AOPOCIMX XKUTENiB HANbiNbW pafioakTUBHO 3abpyaHEHO-
ro Hapoguupbkoro paitioHy XXutommpcbkoi obnacti 'y 1986 p. cknana 18 m3B, a HakonMyeHa 3a Becb nicnsaBapinHui
nepioa — 51 m3B. HaitMeHwi fo3u cepep 3a3HayeHnx 10 pailoHiB oTpMManu 0cobwu, Lo MewKaTb Ha TepuTopii Kose-
neubkoro Ta PinknHcbKoro paitoHis YepHiriscbkoi obnacti. CepefiHa no3a ans Hux y 1986 p. ctaHoBuna 1,3 1a 1,7 m3s,
a HakonuyeHa 3a 32 poku — 6,1 Ta 6,2 M3B BiNOBiAHO.
KniouoBi cnoBa: eKonoro-go3MMeTpuMyHa MopAefb, iHAWBiAYani3oBaHi A03M OMNPOMiHEHHs, PEKOHCTPYKUis [03
ONpPOMiHEHHS, 1032 30BHilIHLOTO OMPOMiHEHHS, 103a BHYTPilWHbOTO ONPOMiHeHHs, YopHobunbcbka Katactpoda.
pobnemn paniauiviHoi meauumum T1a pagiobionorii. 2018. Bun. 23. C. 164—187. doi: 10.33145/2304-8336-2018-23-164-187.
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METHODOLOGY OF RECONSTRUCTION OF INDIVIDUALIZED
EXPOSURE DOSES FOR PERSONS RESIDING AT RADIOACTIVELY
CONTAMINATED TERRITORIES OF UKRAINE

Objective. Development of methodology for reconstruction of individualized exposure doses for persons residing at
radioactively contaminated after Chornobyl accident territories.
Materials and methods of research. The methodology is based on the data of radio-ecological (ground, meal) and
dosimetric (WBC measurements) monitoring held in Ukraine in 1986—2013, the results of which are saved in data
bases of Central Ecological and Dosimetric Register of Radiological Protection Laboratory of NRCRM. It is presented
four levels of individualization of exposure doses. Each subsequent level of the model is based on the previous one
and takes into account additional parameters, and as a result a model of the next level comprises more number of
exposure situations and provides more accurate estimates. Using the methodology it is necessary to select a model
of such level that enables to solve in the best way the assignments posed before a researcher. For the population of
radioactively contaminated territories, two main ways of exposure are considered: (a) external gamma-exposure
from radionuclides in the ground, and (b) internal exposure from consumption of radioactively contaminated meal.
The dose is evaluated from all the main radionuclides of radioactive accident deposition, and in case of internal
exposure after 1986 — only from radio-isotopes of cesium (***Cs and *'Cs).
Results. Individualized doses are evaluated for different age groups of population residing in 10 raions of the most
contaminated after Chornobyl accident Oblasts of Ukraine: Zhytomyr, Kyiv, Rivne and Chernihiv Oblasts. Dose esti-
mates are presented weighted by the number of residents in settlements of specific raions. Among them are: the
dose for 1986, doses accumulated during the first 15 years after the accident (1986-2000), and during the period
of 32 years after the accident (1986-2017).
Conclusions. Average raion dose reconstructed for adult residents of the most radioactively contaminated
Narodychy Raion of Zhytomyr Oblast in 1986 was 18 mSv, and accumulated during the whole period after the acci-
dent was 51 mSv. The lowest doses among abovementioned 10 raions were obtained by persons residing at the ter-
ritory of Kozelets and Ripky Raions of Chernihiv Oblast. Average dose for them in 1986 constituted 1.3 and 1.7 mSy,
and the one accumulated during 32 years was 6.1 and 6.2, respectively.
Key words: ecological and dosimetric model, individualized exposure doses, reconstruction of exposure doses, dose
of external exposure, dose of internal exposure, Chornobyl accident.
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BCTVYII

MeTonuka peKOHCTPYKIIii 703 OMPOMiHEHHS BKIIIOUAE
JeKiTbKa MOB’SI3aHUX MiX CO0O10 piBHIB iHIAMBIAY-
ajizallii. Ia1s1 KOXXHOro 3 HUX CTBOPEHA €KOJIOro-a03M-
MeTpuYHa MOJeJib OL[IHKM A03U Y MEeBHIiM cuTyalii om-
POMiHEHHS 3 IEBHUM HA0OpPOM MapaMeTpiB, 1110 BU3HA-
YaloTh BJACTUBOCTI JKepesa 4yr cy0'eKTa ONpOMiHEHHS.
KoxeH HacTynmHuii piBeHb Mojei 6a3yeThCsl Ha TOMe-
peIHbOMY 1 BpaxoBy€ AOAATKOBI MapameTpu, 3aBASKU
YoMy MOJIeJIb HACTYIIHOTIO piBHSI OXOIUJIIOE OiJIbIIY
KiJIbKiCTh CUTYallill OMMPOMiHEHHS Ta HAaJa€ OiUTbII TOYHI
ouiHku. ITpy BUKOpUCTAaHHI METOAUKM HEOOXiZHO BU-
OupaTtu MOJeJNib TOTO PiBHS, IKUI HaKpallyuM YUHOM

INTRODUCTION

Methodology for reconstruction of exposure doses
includes several level of individualization related to
each other. For each of them, it is created an ecolo-
gical and dosimetric model of dose estimate in certain
exposure situation, with certain collection of parame-
ters that determine properties of a source or a subject
of exposure. Each subsequent level of the model is
based on the previous one and takes account of addi-
tional parameters, and as a result a model of the next
level comprises more number of exposure situations
and provides more accurate estimates. In using the
methodology, it is necessary to select a model of such
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JIO3BOJISIE PO3B'SI3aTU TMOCTaBJEHI Tepea ITOCTiTHUKOM
3aB/IaHHSI, a TAKOXX BPaXOBYBaTU KiJIbKiCTh Ta SIKiCTh Ha-
SIBHUX TIEPBUHHUX JaHUX.

OkpecarMo YOTUPHU PiBHI iHOMBiAyaizalii o3 (puc. 1)
MeIlIKaHIIiB HaceJleHuXx myHKTiB (HIT), po3ramoBaHux Ha
panioakTuBHO 3a6pyaHeHiil Teputopii (P3T). Ha koxHo-
MY TaKOMY PiBHi OLIIHIOIOTbCS 03U SIK 30BHILIIHBOTO, TaK
i BHYTPILLIHBOTO ONPOMiHEHHS, a TAKOXK CyMapHa 103a.

level that enables in the best way to resolve tasks posed
before a researcher and also to take account of the
number and quality of available initial data.

Indicate four levels of individualized doses (Fig. 1)
of settlements residents that are situated at the
radioactively contaminated territory (RCT). At each
such level, it is estimated the doses of both external
and internal exposure, as well as the total dose.

1. ba3oBwii piBeHb
(HanbinblLue y3arabHeHHs)
Basic Level
(maximal generalization)

PiyHa 032 ONPOMIHEHHS (HA OLMHMLIO LLIbHOCTI
BUMNagjHb Ha rPYHTI) pedepeHTHOT JOPOCON IOANHU, LU0
npoxuisae y neskomy HI nporarom 1 poky

Annual exposure dose (per unit of ground depositions)
of a reference adult man, which resides in a settlement
during 1 year

2. PiBenb HIN
2. Settlement Level

PiyHa n03a 0NpoMiHeHHS pedepeHTHOI JopoCol
TIOAVHN, L0 MPOXMUBAE NPOTArOM 1 oKy
B KOHKpeTHOMY HI1

Annual exposure dose of a reference adult man, which
resides in the certain settlement during 1 year

3. PiseHb 0cobnuBocTeit
NoBeAiHKKN JIIOAUHU
3. Behaviour Level

PiyHa no3a onpoMiHeHHs NpeacTaBHMKA NPOGECIAHO-
BIKOBOI Fpynu, iKuiA NPOXMBAE NPoTarom 1 poky B
KOHKpeTHOMY HI1

Annual exposure dose of a representative of the profes-
sional-age group, which resides in the certain settlement
during 1 year

4. PieHb BiATBOPEHHS AUHAMIKN ONPOMIHEHHS Y Yaci

Time Dynamic Level

Jl03a ONPOMIHEHHS 33 MEBHWIA NEPIO Yacy NPeaCcTaBHUKA
NPOdECiNHO-BIKOBOI rpynu, KM MELLKAE Y KOHKpeTHOMY HI1

Cumulative for certain time period exposure dose of a repre-
sentative of the professional-age group, which resides in the
certain settlement during 1 year

PucyHoK 1. PieHi inguBigyanizauii o3 onpomiHeHHs MewkKaHyie P3T

Figure 1. Levels of individualization for exposure doses of residents of RCT

OCHOBOIO METOAMKM PEKOHCTPYKILii iHAUBITyai30Ba-
HUX 103 € 11 6a30BUil piBeHb, IKUI NPeaCTaBIsSIOTh 403U
30BHIIIHBOTO (d*") Ta BHYTPilIHLOrO (d™) ornpomiHeH-
Hs pehepeHTHOI Topociioi moauHu (> 18 pokiB) Ha oau-
HUIIIO PallioaKTUBHUX BUIIAliHb Ha TPYHTi. BBaxkaeThcs,
1110 TakKa JIIoJMHA MPOXUBAE B ogHOMY il ToMy X HIT Ha
P3T mporarom 1 poky. d® Tta d™ € Ti€lo CIJIBHOIO
HeiHAMBIAYyai30BaHOIO OCHOBOIO, SIKa JOIOMAara€ BMU3-
HAYMTHU JIMIIIE BILUTMB JpKepesia ONPOMiHEHHS i He Bpaxo-
BYE 0COOJMBOCTE pamioaKTUBHOTO 3aOpPYIHEHHS Y
MiClli MPOXXMBaHHS JOJWHU Ta i1 0COOUCTOT TTOBEIIHKMN.

Jo3u onpoMiHeHHsd Ha piBui HIT, D¢’ ta D" — e
OIIIHKM PIYHUX /103 OMPOMiHEHHS Pe(PEPEHTHOTO XMU-
tenst meBHoro s-ro HII. Kpim 6a3oBux mapamMeTpiB Ta
(GYHKIIIT BOHM BKIIIOUAIOTH CTIeIM(iuHI pamionaoriyHi

The base of methodology for reconstruction of
individualized doses is its basic level, that is consti-
tuted by doses of external (d*) and internal (d™)
exposure of a reference adult (aged > 18 years) per
unit of radioactive deposition on the ground. It is
assumed that such person is residing at the same
settlement at RCT for 1 year. d* and d™ is that
joint non-individualized base, which helps to
determine only an impact of a source of exposure
and does not take account of peculiarities of
radioactive contamination at a place of residence
of a person and his/her behavioural peculiarities.

Exposure doses at settlement levels D%” and D" are
estimates of annual exposure doses of a reference res-
ident of certain s” settlement. Besides basic parame-
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XapaKTepUCTUKU, 110 BiTHOCATHCSA came 10 1boro HIT.
D& ta D{" naioTh MOXJIMBICTh TOPIBHATY padiallid HUI
BIUIMB Ha moanHy B pisHux HIT na P3T VYkpainm.
[TpuxitamoM Takux 103 € TaK 3BaHi «I1aCIIOPTHI» 103M,
110 pO3paxoOByBaJIUCh B paMKax «3arajbHOA03MMET-
PUYHOI MacnopTu3allii HaceJeHUX MYHKTIB YKpaiHWu,
SIKi 3a3HajIM pajlioakKTUBHOI'O 3a0pyaHeHHs 1icist Yop-
HOOMIBCHKOI KaracTpodu» y mepiom 1991-2013 pp.
[1—4]. IIi mo3u BUKOPMCTOBYBAIUCH TSI MPUUHSTTS
pillleHb YITOBHOBAXK€HUMHW OpTaHaMM BJIAAU IOJ0 He-
00XiZHOCTI BIPOBAAXKEHHSI KOHTP3axO4iB HAa MOCTPax-
Janux Tteputopiax. Piuna «macmoptHa» mo3a HII
OlliHIOBaJach 3 BMKOPUCTAaHHSIM pe3yJbTaTiB paidio-
JIOTIYHOrO Ta J03UMETPUUYHOTO MOHITOPUHTIB, 11O MTPO-
Boaunauchk y gaHomy HII npotsirom poky. Ilpu Lbomy
He BpaxOBYBaJMCh iHIMBIiAyaJibHI XapaKTepUCTUKU
meinkaHLiB HIT.

Jo3u 30BHIiIIHBOTO (DY) Ta BHYTpimHbOrO (D) o1-
POMiHEHHS TIPEACTaBHUKIB TTpodeciiiHO-BIKOBOI TPYIH a
OKpiM pamiosorivnux xapakrepuctuk HII, ge mpoxuBae
JIIOJIMHA, BPaXOBYIOTh 11 iHAMBiIyaabHi Ta Oi0JOTiUHI ac-
MEKTU, OB’ SI3aHi 3 BIKOM, pallioOHOM XapuyBaHHsI Ta 0CO0-
JIMBOCTSIMM MOBEMiHKU. Taki A03M BXe MOXHa Ha3BaTu
IHIMBIAyaTi30BaHUMU, OCKIJIbKA BOHM BigoOpakaloTh ca-
Me Ty CUTYyallilo, sIka HaiOLIbII HAOJMXKEeHa 10 pealbHUX
yMoOB TipoxkuBaHHs1 moauHu Ha P3T. ITnpuBigyanizoBaHi
JIO3A TPEThOTO PIiBHSI MOXKHA 3aCTOCOBYBATU Y JIEMOT-
padiyHMX Ta eMigeMioJOTiYHMX JOCTIMKEHHSIX a TaKOoX
QIS TIOMOBHEHHSI AO3UMETPUYHUX PEECTPIB, OAHUM 3
gKuX € Jlep>xaBHUI peecTp YKpaiHu ocib, siKi mocTpakaa-
JIM BHacTigoK YopHoOMILCEKOI KaTacTpodu [5—9].

PiBeHb BinTBOpeHHSI AMHAMIKM OIPOMiHEHHsS Y 4aci
D&(t) Ta DI (1) € yHiBepcanbHUM. Benmuunu, 1o oii-
HIOIOThCS K (PYHKIII Yacy f, MOXYTh BUKOPUCTOBYBa-
TUCh HE TILIbKU JJISI OTPUMaHHSI HaMOiIbII AeTaJlbHUX
OLIIHOK iHAMBiAyali30BaHUX /03, MOB’SI3aHUX 3 IIepi-
OIOM Yacy Iicjs aBapiiiHOTro pagioaKTMBHOIO BUKUAY,
aje i y MojesIX TepllrX TPbOX PiBHIB JJI1 BUBHAUYEHHS
4acoBOl AMHAMiKM ONpoMiHeHHs. Bzarami, cTpykTypa
MoJei iHAMBimyasi3allii 703 MOXe BiIpi3HSATUCH Y Pi3HIi
poku. Tak, HaNpUKJIaa, MOJIETb BHYTPIllITHBOTO OMIPOMi-
HeHHSA Yy 1986 p. nepeadavae TMCTOBUIA TUIT HAAXOIKEH -
Hsl pPagioaKTUBHOCTI 3 BUKOPUCTAHHSIM BiAIIOBiIHMUX Ma-
paMeTpiB, a MOJE/Ib BHYTPIIIHBOIO OMPOMIHEHHS ITiCJIst
1986 p. — KOpeHEeBMi1 TUIT HATXOIKESHHSI.

3ayBaxkyMo, 1110 JesKi rmapaMeTpu Ta (PYHKLil 1031~
METPUYHMX MOJEIel B OMHUX BUIMIAAKaX MOXYTb BUCTY-
natu gk HII-cneuudivyni, a B iHIINX — 3aJUIIATUCH
KOHCTaHTaMW y po3pi3i palloHy 4u, HaBiTh, 00JACTi.
Hanpuxian, napametrp K., Kyl 1o3Ha4ya€ CIiBBiIHO-
LIIEHHS pafdiOHYKJIiiB y BUIIAAiHHSIX HA TPYHTI Y KBiTHi

ters and functions, they include specific radiological
characteristics that deal with namely that settlement.
D% and D{" enable to compare a radiation effect on a
person in different settlements at RCT of Ukraine.
Examples of such doses are the so-called passport
doses that were evaluated in the frame of «Integrated
Dosimetric Passportization of the Settlements of
Ukraine that Affected from Radioactive Conta-
mination due to Chornobyl accident» in the period of
1991—2013 [1—4]. Those doses were used for decision
making by competent authorities concerning necessi-
ty to implement mitigation measures at contaminated
territories. Annual passport settlement dose was esti-
mated using the results of radiological and dosimetric
monitoring held in a given settlement in that year. At
that individualized characteristics of residents of set-
tlement were not taken into account.

Doses of external (D#%) and internal (D) expo-
sure of representatives of a professional-age group
a besides radiological characteristics of settlement
were a person resides, take account of his/her indi-
vidual and biological aspects related to the age,
diet, and behaviour peculiarities. Such doses
already can be called individualized, because they
reflect namely the situation that is the closest to
real conditions of residing of a person at RCT.
Individualized doses of the third level can be used
in demographic and epidemiological research, and
also for completion of dosimetric registers, one of
which is Ukrainian State Register of persons,
affected due to Chornobyl accident [5—9].

A level of reconstruction of exposure dynamics
in time D&/(1) and DJ%(t) is universal. Quantities
that are estimated as functions of time 7 can be
used not only for obtaining the most detailed esti-
mates of individualized doses related to a period of
time after accidental radioactive deposition, but
also in models of the first three levels for determin-
ing of time exposure dynamics. In general a struc-
ture of a model for individualization of doses can
vary in different years. E.g., the model of internal
exposure in 1986 suppose a leaf type of radioactiv-
ity intake with usage of corresponding parameters,
and the model of internal exposure after 1986 uses
a root type of intake.

Notice that some parameters and functions of
dosimetric models in some cases can act as settle-
ment-specific, and in other cases they can stay
constant in cutset of a raion or even Oblast. E.g.,
the parameter K, that denotes relation of radionu-
clides in depositions on the ground in April 1986,
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1986 p., B OHUX BUITaJKaX BBAXKA€ThCI HE3MIHHUM IS
Bciel Teputopii Ykpainu [4, 10], a B iHIIKMX — OKpec-
TO€ETheA K GyHKIig Bigcradi Big YAEC [11]. Y mepiro-
My BUIanKy K, BiTHOCUTBCS 10 0a30BOro, HaBUIIIOTO
piBHS y3araJlbHEeHHS, a B IPYyroMy — 3aJIeXKUTh Bil Xa-
pakrepuctuk HII.

Jlani y TeKCTi IpeacTaBIeHO OCHOBHI MOJOXEHHS Me-
TOOAMKM PEKOHCTPYKIIii iHAMBigyami30BaHUX 103 OII-
POMiHEHHS OCi0, 1110 MEeLIKAalTh Ha PagioaKTUBHO 3a0-
PYIHEHUX TEPUTOPisIX YKpaiHM, sIKa BUKOPUCTOBYE BCi
omnucaHi BUIE DPiBHi iHAMBimyasizauii g03. Metoauka
0a3yeTbcs Ha pesyabTaTax pajioeKOJIOTiYHOTO (I'PYHT,
MPOAYKTA XapyyBaHHSI) Ta JO3MMETPUYHOIO MOHITO-
punriB (JIBJI-BuMipioBaHHs), sKi Maiu micie y 1986—
2013 pp. Ha TepuTOpii MBHIYHUX o0MacTeil YKpaiHu B
paMKax mporpamMu 3araJibHOI03UMETPUYHOI MaCOPTH-
3awii [1, 12] i 3apa3 30epiratorbes y 0a3i maHux LleHT-
PaJIbHOTO €KOJIOTO-I03UMETPUYHOTO PEECTPY Jabopa-
Topii pagioyioriuHoro 3axucty HHIIPM.

META JOCJIIZKEHHS

Po3pobka MeTOomMKKW PEKOHCTPYKILii iHAMBidyasli3oBa-
HUX 03 OIIPOMiHEHHS HaceJIeHHs, sIKe MEIIKa€E Ha pa-
Ji0aKTUBHO 3a0pymHEeHMX BHAcHigZoK YopHOOMUIbCHKOL
KaTacTpodu TEPUTOPIX, Ta PO3PaXyHOK 103 ONPOMiHEH-
Hsl IJIS1 KUTEJiB OKpeMHUX PaioHiB IMiBHIYHOI TepPUTOPIl
VYkpainu.

MATEPIAJIA TA METOAN TOCIIIIZKEHHSA
OCHOBHUMM LLISIXaMU OINPOMIHEHHS JIOAWHU, sKa
MelllKa€e Ha pafdioaKTUBHO 3a0pyaHeHili BHacinoK Yop-
HOOUJILCHKOI aBapii TepuTopii €: (a) 30BHIIIIHE raMMa-
OIPOMiHEHHS Bill paliOHYKIIiliB y BUMAJAiHHSIX HA TPYHTI
Ta (0) BHYTpIilIHE OIPOMiHEHHS BiA CHOXMWBAHHS
panioakTMBHO 3a0pyAHEHUX MPOAYKTIB XapuyyBaHHS, Y
MepIy Yepry, MojoKa Ta OBOYIB.

PekoHCTpyKIig 1034 30BHIIIHBOTO ONPOMiHEHHS

Monenb po3paxyHKy cepeIHbOPIYHOI e(PEKTUBHOI iHIM -
BimyasizoBaHoi 1o3u D&(¢) (3B - pik'') BiJ 30BHILLIHBOTO
raMMa-oIpoOMiHEHHSI Y POl 7 ISl MpeacTaBHUKA IIPO-
(deciitHO-BIKOBOI Ipynu a, skuit memkae B s-my HII,
BPaXOBYE TaKi BEIMYNHU:

> d*(t), 3B'pik’!/Bk'M? — ebeKTHBHA 1034 30BHIILIHHO-
TO ONPOMiIHEHHS pehepeHTHOI TOPOCTIOl JIIOAUHU Y /-MY
polli Bil panioakTUBHUX BUIIAAiHb HA IPYHTi HA ONUHU-
o winbHoCcTi Bunamins Cs;

> 05, bk'M? — miibHICTh Bunaninb '¥Cs Ha IpyHTi B
HII, npuBenena Ha 26.04.86;

> [ — monpaBoYyHUiT KOeIiEHT IS PEKOHCTPYKIIiL
JI03U Y BUMAJKY OMPOMiHEHHSI 0COOU, sIKa HAJIEXKUTh 10
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in some cases is regarded constant all over the ter-
ritory of Ukraine [4, 10], and in other is described
as a function of distance from Chornobyl NPP
[11]. In the first case K. is attributed to the basic,
higher level of generalization, and in the second
case it depends on characteristics of settlement.

Below it is presented main statements of the
methodology for reconstruction of individualized
exposure doses for persons that reside at radioactively
contaminated territories of Ukraine, that involves all
levels of individualization of doses described above.
The methodology is based on results of radio-ecolog-
ical (ground, meal) and dosimetric monitoring (WBC
measurements) held in 1986—2013 at the territory of
northern Oblasts of Ukraine in frame of the program
of Integrated Dosimetric Passportization [1, 12] and
that are saved now in data base of Central Ecological
and Dosimetric Register of the Laboratory of
Radiological Protection of NRCRM.

OBJECTIVE

Development of methodology for reconstruction
of individualized exposure doses of population that
resides at radioactively contaminated after
Chornobyl accident territories, and evaluation of
exposure doses for residents of certain raions of
northern territory of Ukraine.

MATERIALS AND METHODS

Mains means of exposure of a person residing at
the territory radioactively contaminated after
Chornobyl accident are as follows: (a) external
gamma-exposure from radionuclides in deposi-
tions on the ground, and (b) internal exposure
from consumption of radioactively contaminated
meals, first of all, milk and vegetables.

Reconstruction of external exposure dose

A model for evaluation of average annual effective
individualized dose D& (t) (Sv - year™') from exter-
nal gamma-exposure in year ¢ for representative of
a professional-age group a that resides in s settle-
ment takes account of the following quantities:

> d®(t), Svyear! per Bqm?2 is the effective dose
of external exposure of a reference adult in #* year
from radioactive deposition on the ground per unit
of deposition density of ’Cs;

> 0s, Bq'm? is the density of '¥’Cs deposition on
the ground in settlement given on 26.04.86;

> [% is the correcting coefficient for the dose
reconstruction in case of exposure of a person who
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JUTSYOI/TiITITKOBOI BiKOBOI TPyl @ MOPiBHSHO 3 J0-
3010 I0POCJIOl JTIOAUHMU;
> F, s — (pakTOp 3HMKEHHS 103U OIPOMIHEHHS 3a paxy-
HOK OCOOJIMBOCTE peXuMy TMOBEIiHKA OCOOU TIpo-
(beciitHO-BiKOBOI IpyIH a.

V zaranbHOMy (bopMai3oBaHOMY BUIJISIAI J03a 30B-
HIIIHBOTO OMNPOMIHEHHSI OLIIHIOETHCSI 3a JOMNOMOIOIO
CITiBBiTHOIIIEHHSI:

ext(t ) dext(t ) [ext Yo E? 4

EdextuBHa no3a d'(t) po3paxoBYyeEThLCS Bifl yCiX TaM-
Ma-OIPOMiHIOIOUYUX PadioHYKIiAiB (#) HoOpHOOUIBCHKO-
ro BUKMAY IS pedEepeHTHOI MOPOCJOl JIOAUHU MpPHU
YMOBI, 1110 TaKa ocoba MpoTsArom 1 poky MocTiitHO 1epe-
OyBa€ Ha BiIKpUTIil pamioakKTUBHO 3a0pyaHEHil Micle-
BOCTi (Jiyku ab0 Ta30HM) 3 MIUTBHICTIO BUMamiHb *'Cs
1 bx'm. Bupas mis d®(t) mae BUTTISIA

t; of
d"O=Xd ' 0=XE"'0-[K, ¢ d
r r t

ne E(t) — no3oBuii KoedilliEHT 30BHIIIHBOIO OII-
POMiHEHHS TOPOCJIO1 JIIOAWHU Bill pagiOHYKITIAY 7, SIKWAMI
PO3MOIiIEHNI Yy TPYHTI 32 eKCIOHEHIIiaIbHUM 3aKOHOM
3 e(pekTuBHOIO MIMOMHOIO 0,5 r'em? [13, 14], 3B'c!' Ha
1 bx'm?; K, — npuBeneHe Ha 26 kBiTHS 1986 p. pede-
pPEHTHE BiJHOIIEHHSI PaJdi0OaKTUBHOCTI F-TO PaJiOHYyK-
Jigy no pagioaktuBHocTi ’Cs y Bunaninusax [4, 10, 11],
0/p ; A4 — cTana eeKTUBHOTO HAITiBOYMIIIEHHS BEPXHb-
Oro LIapy I'pyHTY Bil #-TO pamioHyKiimy, ¢

VYV Tabn. 1 HaBemeHO TepesiK pamioHYKiliB, raMma-
BUNPOMiHIOBa4iB HOPHOOMIBCHKOTO BUKHUIY, SIKi BILJIM-
BalOTh Ha BEJMUYMHY JO3U 30BHILIHBOTO OINPOMIiHEHHSI,
Ta iX pamioyIoTiuyHi XapaKTepUCTUKM.

Hesxi pagioHykJ1iam y Tabj. 1 mpu pagioakTUBHOMY PO3-
naji yTBOPIOIOTh JOYipHi pagioHYKJTiIU, SIKi TAKOX MalOTh
BIUIMB HAa BEJIMYMHY HAKOIIMYEHOI J03M 30BHIIIIHHOTO
raMmMa-orpomMiHeHHs. Tomy B MozeJli OKpeMO pO3IJIsiaa-
I0ThCSI TaKi Mapy PamioHYKIIIIIB sIK: °Zr + “Nb, '¥Te + ¥,
WBa + "La, "“Ce + '"“Pr. Y nanuoxxky 'Cs + “™Ba Bpa-
XOBYETBCS JinIe BKIaL “™Ba, ockibku ¥’Cs He € raMma-
punpomiHioBadeM. [Ipu po3paxyHKy 03U 30BHILLIHHOTO
OMPOMiHEHHS JUTS pamioHyKiIiniB “Nb, I, 'La Ta '“Pr,
SIKi € JOYipHIMU y 3a3HAYEHUX BUILE JaHIIOKKaAX, Bpaxo-
BYEThCS iX BJIaCHA IOYATKOBA aKTUBHICTh Y BUIIAiHHSIX, a
TaKOX aKTHUBHICTb 32 PaXyHOK PO3Iady iX MaTepUHCHKUX
pamionykiinis — *Zr, *Te, ““Ba, “Ce, BimmosinHo. 3Ba-
xkatouu Ha 1e, mig Nb, 2, "La ta '"“Pr nomanku d¢"(t)
TIi]T 3HAKOM CyMU Yy BMpa3i (2) HaOyBaloTh TaKoro BI/IrJI;my'

aro0-£70f (s Ao

2/ ﬂ/m
ac iHI[eKC m I1I03Hadae€ ImapamMeTpu BiﬂHOBlﬂHOFO Marte-
PUHCBHKOTO PaiOHYKJTiLY.

belongs to children/adolescent age group a com-
pared with a dose of adult;
> F,is the factor of decreasing of exposure dose
due to peculiarities of behavioural regime of a per-
son from professional-age group a.

In general formalized form external exposure
dose is estimated as

ey

Effective dose d“(t) is evaluated from all gamma
radiating radionuclides () of Chornobyl deposi-
tion for a reference adult, provided such person
during 1 year was permanently staying at an open
radioactively contaminated area (meadows or
lawns) with density of '*’Cs deposition 1 Bg-m™.
Expression for d**(t) has a form

()

where E%(1) is coefficient of external exposure of
adult from radionuclide 7 that is distributed in the
ground by exponential law with effective depth
0.5 grem™ [13, 14], Sv-c! per 1 Bgm?; K. is given
on 26 April 1986 reference ratio of radioactivity of
r™ radionuclide to the one of '*’Cs in deposition [4,
10, 11], dimensionless; A? is the constant of effec-
tive half-time of removal of radionuclide »” from
upper lay of ground, ¢

Table 1 contains a list of radionuclides, gamma-
sources of Chornobyl deposition that effect on the
value of external exposure dose, and their radio-
logical characteristics.

Some radionuclides in Table 1 during the radioactive
decay form daughter radionuclides that modify an
accumulated dose of external y-exposure. Hence in
the model the following pairs of radionuclides are con-
sidered separately: *Zr + *Nb, Te + ', “'Ba +
L a, "*Ce + '"“Pr. In the chain 'VCs + “"™Ba the effect
of ¥'Ba is taken into account only, because ’Cs is not
a y-source. In evaluation of external dose from **Nb,
2] L a and "Pr radionuclides, that are daughter
ones in abovementioned chains, their own initial
activity in depositions, and also the activity due to
decay of their mother radionuclides **Zr, **Te, 'Ba,
#Ce taken into account, respectively. Due to that, for
Nb, 1, "La and "*Pr summands () under the
summation sign in expression (2) take a form

oq_, a9, a9,
e e P WK, et )dt 3)

where index m denotes parameters of correspon-
ding mother radionuclide.

169 ‘&



ENIAEMIONIOrNIA

TA AOSUMETPIA

ISSN 2304-8336. pobnemn pagiauiiinoi Meouunkm Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2018. Bun. 23.

Ta6auusa 1

OCHOBHi raMMa-BMNpOMiHIOBaYi YOPHOOUNBLCbKUX BUNAAIHb Ta iX XapaKTEPUCTUKM

Table 1

Main gamma-sources of Chornobyl depositions and their characteristics

Mepiop, HaniBpo3na
Papionyknin r P p,m P i
T, " (moba)

po3nany
Ar(moba™)

Crana papioakTMBHOro

Ho3sosuit koediuieHT «PedepeHTHe» BiAHOLIEHHS
E(t) aKTUBHOCTI r-ro pagioHyknipa
(n3e-c' Ha KBK-M?) 10 akTmBHoCTI 'Cs y
BUNaAiHHaX K-

Radioactive half-life

Constant of radioactive

Dose coefficient «Reference» ratio of the

. . deca EF(t " radionuclide to activi
Radionuclide r 7,72 (year) Ar (Vea‘r"‘) (pSv-s™ per(lqu-m'z) of '*’Cs in the groundty
depositions, K,
1 %7r 64 0,011 0,50 2
2 %Nb 35,2 0,020 0,52 1
3 %Mo 2,75 0,252 0,10 10
4 103Ry 39,3 0,018 0,34 8
5 106Ry 368 0,002 0,14 2
6 125Gh 1011 0,001 0,29 0,07
7 131) 8,04 0,086 0,26 13
8 1327 3,26 0,213 0,14 20
9 132 0,10 7,220 1,52 20
10 1¥4Cs 752 0,001 1,05 0,5
11 136Cs 13,1 0,053 1,42 0,4
12 W¥1Cs 11023 0,0001 0,41 1
13 140Ba 12,7 0,055 0,22 2
14 14013 1,68 0,413 1,5 2
15 141Ce 32,5 0,021 0,046 3
16 44Ce 284 0,002 0,011 1,5
17 144py 0,012 57,75 0,018 1,5
18 BINp 2,36 0,294 0,17 20

OcCKiJIbKM TPOLIEC CAMOOYMIIEHHSI BEPXHBOTO IIAPY
ITPYHTIB BiIOYBA€THCSI B OCHOBHOMY 3a pPaxyHOK IpH-
POAHBOIO PO3Maay Ta BEPTUKAJIbHOI Mirpallii pagioHyK-
JIIiB BIIUO TPYHTOBOTO MpOodimio, craja e(peKTUBHOTO
HaIliBOYMIIEHHS BEPXHBOIO APy IPYHTY AY MOXe OyTU
BUpaxeHa SIK:

Since the process of weathering cleaning of
upper lay of grounds goes mainly due to radioac-
tive decay and vertical migration of radionuclides
deep into the ground profile, the constant of effec-
tive half-time of removal of upper lay of ground A¢
can be expressed as

A=+ (4)

ne A, — cTaja paaioaKTMBHOTO HamiBpo3maay r-ro
pamioHykiiga; A% — cTaja €KOJOTiYHOIro HariBO4u-
1IeHHs BepXHboro (5—10 cMm) mmapy rpyHTy 3a paxyHOK
BEepTUKAIbHOI Mirpauii »-ro pamioHykiaiga. Y moperi,
sKa PO3IISIAETHCS, BEIMYMHA A< BpaxOBYETHCS JTUIIIE
JUIST JOBroicHytounx pamgioizoromiB *’Cs. Jasg iHmmx
pagioHYKJIiiB, HaBeAeHUX y TabJ. 1, BBaXKa€eThbCs, 11O
BHACJIiIOK KOPOTKOTO MEPioay paaioaKTUBHOIO HaIliB-
poamany, a00 He3HAaYHOI KiJIbKOCTi y BUITQmiHHSIX K,
HanpuKiam, y BUIMaaKy '*Sb, mpolecu eKOJIOTi4yHOro
OYMILIEHHS IPYHTY HECYTTEBO BILUIMBAIOTh HA BEJIMUMHY
IIO3HM, i TOMY ISl HUX MOXKHA BBaXaTH, 10 AY = A,.
OuiHKK cBiTuyaTh MPO HEBUCOKY iHTEHCUBHICTh Ta
MpakTUYHY HE3MiHHICTh 3 YacOM IIBUAKOCTI Mirparlii
YCs y npodingx rpyHTy. [1pu 1iboMy GibII iIHTEHCUB-
HO Mirpalisi BiZOyBa€TbCs y Ieplili pOKU ITicjsl aBapii i

where A, is the constant of radioactive decay of
radionuclide; A« is the of weathering half-time of
removal of #" radionuclide from upper (5—10 cm)
lay of ground due to vertical migration. In the con-
sidered model, the value A¢ is taken into account
only for long-existing radioisotopes 'Cs. For
other radionuclides presented in Table 1, it is
assumed that due to short period of radioactive
decay or negligible amount in depositions as, e.g.,
in case of '*Sb, processes of ecological cleaning of
the ground insignificantly effect the dose value, and
therefore, for them one can assume that A = A,.
Estimates witness about quite low intensity
and practical immutability in time of velocity of
¥Cs migration in ground profiles. At that more
intensively the migration takes place in first years

(1) 170
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B YMOBaX MiABUIIEHOI0 3BOJIOKEHHS. 3BaXKaouu Ha 1Ie,
e(PeKTUBHUI TMepioJ HaMiBOYMILIEHHS BEPXHbOIO
(5—10 cm) mapy rpyury mis 'Y’Cs nmpuiiMaeTbes piBHUM
25,42 poky, a BinnosinHa itoMy BeauyuHa AZ = 7,5:107
pik! [15—17].

YV 1ab1. 2 HaBeJeHI YMCI0BI 3HAaYEHHS €(PEKTUBHOI JO3U
d®(t) nna pedepeHTHOI JOPOCIIOi JIIOAMHA Ha OINVMHUIIIO
akTuBHOCTI '¥’Cs Bi pagioakKTMBHUX BUITaiHb Ha IPYHTI.

Ta6nuusa 2

after the accident and under increased damping.
Due to that, effective half-time of removal of
cesium from upper (5—10 cm) lay of ground is
25.42 years, and its corresponding value is AZ,=
7.5:107 year! [15—17].

Table 2 presents numerical values of effective dose
d*(1) for reference adult per unit of '¥’Cs activity
from radioactive depositions on the ground.

YacoBa guHamika eheKTMBHOT 03U ONpoMiHeHHA pedepeHTHOT aopocnoi ntoanHu Big *’Cs HAa 0AMHULLI0 aKTUB-

HOCTi BUNaAiHb Ha I'PYHTI
Table 2

Time dynamics of annual effective doses of a reference adult from *’Cs per unit of activity from depositions

on the ground

Pik a®™(t), Mk3B-pik' Ha KBK-M2 Pik d®™(t), Mx3B-pik' Ha KBK-M?2
Year a™(t) (uSv-year per kBq-m?) Year d™(t) (uSv-year" per kBq-m3)
1986' 81,0 2002 8,4
1987 30,2 2003 8,2
1988 22,7 2004 79
1989 18,9 2005 7,7
1990 16,4 2006 75
1991 14,6 2007 73
1992 13,3 2008 71
1993 12,3 2009 6,9
1994 11,5 2010 6,7
1995 10,9 2011 6,5
1996 10,4 2012 6,3
1997 10,0 2013 6,2
1998 9,6 2014 6,0
1999 9,2 2015 58
2000 8,9 2016 57
2001 8,7 2017 55

MpumiTka. 'BpaxoByeThes iHTepBan yacy 3 26.04.86 fo 31.12.86.
Note. 'During time period from 26.04.86 to 31.12.86.

ITonpaBouHuit KoediuieHT I € BiTHOLIEHHSIM 1030-
BUX KOe(QilliEHTIB 30BHIITHLOTO OIPOMiHEHHS BI
pamioHyKJiLy r TIpencTaBHUKA AUTIYOI/IiIIITKOBOI
BiKOBOI IPYIIM @ Ta TOPOCOi JIOAWHU. BiH OLIiHIOETHCS
s gty BikoBux rpym [10, 18—20]: < 2, 3—7, 8—12,
13—17 ta > 18 poxkiB (Tadm. 3).

Ta6nuusa 3

Correcting coefficient /%" is a ratio of dose coef-
ficients of external exposure from radionuclide of
" representative of children/adolescent age group
a and of adult. It is estimated for five age groups
[10, 18-20]: < 2, 3—7, 8—12, 13—17 and > 18
years (Table 3).

3HayeHHsA 3aeXHUX Bij BiKy nonpaBoYyHux KoediyieHTiB ANA OLiHKU 4031 NpeACTaBHUKA JAUTAYO0T/nigniTKoBo1

BiKOBOT rpynu nopiBHAHO 3 AOPOCNOIO0 NIOAUHOIO
Table 3

Values of age-dependent correcting coefficients for the dose estimation of a representative of children/ado-

lescent age group compared with adult

Bikoea rpyna (poku) / age group (years) <2

3-7

8-12 13-17 >18

15" 1,30

1,06 1,06 1 1
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®akTop 3HIKEHHS JO03M OIPOMIHEHHS 3a pPaxXyHOK
0COOJIUBOCTEN peXrUMy MOBEAiHKM 0coOu TpodeciiiHo-
BiKOBOI Tpynu F,s («KoehillieHT pexXxruMy MOBEMiHKWN»)
BU3HAYAETHCS IIEPIOAOM Yacy, IKHMI 0c00a y cepeTHbOMY
OpPOTITOM POKY IPOBOAUTH HA BiIKPUTiA MiCLIEBOCTI Ta
BCepenrHi OyiBJli (3aKpUTe MPUMIIIIEHHS ), a TAKOX 3a-
JIEXUTh Bil 3aXMCHUX BJIACTUBOCTE camoi OyniBii, y
IKill 3HaXOOWThCS ocoba Ha Teputopii s-ro HIT [10,
18—20]. Beauuuna F, s po3paxoBY€EThCS 3a (POPMYJIIOIO;

Factor of decreasing of exposure dose due to
peculiarities of behavioural regime of a person from
professional-age group F,s («behavioral regime
coefficient») is determined by period of time that a
person in mean during a year is staying at open air
and inside a building (closed room), also it depends
on protecting properties of a building itself where a
person is situated at the territory of s settlement
[10, 18—20]. The value F,; is evaluated as

F. = ZZ -b,. )

ne Iy — gakTop «10Kalii», TOOTO BiTHOLIEHHS BEJINYHU-
HU JI03U 30BHIIIHBOTO OIMPOMiHEHHS, IKY OTPUMYE OCO-
0a BIKOBOI I'pyIU @ Y NPUMIILIEHHi /-TO TUIY MOPiBHSIHO
3 TaKOIO X /103010 Ha BiAKPUTIiA MiCLIEBOCTI;

bl, — dakTop «3alHATOCTi», TOOTO HOJA 4Yacy, SIKUMA
MPOBOAUTH 0CO0Aa BiKOBOI IpyIU a y JOKaIlii i-TO TH-
Iy.

OCHOBHMMU JOKALiSIMU JJI1 MELIKAHLIIB paaioaKTUB-
HO 3a0pyJIHEHUX TepUTOPiii YKpaiHU BBAXKAIOThCS: JIe-
peB’sIHI Ta LIeTJIsTHI OydiBji (OMHOIIOBEPXOBi Ta Oararo-
MOBEPXOBI), BIIKpUTa MiCLIEBICTh B MeXaX Ta 3a MeXXaMU
HI1. Beavuunu L/, Ta b/, Binpi3HAIOTbCS 18 CIIBCHKUX
ta Micbkkux HII, a Takox 3aiexkarthb BiJ nepiofay yacy, 1o
OPOMILOB ITiC/IsT aBapii, OCKIJIbKM B MEPILI Iic/asiaBapiiiHi
POKM MaJjio Miclle cCaMOOOMEXYBaHHSI HACEJIEHHSIM Iepe-
OyBaHHS Ha BigkpuTiii MmicuieBocti. Turt HIT B Mmoneti BBa-
JKAETHCSI MICBKUM, SIKIIIO 0CO0a MPOXUBAE Y MiCTi. AKio
BOHA MEIIKAE y CEeNUIII MiCBKOTO TUITY, a00 B CeJli, THUII
HIT BBakaetbcs cinbebkuM. Ilpumnyckaetbes, mo y HIT
CIJTbCHKOTO TUIY >KUTEJi MEILIKAIOTh Y AePEeB’ SIHUX Oy IMH-
Kax, a poOITHUKMU, SIKi MPaLIOIOTh BCEPEAUHI TIPUMIlLIEH-

Ta6nuusa 4

where /!, is location factor, i.e., the ratio of value of
external exposure dose, that is obtained by a per-
son of age group a in the building of type i com-
pared with the same dose in the open air;

bl is factor of «business», i.e., portion of time that
a person of age group a is spending at location of /*
type.

Main locations for residents of radioactively
contaminated territories of Ukraine are: wooden
and brick buildings (one-storeyed and two-
storeyed), open air inside and outside settlement.
Quantities //; and b} differ for rural and urban set-
tlement, and also they depend on the period of
time after the accident, because during the first
years after the accident it took place self-restric-
tion of population from staying in the open air. A
type of settlement is regarded urban if a person
resides in a city or town. Otherwise a type of settle-
ment is regarded rural. It is assumed that in settle-
ment of rural type, inhabitants reside in wooden
houses, and workers that work inside a building

KoediuieHTn pexxumy noBepinku F,s ans pisHux npoceciinHo-BiKOBMX rpyn HacesieHHA paAioaKTUBHO 3a6pya-

HeHux TepuTopin Ykpainm [20, 21]
Table 4

Coefficients of behavioural regime F,s professional-age groups of population from radioactively contaminat-

ed territories of Ukraine [20, 21]

Mpodeciiina rpyna / professional group

KoediuieHt nosepinku / behaviour coefficient F s

ceno / rural micTo / urban
Cnyx6oBewp abo pobitHuK / employee or worker 0,26 0,14
CinbrocnpobitHuk / agricultural worker 0,40 0,23
MeHcioHep abo aomorocnopapka / retired or housewife 0,26 0,14
[Ilutvna abo nignitok v siwi' / child or adolescent at the age of' < 1 poky / year 0,14 (0,16) 0,08 (0,09)
1-2 pokw / years 0,15(0,18) 0,08 (0,11)
3-T poxis / years 0,17 (0,21) 0,11
8—17 pokiB / years 0,21 (0,23) 0,14

MpumiTka. '[lns oci6 < 18 pokis poarnsaaioTLCA ABa Yacosi nepioau: 1986—1987 pp. Ta 19882018 pp. Benuunka F, s st Apyroro nepiofly HaBefeHa y AyxKax.
Note. 'For persons < 18 years two time period: 1986—1987 and 1988—2018 are considered. Values F;s for the second time period are in the brackets.
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H$1 IPaLIOIOTh Y UEIIHUX OyAMHKaX. ¥ MiCbKMX HaceJe-
HUX MYHKTaxX MEIIKaHIIi MPOXKMUBAIOTH i MPaIIOIOTh Y 1IeT-
JIsiHUX OynuHKaxX. OCHOBHOIO MPOECiiiHOO IpyMHolo J1JIst
cinbebkux HIT BBaXaeTbcsl — CUTBroCIOpOOITHUK, IO
MOpaLoE€ Ha BiIKPUTiA MiCLIEBOCTI, JJI MiCbKUX — CJIyX-
OoBelb 200 pOOITHUK, SIKUIA MPALIOE Y TIPUMILLIEHHI.

YV 1a61. 4 HaBeIeHO NMPUNHATUI Y MOJEJII TIepeTiK Mpo-
deciiiHO-BIKOBUX IpyN Ta BiIMOBIAHUX iM pedepeHTHUX
3Ha4YeHb KOe(DIILliEHTIB peXXUMY TMOBEIIHKU F .

PekoHcTpyKiisi 1034 BHYTPIIHEOTO ONPOMiHEHHS
BenuuunHa cepenHbOPiYHOI €(peKTUBHOI JO3M BHYTPilll-
HborO onpomineHHs1 D(t) (3B - pik™') 0OyMOBJIeHa CIo-
JKMBaHHSIM PajioaKTUBHO 3a0pYyIHEHUX MPOAYKTiB Xap-
yyBaHHS MPeACcTaBHUKOM MpodeciiiHO-BiKOBOI Ipynu a,
axuii Memkae B s-My HII y pori £. OcHOBHUMM T1apa-
MeTpaMU MOJIeJli po3paxyHKy no3u D/(?) € BETUIUHU:
> d" 3p-BK' — edekTUBHA 1032 BHYTPILIHLOTO OIl-
pOMiHEeHHS pedepeHTHOI JOPOCIOl JIIOAWMHU HA OIUHU-
110 TIePOPaIbHOTO HAIXOMKEHHS padiOHYKITILY
> O«1), bx-noba™! — QpyHKIIisI pedpepeHTHOro HAIXOIKEHHST
PamioOHYKJIiIY 7y OpraHi3M J0pOCIOl JIIOAUHM 3 PALliOHOM;
> 0y, bx'M? — 1linpHicTh Bumnanine “’Cs Ha I'pyHTI B
HII, npusBenena Ha 26.04.86;
> [ — monpaBOYHUN KOeMILi€EHT Mg PEeKOHCTPYKIIil
JI03U Y BUITAKy BHYTPILIHBLOTO OMPOMiHEHHST OCOOH, sIKa
HaJICXKUTH A0 TUTSYOI/TUTITKOBOI BiKOBOI TPYITH ¢ TIOPiB-
HSTHO 3 103010 10POCJIOl TIOAWHU JJISI PaSiOHYKITiAY 7.

¥V zaranbHOMY BUTJISIAL BUpa3 JJisl pO3paxXyHKY iHIMUBI-
JlyaJli30BaHOi 1031 BHYTPILITHbOTO onpoMiHeHHsT Di(1),
MoOXe OYTU TIpeACTaBAECHUI CyMOIO 103 Bil palioHyK-
aigiB (r):

Dl0=c) 0 1.-D(t)

ne I — nmonpaBoyHMiT KOeDiLliEHT, 1110 BPaXOBY€E 0CO0-
JIMBOCTI CITO;KMBaHHsI MOJIOKA Ta JINCTOBOI 3ej1eHi y 1986 p.
JUTHUHOIO a00 MiJTITKOM BiKY @ MOPiBHSIHO i3 JOPOCIU-
mu, D/ (t) mpencraBieHo y TabJ. 5.

Croci0 peKOHCTpyKIlii BenmuunH d? Ta Q,(1) 3a/IeXKUTh
BiJ Tepiody 4acy, sSIKMil IIpOMIIOB Mmicisl aBapii, KOMIIO-
311l J030yTBOPIOIOUMX PANIOHYKIIiIB Ta coco0y Hal-
XOKEHHS iX B OpraHi3M JIIOAWHU: JINCTOBUI Y1 KOpPEeHe-
BUi1. 3aJ1e3KHO Bif ITbOTO HEOOXiTHO OKPEMO PO3TISTHYTH
BUIAJKHU BHYTPILIHBOIO OIPpOMiHEeHHs y 1986 p. Ta orIl-
poMiHeHHs y niepioa 1987—2017 pp.

V 1986 pouii pyHKIIisT d(1) po3paxOBY€EThCS 33 HOPMY-
JIOIO:

int,86
d,

actually work in brick houses. In urban settle-
ments, residents live and work in brick houses. A
main group in rural settlement comprises agricul-
tural workers that work in the open air, for urban
ones it comprises employees and workers that work
in berth.

Table 4 contains the accepted in the model list of
professional-age groups and corresponding refer-
ence values of behavioural regime coefficients £, ;.

Reconstruction of internal exposure dose
Value of average annual effective dose of internal
exposure D/(1) (Sv - year™) is subjected by consump-
tion of radioactively contaminated meal by a represen-
tative of professional-age group a which resides in s™
settlement in year £. Main model parameters for eval-
uation of the dose D(?) are the following quantities:
> d" Sv-Bq!, is the effective internal exposure
dose of a reference adult per unit of peroral intake
of radionuclide ;
> (Qy(1), Bgday' is the function of reference
intake of radionuclide » in organism of adult;
> 0;, Bq'm™ is the density of '*’Cs ground deposi-
tion on in settlement given on 26.04.86;
> [ is the correction coefficient for reconstruc-
tion of the dose in case of internal exposure of a per-
son belonging to children/adolescent age group a
compared with the dose of adult for radionuclide r.
In general form the expression for evaluation of
individualized dose of internal exposure D/(?) can
be represented as a sum of doses from radionu-
clides (7):

Z[ d IO (1) (©6)

where I? is the correcting coefficient that takes into
account of peculiarities of consumption of milk and
leaf greens in 1986 by a child or adolescent of age a
compared to an adult, D" (?) is presented in Table 5.

A way of reconstruction of quantities ¢ and
0O,(t) depends of the period of time after the acci-
dent, of composition of dose creating radionuclides
and of the way of their intake to human organism:
leaf or root. Depending of that, it is necessary to
consider separately the cases of internal exposure in
1986 and exposure in the period 1987—2017.

For year 1986, the function d*(t) is evaluated
as

-E"K, )
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ne E" — noszoBuit Koe(illiEeHT BHYTPIlIHLOTO OIIPO-
MiHEHHS BiJl pagioHYKJIiay 7 1JIs1 AOPOCIMX Ha OAUHMIIIO
MepopaJbHOTO HAAXOMKeHH, 3B-BbK' HaIXOMKEeHHS;
K, — npuseneHe Ha 26 kBiTHa 1986 p. BimHOILIEHHS
pagioaKTUBHOCTI /-T0 PadiOHYKIIiTy 10 PalioaKTUBHOCTI
¥Cs y BunaminHsx, 6,/p.

®yukiisg Q% (1) ouiHioeTbes Tak [21]:

where E" is the dose coefficient of internal expo-
sure from radionuclide » for adults per unit of per-
oral intake, Sv-Bq' of intake;
K, is given on 26 April 1986 the ratio of radioactiv-
ity of " radionuclide to '¥’Cs radioactivity in dep-
ositions, dimensionless.

The function Q%(2) is evaluated as follows [21]:

0" =5 [(0W" 0w ®

ne ¢'(t) Ta clg(t) — pedepeHTHI dyHKii yacoBoi au-
HaMiKM KOHUEHTpaLlii 7#-T0 pamgioHyKJIi1y, BiAOBiIHO Y
KOpPOB’STYOMY MOJIOLII Ta y JIMCTOBUX OBOYAX Ha OOWHU-
o Bumaninb 'Y'Cs Ha rpyHTi, Bx'm'(kr') / kBr'M?; w™
Ta W% — mo0OBe CITOXMBAHHS KOPOB’STYOTO MOJIOKA Ta
JIMCTOBUX OBOYiB MiCLIEBOI'O BUPOOHMIITBA, BiAMOBiIHO,
pedePEeHTHOIO TOPOCIIOIO JTIOAMHOIO, JI(KT) *noba’.

1031 BHYTPILLIHLOTO OIIPOMiHEHHS Y 1986 p. olliHIOBa-
JMch 11 14 OCHOBHUX pamiOHYKIIiIIB aBapilfHOTO IT0-
XOIIKeHHs. Y TabJ. 5 mpeacTaBieHo TepetikK pagioHyK-
JiaiB YopHOOUIBCHKOIO BUKUIY, SIKi OYJIM BKJIIOUEHI 10
PO3paxyHKYy J031 BHYTPILTHBOIO ONPOMiHeHHS Y 1986 p.
Ta X XapaKTepUCTUKU.

Ta6auua 5

where ¢ji(1) and ¢'(t) are reference functions for
time dynamics of concentration of " radionuclide,
respectively, in cow milk and leaf vegetables per unit of
¥7Cs deposition on the ground, Bq-1'(kg"') / kBqgm™;
w"" and w are daily consumptions of cow milk and
leaf vegetables of local production, respectively, by a
reference adult, 1(kg) -day.

In 1986 internal exposure doses were estimated
for 14 main radionuclides of accidental origina-
tion. Table 5 presents a list of radionuclides of
Chornobyl deposition that were included in evalu-
ation of internal exposure dose in 1986, and their
characteristics.

XapakTtepucTuku paaioHykniaie YopHoO6MNbCbKMX BUNAAiHb Ta iX BKNAA Y A03Y BHYTPillHbOr0 ONPOMiHEHHSA

y 1986 p.
Table 5

Characteristics of radionuclides of Chornobyl depositions and their effect on internal exposure dose in 1986

Papionyknip, Mepiop, Jlo30Buit KOediLiEHT Ha PedepeHtHa epekTMBHa A03a BHYTPILLHBOIO
r papioaKTMBHOIO OAMHULIIO NepopanbHOro onpomiHeHHsana popocnux 'y 1986 p. [19, 21]
HaniBpo3nagy [22], HaAXOMKEHHS Reference effective dose of internal exposure
noba ansa popocnux E™ for adult in 1986 [19, 21]
[22], 3B/5K D;"t(t)
Radionuclide Radioactive Dose coefficient for Mk3B Ha 1 KBk-M2 BKJ1aJ, Y 3aranbHy
r half-life [22], adult per unit of peroral 137Cs Ha rpyHTi o3y, %
year intake E7" [22], uSv per 1 kBg-m-2 contribution in the
Sv/Bq 137Cs in the ground deposition total dose, %

89Sy 51 2,6E-09 0,16 0,25
0Gy 10636 2,8E-08 0,48 0,76
%Nb 35,2 5,8E-10 0,021 0,03
957y 64 9,5E-10 0,042 0,07
18Ry 39,3 7,3E-10 0,11 0,17
106Ry 368 7,0E-09 0,39 0,62
1255h 1011 1,1E-09 0,41 0,65
134Cs 752 1,9E-08 7,1 11,3
137Cs 11023 1,3E-08 10 15,9
136Cs 13,1 3,0E-09 0,1 0,16
13 8,04 2,2E-08 43,3 68,7
141Ce 32,5 7,1E-10 0,038 0,06
14cg! 284 5,3E-09 0,21 0,33
1408y 12,7 4,5E-09 0,1 0,16
Yei / all 63 100

Mpumitka. 'Pasom 3 ouipHimy 140Ba+140La, 144Ce+144Pr, 137Cs+137mBg,
Note. 'Together with daughter radioisotope: 140Ba-+140La, 144Ce-+144Pr, 137Cs+137mBg,
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CymapHa piyHa eheKTHMBHa /103a BHYTPIIIHHOTO OII-
POMIHEHHS YCbOTrO Tija ISl AOPOCIAMX Ha OJMHUIIIO
pumnanidb 'Y’Cs B HII Bin ycix 3a3HaueHUX pamioHYKIIi-
niB (6e3 ypaxyBaHHs BHecKy 'l) ckinamae 19,7 Mx3B Ha
1 kbx'M? '¥’Cs Ha rpyHTi i Tpu6au3Ho Ha 90 % 00yMOB-
JmoBanachk pagionykiigamu ’Cs ta **Cs [19, 21]. 3 ypa-
XYBaHHSIM JaHUX Ta0J1. 5, piBHSAHHS (6) MOXHAa Iepenm-
caTu SIK:

D" 0=g.- 1" (Do

int, 86

D..

Bennunnu nonpaBoyHuX KoeMillieHTiB [2e,, Ta [}, nist
PEKOHCTPYKLIl J03M Yy BUIIAAKY BHYTPIlLIHbOIO OM-
POMiHEHHS MpeACTaBHUKA IUTIYO1/TiITiTKOBOI BiKOBOL
TPyl a TIOPIiBHSHO 3 03010 JOPOCIOl JIIOOWHM ISt
pamionykiiniB '*Cs ta ’Cs BigImoBigZHO, a TAKOX BeJIM-
YUHY TIpeAcTaBieHo y Tabm. 6 [21, 22].

O=g. [0 101" +26)

Total annual effective internal exposure dose of
the whole body for adults per unit of '*’Cs deposi-
tion in settlement from all abovementioned
radionuclides (without consideration of effect of
B1T) constitutes 19,7 uSv per kBg'm? of *’Cs on
the ground and it was approximately at 90% due to
radionuclides '¥Cs and "*Cs [19, 21]. Using data
from Table 5 equality (6) can be rewritten as

a,Cs4+DIZSt7 (t) ]:,tCs7+D;nt;wV (t)) (9)

(10)

Values of correcting coefficients /%%, and I, for
reconstruction of dose in case of internal exposure
of a representative of children/adolescent age
group a compared with the dose of adult for
radionuclides '*Cs and '’Cs , respectively, and also
the value of are presented in Table 6 [21, 22].

Ta6nuua 6
MonpaBouHi koediuieHTH f03M BHYTPilWHbOro onpomiHeHHa Big “Cs Ta »*’Cs 3anexHo Big BiKy ocobm, Aka
onpoMiHIETbCA
Table 6
Correcting coefficients of internal exposure dose from *“Cs and *’Cs in dependence on the age of exposed
person
KoediuieHTt Bik oco0u, poku / age, years
Coefficient <A1 1-2 3-7 8-12 13-17 >18
[ 1,37 0,84 0,68 0,74 1,0 1,0
fot. 0,85 0,92 0,74 0,77 1,00 1,0
26 0,77 0,77 0,87 0,98 0,98 1,0

VYV nepion 1987—2017 pp. cyTTeBUil BKJIad y 03y
BHYTPIIIHBOI'O OIPOMiHEHHSI HAaceJICHHSI paJgioaKTUBHO
3a0pyAHEHUX TEPUTOPii BHOCWJIU JIMILE PaAioi30TONM
¥7Cs Tta "**Cs, ocTaHHIll 3 IKMX BIUIMBaB Ha (pOpMyBaH-
Hs1 AO3M JIMIlIe y nepuii 5—7 micasiaBapiiiHux pokiB. Ha
MOMEHT aBapii cmiBBigHomeHHs '*Cs : *’Cs cknamaio
0,5, a y HACTYIIHi pOKM BOHO 3MEHIIYBAJOCh 3aBISIKU
OinbLI IIBMAKOMY posmazny **Cs. ToMmy Bupa3 11 OLLiHKA
e(PeKTUBHOI 1031 BHYTPIlIHBOTO oOmnpoMiHeHHs D(1)
micyst 1986 p. MOXKHa 3amMcaTvl y BULJISII:

D.o=I"du.0-0 O

EdextuBHa no3a d¥ BHYTpillIHHOTO OIPOMIiHEHHSI pe-
¢epeHTHOI JOPOCOoi JIOAMHU HA OAMHULIO Mepopasib-
HOr0 HAIXOJXKEHHSI padiOHYKJIiay # y piBHsSIHHI 11 po3-
PaxoOBYETHCSI HACTYITHUM YMHOM:

dro=E" (1+05-K .. K.)

During the period of 1987—2017 essential contri-
bution was made to internal exposure dose of popu-
lation of radioactively contaminated territories only
by radioisotopes '¥Cs and '**Cs, the latter effected the
formation of dose only during the first 5—7 years after
the accident. At the moment of accident, the ratio
3Cs to "Cs was 0.5, and in the next years it de-
creased due to quick radioactive decay of '**Cs.
Hence the expression for estimate of effective dose of
internal exposure D%(z) after 1986 can be written as

(11)

Effective dose d? of internal exposure of a refer-
ence adult per unit of peroral intake of radionu-
clide r in equation (11) is evaluated as

(12)
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ne Kcss(t) — KoperyBajlbHUI (pakTop, IO BPaxoBYE
pamioakTuBHUIA po3nan **Cs, a K, — BiTHOILIEHHS 1030-
Bux Koedinientis **Cs ta '¥’Cs 3a1exxHO Bif BikKy ocodu
3 HaceJICHHSI.

®yHK11isT pepepeHTHOTO HAIXOMKEHHSI PATiOHYKITiTy # B
OpraHi3m JI0poc/Iol TIAUHU y Tiepioa micast 1987—2017 pp.
Os.cs7(1) pekoHCTpytoeThesl sk HII-cremmdiuna. HII-
celniyHUR THOxin cnpsaMoBaHUIT Ha BUKOPUCTAHHS
pe3yNIbTaTiB €KOJI0Tr0-J03MMETPUIHOTO MOHITOPUHTY,
1o npoBoauBcsl y s-my HII. AGcomoTHUIT TpiopUTeT
npu LbOMY HamaeThesl pesyiasrataM JIBJI-BuMiproBaHb.
st peKoHCTpyKUil Oscs7(1) BUKOPUCTAHO HACTYITHY
MOCJTIOBHICTh PO3PaXYHKOBHUX IIPOLIEAYD.

IIpouenypa 1. Sxio y 7-it pik B s-my HIT npoBoauBcs
JIBJI-MoHiTOpUHT i KiabKicTh JIBJI-BUMiploBaHb y J0-
pocaux ocib nepepuiyBaia 10, To mrs uporo HII 3a ma-
Humu JIBJI-BUMiptoBaHb PO3pPaXOBYETHCS CEPEIHE Hal-
xomxkeHHs 'Cs 1151 TOpoCInX ¢s(?) i, BianoBigHo, pede-
pEeHTHE HAOXOIKEHHS pamiolle3il0 B OpraHi3M JIIOAMHU
Os.cs7(t) BUBHAYAETHCA SIK:

Qs,Cs7 (t) = 63 (t) ’ At
YU

1

(ZS(’)::j\[x

ne Ui s(t) — BMmicT 'Y'Cs y opraHi3Mi i-ro 10pocIoro Melii-
KaHug s-ro HIT, BuMipsiHuii y #-ii pik, bx;

A¥ — cTalla HamiBBUBEAECHHS paliolle3ilo 3 OopraHi3My
Jopociux, noda;

N; — xinbkicte JIBJI-BuMipioBaHb, BUKOHAaHUX Y S-MY
HIT cepen nopocnux y t-i pik;

At = 365 nib.

IIpouenmypa 2. fAxuio y nanomy s-my HII y #-ii pik JIBJI-
MOHITOPUHI He MpoBoAauBcs, aje B uboMmy HII mpu-
HaliMHiI y 7 OKpeMHX poKax BIIPOJOBX Iepiomy
1986—2017 pp. Bukonysamucst JIBJI-BumiproBaHHS 10-
POCJIMX >KUTENiB (He MeHIIe 3 BUMiIpIOBaHb B OJIMH PiK),
to i uporo HIT 3a pesynsratamu HasiBHux JIBJI-
BUMiploBaHb BcTaHOBMIOEThC HIT-cnenmndgiuyna GpyHK-
uisg HagxomkeHHs ’Cs 3 pallioHOM [T JOPOCIIUX gs(1),
a piBHsHHS (13)—(14) HaOyBaOTh BUIJISILY:

Q.s.('ﬂ (t) = qx (t) ‘At

G =g -eol-1'1)

ne a! (bx/mo6a) ta [f (pik!') — mapameTpH, 110 OLiHIO-
JOThCS LIUISIXOM allpOKCUMALlil piyHUX HagxomkeHb Y'Cs
3 pallioHOM Y IOpOCIUX MellKaHIiB s-ro HIT.

where Kcgy(?) is correcting factor that takes
account of radioactive decay of "**Cs, and K, is
ratio of dose coefficients '**Cs and *’Cs in depend-
ence on the age of a person.

The function Qscs7(?) of reference intake of
radionuclide r to organism of adult during the
period after 1987—2017 is reconstructed as settle-
ment-specific. The settlement-specific approach
is aimed for usage of the results of ecological and
dosimetric monitoring held in sth settlement. At
that absolute priority is given to results of WBC
measurements. For reconstruction of Qs cs7(?)
sequence of evaluation procedures is used.

Procedure 1. If in #" year in s” settlement the WBC
monitoring was held and the number of WBC
measurements of adults exceeded 10, then for this
settlement by data of WBC measurements it is
evaluated mean intake g;(?) of '¥’Cs for adults and,
respectively, the reference intake of radio-cesium
to human organism Qs,cs7(?) is found as

13)
(14)

where U, (1) is contents of *’Cs in organism of i* adult
resident of s settlement measured in #” year, Bq;

n is constant of effective half-time of cesium
excretion from the body of adults, day';
N; is number of WBC measurements made in s”
settlement among adults in tth year;
At = 365 days.

Procedure 2. If in a given s” settlement in " WBC
monitoring was not held, but in this settlement at
least during 7 separate years in the period of
1986—2017 WBC measurements of adult residents
were made (not less than 3 measurements per year),
then for this settlement by the results of available
WBC measurements it is established the settlement-
specific function gs(?) of '’Cs intake with diet for
adults, and equations (13)—(14) take a form

(15)
(16)
where af (Bg-day') and / (year') are parameters

that are estimated by approximation of annual '*’Cs
intakes with diet for adult residents of s settlement.

(1) 176
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Ha pucyHky 2 Bi3yallizoBaHi cepeIHbOPiUHi 3HAYEHHS
gs(t) Ta dyHKisg gs(t) nna nox HII miBHIYHOTO perioHy
VYkpainu.

Figure 2 visualizes mean annual values g;(?) and
the function gy(?) for two settlements of northern
raion of Ukraine.
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PucyHoK 2. Mpuknagu emnipuyHux cepepHbopiuyHMx 3HaueHb s(t) HapxopxeHnHa ’Cs 3 pauioHom (0) Ta
BCTaHOBNEHUX MoAenbHux (cyuinbHa kpuea) HN cneyundiunmnx dyHKLin HapxoaKeHHA §s(t) ansa gopocnux

Figure 2. Examples of empirical mean annual values g;(t) of **’Cs intake with diet (0) and of established
modelling (solid line) settlement-specific functions g;(t) of intake for adults

JdonatkoBoio ymMOBOI0 npu BcraHoBiaeHHi HII-cme-
nudiyHoi dyHkIii ¢s(?) € Bumora HasgBHocTi JIBJI-
BuMiptoBaHb y s-my HII xoua 6 y oquH pik g0 1992 p.
DyHK1IIS ¢5(?7) BUKOpUCTOBYEThCs nuine aiss HII, me
npoleaypa OLIiHKM MapaMeTpiB Liel QyHKIIi xapak-
TEPU3YETHCS 3HAUYCHHSM KoedillieHTy meTtepmiHaitii’
R2>0,2.

IIpouenypa 3. fAxio y s-my HIT JIBJI-MoHiTOpUHT TIpO-
BOJIMBCS MEHIIIE, HixXK 7 pa3iB BIPOJOBX MicasaBapiiiHO-
ro rnepiomy, abo BcTaHOBIeHA (PYHKIIIS g5(?) TIOraHO aIl-
pokcumye nadi JIBJI-monitopunry (R?< 0,2), To 115 1b-
oro HII BUKOPUCTOBYIOTBCS PE3YJIBTaTA «MOJIOYHQIO»
MOHITOPUHTY i BcTaHOBMOEThCsI HIT-cnenumdiyHa «Mo-
JIOYHa» QYHKILiA yacoBol nuHaMiky KoHueHTparii ¥’Cs
Yy KOPOB’SITYOMY MOJIOILLi é}m”(t). Y upomy BUNaaky pede-
peHTHE HAIXOMIKEHHS paiolle3il0 Y OpraHi3M JIIOAMHU
PO3PaXOBYETHCS 3a CITiBBiTHOIICHHSIM:

Qs,Cﬂ ()= E»Zm -

ne ARME(t) — abcomoTHUII palioH-crienu(pidHuii MO-
JIOYHUI €KBiBaJIEHT pallioHy ISl JOPOCIuX, J/mooa.

While establishing of settlement-specific function
gs(1), additional condition is condition of availabili-
ty of WBC measurements in s settlement at least in
a single year before 1992. The function gy(?) is used
only for settlements, where the procedure of estima-
tion the parameters of this function is characterized
by the value of determination coefficient” R>> 0.2.

Procedure 3. If in s” settlement WBC monitoring
was held less than 7 times along the period after the
accident or the established function g;(?) poorly
approximates the data of WBC monitoring (R? <
0.2), then for this settlement the results of milk
monitoring are used and it is established the settle-
ment-specific milk function ¢ ”( t) of time dynam-
ics of ¥7Cs concentration in cow milk. In this case,
reference intake of radio-cesium to human organ-
ism is evaluated as
ARME(t) - At (17)
where ARME(t) is absolute raion-specific milk
equivalent of diet for adults, 1/day. In approxima-

) Koegiuicnm demepminauii (R> ) — cTaTUCTUYHUII TOKA3HUK, SIKUIl BAKOPUCTOBYEThCS B CTATUCTUYHUX MOJIEJISIX SIK
Mipa 3aJIe>XKHOCTi Bapiallii 3ajiexkHOi 3MiHHOI BiJI Bapiallii He3ajexXHUX 3MiHHMX. [Toka3ye, HaCKiIbKU HasIBHi CIIOCcTepe-

2KE€HHA Hi,ILTBCpI[)Ky 10Tb MOJEJIb.

) Determination coefficient (R) is statistical indicator which is used in statistical models as a measure of dependence
between the variation of response variable and the variation of covariates. It shows to what extent the available observa-

tions fit the model.
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~mil,

ITpu anmpoxcumariii yHKILii Esm"( 1) BUKOpUCTOBYETbcs  tion of the function ¢; (7) the following mathemat-

HacTyIlHa MaTeMaTh4Ha ¢popma: ical form is used
le[ m m m m m
Cx (t) = as : (b? : eXp(— lsl : t)+ (1 - bs ) eXp(— ISZ : t)) (18)
ne as, bs, [§1, [ — napaMeTpu, 1110 OLiHIOIOThCSI. where ag, by, i1, [ are parameters to be estimated.
OCKiJIbKH, MaCOBHMIT MOHITOPUHT KoHIeHTpalii '7'Cs y Since massive monitoring of '¥’Cs concentration
MoJiolli moyvaBcs jguiie 3 1991 p., misg nepiony 1987—  in milk started only from 1991, for the period

1990 pp. y S9KOCTi eMIipUYHUX 3Ha4yeHb HOopMoBaHUX  1987—1990 in the capacity of empirical values of
KoHueHTpauii 'Cs y Mosioli BUKOPUCTOBYIOThC 3Ha-  normed concentration of '*’Cs in milk the values
YeHHS, po3paxoBaHi 3a 3araJlbHOYKpaiHCBbKolo nBiui  are used evaluated by All-Ukrainian twice normal-
HOPMOBaHOIO «MOJIOUHOW» (yHKIieo [4, 19], mo ized milk function [4, 9], which is presented in
npeacTaBieHa y Taon. 7. Table 7.

Ta6nuusa 7

NapameTpu 3aranbHOYKPAiHCbKOT pedepeHTHOT «MOIOYHOT» (DYHKLiT, AKA BUKOPUCTOBYETLCA ANA OLiHKU
Bmicty *’Cs y monouiy 1986-1990 pp.

Table 7

Parameters of All-Ukrainian reference milk function which is used for estimation of *’Cs contents in milk
in 1986-1990

Napamerp ¢"0=a-(b-esp(-1,1)+ (1-b)-expl-1.-1)
Parameter a b [ A
6/p 6/p pIK le
nondimensional value nondimensional value year™ year™
Cepepnne 3,46 0,9 0,236 0,046
STD 0,17 0,04 0,021 0,031
Ha pucyHky 3 BizyasizoBaHi aOCOJIOTHI 3HaUYE€HHS Ce- Figure 3 visualizes absolute values of average

penHbopiuHMX KoHLeHTpauii *’Cs y Mojiowi Ta BinmoBin-  annual concentrations of '’Cs in milk and corre-
Hi anpokcuMatiitni GyHkuii &"(#) wis nox HIT pisaux  sponding approximative functions ¢;" (z) for two

paiioHiB MiBHOYI YKpaiHu. settlements of different raions of northern Ukraine.
c. MetpiBcbke, IBaHKiBCbKMIA p-H c. Kam’siriBka, OBpyLbKMii p-H
v. Petrivs’ke, Ivankiv raion v. Kam’yanivka, Ovruch raion
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PucyHoK 2. Npuknaau yacoeoi AUHaMiKu cepeaHbOpPiYHOT KOHLI,EHTpaLI'I'I 37Cs y monoui 3a pesynbratamu npsa-
mMux BuMipiB (0) Ta BCTaHOBNEHi MOAENbHi «MONOYHI» (yHKUiT G t) (cyuinbHa kpuBa) ana popocnux; as; by
L1, ;3 - napameTpu «mMonouHoi» dyHkuii C; ?)

Figure 2. Examples of time dynamics of average annual *’Cs concentratlon in milk by the results of direct
measurements (o) and established model «milk» functions G, (t) (solid line) for adults; a;, bs, L3, 5z are
parameters of «milk» function C; é‘ t)

(1) 178
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EPIDEMIOLOGY

AND DOSIMETRY

BenuuriHa abcoMOTHOrO paifOHHOTO «MOJIOYHOT'O» €KBi-
BAJIEHTY pallioHy JJIs1 Jopociux xxurteiiB ARME(t) y no-
TOYHOMY POILIi / BUBHAYAETHCS SIK CepedHE (3BaKeHE 3a
KinbKicTio JIBJI-BuMiproBaHb) 3HaYE€HHSI MOJOUYHUX €KBi-
BaJIEHTIB paLliOHY IJIsT JOPOCIUX Wy (1), pO3paxOBaHUX Ha
ocHoBi JIBJI-BumiptoBansb B ycix HIT agMiHicTpaTBHOrO
paiioHy R, SIKUi1 pO3IISIIAETHCS, 32 CITiBBIAHOILEHHSIM:

1 _
ARME(t) = —- " (1)
AL

ne Nr — kinbkicts JIBJI-BuMiptoBaHb B paiioHi R cepen
JOPOCIIMX 3a MOTOYHUI PiK ¢. Y CBOIO yepry 3HaYeHHS
Ws'(1) OLIIHIOETBCS SIK:

wsm (1) =

ne Uy — cepenniii BMicT '’Cs B opratiami i-ro 10pocio-
ro xwurenst s-ro HIT y morounomy polii £ c_sm”( 1) —cepen-
Ha aktuBHicTs 'Cs B Mojoni s-ro HIT y moTtouHomy
potlii ¢.

Hunst po3paxyHky ARME(t) BinbupaioTbcs JIMIIE NaHi,
1110 337I0BOJIbHSIIOTH HACTYITHUM YMOBaM:
> BiK ocobu, y siKoi nipoBoauiauch JIBJI-BuMiproBaHHS
> 18;
> KiJbKicTh JIBJI-BUMiproBaHb B HaceJ€HOMY MyHKTI y
NOTOYHOMY poui > 20;
> cepelHsa KoHueHTpauia “’Cs B MOJIOL 3a ITOTOYHUIA
pik Ginbiie 10 bk,

ITpu HenmocratHilt KinbkocTi JIBJI-BuMiproBaHb y To-
TOYHOMY poli (MeHIie 20 BUMiplOBaHb) BUKOPHUCTOBY-
BaJICh eKCTIepTHI oiHKu ARME(?).

Ha pucyHky 4 npeacraBieHO pe3yabTaTy OLIIHKW 4a-
COBOI TWHAMiKN PalilOHHOTO «MOJOYHOIO» €KBiBaJECHTY

U0 e
¢

The value of absolute raion «milk» equivalent of
diet for adult residents ARME(?) in current year ¢ is
determined as average value (weighted by the
number of WBC measurements) of milk equiva-
lents of diet for adults wy (%), evaluated based on
WBC measurements in all settlements of the con-
sidered administrative raion R by relation

19)

where N is the number of WBC measurements in
raion R among adults during current year ¢. In turn
the values wy'(?) are estimated as

int

(20)

where U, is mean contents of ’Cs in organism of
i™ adult resident of s in current year £, & () is
mean activity of '’Cs in milk of s™ settlement in
current year 7.

For evaluation of ARME(t) only the data are
selected that satisfy the following conditions:
> the age of a person, for which WBC measure-
ments were made, > 18;
> number of WBC measurements in the settle-
ment in current year > 20;
> mean concentration of '¥’Cs in milk during the
current year is larger than 10 Bq-1™.

Under poor number of WBC measurements in
current year (less than 20 measurements) expert
estimates ARME(t) were used.

Figure 4 presents estimation results of time
dynamics of raion «milk» equivalent of diet

[ly6poBuubkuii p-H / Dubrovytsia raion

n
[$,]

N

n/po6a // L/day

=)
[$,]

y=0,0278x-55,05

0
1985 1990 1995 2000

2015 2020

2005 2010
poKM / years

PucyHoK 4. Yucnosi 3HaueHHs ARME(t) (o) Ta anpokcumauiitHa npaMa, fAika iX MOAENioe Ha NpuUKNapi

Dly6poBuubKoro paioHy PiBHeHCbKOT o6nacTi

Figure 4. Numerical values ARME(t) (o) and approximative straight that models them at the example of

Dubrovytsia raion of Rivne Oblast
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pauiony ARME(t) Ta niHiiiHy (byHKIIiO, IO iX alpOKCH-
mye. st TMX pokiB, KoM pesyabratu JIBJI- abo «Mo-
JIOUHUX» BUMipIOBaHb Oy BiICYTHi, a00 HE 3aJ0BOIb-
HSUIM YMOBaM, BUKJIaJIeHUM BUIIIE, BUKOPUCTOBYBAJIUCH
3HAYEHHS, 1110 JieXXaTb Ha alpOKCUMALiMHIN yHKIIII.

IIpouenypa 4. fAxuo y s-my HIT y #-i1 pik micisiaBa-
piiiHOTO Tepiogy MOJIOUHUI MOHITOPUHI MHPOBOAUBCS
MeHIIIe 7 pa3iB, a00 (PyHKIIis am”(t) TOTaHO aITPOKCUMYE
JaHi MoHiTOpMHTYy Mosioka (koedimient R? < 0,2),
3aMicTh (PYHKIIiT y piBHSAHHI (17) peKOHCTPYIOETHCS OJl-
Ha 3 TPHOX BEJIMYMH y IPEACTaBJICHIi ITOCTiZOBHOCTI,
sIKa 3aJICXKUTH Bill HASIBHOCTI Ta 00’ €MY «MOJIOYHMX» 1a-
Hux B s-my HII ta y inmmx HII agmiHicTpaTuBHOIrO
paifoHy, 10 sikoro HajexuTh s-ii HIT:
a) cepenHst KoHueHTtpauis “’Cs y mosnoui s-ro HIT (ripu
HasIBHOCTI 4 a0o Oimblme pe3yabTaTiB BUMipIOBaHb
pagione3ito B MoJiowi uporo HIT y 7-i1 pik);
0) «MoNOUYHa» (PYHKIIiSI YaCOBOI NIMHAMIKM Y KOHLIEHT-
pauii ""Cs y KOpOB’I4OMY MOJIOL, sIKa BPaXxOBYE pe-
3yJbTaTh MOJoYHOro MoHitopuHry B HII, mo 3Haxo-
IS9Thes y Oe3rocepenHiit 6au3bkocTi 10 s-ro HIT ta ma-
I0Th CXOXi pajliooriyHi XapaKTepUCTUKH;
B) ycepenHeHa 3a f-ii pik KoHLeHTpawis *’Cs y Moo
Bcix HII paiiony R, ae OpOBOAUBCS «MOJOYHUI»
MOHITOPUHI, HOPMOBaHa Ha OAMHUIIO IIiIJIBHOCTI BM-
nagidb ’Cs Ha rpyHTi KoxxHoro Takoro HII. Buxkopuc-
TOBYIOThCS CEPE/IHi BETMIUHU CR (1).

Ha pucyHky 5 mpencrtaBieHO MPUKIAL «MOJOYHOI»
byHkuii [6]: ¢z”(1) — nna Kosenerpkoro paitony YepHi-
riBChKOI 00J1aCTi.

ARME(?) and a linear function that approximates
them. For that years when results of WBC or
«milk» measurements were absent or the above-
mentioned conditions were violated, the values of
approximative function were used.

Procedure 4. If in s” settlement in ™ year after the
accident the milk monitoring was held less than 7
times or the function &m”( t) poorly approximates the
data of milk monitoring (R*< 0.2), then instead of
the function in equation (17) it is reconstructed one
of three quantities in the following order, which
depends on availability and sample size of «milk»
data in s” settlement and in other settlements of the
administrative raion to which sth settlement belongs:
a) mean "’Cs concentration in milk of s settle-
ment (in the presence of 4 and more results of
measurements of radio-cesium contents in milk in
this settlement in " year);
b) «milk» function of time dynamics of *’Cs con-
centration in cow milk, that takes account of
results of milk monitoring in the settlement, which
is situated in immediate vicinity of s* vicinity, and
that have similar radiological characteristics;
¢) averaged for " concentration of *’Cs in milk of
all settlements of raion R where «milk» monitoring
was held, the concentration is normed per unit of
density of '¥Cs deposition on the ground of each
such vicinity. Mean values ¢z"(#) are used.

Figure 5 presents an example of «milk» function
[6]: ¢ (1) for Kozelets raion of Chernihiv Oblast.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

Bk/n Ha KBK/Mm?
Bq/L per kBq/m®

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

0 |
1985 1990 1995 2000 2005 2010 2015
POKH / years

PucyHok 5. Koxuentpauyia **’Cs y monoui, HopmMoBaHa Ha winbHicte Bunaginb *’Cs Ha rpyuTi y HN Koseneys-
Koro paitoHy () Ta cepeaHbopailoHHi cepepHboOpiuHi 3HaueHHa T (t) (®), Bk/n Ha KBK - M

Figure 5. Concentration of **’Cs in milk, normed by a density of *’Cs deposition on the ground in the settle-
ments of Kozelets raion (#) and average raion annual values &;"(t) (), Bq:L" per kBgq-m

(1) 180
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EPIDEMIOLOGY

AND DOSIMETRY

ITonpaBoyHMit KOedILiEHT A1 BpaXyBaHHS BiKy 0CO-
int . . .
ou I, y nepion 1987—2017 pp. mjist AUTAYMX Ta MiAJIT-
KOBOI1 BiKOBUX I'pYyIl PO3PaXOBYETHCS 3a CITiBBIIHOIIICH-
HSIM:

int

I.=RRI:.

ne RRIr, — paiioHHe BiZHOCHe HaaxomkeHHs 'Cs y op-
raHiaM AUTUHU a0o MiaIiTKa BiKOBOi IPYIIH 4.

Beenenns mapametrpy RRIr, 0a3yeTbCcsl Ha MpUITY-
LLIEHHI, 1110 BiTHOCHE HaAXOIXKEHHSI paiolle3ito 3 palio-
HOM MiX Pi3HMMU BiKOBUMU I'PYIIaMM JiTei /TiIJTiTKIB i
JOPOCINX € TIPUOJM3HO CTIMM 11 MELIKAHIIIB YyCiX
HII onmnoro paiiony. Beauunna RRIr, po3paxoBY€EThCS
SIK ycepedHEeHe MO BCiX poKax ITicasaBapiiiHOro nepiomy
3HAUEHHS IMapaMeTpy BiTHOCHOro (MiXKBiKOBOToO) Hal-
xomkeHHsI ’Cs B opraHiaM RRIg (1) 3a CITiBBiTHOIIEH-
HSIMU:

Correcting coefficient 1" for consideration of
the age of a person in the period of 1987—2017 for
children and adolescent age groups is evaluated by
relation

int

E’
where RRI , is raion relative intake of *’Cs in organ-
ism of a child or adolescent of the age group a.

The parameter RRIr, is introduced based on the
assumption that relative intake of radio-cesium with
diet among different age groups of children/adoles-
cents and adults is approximately constant for resi-
dents of all settlements of a single raion. The value
RRIR, is evaluated as averaged by all the years of
post-accidental period for the value of parameter of

relative (inter-age) intake of 'Cs in organism
RRIR (1) as follows:

21

RRI .=

RRI:.

WBC . .
ne Ns — xinmekicts HII, png skux Oysio po3paxoBaHO

HII-cneuugiyHe BifTHOCHE HAAXOIKEHHS; 75&0 Ta Aes —
KOHCTAHTM HaMiBBUBEIEHHS LIE3il0 3 OpraHi3My, BiaIo-
BimHO, MiTeil/MiWIiTKiB BiKy a Ta mopociux, 1/mo0a;
Us,o(t) Ta Uy(?) — cepenni 3HayeHHs1 BMicTy ''Cs B op-
raHisami, 3apeectpoBaHi npu JIBJI-BuMiproBaHHAX Y 7-i1
piky s-my HII sk y miTeit/mimmiTKiB BiKy @, TaK i y JOpocC-
Jnux, bx; Nr — KUIbKIiCTh POKiB, 3a SIKi ycepeaHIOThCS
naHi (3 1986 mo 2017 p.).

3HaueHHsI RRIr, pO3paxoByBajloCh IJIsI YOTHUPHOX
BikoBux rpyi: < 2, 3—7, 8—12, 13—17 pokiB. Po3risna-
qucs e Ti JIBJI-BuMiproBanHs aktuBHOCTI ''Cs, ki
MepeBUIyBaid MiHIMaJIbHO JE€TEKTOBaHY aKTUBHIiCThb
npuiamy. ¥ Taba. 8§ HaBeleHi CTATUCTUYHI XapaKTepuc-
TUKU napameTpy RRIg,, BCTAHOBJEHI IJIs1 Pi3HUX BiKO-
BUX IpyM JiTeli Ta MiAIiTKiB OKPEMUX pailOHIB YKpaiHU.
CraTUcTUYHA [OOCTOBIpPHICTH MapaMeTpiB PO3IMOJiTy
RRIR, 1151 3a3HAYEHUX BiKOBUX TPyl IiATBEpIKEHA
CTaTUCTUYHUMU TecTaMu: BikokcoHa (HemapameTpuy-
Huit) Ta CrhiogeHTa (mapaMeTpUIHMI).

PE3VYJIBTATU TA OBTOBOPEHHS

MeTtoauKky peKOHCTPYKIIil iHAMBIAyali30BaHUX 103 OYyJ10
3actocoBaHo i 10 paifoHiB MBHIYHMX oOmacTeil YK-
painu, a came: KopocrteHcbkuit, Hapoguupkuii, OBpylib-
kuit Ta OneBcbkuii paitonn ZKutomupcebkoi ooacTi, IBaH-
KiBcbkuit paitoH KuiBcbkoi oonacTi, dyopoBulibkuii, Po-
KNTHIBCbKMiIT Ta CapHEHCHKMIT paiioHn PiBHEHCBKOI 00-

L v4.0_ 1 vU.LO A,
WBC Z - = wsC® Z = it
NS s qs NS K Us (l) Z/C_s

_VRRI:.®
2N

(22)
(23)

where NJ;/ " is a number of settlements with calcu-
lated settlement-specific relative intake; X&a and
A¢s are constants of Cs elimination half-life,
respectively in children/adolescents of age a and
adults, 1/day; Us.u(?) and Uy(?) are average values of
¥7Cs contents registered in WBC measurements in #*
year in s settlement for children/adolescents of age a
and adults, respectively, Bq; Nris the number of years
by which the data are averaged (from 1986 to 2017).
Values of RRIr, were evaluated for four age
groups: < 2, 3—7, 812, 13—17 years. There were
considered only such WBC measurements of '¥’Cs
activity that exceeded the minimal detectable activ-
ity of devise. Table 8 presents statistical characteris-
tics of the parameter RRIr, established for various
age groups of children and adolescents of different
raions of Ukraine. Statistical significance of distri-
bution parameters of RRIr, for abovementioned
age groups is accepted by statistical tests: Wilkinson
(nonparametric) and Student (parametric).

RESULTS AND DISCUSSION

The methodology for reconstruction of individual-
ized doses was used for 10 raions of northern
Oblasts of Ukraine, namely: Korosten, Narodychy,
Ovruch and Olevsk raions of Zhytomyr Oblast,
Ivankiv raion of Kyiv Oblast, Dubrovytsia, Rokytne
and Sarny raions of Rivne Oblast, Kozelets and
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Taonuusa 8

Yucnosi 3HaueHHA BifHOCHOro MiXXBiKOBOro HaaxopKeHHA papiouesilo 3 pauioHom (RRI.) pana piten Ta nip-

niTKiB pi3HUX BIKOBUX rpyn OKpeMux pamnoHie
Table 8

Numerical values of relative inter-age intake of radio-cesium with diet (RRI.) for children and adolescents

of various age groups of different raions

Paiion RRIs . ang BikoBOI rpynu, pokie / RRIg ,for age group, years
Raion <2 3-7 8—12 13-17
ArM STD ArM STD ArM STD ArM STD
M. KopocTeHb / Korosten city 1,28 0,31 1,28 0,31 1,03 0,23 0,9 0,18
KopocTeHcbkuin / Korosten 1,24 0,66 1,24 0,66 0,98 0,42 0,87 0,23
Hapomuubkuii / Narodychy 0,98 0,48 0,98 0,48 0,93 0,67 0,88 0,40
Ospyupkuit / Ovruch 1,2 0,69 0,92 0,60 0,99 0,64 0,94 0,52
Onescbkuii / Olevsk 1,2 0,59 1,2 0,59 0,96 0,38 0,87 0,23
IBaHKiBCbKWIA / Ivankiv 2,1 1,35 1,6 1,15 1,05 0,65 0,91 0,54
[Ly6poBuubkuii / Dubrovytsia 1,0 0,45 1,0 0,45 0,91 0,38 0,89 0,33
PokuTHicbkmii / Rokytne 1,0 0,8 1,0 0,8 0,8 0,3 0,8 0,2
CapHeHcbkuit / Sarny 1,3 0,93 1,3 0,93 0,99 0,51 0,88 0,31
Koseneupkuii / Kozelets 1,4 0,4 1,4 0,5 1,1 0,3 0,9 0,2
PinkuHcbkuin / Ripky 1,4 0,4 1,4 0,5 1,1 0,3 0,9 0,2

nacTi, Kozenerpkuii Ta PinkuHcbkuii palionn YepHiriBchb-
Koi obsacTi. byso oliHeHo iHaMBimyaizoBaHi e(eKTUBHI
JI031 30BHIILIHBOTO Ta BHYTPIlLIHHOTO OITPOMiHEHHS, SIKi
OoTpUMaIM MellKaH1i KkoxHoro HIT i3 3a3HaueHux paiioHiB
3a KOXeH ITic/siaBapiiiHuii pik i3 inTepary 1986—2017 pp.
J1o31 po3paxoByBAIMCH TSI TIPEICTABHUKIB IT'ITH BIKOBUX
rpym: 0—2, 3—7, 8—12, 13—17 Ta > 18 pokiB.

Y Tab6n. 9 HaBeneHO ycepeaHeHi 1o pailoHy 3HaYeHHS
e(beKTUBHUX iHAWBIAyali30BaHUX J103 CYMapHOTO
(30BHILIHBOTO Ta BHYTPIILIHBOTO) OMPOMiHEHHS s
pi3HUX BiKOBHUX TpyH, HAKONMUYEHUX 3a Pi3Hi Iepioau
micng asapii Ha YAEC: 1986 p., 1986—2000 pp. (15
pokiB micist aBapii) Ta 1986—2017 pp. (32 poku micist
aBapii). {o3M 3BaxkeHi Ha KiJbKicTb HaceqeHHs y HII
3a3HaYeHWX BWIIE paioHiB. IHdopmalig mpo Ym-
CeJILHICTh HaceJIeHHs Opajach i3 TaKux JKeped: JaHi
paitnepxanminictpauiit Ta MO3 Ykpainu, sKi Haaxo-
JIUJIN 10 JJabopaTopiil pagiojoriuHoro 3axucty HHIIPM
y IIeplii pOKHU Mmiciisl aBapii; pe3yJibTaTu BCEyKPalHChbKUX
nepenuciB HaceiaeHHs y 1989 ta 2001 pp.; maHi odi-
LiMHUX CTaTUCTUYHUX 30ipOK JAep>KaBHOI CIYKOU cTa-
TUCTUKU YKpaiHu. 11 KopeKilii YMceabHOCTi HaceJIeH-
HSl 3a CTaTTIO Ta BiKOM OyJI0 BUKOHAHO MaTeMaTUYHY
npouenypy [23].

Ak BuruIMBae 3 Taba. 9, HaOIMBIIOrO OMPOMIHEHHS
BHacainoK YopHOOWJIbCHKOI aBapii 3a3HaJM MelIKaHILi
Hapomuupkoro paitony. ¥ 1986 p. ixHsg cepemHs no3a
OINMPOMiHEHHSI TIpUOJM3HO y 2—3 pa3u mnepeBulllyBaia
JO3H, IKi OTpMMaii 0OCOOM BiIMOBIAHOI BiKOBOI I'pyIH,
110 MPOXMUBAIOTh B iHIIMX (MIPeACTaBAEHUX y TaOIMILi)
paitoHax 2KutoMupcrkoi oomacti, Ta 'y 4—7 pasiB 1mepe-

(1) 182

Ripky raions of Chernihiv Oblast. It was estimated
individualized effective doses of external and inter-
nal exposure which obtained residents of each set-
tlement of abovementioned raions for each post-
accidental year from the interval 1986—2017. The
doses were evaluated for representatives of five age
groups: 0—2, 3—7, 8—12, 13—17 and > 18 years.

Table 9 contains averaged within a raion values of
effective individualized doses of total (external and
internal) exposure for various age groups accumulat-
ed during different periods after Chornobyl accident:
year 1986, years 1986—2000 (in 15 years’ time) and
years 1986—2017 (in 32 years’ time). The doses are
weighted by the number of population in settlements
of mentioned raions. Information about the number
of population was taken from the following sources:
data from raion state administrations and the
Ministry of Health of Ukraine that came to the labo-
ratory of radiological protection of NRCRM in the
first years after the accident; results of All-Ukrainian
censuses in 1989 and 2001; data of official statistical
collection of State Statistics Service of Ukraine. For
correction of number of population in sex and age, it
was used a mathematical procedure [23].

As follows from Table 9, maximal exposure
after Chornobyl accident was obtained by resi-
dents of Narodychy raion. In 1986 their mean
exposure dose was approximately 2—3 times
higher than the doses of corresponding age group
residing in other (presented in the table) raions of
Zhytomyr Oblast and 4—7 times higher than the
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Ta6nuusa 9
VYcepeaHeHi 3a 4MCeNbHICTIO HacesleHHA OKpeMUX panoHiB iHpMBigyanizoBaHi e(heKTMBHI [03M CyMapHOro
(30BHiWHBOrO Ta BHYTPilIHLOr0) ONpoMiHEeHHA HaKonuueHi 3a pisHi nepioau (6e3 ypaxyBaHHA BKnapy ')

Table 9
Averaged by number of population in some raion individualized effective doses of total (external and inter-
nal) exposure, accumulated during different periods of time (without taking account of effect of *'I)

[Do3a npepacTasHMKa Bikosoi rpynu, m3s / dose of age group representative, mSv

Paiton / Raion'
0-2 poku/years 3-7 pokiB/years  8-—12 pokiB/years 13—17 pokiB/years > 18 pokiB/years

1986
KopocTteHcbkuin / Korosten 5,6 53 6,3 6,9 79
Hapoguupbkuii / Narodychy 10 9,5 1 12 18
Ospyubkuit / Ovruch 3,8 3,6 42 4,6 6,4
Onescbkuit / Olevsk 3,2 3,0 3,5 3,8 55
IBaHKiBCbKMIA / Ivankiv 1,8 1,7 2,0 2,1 3,1
[Lly6poBuuibkuii / Dubrovytsia 3,0 2,8 3,3 3,6 49
PokutHicbkuit / Rokytne 2,5 2,3 2,7 3,0 43
CapHeHcbkuin / Sarny 1,5 1,4 1,7 1,8 2,5
Koseneupkuii / Kozelets 0,79 0,74 0,86 0,94 1,3
PinkuHcbkui / Ripky 0,99 0,92 1,1 1,2 1,7
1986—-2000 («15 pokie» / «15 years»)
KopocreHcbkuii / Korosten 12 11 13 14 17
Hapoguubkuii / Narodychy 24 23 26 27 42
Ospyubkuit / Ovruch 15 12 14 16 22
Onescbkuii / Olevsk 10 9 10 11 16
IBaHKiBCbKMIA / Ivankiv 6,9 59 58 6,1 9,1
[Lly6poeuubkmii / Dubrovytsia 11 10 11 13 18
PokutHiscbkui / Rokytne 12 1 12 14 20
CapHeHcbkuin / Sarny 8,4 75 73 8,0 11
Koseneubkuii / Kozelets 3,3 2,8 3,0 3,2 45
PinkuHcbkuin / Ripky 29 2,7 3,0 3,1 45
1986—-2017 p. («32 poku» / «32 years»)
KopocTeHcbkuin / Korosten 14 14 15 16 20
Hapoauupbkuii / Narodychy 29 29 32 33 51
Ospyupkuit / Ovruch 18 15 17 19 26
Onescbkuit / Olevsk 12 12 12 13 20
IBaHKiBCHKMIA / Ivankiv 8,7 7,5 7,5 7,6 12
[ly6poBuubkuii / Dubrovytsia 14 13 14 16 22
PokutHicbkuin / Rokytne 16 15 15 18 25
CapHeHcbkuin / Sarny 10 9,4 9,1 99 14
Koseneupkuii / Kozelets 4,5 4.1 43 45 6,1
PinkuHcbkuin / Ripky 4,2 4,0 43 4.4 6,2

Mpumitka. "He Brmioyanmeb HI, siki Oynu eBakyioBaHi abo BifceneHi y nepiui poku nicnsi asapii Ha YAEC.
Note. 'Evacuated in the first years after Chornobyl accident settlements aren’t include.

BUIIyBasia 103U onpoMiHeHHs MelKaHIiB KuiBcekoi Ta  ones for residents of Kyiv and Rivne Oblasts.
PiBHeHcbKO1 oOnacTteil. ¥ MemkanuiB Kozeneubkoro ta  Residents of Kozelets and Ripky raions of
PinkuHcbKoro paitoHiB UepHiriBcbkoi obacTi no3a on-  Chernihiv Oblast got exposure dose 12—14 times
poMiHeHHd Oyna MeHIIow y 12—14 pa3iB, Hixk y xkutemiB ~ lower than the residents of Narodychi raion. In
Haponuupbkoro paitony. B HactynHi mepioau pisHuisl — next periods the difference between the values of
MiX BEJIMYMHOIO 103U, OTpuMaHoi HaceideHHsIM Hapo-  dose obtained by the population of Narodychy
JUILIBKOTO Ta iHIIMX pailOHiB 3MEHIIYETHCS. and other raions is decreasing.

Jo3m, gKi oTprManu ocodu 3 HaceJIeHHS TUTSIYOTO Ta Doses obtained by persons of childish and ado-
MiITiTKOBOro BiKy MeHIIi y cepeaHbomy B 1,3—1,6 pasza  lescent age are in mean 1.3—1.6 times lower com-
MOPiBHSHO 3 JopocauMM. PizHulsg Mixk onmpoMmiHeHHsiM  pared with adults. The difference between exposure
MpeICTaBHUKIB OUTSYMX 1 IIUNTKOBUX BiKoBMX Ipym  of representatives of children and adolescent age
He3Ha4YHa i B cepegHboMy fopisHIoe 0,16 %. groups is insignificant and in mean it equals 0.16 %.
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Y nepuii 15 pokiB miciist aBapii peanizyeTbess NpUOIn3-
HO 72—82 % 103, SIKy OTPUMAJIU XKUTEi pagioaKTUBHO
3a0pyIHEHNX TEPUTOPIN 3a Bech 32-piuHMIA ITicisa-
Bapiitnuii iepion. Jlosa'y 1986 p. ckinagae 20—35 % no-
31 3a nepiox 1987—2017 pp. 3a71ekXHO Bifl yMOB paiioHY
MpOXMBAHHSI ONPOMiHEHMX OCi0.

BUCHOBKU

Po3po06i1eHO MeTOAMKY PEKOHCTPYKILii e€(heKTUBHUX
IHAUBIIyai30BaHUX 103 30BHILIHBOI'O Ta BHYTPiLLIHHOTO
OMNpPOMiHEHHsI MELIKAHIIIB paJioakKTUBHO 3a0pyIHEHUX
BHacaigok aBapii Ha YAEC teputopiii. Metoauka 0a-
3YETHCS Ha pe3yabTaTax palioeKoJ0TiyHOro (I'pyHT, Ipo-
TYKTU XapyyBaHH) Ta go3umeTpudHoro (JIBJI-Bumipro-
BaHHsI) MOHITOPMHTIB, sIKi Maiu Micue y 1986—2013 pp.
Ta 30epiraloTbes y 0a3i ganux LleHTpanbHOTO €KOJI0ro-
JO3UMETPUYHOIO PEECTPY JlabopaTopii pamiosoriyHOro
3axucty HHIIPM.

Metoauka peKOHCTPYKIIII 103 ONPOMiHEHHSI BKJIIOUAE
JeKilibKa piBHIB iHAMBigyami3alii, MOB’I3aHUX MiX CO-
0010. 119 KOXHOIO piBHSI CTBOPEHO €KOJIOr0-I03UMEeT-
PUYHY MOJAEIb IJIs OLIHKW J03M Yy TeBHili cuTyalii or-
POMiHEHHSI 3 HaOOpOM IlapaMeTpiB, 110 BPaXOBYIOTb
ocobuBOCTI onpoMiHeHHs. KoXeH HacTynmHUil piBeHb
Mojei 6a3yeTbCsl Ha MOIMepeaHbOMY i BpaXOBY€E 10JaT-
KOBi ITapaMeTpH, 3aBASIKM YOMY MOJIEIb HACTYITHOTO
piBHS € TOYHilIO0. ITpy BUKOpUCTAHHI METOAMKHU Cif
BUOMPATU MOJIEb TOIO PiBHS, SIKWI1 HAaKpalluM YMHOM
JIO3BOJISIE PO3B’SA3aTM TIOCTABJICHI Mepel MOCTiTHUKOM
3aBaaHHs. Po3misiaaloThCsl YOTUPU OCHOBHI PiBHI iHAM-
Bigyanizauii 1o3. Ha KoxkHOMy TaKOMY piBHi OLIiHIOIOTh-
¢S e(DeKTUBHI 1031 30BHIIIHHOTO Ta BHYTPIllITHHOTO OII-
POMiHEHHS Ta iX cyMapHa J103a.

» bazoBuii piBeHb — PEKOHCTPYIOETHCS pPiyHA 1032 OIl-
POMiHEHHS Ha OJMHMULIIO IIIJILHOCTI BUMIAAiHb paaioi3o-
TOMIB Ha IPYHTi peepeHTHOI IOpOC]ol JIOAUHU, 110
MeIIKae MpoTaroM 1 poky B omHoMy i ToMy X HIT;

» Pisenb HII — BpaxoBye paaiofioriyHi XxapakKTepucCTHU-
Kku Toro uu iHworo HIT i mapameTpu onpomiHeHHsI pe-
¢epenTHoro xutensd uboro HII 3a 1 pik;

» PiBeHb «0COOJIMBOCTEI MOBEAIHKM» — TMOB’SI3aHUM 3
BiKOM 0COOM Ta YMOBaMHU MPOXMBAHHS HA paaioaKTUB-
HO 3a0pyaHEHili TepUTopii;

» PiBeHb BiATBOpPEHHS AMHAMIKM OIIPOMiHEHHS y Yaci —
OLIIHIOETHCS J103a OIMPOMIHEHHs 3a TEBHUI Tepiof
qacy.

Mg nacenenuss P3T po3rnsimaroThCs IBa OCHOBHUX
IIJISIXM OMPOMiHEHHS: (a) 30BHIIlIHE OMPOMiIHEHHS Bif
PamioOHYKIIiIiB y TPYHTI Ta (0) BHYTPIIIHE OMPOMiHEHHS
Bil CIIOXXMBaHHS padioaKTUBHO-3a0pPYAHEHUX MPO-
IYKTiB XapuyBaHHS, y TIEPIILy Yepry, MOJIOKa Ta OBOYiB.

In the first 15 years after the accident, it is realized
about 72—82 % of doses obtained by residents of con-
taminated territories for the whole 32-years post-
accidental period. The dose in 1986 constitutes 20—35
% of the dose for the period of 1987—2017 depending
on the conditions of living of exposed persons.

CONCLUSIONS

It is developed the methodology for reconstruction
of effective individualized doses of external and
internal exposure for residents of radioactively con-
taminated after Chornobyl accident territories. The
methodology is based on results of radio-ecological
(the ground, meal) and dosimetric (WBC measure-
ments) monitoring that were held in 1986—2013
and are saved in data base of Central Ecological
and Dosimetric Register of the Laboratory of
Radiological Protection of NRCRM.

The methodology includes several levels of indi-
vidualization related to each other. For each level
it is created an ecological and dosimetric model for
estimation of dose in certain exposure situation
with collection of parameters that take account of
peculiarities of exposure. Each subsequent level of
the model is based on the previous one and
involves additional parameters, due to which the
model of the next level is more accurate. In using
of the methodology one should select a model of
such level that enables to resolve in the best way
tasks posed before a researcher. Four main levels of
the dose individualization are considered. At each
such level it is estimated effective doses of external
and internal exposure and the total dose.

» Base level: it is reconstructed annual exposure
dose per unit of density of depositions of radioiso-
topes on the ground for a reference adult that
resides during 1 year at the same settlement;

» Settlement level: radiological characteristics of
any given settlement and exposure parameters of a
reference resident there for 1 year are considered;
» Level of «behavioural peculiarities»: it is related
to the age of a person and living conditions at
radioactively contaminated territory;

» Level of reconstruction of exposure dynamics in
time: exposure dose is estimated for certain period
of time.

For population of RCT it is considered two main
ways of exposure: (a) external exposure from
radionuclides in the ground, and (b) internal
exposure from consumption of radioactively con-
taminated meal, first of all, milk and vegetables.
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EPIDEMIOLOGY

AND DOSIMETRY

Hst 1986 poky mo3a BUPaXOBYEThCS Bill YCiX OCHOBHUX
pPalioOHYKIIiAiB pagioaKTUBHOIO aBapiiiHOTO BUKHUIY, a
micast 1987 p. — nue Bix pamioizoromnis uesito ('**Cs Ta
B7Cs). ¥ Mozensgx BUKOPHCTAHO PEKOMEHIOBaHI Y
nyonikamisix MixXHapogHoi KoMicii 3 paaiosoriyHoro
3axucty (MKP3) n030Bi KoedillieHTM Ha OJWHUIIIO
HaAXOJXEHHSI PaaioOHYKJiIiB y OpraHizM JIIOOMHU 3
palioHOM Ta TIepioJ HaliBBUBEASHHS 1Ie3il0 3 Op-
raHismy [22].

EdexTuBHi 1031 30BHILLIHBOTO Ta BHYTPILLIHBOTO OIT-
poMiHeHHs 6e3 ypaxyBaHH 103 Bin "*'l omiHeHi 11 Ha-
ceJIeHHS pi3HUX BiKOBUX I'PYII, sIKe TTpoxxuBae y 10 paiio-
Hax YOTHUPHOX ITiBHIYHUX objacteil YkpaiHu: Kwurto-
mupcbkoi, KuiBcbkoi, PiBHeHCHhKOI Ta YepHiriBChbKoi.
HaBonsiTbcss OLIHKM PIiYHMX J03, 3BaXXKEHUX Ha 4Yu-
cenbHicTh HaceneHHs B HIT oxpemux paiioniB. Cepen
HMX: no3a 3a 1986 p., HAKONMMWYEHi J03W 3a Tepim 15
micisiaBapiiiHux pokiB (1986—2000 pp.) Ta 3a 32-piuHunii
nepiox (1986—2017 pp.) micisg aBapii. [TokaszaHo, 10
HalOiAbIIOro OMPOMIHEHHS cepel TMpeacTaBICHUX
palioHiB 3a3HanM MeliKaHUi Hapoaulbkoro paiony.
CepenHbopalioHHaA [103a, PeKOHCTpylioBaHa s IOTO
Jopociaux xkutemiB y 1986 p., ckiana 18 M3B, a HaKOIU-
yeHa 3a Bech miciasaBapiiinui nepiog — 51 M3B. Cepen
3a3HaYeHUX palioHiB HalMEeHILi 103U OTPUMAJIU OCOOMU,
IO MeIIKaTh Ha TepuTopisx Koaemeunpkoro Tta
PinkunHcbKOro paitoHis: cepeaHs go3a y 1986 p. craHo-
Buna 1,3 ta 1,7 M3B, a HakonuyeHa 3a 32 micagaBapiiii
poku — 6,1 Ta 6,2 M3B BigmoBigHO.

CNMUCOK BUKOPUCTAHUX OAXEPEN

1. OCHOBHi NPMHLMNM Ta AOCBIA, NPOBEAEHHS KOMMAEKCHOI LO3UMETPUYHOI
nacnopTu3aLii HaceneHux nyHkTiB Ykpainu/ |. A. Jlixrapsos, J1. M. KosraH,
C. B. Maciok Ta iH. [lpobnemu pagiavjiiHoi meauumHy 1a pagiobionorii.
2015. Bun. 20. C. 75-108.

2. A. 3aranbHomo3UMETpKUYHA NacnopTU3aLls HAaCeneHWX NyHKTIB YKpaiHu
Ta PEKOHCTPYKLLS iHAVMBIAYyani3oBaHUX 03 Cy0'eTiB [lepXaBHOro peectpy
YkpaiHu ocib, siki nocTpaxganu BHacnigok 4opHoOULCHKOI kaTacTpodm
(mocsin, pesynbtatn Ta nepcnektusn) / I. A. Nixtapbos, J1. M. Koerax, O.
M. IBaHoBa Ta iH. XypHan HallioHanbHOI akanemii MeanyHux Hayk YKkpaikm.
2016. T. 22, Ne 2. C. 208—221.

3. PapjavjiiiHo-103MMETPMYHA MAcnOPTU3aList HACENEHUX MYHKTIB TEPUTOPIl
YkpaiHu, Wo 3a3Hann pagioakTMBHOMO 3a0pYAHEHHS BHACNiLOK aBapii YA-
EC, BK/I04al04M TMPEOLO3UMETPUYHY NACcropTM3aLilo. IHCTPYKTUBHO-METO-
JVuHi BkasiBku: «MeToamka-96» / I. A. Jlixtapbos, J1. M. KoeraH, J1. 9. Ta-
GayHwii Ta iH. ; Minaopas Ykpainu, MinyopHoOunb Ykpaitn, HLPM AMHY,
IP3 THY. Kwig, 1996. 74 c.

4. PeKOHCTPYKLsi Ta NPOrHO3 [03 ONPOMIHEHHS HACENEHHS, IKE MELLIKAE Ha
TepuTopisax Ykpaitu, Lo 3a3Hanu pafioakTUBHOTO 3abpyaHEHHS! BHACNIAOK
asapii Ha YAEC (MeTogmka-97) : iHCTPYKTUBHO-METOAMYHI BKa3iBkM / 3
pen. |. A. Jlixrapbosa. Kuis, 1998. 76 c.

For year 1986 the dose is evaluated from all main
radionuclides of radioactive accidental deposition,
and after 1987 only from radio-isotopes of cesium
("*Cs and '¥Cs). In the models it is used the dose
coefficients per unit of intake of radionuclides to
human organism with diet, that were recommend-
ed in publications of International Commission
for Radiological Protection (ICRP), and also the
effective cesium half-life from the body [22].

Effective doses of external and internal exposure
without taking account of doses from "*'I are estimat-
ed for population of various age groups residing in 10
raions of four northern Oblasts of Ukraine:
Zhytomyr, Kyiv, Rivne and Chernihiv. It is presented
estimates of annual doses weighted by the number of
population in settlements of separate raions. Among
them: the dose for year 1986, the doses accumulated
during the first 15 post-accidental years (1986—2000)
and during 32-years period (1986—2017) after the
accident. It is shown that maximal exposure among
presented raions was for residents of Narodychy
raion. Average raion dose reconstructed for its adult
residents in 1986 constituted 18mSv, and the one
accumulated during the whole post-accidental peri-
od was 5ImSv. The lowest doses were obtained by
residents of Kozelets and Ripky raions. Average dose
for them in 1986 constituted 1.3 and 1.7 mSy, and the
one accumulated during 32 post-accidental years was
6.1 and 6.2 mSy, respectively.
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