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METOJO0JIOTTI PEKOHCTPYKIIII O3 BHYTPINIHBOI'O
OITPOMIHEHHA BIJI PAIIOHYKJIILIIB “'Cs TA **Cs MEILIKAHIIIB
PAJIOAKTUBHO 3ABPYIHEHUX HACEJIEHUX ITYHKTIB
YKPATHU, HE OXOIIJIEHUX JIBJI-MOHITOPUHIOM

MeTa: HaykoBe 06I'pyHTYBaHHA MeTOL0/O0riT pO3paxyHKY 403 BHYTPiHbOrO ONPOMiHeHHs Bif pagioHyknigie *'Cs Ta
134Cs MelWwkKaHUiB paaioakTUBHO 3abpyaHEHNX BHAcNifok YopHOOMNbCbKOT KaTacTpodu Teputopiit YkpaiHu, wo npoxu-
BAlOTb Y HACENIEHMX MYHKTAX, Aie He MPOBOAMINCL BUMIpPIOBAHHA iIHKOPNOPOBAHOIO pafioLesito Ha NiYnnbHUKax BUN-
pomiHioBaHHA noauHu (JIBJT).
Marepianu Ta meToam. Y po6oTi npeacTaBieHa HOBa METOL0/10Tis PEKOHCTPYKLiT 103 BHYTPilWHbOTO ONPOMiHEHHS Big
papioHyknigis *’Cs Ta *“Cs 4OpHOOMNLCHKOTO MOXOMKEHHA Y BUMALKY K aepanbHoro (1986 p.), Tak i KopeHeBoro
(1987-2023 pp.) WnAxiB iXHbOr0 HAAXOLKEHHSA 4O OpPraHiamy N0AUHU. Y BUNAAKY aepanbHOro HaAXOKEHHS MeTo-
J0NI0ris po3paxyHKY A03 I'PYHTYETLCA HA TEOPETUYHI MoAeni Mirpauii pagioHyKIiAiB Le3ito NaHKaMu XapyoBoro faH-
L{I0XKKa 3 MOJaNnbWIMM KOPUTYBaHHAM Li€T Mopeni Ha pe3ynbtatu JIBJ1-BUMiptoBaHb, BUKOHAHUX y Nepiog 3 15 nunHsa no
31 rpynHa 1986 p. Y BUNAaKy KOPeHEBOro HafXOAXEeHHA BUKOPUCTOBYETLCA €KONOr0-f03MMETPUYHA MOAENb, Napa-
MEeTpM AKOT BU3HAYAIOTbCS BUAAMM, AKICTIO i NOBHOTOIO MOMI0YHOrO Ta JIBJI-MOHITOPUHTY, WO NPOBOAMBCSA Ha pafioak-
TUBHO 3a0pyaHeHUx TepuTopiax y 1987-2013 pp. Mpu BigcyTHOCTi JIBJI-BUMiptoBaHb 4033 ONPOMiHEHHS OLiHIOETbCA
3 ypaxyBaHHAM BNAacTMBOCTEN Ta cneyndikM pagioakTMBHOro 3abpyaHeHHs 00'EKTIB AOBKINAA KOXHOMO perioHy: xa-
PAKTEPUCTUKM I'PYHTY, PiBEHb 3a0PYLHEHHS IPYHTY Ta MOJIOKA, 3HAYEHHS MOJIOYHOTO eKBiBaJIEHTY.
Pe3ynbratn. 06r'pyHTOBAHO HOBY METO/0/IONI0 PEKOHCTPYKLii [03 BHYTPillHbOTO ONPOMiHEHHS Bif paaioHyknigis
137(Cs Ta ¥“Cs MeWwKaHUiB pafioakTUBHO 3a0pyAHEHNX BHacNifok YopHobunbcbKoi katacTpodu Teputopiit Ykpaitu. Me-
TOLONOTiA FPYHTYETLCA HA aHani3i ycix gaHWX, OTPUMAHWUX B pe3ynibTaTi PafioeKonoriyHoro Ta LO3MMETPUUYHOTO
MOHITOPUHTY, WO NPoBOAMBCA B YKpaiHi nicns asapii.
BucHoBKu. 3a po3po6ieHoto y po60oTi METOL00TEI0 PO3PaxyHOK PiYHUX 403 BHYTPilIHBOrO ONPOMiHEHHS MeLWKaHLiB
HaceneHux nyHKTiB (HM), wo He 6ynu oxonneHi JIB/I-MOHITOPUHTOM, 6a3yeTbCsA Ha LAHUX BUMiplOBaHb MUTOMOT aKTUB-
HocTi **’Cs y monoLi npMBaTHUX rOCNOAAPCTB, WO NpoBOAMAKCH Y uux HIl, a y pa3i BiACYTHOCTi TakMx BUMipIOBaHb Y
HaceNeHoMy NYHKTI, AN PO3paxyHKY 403 BUKOPUCTOBYETLCA NiHiliHA perpeciiiHa Mopenb, WO MOB'A3YE BEJUYUHY
iHKopnopoBaHoro *'Cs B Tifni NOAWHM 3 YOTUPMA rpynamu rpyHTiB y bydepHiii 3oHi HI. [Jo3n onpomiHeHHs, po3paxo-
BaHi 3a HOBOI METOAOJOTIEI Y3roAXYylOTbCA 3 [03aMKu, Po3paxoBaHUMM Ge3nocepefHbo 3a pesynbtatamu JIBJI-
BUMipIOBaHb.
Knio4oBi cnoBa: BHYTPilWHE ONPOMiHEHHSA; NYUABHUK BUNPOMIHIOBAHHSA NIIOAMHU; J03a ONPOMiHEHHSA; PafioakTUBHO
3abpynHeHi TepuTopii; YopHobunbcbka KatacTpoda; pamioHykniam uesiio.
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METHODOLOGY OF RECONSTRUCTION OF INTERNAL DOSES
FROM "“Cs AND **Cs OF RESIDENTS OF RADIOACTIVELY
CONTAMINATED SETTLEMENTS IN UKRAINE NOT COVERED
BY WBC MONITORING

Objective. Scientific justification of the methodology for calculating radiation internal doses from ™’Cs and **Cs
intake for residents of Ukrainian settlements radioactively contaminated as a result of the Chornobyl (Chernobyl)
accident in which measurements of incorporated radiocesium isotopes in humans using whole-body counters (WBC)
were not carried out.
Materials and methods. The paper presents a new methodology for reconstructing doses due to internal irradiation
from Chornobyl fallout for both surface (in 1986) and root (in 1987-2023) contamination of vegetation with *’Cs and
(s and their transfer into the human body. The methodology for calculating the dose due to surface contamination
of vegetation was based on the theoretical model of the transfer of radiocesium isotopes through the food chain with
further adjustment of this model to the results of WBC measurements carried out between 15 July and 31 December
1986. For root intake, an ecological dosimetric model is used with the parameters determined by the types, quality
and completeness of cow’s milk and WBC monitoring carried out in radioactively contaminated territories in
1987-2013. In the absence of WBC measurements, the doses were estimated considering the properties and specifics
of radioactive contamination of environmental objects in each region: soil type, levels of soil and milk contamina-
tion, and milk equivalent.
Results. A new methodology for reconstruction of internal doses from radionuclides **’Cs and **“Cs to residents of the
territories of Ukraine radioactively contaminated due to the Chernobyl disaster is substantiated. The methodology is
based on the analysis of all data obtained as the result of radioecological and dosimetric monitoring carried out in
Ukraine after the accident.
Conclusions. According to the methodology developed in the work, the calculation of annual internal doses to resi-
dents of settlements that were not covered by WBC monitoring is based on the measurements of the *Cs activity in
the milk of private farms, which were carried out in these settlements. In the absence of such measurements, a linear
regression model which connect the incorporated in human body **’Cs with four groups of soils in the vicinity of the
settlement is used for doses calculation. The doses calculated according to the new methodology agree with the doses
derived directly from the results of WBC measurements.
Key words: internal radiation; whole-body counter; radiation dose; radioactively contaminated territories; Chornobyl
(Chernobyl) accident; radiocesium isotopes.
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BCTVYII INTRODUCTION

VY JlepxaBHilt yctaHOBI «YKpaiHcbkmit nieHTp iHpop-  The «Ukrainian State Register of Persons Affected
MaliiftHux TexHoJorii Ta HamionaasHOro peectpy»  due to the Chornobyl Disaster» (SRU) operates by
MO3 VYkpainu nie «[depxkaBHuit peectp YKpainu ocio, the State Institution «Ukrainian Center of Infor-
SIKi MOCTpaXkaaand BHacIimoK YopHoOMIbChKOI KaTacT-  mation Technologies and the National Register» of
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podu» (JIPY). OCHOBHOIO METOIO LILOTO PEECTPY € HA-
JaHHSI HAyKOBMM i MEIMYHUM yCTaHOBaM iH¢opMallii
PO CTaH 3M0POB’d Jojel, IKi 3a3Haau pamialliifHOro
BIUTUBY 4epe3 YopHoOuIbcbKy KatacTpody. Jdnsa
OLIIHKY BIUIMBY pajiallii Ha 30pOB’SI 3apEeECTPOBAHUX
y IIPY ocib HeoOxinHO 3a0e3neYnTH SIKiCHi OLIiHKU 103
pagialiiHOro ONMPOMiHEHHSI, OCOOJMBO AJIsI Melll-
KaHIIiB pagioakTUBHO 3a0pymHeHux teputopiii (P3T)
Ta IiTeil, HapOIKEHUX BiJ ONMpoMiHeHUX 0aThbKiB [1—3].
Crartda 11 3akony Ykpainu «IIpo 3aXucT J10auHuU Bif
BIUIMBY iOHI3YIOUOTO BUIIPOMiHIOBaHHS» [4] Ta ykKa3
Ipesuaenta Ne 196 Big 05.07.2018 «I1po momaTkosi
3aX0AM 3 BIiAPOIXEHHS TEPUTOpiii, IO 3a3Haau
pangioaKTUBHOrO 3abpyaHeHHs BHaAcHiZoK YopHo-
OMJILCHKOI KaTacTpo(du, i3 COIiaIbHOTO 3aXUCTY ITOCT-
paxgaaux ocid, 6e3rmeyHoro MoBOMKEHHS 3 palioak-
TUBHUMM Bigxomamu» [5], OKpiM iHILIUX BUIIB Hisib-
HOCTi, CIPSIMOBAHOI Ha 3a0e3IeueHHs] padialiiiHOro
3axXMCTy Ta 0e3MneKu, nependadyaroTh MPOBEACHHS Hay-
KOBMX JOCIIIXEHb Ha TOCTpaXaaauxX TEPUTOPIsX,
CTBOPEHHS JJ15 LILOT'O Cy4aCHOI JOCTiAHUIILKOI iH(pa-
CTPYKTYpHU, €JEeKTPOHHMX 0a3 maHux Ta iHdop-
MAaLiAHUX CUCTEM.

PoboTn 3 pekOHCTpyKIlii iHAWBiAyalli30BaHUX 103
OINpOMiHeHH:I 0ci0, obikoBaHux y JPY, po3novanuch
y 2007 poui daxiBusgMu JabopaTopii pagioaoriyHoro
saxucty HHLPMTIO [6, 7]. 3a ueit yac 1030Bi OLIHKHK
oTpuUMau 0JIM3bKO 515 TuC. 0ci0, AKi MelIKaau y mic-
JislaBapiiiHMil Tiepion Ha HaOiabLI 3a0pymaHeHiil pa-
JMi0AKTUBHUMU PEYOBMHAMM TEpUTOPil YKpaiHu — y
HaceneHux myHkTtax (HII), po3ramoBaHux y ITiBHIY-
Hux perioHax Kutomupcbkoi, KuiBcbkoi, PiBHeHCH-
Koi Ta YepHiriBcbkoi obsacreii. JIeBoBa yacTka 103U
BHYTPIiLIHBOTO OMPOMiHEHHS y TTOCTYOPHOOUIBCHKUIA
nepion KUTEJiB LUMX TepUTOpiii popMyBanach pagio-
aykiaigamu YCs ta **Cs. JIng HaiOiIbI TOYHOT OLIiH-
KM PiYHOI iHAMBiAyalIbHOI JO3U BiJ LIUX paaioOHYKJIiIiB
HEOOXiTHO MaTHU pe3yJibTaT BUMipIOBAaHHS BMICTy iH-
KopmopoBaHoi pamioakruBHocti Cs ta '*Cs Ha Ji-
YUJIbHUKY BUIIpOMiHIOBaHHS moauHu (JIBJI) y Tomy
polli, 3a KU1 HAaKOIUYYEThCS A03a. AKIIo ocobda He
BuMiploBayiiach Ha JIBJI Ge3nocepenHbo, 103y 3 J0C-
TaTHHOIO TOYHICTIO MOXXHA PEKOHCTPYIOBATH 3a TaHU-
mu JIBJI-BuMipioBaHb iHIINX MEIIKAHIIIB TOTO Hace-
JICHOTO TIYHKTY, Je MpoXuBaja JdaHa ocoba. Akmio y
nbomy HIT y pik, 3a sskuii HakonuuyeThest 1o3a, JIBJI-
MOHITOPMHT HE IIPOBOAMBCS, TO J03Y, 3BUYAlfHO BXKE 3
MEHIIIOI TOYHICTIO, MOXHa BiIHOBUTHM 3a IaHUMU
JIBJI-BuMipioBaHb B MeXax aAMiHiCTpaTUBHOIO paiio-
HY, 1O SIKOTO HajexXuThb 3a3HaueHuii HIT.

the Ministry of Health of Ukraine. The main pur-
pose of this register is to provide scientific and med-
ical institutions with information about the health
status of people who were exposed to radiation after
the Chornobyl accident. To assess the impact of irra-
diation on the health of persons registered in the
SRU, it is necessary to provide the qualitative esti-
mates of radiation doses, especially for residents of
radioactively contaminated areas (RCA) and chil-
dren born to exposed parents [1—3]. Article 11 of the
Law of Ukraine «On the Protection of Humans from
the Impact of lonizing Radiation» [4] and Presi-
dential Decree No. 196 of 05/07/2018 «On Addi-
tional Measures to Rehabilitate Territories Exposed
to Radioactive Pollution as a Result of the Chorno-
byl Disaster, Social Protection of Affected Persons,
Safe Handling of radioactive waste» [5], in addition
to other types of activities aimed at ensuring radia-
tion protection and safety, include conducting scien-
tific research in the affected territories, creating
modern research infrastructure, electronic databases
and information systems for this purpose.

Work on the reconstruction of individualized doses
for persons included in the SRU began in 2007 in the
laboratory of radiological protection of the National
Research Center for Radiation Medicine, Hema-
tology and Oncology (NRCRMHO) [6, 7]. Since
then, doses have been reconstructed for around
420,000 people who lived in the post-accident peri-
od in the most radioactively contaminated territories
of Ukraine, in particular in settlements located in
the northern part of Zhytomyrska, Kyivska, Rivnen-
ska and Chernihivska Oblasts. A significant portion
of the internal radiation dose of residents in these
territories in the post-Chornobyl period was formed
by ¥’Cs and **Cs. For the most accurate assessment
of the annual individual dose from the intake of
these radionuclides, it is necessary to have the result
of measurements of the activity of ’Cs and '*Cs
incorporated in the human body done using of
whole-body counter (WBC) in the year for which
the dose was accumulated. If a person was not meas-
ured by WBC, the dose can be reconstructed with
reasonable accuracy from WBC measurements in
other residents of the settlement where the person
lived. If WBC monitoring was not carried out in the
settlement where the person lived in the year for
which the dose was accumulated, the dose can be
reconstructed with less accuracy using WBC meas-
urements carried out within the administrative dis-
trict in which the settlement is located.
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Haiib6inbiowo mpobieMol0 € po3paxyHOK 103 BHYT-
PillIHBOIO ONPOMiHEHHS OCi0, sIKi MPOXUBAaIOTh (IPO-
xuBann) y HIT, o 3HaxomsThes B perioHax, HE OXOIT-
nenux JIBJI-monitopuHrom [8, 9]. Lle crocyeTbcs sik
PEeKOHCTPYKIIii 103 0cobaM, 1110 nepedyBaloTh Ha 00Ky
B APY, Tak i ocobam, 3aqydeHUM 10 Mi>KHAapOAHUX Hay-
KOBUX pajiioenigeMioJoriYyHUX Ta iHIIMX JOCJiIXEHb,
MOB’SI3aHUX 31 IIKiJJWBOIO Ji€l0 iOHI3yIOUOTO BHUII-
POMiHIOBaHHS Ha 3I0POB’S JIIOAUHU, SIKi Hapa3i IpoBoO-
n9Tbesl B YKpaiHi [10—14]. s BupilleHHS Li€i mpoo-
JIEeMU HEOOXiTHO PO3POOUTU €KOJIOTO-I03UMETPUUHY
MOJIeJIb, sIKa YMOXJIMBUTH OLIIHKY 103 BHYTPIillIHHOTO
OIPOMiHEHHS MPEACTaBHUKIB Pi3HUX BIKOBUX TPy Ha-
ceJeHHs padioakTuBHO 3a0pynmHeHux HII VYkpainw.
ToOTo moTpiOHA pejieBaHTHA METOJO0JIOTiSI OLIHKM 103
BHYTPIIIIHBOT'O OMNpPOMiHEHHSI 0Ci0, 110 TPOXKUBAIOTh
(mpoxwuBanu) y uux HIT. OueBruaHO, 1110 TaKa METOAO-
JIOTisl MOBMHHA I'PYHTYBAaTUCh HA aHAaJli3i YCiX JaHUX, OT-
pUMaHUX B paMKax pajlioeKoJ0riYyHOro Ta JO3UMETpUY-
HOTO MOHITOpMHTIB, 1110 TpoBoawinch Ha P3T 3 1986
no 2013 pp. 3a3HauMMO, 1110 OCHOBHUI MAaCUB Pe3yJib-
tatiB JIBJI-BumipioBanb i BuMmipioBanb “’Cs y mosoLi
OyB OTpUMaHUII B paMKax 3arajbHOJ03UMETPUYHOIL
nacrnopTu3allii HaceJeHUX IIyHKTiB YkpaiHu y 1991—
2013 pp. [15].

META

HaykoBe oOTrpyHTYBaHHSI METOMOJIOTIi pO3paxyHKy 103
BHYTPIIITHBOTO OMIPOMiHEeHHS Bil pamioHykiiniB '¥'Cs Ta
13Cs MelIKaHIIiB pagioaKTUBHO 3a0pyIHEHMX BHACIIIOK
YopHoOUIBCHKOI aBapii TEpUTOPid YKpaiHU, HE OXOILIe-
Hux JIBJI-MOHITOpUHTOM.

MATEPIAJIN TA METOJIN
ITpu noOynoBi HO3UMETPUUHOI MOJEJi BHYTPILIHBOTO
OIPOMiHEHHS BiJl padiOHYKJIiIiB 11€3i0 IOLJIBHO PO3-
TIJIATA BeCh IMicAsgaBapiiHUil Mepioa Ha JBi YaCTUHM:
Mepiof Bil MoOYaTKy aBapii mo IMpUOIM3HO KiHUg 1986
POKY, KOJI IIepeBaXajo aepajbHe 3a0pyIHEHHS pocC-
JIMHHOCTI (i, IK HACJiZ0K, MOJIOKA Ta JUCTOBUX OBOYiB)
pagioHyKJigaMu lie3ito, Ta Iepiol, KOoJu 3a0pyaHEHHS
MPOAYKTIiB XapuyBaHHsI BimOyBaslocsl LIJISIXOM Mirpaiii
PamioHYKJIiIiB yIJIMO I'PYHTY 3 MNOAAJbIIUM 3a0pyIHEH-
HSIM POCJIMHHOCTI Yepe3 KOPEHEBY CUCTEMY.
Oco0IMBICTh aepajbHOTO HUISXY 3a0pYIHEHHS TOJS-
ra€ y ToMy, 110 Mpy OCiaHHi paaioHyKJIiIiB 3 aTMOcde-
pu (cyxux abo BOJIOTHX) BiIOYyBAETLCS iXHE HAKOTTMYECH-
Hsl y Ha3eMHill YaCTUHI pOCIMHU, TOJi K Y pa3i Mirpailii
PamioOHYKJTiIB yIIMO TPYHTY, 3HAUHA iXHS YacTMHA TaM
(iKCyeThCS i € HEAOCTYNMHOIO JJIs1 TOIIMHAHHST POCIM-
HaMmu. ToMy BBaxKa€eThCsl, 1110 3a3BUYali aepajJbHUNA LILISIX

The biggest problem is the calculation of internal
doses to persons living (having lived) in settlements
in regions not covered by WBC monitoring [8, 9].
This applies both to the reconstruction of doses to
persons registered with the SRU and to persons
involved in international scientific radiation epi-
demiological and other studies related to the
harmful effects of ionizing radiation on human
health, which are currently being conducted in
Ukraine [10—14]. To solve this problem, it is nec-
essary to develop an ecological and dosimetric
models that will allow estimation of internal doses
to representatives of different age groups living in
radioactively contaminated settlements of
Ukraine. Thus, it is necessary to develop a relevant
methodology for assessing internal doses to people
living (or having lived) in these settlements.
Obviously, such a methodology should be based on
the analysis of all data obtained in the framework
of radioecological and dosimetric monitoring con-
ducted at the RCA from 1986 to 2013. It should be
noted that most of the results of WBC measure-
ments and measurements of '¥’Cs activity in milk
were obtained as part of the dosimetric passporti-
zation of Ukrainian settlements in 1991—-2013 [15].

OBJECTIVE

Scientific justification of the methodology for cal-
culating internal doses from *’Cs and '*Cs to resi-
dents of the territories of Ukraine contaminated by
the Chornobyl accident and not covered by whole-
body counters monitoring.

MATERIALS AND METHODS

When constructing a dosimetric model of internal
exposure from cesium radionuclides, it is advisable
to divide the entire post-accident period into two
parts: the period from the time of the accident to
approximately the end of 1986, when aerial contam-
ination of vegetation (and, as a result, milk and leafy
vegetables) with cesium radionuclides prevailed, and
the period when food was contaminated by migra-
tion of radionuclides deep into the soil with subse-
quent contamination of vegetation through the root
system. The peculiarity of the aerial route of con-
tamination is that when radionuclides are deposited
from the atmosphere (dry or wet), they accumulate
in the ground part of the plant, while in case of
migration of radionuclides deep into the soil, a sig-
nificant part of them is fixed there and is not avail-
able for absorption by plants. Therefore, it is consid-
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HaIXOIKEHHS palioOHYKJIiIiB CYTTEBO MEPEBUIIYE KOpPE-
HeBuii [16].

BHyTpiwHe onpomiHeHHa y 1986 poui

BennunHa cepenHbOpiuHOI €(PEKTUBHOI iHAUBITYai30-
BaHOI J03W BHYTPIIIIHLOTO OIPOMiHEHHS IIpeICTaBHUKA
npo@deciiiHo-BiKOBOI rpymnu a y 1986 polii, SIK1ii mpoxKu-
BaB yj-My HII, 3ymoBIieHa CITOXKMBAHHSIM pagioaKTUBHO
3a0pyIHEHUX ITPOAYKTiB XapuyBaHHs. 3arajJlbHUil BUpa3
JUUISL pO3paxyHKY iHIMBiAyali30BaHO1 JO3U BHYTPILLIHEO-
r0 ONpOMiHeHHs D mt 86 \MOXHA MPEICTABUTH CYMOIO 103

Bil pamioHyKIIimiB ‘{OpHO6I/IJ1beKOFO MOXOMXKEHHS (7):

ered that the aerial route of radionuclide intake is
usually significantly higher than the root route [16].

Internal exposure in 1986

The value of the average annual effective individu-
alized internal dose to a representative of occupa-
tional and age group a in 1986, who resided in the
j-th settlement, was due to the consumption of
radioactively contaminated food. The general
equation for calculating the individualized internal
dose, Dmt 86 can be represented by the sum of
doses from radlonuchdes of Chornobyl origin (7):

int,86 86 86 . pr86 . § int,86 __ 1,86 , 86 86 § mt
D a,j = k O-CS,j RIa Dad,r = k] O—CS,] RI K E adr (1)
T
ne where
int,86 . . D int,86
D,s»  — piuHa edeKTUBHA 1032 BHYTPIIIIHBOIO OIMpPO- adr — annual effective internal dose in 1986 from

MiHeHHS Y 1986 p. Bim pagioHyKIioy » Ijist JOPOCIIUX KU -
TeJIiB BiJl CIOKMBAHHS PaJioaKTUBHO 3a0pyJHEHUX MO-
JIOKa Ta JIMCTOBOI 3¢JIeHi, HOpMOBaHa Ha IIiJIbHICTh BU-
maninb 'Cs Ha rpyHTi y j-my HII, 3B Ha 1 kbk'M? "'Cs
Ha rpyHTi [17—19];

E}l"rt — pozoBuit KoedimienT MKP3 [20] BHyTpillTHEOTO
OINMPOMiIHEHHS Bil pamioHyKJiga » JIJs MpeACTaBHUKIB
BiKOBOI TPyNY @ Ha OIMHMIIO MEPOPATHLHOTO HAAXOM-
XeHHs, 3B-bk;

K, — 3Benene no 26 xBitHs 1986 p. pedepeHTHE BimHO-
IIEHHSI aKTUBHOCTI 7-TO paJiOHYKJiga A0 aKTUBHOCTI
¥Cs y Bunaninusx [21], 6/p.

o) 22',, — HOPMOBAHE Ha IIiIbHICTh BUTAAiHb PadiOHYKJIina
7 Ha IPYHTI KyMYJISITUBHE PiYHE HAIXOIKCHHS aKTUB-
HOCTI palioHyKJIiIa # 40 OpraHi3My JOpOCJIOi JIOAUHU Y
1986 p. 3 pauionoM, bk Ha Kbk'M?;

RI8® — BinHOCHE HamxomkeHHs 'YCs 3 palioHOM TIpesc-
TaBHUKA AUTSYOI /IiITITKOBOI BIKOBOI I'pyIH ¢ IIOPiBHSI-
HO 3 JOpOCInM, 0/p;

0356, j — wWiibHicTh Bunaninb 'Cs Ha rpyHTi B j-my HII,
npuseneHa 10 26.04.86, kbkm?;

k]86 — KOPUTYIOUMH (paKTOp, IIO 3aJEKUTH Bil 0COOIM-
BOCTell XapuyBaHHSI, KOHTP3aXOdiB Ta €KOJOTIYHUX Xa-
paKTEepUCTUK paiioHy, 6/p.

HapxopykeHHs1 akTUBHOCTI pagioHyknigis uesiio ao
opraHiamy nioamHu y 1986 poui

Bennunna Qad » OLIIHIOETBHCSA IHTErPaJIOM 3a 4acOM BiJl
noyarky asapii 10 KiHug 1986 p. [17, 22, 23]:

radionuclide » for adult residents from consump-
tion of radioactively contaminated milk and leafy
vegetables normalized to the '¥'Cs deposition den-
sity in the j-th settlement, Sv per kBq'm~ [17—19];
EZ'F — ICRP ingestion dose coefficient for radionu-
clide  for representatives of age group a per unit of
intake, Sv -Bq! [20];

K, — reference ratio of activity of the r-th radionu-
clide to "Cs activity in deposition on April 26,
1986 [20], unitless;

~22,r — annual intake of radionuclide r activity
for adults in 1986 with a diet normalized to the
deposition density of radionuclide », Bq per
kBg'm?;

RI&® — relative intake of '’Cs with a diet for a rep-
resentative of the age group a compared to an
adult, unitless;

ocs; — 'Cs deposition density in the j-th settle-
ment on 26 April 1986, kBq'm?;

k]86 — correction factor that depends on the spe-
cifics of nutrition, countermeasures and environ-
mental characteristics of the district, unitless.

Intake of cesium radionuclide activity in the
human body in 1986

The value of Qadr was estimated as the integral
intake of radionuclide r activity from the beginning
of the accident to the end of 1986 [17, 22, 23]:

31.12.86
~gg’r _ f ( m1186(t) Wmll + Cveg 86(t) veg (2)
t=26.04.86
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mil,86 veg,86 .
ne Cr (t) ta ¢, 9°°(t) — HopMOBaHi Ha OAMHULIO

Bumafinb ’Cs Ha IpYHTIi 4acoBi (PYHKIII KOHILIEHTpaLlil
PamioOHYKITJA 7 Y KOPOB SYOMY MOJIOIII Ta y JIUCTOBUX
oBoyax BimmosigHo, bxr!(kr') Ha Kbk M?;

W;’}iil Ta Wgsg — 100O0Bi CNOXMBAaHHS KOPOB’SIYOTO MO-
JIOKa Ta JIMCTOBUX OBOYiIB MiCLIEBOIO BUPOOHUILTBA J0-
POCJIOIO JIOAMHOIO, JI(KT) 100a™".

CymapHa piuHa eeKTUBHA 103a BHYTPILLIHBOTO OIIPO-
MiHEHHS Dzzlt'% 3 piBHsAHHA (1) nmpuoGau3HO Ha 90 % 006-
YMOBJIIOEThCS pamioHyktigamu nesito 'Csta **Cs [17, 19].
Ho3a, HopMOBaHa Ha oguHuUIO Bumaninag “’Cs Ha 110-
BEpXHIO IpyHTY B 1986 p., ctaHoBuTh 10,2 MK3B Ha KBK'M™
Bix *’Cs ta 7,1 Mx3B Ha kbk'M? Bix **Cs.

KopurysanbHuin pakTop 403U BHYTPILLHbOIO
onpomiHeHHs 1986 poui
HeoOxinHicTh yBeIeHHS 10 pO3paxXyHKY 103 BHYTPIillIHb-
oro omnpomiHeHHs y 1986 poui Kopurywodoro Koediui-
€HTa kfﬁ IOB’sI3aHa 3 MOKJIMBICTIO CKOPUTYBAaTH TeOpe-
TUYHIi 1031 Ha pe3yasratu JIBJI-BumipioBaHb (BUKOHA-
HuX y Tiepion 3 15.07.1986 mo 31.12.1986) y Tux perio-
Hax, Je i BUMiplOBaHHS MPOBOAUIUCH (puc. 1).
KoedimieHT kfé’ (puc. 2) OLiHIOETHCS SIK BiTHOIIICH-
Hs cepennboi no3u y HIT Big ¥'Cs, owiHeHOl 3a tTaHUMU
inauBinyanbHux JIBJI-BUMiploBaHb, 10 TEOPETUUHOI 10-

i 86 . )
where ¢, 186 (1Y and ¢, 9% (t) — variation with

time of radionuclide r activity concentration in
locally produced cow’s milk and in leafy vegetables
normalized per unit of ’Cs deposition density,
respectively, Bq-L'(kg") per kBq'm;

w and w ' — daily consumption of cow’s milk
and leafy vegetables by an adult, L(kg)-d"'.

The total annual effective internal dose, Dézt‘% ,
calculated using Equation (1) was determined by
approximately 90% due to the intake of '*’Cs and
Cs [17, 19]. The dose normalized per unit *’Cs
deposition density in 1986 is 10.2 uSv per kBq-m™
from “’Cs and 7.1 uSv per kBq'm from '**Cs.

Correction factor for internal dose in 1986
The introduction of the correction factor, ka ,
into the calculation of internal doses in 1986 related
to the opportunity to correct 'theoretical’ doses using
the results of WBC measurements (performed from
15 July 1986 to 31 December 1986) in areas where
these measurements were carried out (Fig. 1).

The correction factor k]86 (Fig. 2) was estimat-
ed as the ratio of the average dose in the settlement
from "’Cs intake derived from individual WBC
measurements to the 'theoretical’ dose for an adult

KIJIBKICTIO
JIBJI-
BUMIipIOBaHb 3a
1986 pik
O > 500
Ml 200 - 500
M 100 - 200
50 -- 100
10-- 50
5-- 10
< 5

O0O@m

Cideponons
Cesacyonoilg

PucyHok 1. Po3nopin JIBJl-eumipioBaHb, npoBeaeHux B YkpaiHi y 1986 poui
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Figure 1. Distribution of WBC measurements conducted in Ukraine in 1986

31 IS jopociioi monuHu y uboMy HIT, po3paxoBanoi3a  resident of this settlement calculated using

opmynamu (1) Ta (2): quations (1) an :
1 2 Equat 1) and (2

1 WBC,86 . 86

=Y D0 56

“iiaMa,j, )
k$6 _ N] a,j,i a,t (3)
j Dint,se
ad,j

e Dc‘f/fic’% — iHOMBigyanbHa J03a BHYTPILIHBOTO OIM-  Where DZV].BiC’% — individual internal dose from
pominenHs Bin '¥Cs obuuciena 3a ganumu JIBJI-Bumi-  '¥'Cs intake derived from the results of WBC meas-
PIOBAHb Yy j-MYy HACEJEHOMY MYHKTI y i-i ocobu, 3B; urement of the i-th person resided in the j-th set-
D;Zt}-% — TeopeTUYHa 103a I J0POC/Iol JIAUHU ¥ j-  tlement, Sv;

adj 'theoretical' dose for an adult resident of

my HII, po3paxoBaHa 3a ¢popmyiamu (1) ta (2), 3B;

N; — KinbKicTh JIBJI-BuMipioBaHb y j-My HaceneHomy  the j-th settlement calculated using Equations (1)
TTYHKTI; and (2), Sv;
ff’ — BiKOBU KOe(illiEHT 1JIsI BIKOBOI IPYIU @, 10 SIKOL N; — number of persons measured by WBC the j-th
HaJIeXUTh i-Ta ocoda, 0/p. settlement;

86

BikoBuii koedilieHT fa86 € BiTHOIIEHHSIM HOPMOBa- ai — age factor for the age group a to which the
HUX Ha IIUTBHICTE BUMaAinb '¥'Cs Ha IpyHTi yeepenHeHnx  i-th person belongs, unitless.

IHAVBIAYAJTbHUX J03 OIPOMiHEHHS AOPOCIMX Ta Tpeac- The age factor, fa86, is the ratio of the average in-
TaBHMKIB BiKOBOI TPYITH @: dividual doses of adults and representatives of the age
group a normalized to the "Cs deposition density:

WBC,86
> Dag,ji
N Lj 86
A ) @
a WBC,86

1 aj,i
_Zi, J 86
Na Ocs, j
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ne N, ta N, — KiJbKicTh JIBJI-BuMiproBaHb, BUKO-
HaHuX y 1986 polli y IpeICTaBHUKIB BiKOBOI IpyIu a
Ta JOPOCINX BinxmoBigHO (Tadm. 1).

BinHomenHs1 (4) pospaxoByeTbcsa g HII, ne
IIUTBHICTD 3a0pyaHeHHsT TpyHTY 'Y'Cs'y 1986 poriti mie-
pesuiiyBaia 37 Kbk-M?. 3a HalIMMM pO3paxyHKaAMH,
BikoBuii Koediuient f,86 cranosurs 0,43; 0,39; 0,68;
1,09 Ta 1,02 o4 BiAnmoBiZHUX BiKOBUX TpYIL: 10 1 po-
Ky, 1-2 poku, 3—7 pokiB, 8—12 pokiB Ta 13—17 poxiB.

Y 3B’13Ky 3 00MexkeHowo KiJbKicTio JIBJI-BuMipro-
BaHb OyJIO BBEJIEHO TPU PiBHI ycepelIHEeHHS 103 3a pe-
synsratamu JIBJI-BuMipioBaHb, a (haKTUYHO TPU PiBHI
TOYHOCTI BU3HAYEHHS [ 8¢: HaceeHMit TyHKT (k]$6),
paiion (k3°), obmacts (k5°).

JI711 BUBHAYEHHS k}?ﬁ BUKOPUCTOBYIOTBLCSI PE3YIIh-
tat JIBJI-BuMipioBaHb, SIKi 3a10BOTBHSIOTH YMOBaM:
(1) BuMiproBaHHS BUKOHaHi y riepion 3 15.07.1986 o
31.12.1986;

(2) BuMipstHa BesmmurHa sMmicty '¥Cs B opraHismi Jiro-
JUHU Ma€ OyTU Oiybllle MOJOBUHU Bif MiHiMaJbHO-
JleTeKToBaHO1 akTUBHOCTI (M/IA) mpunany abo miijib-
HicTh BunaniHb B HII, ne mpoBoaninch BUMiproBaH-
H4, Oinblre 37 Kbrk'M%;

(3) xinbkicte JIBJI-BumiptoBanb B omHoMmy HIT mae
oytu He meH1Ie 10, ko e HIT cinbcbkoro tury, He
meHIe 50 y mictax i He MeH1Ie 100 B 061aCHUX LIEHT-
pax.

where N, and N, — are the numbers of WBC measu-
rements performed in 1986 in representatives of age
group a and adults, respectively (see Table 1 below).

The Equation (4) was used for settlements where the
¥7Cs deposition density exceeded 37 kBg-m™ in 1986.
According to our calculations, the age factor, a86, was
0.43, 0.39, 0.68, 1.09, and 1.02 for the age groups
<ly 1-2y,3-7y, 812y, and 13—17 years, respec-
tively.

Due to the limited number of WBC measurements,
three levels of dose averaging based on WBC meas-
urements were introduced, which correspond to three
levels of kj?ﬁ accuracy: settlement (k]?36 ), district (k8°),
and oblast (k8°).

To calculate 88, the results of WBC measurements
that meet the folllowing conditions were used:

(1) measurements were performed from 15 July 1986
to 31 December 1986;

(2) the measured *’Cs activity in the human body
should be more than half of the minimum
detectable activity (MDA) of the WBC device or the
¥7Cs deposition density in the settlement where the
measurements were performed should be more than
37 kBgm?;

(3) the number of WBC measurements should be at
least 10 in a rural settlement, at least 50 in cities, and
at least 100 in administrative centers of oblast.
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Figure 2. Distribution of correction factor-values,

, in Zhytomyrska, Kyivska, Rivnenska and Chernihivska

Oblasts of Ukraine (symbols O and A denote settlements that satisfy conditions (1)-(3))

VYMmoBa (2) mop’s3aHa 3 TUM, O y 1986 poui mis
BUMipIOoBaHb iHKOpriopoBaHoro *’Cs BUKOPHCTOBYBa-
JIMCh BUMIpIOBaJIbHI mipwiany (Hampukian, ['TPM-
01LI, 'KC, YP-1 tomo), MJIA gxux csrae Tucsd oe-
kepenb. Tomy B HIT 3 BiTHOCHO HU3bKOIO ILIiTBHICTIO
Bumnaninb 'Cs Ha IMOBEPXHIO I'PYHTY pPe3yJIbTaTh
BUMIipIoBaHb BMicTy *’Cs y TiIi JITOMUHY, SIK TIPABUIIO,
He nepeBuUlLYIOTh MA i € 3aHAATO HETOUHUMM.

MOXJIUBICTb pO3PaXyHKY k]?% i okpemoro HIT
(kJSE’) nepeadayae HassBHiCTh y HboMy JIBJI-BuMip1o-
BaHb, 1110 3aJ0BOJIBHSIOTH yMoBaM (1)—(3). Bymno po3-
paxoBaHo 240 Takux KoedilliEHTIiB y MeXax YOTUPhOX
obnacteit (Tadi. 1).

ITpu HEMOXKIMBOCTI OLLIHUTHU kj?36 B okpeMomy HII,
pO3paxyHOK KOPHUTYIOUOro (hakTopy 3miliCHIOETHCS
Ha piBHi paitony (k&°), npore y iboMy paiioHi MaoTh
OyTu He MeH1Ie 5 ciibebkux HIT, 1110 3a10BOTBHSIOTH
ymoBaM (1)-(3). B upomy BMUITanKy ycepeadHEHHS Y
dopmymni (3) BindbyBaeThcst o Beix JIBJI-BuMipioBaH-
HSIX, BUKOHAHMUX B HOaHoOMy paioHi. Takux Ko-
edilieHTiB y MeXax YOTUPbOX 0bJacTeit 0y10 po3pa-
XOBaHO 568 (Tabi. 1).

SIKII0 YMOBU IJIS1 PO3PAXYHKY k156 Ha pailoHHOMY'
PiBHi HE BUKOHYIOThCSI, KOPUTYIOUMiT (haKTOP OLIiHIO-
€TbCS Ha piBHi 00J1acTi k 36 3 BUKOPUCTaHHSIM PE3YJIb-
tatiB JIBJI-BuMiptoBaHsb B Tvx HIT obacTi, ski 3ag0-

Condition (2) is related to the fact that measurements
of ¥’Cs incorporated in the human body were performed
in 1986 using measuring devices (e.g., GTRM-01C,
GKS, UR-1, etc.) with an MDA of thousands of bec-
querels. Therefore, in the settlements with a relative-
ly low "*’Cs deposition density, the results of measure-
ments of ¥’Cs body-burden, as a rule, did not exceed
the MDA and turned out to be inaccurate.

The possibility to calculate correction factor-values
for a specific j-th settlement k]86, assumes the presence
of WBC measurements in the settlement that satisfy
conditions (1)—(3) above. We calculated the settle-
ment-specific correction factors for 240 settlements
in four oblasts (Table 1).

If it is not possible to estimate k156 in a given settle-
ment, the calculation of the correction factor was car-
ried out at the district level, k86, but district should
include at least 5 rural settlement that satisfy condi-
tions (1)—(3) above. In this case, the averaging in
Equation (3) was performed over all the WBC meas-
urements performed in a given district. A total of 568
district-specific correction factors, were calculated in
four oblasts (Table 1).

If the conditions for calculating k}%at the district
level' were not met, the correction factor was estimat-
ed at the oblast level, k8°, using the results of WBC

13a anmitictpatusHM noginom Ao 2020 poky

'According to administrative division in 2020
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Taoauuysa 1

Kinbkicte HM'y yoTupbox 06s1acTax YKpaiHu, ana AKux 6ynu po3paxosaHi kfﬁpi3|-|oro piBHA (anA okpemux HI,

Ha piBHi panoHy Ta Ha piBHi o6nacri)
Table 1

The number of settlements in four regions of Ukraine, for which of different k]86 levels were calculated (for
individual settlements, at the district level and at the oblast level)

OKl_rl’ﬁM' Pa;)b;g:::m O6nacHuii piseHb / Oblast level B“ﬂﬁ;’;ﬁ?::'gé n
O6nactb / Oblast . g - - -
Individual District Micta /Urban  Cinbcbki HM / Rural  Number of WBC

settlements level measurements
Xurommupceka / Zhytomyrska 62 30 5 1630 10967
Kuiscbka / Kyivska 152 409 19 775 15722
PiBHeHcbka / Rivnenska 12 0 5 1060 613
YepHiriscbka / Chernihivska 14 129 14 1449 980
Beboro / Total 240 568 43 4914 28282

BOJIBHSIOTH YMoBaM (1)—(3). Ilpu mpomy mo3sa or-
pPOMiHEeHHS ycepeaHIeThest okpemo st HIT cinbeh-
KOro Tumy (cena, ceauila, ceauila MiCbKOTo TUITY)
ta HII, ki matoth cTaTyc micT (Tad. 1).

BinMiHHICTh Y pi3HHX perioHax (puc. 2) IoB’s3a-
Ha 3i crien(iKoio eKOJOTIUHMX i KITIiMAaTUUHUX YMOB
Ha pagioaKTUBHO 3a0pyIHEHUX TEPUTOPISIX Ta 00Cs -
TOM BIIPOBaKEHUX KOHTp3axodiB. Cepeln HUX: ITO-
JaToK BUTacy xynoou y 1986 poiri, Bumu TpaB Ha Ta-
COBMILI — CisIHI Y4 JUKOPOCIHi, KiJbKIiCTh OIIajiB,
piBHi cmoXXMBaHHS MPOAYKIIii, BUPOOJIEHOI y MiAco0-
HUX TOCIIOJApPCTBaX, CAMOOOMEXKEHHS CITOKMBAHHSI
TOIIIO.

OuiHKa 0,03 BHYTPILUHbOro ONPOMiHEHHS OCi0
AUTAY0ro Ta nignitkoeoro Biky y 1986 poui
Pospaxynok napamerpa RIE® 6Gasyerbcst Ha mpury-
IIEHHi, 110 BiZHOCHE HAaIXOMXEHHs pajiole3ito 3
palioHOM Pi3HUX BiKOBUX I'PYII € MPUOJIU3HO CTATUM
s MetukaHuiB ycix HIT Ha TepuTopii Ykpainu. Be-
mmanHa RIZ y 1986 p. po3paxoByeThes SIK BiTHOLIEH-
HS HOPMOBaHMX Ha IIUIBbHICTH BumaniHp ’Cs Ha
rpyHTi y 1986 polii ycepeTHeHUX 3a BiKOBOIO IPYIOI0
a iHAVBiAYyaTbHUX BEJIMYMH HaaxokeHHs ¥'Cs B op-
TaHi3M JiTei/minIiTKiB (qgléj,,) Ta JOPOCIUX (qgg, i)

measurements in those settlements of the oblast that
meet conditions (1)—(3). In this case, the dose is aver-
aged separately for rural areas (villages, towns, urban-
type settlements) and for settlements with the status of
cities (Table 1).

Differences in on different territories (see Fig. 2)
are related to the specifics of environmental and cli-
matic conditions in radioactively contaminated areas
and the scope of countermeasures implemented.
These include: the beginning of cattle grazing in 1986,
types of grasses on the pasture (sown or wild), precip-
itation, consumption levels of products produced in
subsidiary farms, self-limitation of consumption, etc.

Estimation of internal doses to children and
adolescents in 1986

The calculation of the parameter RIZ® was based on
the assumption that the relative intake of radiocaesium
in the diet of different age groups is approximately
constant for residents of all settlements in Ukraine.
The value of RIE® was calculated as the ratio of '¥’Cs
intake for children / adolescents averaged for age
group a ( qﬁ?jl ;) to that averaged for adults (qf;g, j,i) nor-
malized to the *’Cs deposition density:

86 int
U : Aa,Cs

86
1 ¥ Aa,ji 1 D aji
N_ i,j O'T N_ i,j 0.86 ]
R186 _ a CS,] _ a CS,] (5)
a = 8% Use . qnt
1 Y Qaq,j,i y  Zadji ad,Cs
i.j 86 ij 86
Nad O-Cs,j Nad O-Cs,j
ne U8 .ta U8 .. — innusinyanbHi 3HaveHHs Bmicty  where USS . and U8 .. — individual values of '¥Cs
a,jiTUgq ji y y aji ad,ji

37Cs B opranisMi, 3apeectpoBati ripu JIBJI-Bumipio-
BaHHsX Y 1986 poli y miTeli/miUIiTKiB BiKy @ Ta y J0-
pociux (ad) y HaceJleHOMY TIyHKTi j, BK;
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content in the body measured by WBC in 1986 in chil-
dren / adolescents of age group a and in adults resided
in j-th settlement, respectively, Bq;
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/13?55 Ta AZldt,Cs — KOHCTaHTH HaIliBBUBEICHHS pamio-
1e3io 3 opraHi3my, OiTeil/IMIJITKIB BiKy a Ta JOpOC-
nmx, noba! [24].

3HaueHnst RI® pospaxoBysaiocs 3a dopmyioio (5)
JUTsL yciel Ykpainu st sty BikoBux pyr: < 1, 1-2,
3—7,8—12Ta 13—17 pokiB He3anexHo Big HIT mpoxu-

At and A o — is the half-life of radiocesium in
the body of children / adolescents of age group a and
in adults, d' [24].

The values of RIZ® were calculated using Equa-
tion (5) for the entire Ukraine for the following age
groups: < 1, 1-2, 3—7, 8—12, and 13—17 y, regard-

BaHHs1. 3HayeHHs mapaMerpa RI 26 npenctaBiaeHo B less of the place of residence. Table 2 gives the values

Tab1. 2. of the parameter RIZS.

Ta6nuusa 2

YcepenHeHi 3HaueHHA BiAHOCHOTO HaAXOAKEeHHA pajioLesilo 3 payioHom ( ) Ana piTteii Ta nignitkie y 1986
poui

Table 2

The average values of the relative intake of radiocesium with the diet ( ) for various in 1986

Bik oco6u, poku KinbkicTb oci6, BumipsiHux Ha JIBJ1

RIS

Age, y Number of WBC measurements
<1 176 1.1
1-2 884 2.3
3-7 3382 1.8
8-12 4943 1.2
13-17 4166 1.0
18+ 18823 1.0

BHyTpiwHe onpomMiHeHHs y 1987-2023 pokax

VY nepion 1987—2023 pokiB CyTTEBUII BHECOK y 03y
BHYTPIIIHBOIO OIPOMIHEHHSI HACeJICHHsI pagioaKTHB-
HO 3a0pyAHEHUX TEPUTOPIM POOUIU JIUILIEe PATiOHYK-
aigy ¥'Cs ta **Cs, ocTaHHI 3 HUX BIUIMBAaB Ha (GOpMY-
BaHHS 103U JIUIIIE y Mepli 5—7 micasaBapiiiHUX POKiB.
Ha moMeHT aBapii cItiBBiTHOIIIEHHSI aKTUBHOCTe '*Cs
: WCs cxitagano 1 : 2, a B HACTYITHi pOKY BOHO 3MEH-
LIYBAJIOCh 3aBASIKU MIBHUIIITIOMY po3many '*Cs [18, 25].

Mogenb peKOHCTPYKIii iHAMBIAyadi30BaHUX 103
BHYTPILLIHbOTO OIPOMiHEHHSI BiJl paliOHYKJIiliB LI€3il0 y
nepion 1987—2023 pokiB npeacTasieHo Ha puc. 3. [1pu
IEOMY PO3IISIAAETHCS TP OCHOBHI cutyartii: 1) HIT 6yB
oxoruieHuit JIBJI-monitopunrom; 2) HIT He OyB oxori-
Jnenuii JIBJI-MoHiTOpUHIOM, ajie OyB OXOIMJIEHUI MO-
JJouHuM MoHiTopuHroM; 3) HII, B skomy JIBJI-BuMmi-
PIOBaHHS Ta BUMIpPIOBaHHS MUTOMOI akTUBHOCTI '’Cs
Yy MOJIOLIi HEe TIPOBOJAUINCH.

Cutyalia 1) xapakTepHa IJisl BiTHOCHO HEBEJIMKOL
KUJIBKOCTI HaCeJIEHUX IMyHKTIiB Y HalOiIbLI MOCTpax-
Janux obnacTsxX MiBHIYHOI YKpaiHU, TOAI sSIK Oijblla
yacTMHA HaceJleHUX MyHKTiB Ykpainu JIBJI-moHiTO-
pUHTOM He oxoIuTioBajach (Tada. 3). HaBith y Haii-
OinbLl 61aronoNyYHUX 3 TOUKM 30py HasiBHOCTI JIBJI-
BUMIipIOBaHb 001acTsIX (Tab1. 4) CUTYyaIlisl CTa€ CyTTEBO
MEHIII 0JIaronoJyYHOI0, SKIIO PO3MISAaTH PO3IOAiI
BUMipIoBaHb 1Mo pokax. JIBJI-BuMiptoBaHHSI po3moi-
JIEHi 32 pOKaMu BKpail HepiBHOMipHO, 3aJIMILIAI0YH OK-
peMi mepiogu MalixXe HEOXOIUJIEHUMU abo HaBiTb

Internal exposure in 1987-2023

During the period 1987—2023, the main contribu-
tion to the internal radiation dose of the population
of radioactively contaminated areas was made by
Cs and **Cs, and the latter of them contributed to
the formation of the dose only in the first 5—7 years
after the accident. At the time of the accident, the
ratio of '**Cs to '’Cs activities was 1 to 2, and in sub-
sequent years it decreased due to the faster decay of
Cs [18, 25].

Fig. 3 shows the model for reconstructing individu-
alized internal doses from cesium radionuclides in the
period 1987—2023. Three main situations are consid-
ered: 1) the settlement was covered by WBC monitor-
ing; 2) the settlement was not covered by WBC mon-
itoring, but was covered by milk monitoring; 3) the
settlement in which WBC measurements and meas-
urements of '¥’Cs activity in milk were not performed.

Situation 1) was realized in a relatively small num-
ber of settlements in the most contaminated regions
of northern Ukraine, while most of the settlements
in Ukraine were not covered by WBC monitoring
(Table 3). Even in the most favorable oblasts in terms
of the availability of WBC measurements (Table 4),
the situation becomes significantly less favorable
when considering the distribution of WBC measure-
ments by year. WBC measurements are extremely
unevenly distributed over the years, leaving some
periods almost uncovered or even completely uncov-
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Ta6nuusa 3

OxonneHHs JIBJI-BuMiploBaHHAMU HaceNieHMX NYHKTIB YKpaiHu

Table 3

Coverage of WBC measurements of populated areas of Ukraine

KinbkicTb* KinbkicTb* HaceneHux nyHKTiB BipcoTok HaceneHux NyHKTIB,
O6nacts / Oblast HaceNeHnxX NyHKTiB 3 HasBHicTio JIBJ1-BuMipioBaHb  oxonsieHux** JIBJ1-MoOHiTOpMHrom
Number* Number* of settlements Percentage of settlements
of settlements with WBC measurements covered** by WBC monitoring

BiHHnubka / Vinnytska 1513 7 5.1

BonuHcbka / Volynska 1075 - -

Jlyranceka / Luhanska 942 _ _
[Jninponetposcska / Dnipropetrovska 1536 - -

[Joneupka / Donetska 1305 - -

Xutomupcska / Zhytomyrska 1717 556 32.4

3akapnarcbka / Zakarpatska 599 - -

3anopisbka / Zaporizka 968 - -
IaHo-®paHkiscbka / lvano-Frankivska 793 - -

Kviscbka / Kyivska 1263 402 31.8
Kiposorpapncbka / Kirovohradska 1065 - -

AP Kpum / AR Krym 1056 - -

JlbBiBCbKa / Lvivska 1947 - -

Mukonaiscbka / Mykolaivska 963 - -

Onecbka / Odeska 1200 - -

MonTascbka / Poltavska 1940 - -

PiBHeHcbka / Rivnenska 1030 314 30.5

Cymcbka / Sumska 1579 10 0.6

TepHoninscbka / Ternopilska 976 - -

Xapkiscbka / Kharkivska 1846 - -

XepcoHcbka / Khersonska 744 - -

XmenbHuuska / Khmelnytska 1452 - -

Yepkacbka / Cherkaska 831 T4 8.9

YepHiBeubka / Chernivetska 414 - -

Yepiriecbka / Chernihivska 1570 215 13.7

MpumiTky. *TyT | HUXYE AAMIHICTPATMBHMIA NOAIN YKPAiHW Ta YMCENbHICTb HACENEHNX NMYHKTIB B MEXaX aAMIHICTPATMBHUX OLVHWLbL HaBeneHo Ha 1986 pik; **Hacenenmii myHKT
BB2XAETHCS OXOMEHMM MOHITOPUHIOM, SIKLLO [1S1 HBOFO iCHYIOTb pedynbTat He MeHwwe 10 JIBJI-BumipioBaHb
Notes. * Here and below, the administrative division of Ukraine and the number of settlements within the boundaries of administrative units are given for 1986; **a settlement is

considered covered by monitoring if there are results of at least 10 WBC measurements

MOBHICTIO HeoxoruieHUMU. OT:Ke, Hailbinbllia yBara B
Mojiesli PeKOHCTPYKIil iHAMBiAyaai30BaHUX 103 MPUIi-
JISIETHCS cUTyalisMm 2) i 3).

3arajabHUI BUpa3 AT OLIIHKM piyHOI e(PEKTUBHOI 103U
BHYTPIIIIHBOTO ONpoMiHeHHsT B T-my pori (7> 1986 p.)
npeAcTaBHUKA -1 BiKOBOI I'pyMnu, 110 MPOXUBAB Y j-My
HII, moxHa 3anucaTu Tax:

Dlnt,T — Rla .

a,j

T : 137

ne Qgq j — KYMYJSITUBHE PiuHE HAIXOMIKCHHs Cs 3
palliioHOM Xap4yyBaHHS A0 OpPTaHi3My JOPOCIIOI JIIOIUHH,
o Metkae y j-my HII, bx;

RI, — BinHOCHE MiXBiKoBe HagxomxkeHHs *’Cs 3 palio-
HOM MeIIIKaHIIiB BiKOBOI Ipynu a, 6/p;

int,T . . .

d, cs — PiuHa eeKTHBHA 03 BHYTPILIHBOTO OIPOMi-
HEHHJ MpeCcTaBHUKA BIKOBOI I'pyliy a y pik 7' Ha OOUHU-

1110 repopajibHoro HagxomxkeHHs ¥'Cs, 3B bk

ered. Therefore, the greatest attention in the indi-
vidualized dose reconstruction model was paid to
situations 2) and 3).

The general equation for estimating the annual
effective internal dose in the 7-th year (7>1986)
for a representative of the a-th age group living in
the j-th settlement can be written as:

QL. -dust (6)

where QF, j — cumulative annual intake of ¥'Cs
with the diet by an adult living in the j-th settle-
ment, Bq;

RI, — relative intake of ”’Cs with a diet for a rep-
resentative of the age group a compared to an adult,
unitless;

dé’fé’f — annual effective internal dose to a repre-
sentative of age group « in year T per unit of '¥'Cs
ingestion, Sv-Bq™.

(1) 126
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Taonuusa 4

OxonneHHa JIBJI-BMMiplOBaHHAMMU HaceNeHUX NYHKTIB YOTUPbOX HaAWGINbW 3abpyaHeHUX pagioHyKnigamu

obnacrtein YKkpaiHu 3a pokamu

Table 4
Coverage by WBC measurements of settlements in the 4 most polluted regions of Ukraine by years
KviBcbka o6nactb )XXutomupcbka obnactb PisHeHcbka 0GnacTb YepHiricbka 0651acTb
Pik / Year Kyivska Oblast Zhytomyrska Oblast Rivnenska Oblast Chernihivska Oblast
BiacoTok HaceneHux NyHKTIB 3 HasiBHiCTIO JIBJ1-BuMiploBaHb
Percentage of settlements covered by WBC monitoring

1987 2,1 11,6 3,7 2,0

1988 0,2 1,4 73 0,3

1989 1,0 33 5,6 0,2

1990 0,1 14,4 39 -

1991 2,1 58 1,5 -

1992 0,3 1,7 0,2 -

1993 0,3 0,9 0,3 -

1994 1,0 2,7 0,4 -

1995 1,3 10,0 57 0,8

1996 6,1 12,6 15,6 1,8

1997 10,7 17,1 19,8 74

1998 71 16,2 14,1 3,2

1999 3,0 9,0 12,4 48

2000 75 9,1 1,1 54

2001 9,3 10,8 10,4 47

2002 2,8 57 1,7 -

2003 - 9,7 11,8 3,5

2004 3,2 10,1 13,8 2,1

2005 6,3 6,9 13,5 3,8

2006 3,5 8,7 10,1 2,2

2007 0,6 58 12,7 29

2008 2,1 59 12,0 29

2009 0,7 0,3 - -

2010 0,6 0,4 - -

2011 78 73 1,7 2,7

2012 44 43 7,6 -

2013 2,0 1,8 6,4 -

Benanuuna dg’lé’sT y piBHSHHI (6) pO3paXxOBYETLCS 3a The value of dg’lCtCST in Equation (6) was calcu-
dopmynoro: lated as:
dz:LélsT = (Ecllr,lCts7 +05: Kgs4 : Eclzr,lcts4) 7

ne EJ¢; ta EJg, — nososi koediuientn MKP3 [20]

BHYTPilLIHEOTO onpoMiHeHHs Bix ¥’Cs ta **Cs Binmosin-

HO JUTsI TIPEICTABHUKIB BiKOBOI IPYITH @ Ha OAMHMULIIO I1e-

POpaIbHOTO HaAXOMKeHHs, 3B-bK;

Kgs4 — KOPUTYBaJIbHUM (haKTOp, 1110 BpaXOBYE IIBUIIINIA

panioakTuBHU# posnaza **Cs mopiBusaHo 3 ¥'Cs, 6/p:
T _ ,(Acs7—Acss)-(T—1986)-365 .

KCS4 = e\ACs7=ACs4 ;

Acs7 Ta Aggq  — CTAN padioaKTUBHOTO PO3Maly pamio-

izoromis '¥'Cs ta **Cs, BinnosigHo, 1o6a’!

where EX%, and EX%,, — ICRP ingestion dose
coefficients for '"Cs and **Cs, respectively, for
representatives of age group a [20], Sv-Bq';

KX, — correction factor taking into account the
faster radioactive decay of **Cs compared to "’Cs,
unitless: K%, = e(Acs7—Acsa)(T—1986)-365.

Acsy and A, — radioactive decay rate of '’Cs and
134Cs, respectively, d'.
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[TapameTpu MO/l BHYTPIITHHOT'O OIIPOMIHCHHS

JlaH1 MOJIOYHOTO MOHITOPUHTY B MomnouHuii eKBiBaJIECHT Hani JIBJI MOHITOpUHTY B
HII paiiony 3a 1987=2013 pp. —» pamuiony <«—  paiioni 3a 19862013 pp.
c—imil,T, S MET, n-no6a’

_T
J 4jaa bk

HII-cienugiyna «MonouHa» QyHKIis B OO T
PagioaKTHBHOCTI B OpPraHizm

137Cs 3 pationom 10pociux g qq(t), Bk mutrHu abo mimtitka Rl,, 6/p

cjm”(t), Bx-1' Ta QyHKIIiS HAOXOMKEHHS

PekoHCTpyKIIis 103 MENIKaHIlB a-1 BikoBoi rpynu j—ro HIT y 7-mMy poiri (D;njt'T)

Yy MaB Miclie

JIBJI-moniTopuHr y T-i pik Tax . DZ‘]F'T =RI, " d(i:,lé'sT . EIZ;d,j At
B j-vuy HIT (N 2 10)
H ¥
Yu MmaB MicLie Tax
JIBJI-monitopusr y j-uy HITy int,T _ int,T
1987-2013 pp. — Dy =Rlg dyc; " qaq,(E)]e=r At
(> 5 pokiB)?
Hi ¥
Yu maB Micrie Tax
MOJIOYHUI MOHITOPHHT Yy pmtT — p I, di"é'T CEMLT M ET At
j-my HITy @) ats
T-ii pik?

Hi l
Yu maB Mic1e
MOJIOYHUH MOHITOPHHT Y Tak intT _ intT . mil _ T
jony HITy 1987-2013 pp. — D" =Rl dgcs ¢ (Ole=r - MEj - At
(> 5 pokiB)?

- -

Hi int,T int, T A
T _ _ T . AT
> Da,j = RI, da,Cs Qad,j

PucyHoK 3. Cxema peKOHCTPYKLii 403 BHYTPillHbOro onpomiHeHHAa y 1987-2023 pp.

(1) 128
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Parameters of the model of internal exposure

Data of the dairy monitoring in

Milk equivalent The results of WBC
the settlement for 1987— 2013 — M EJ-T, L-d?! <«— measurements on district in
T, BgL! 1986-2013 ¢ 44, Bq

Settlement-specific "milk" function c]-m”( t), Relative intake of radioactivity
Bq-L! and receipt function '*’Cs with the in the body of a child or

diet for adult q;44(t), Bq teenager Rlg, unitless

Reconstruction of internal doses for residents a-age group j settlement in year 7 (D int’T)

a,j
pld WBC monitoring Yes DT _ pp L gt T
in the T-th year in j-th — VYqj T MaQges "Yaa;c
settlement NjT (>10)
No v
Did WBC monitoring Yes P intT
in the j-th settlement in 1987— —> Da,j' = Rl - da,c's ) CIad,j(t) |t=T At
2013 (=5 year)?
No ¥
Sy o Yes
Did milk monitoring int.T intT —milT T
in the 7-th year in j-th —> Da,j = Rl - da,Cs "G "ME" - At
settlement?
No i
Did milk monitoring v _ .
in the j-th settlement in cs ) Dg’ljt'T = RI, - dg’lg'ST . cjm”(t) leer - M EjT AL
1987-2013 (> 5 year)?

No

int,T _ int,T AT
> Da,j - RIa da,Cs 'Qad,j

Figure 3. Scheme of internal doses reconstruction in 1987-2023
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OuiHKa [03 BHYTPILWHbOIO ONPOMIHEHHS Y HaceJsieHUX
NyHKTax, oxonneHux JIBJ1-moHiTOpUHIrom

Jns ouiHKu di’ j — KYMYJSITUBHOTO piuHoro (y 7-my
potii) HagxomxkeHHs ’Cs 3 pallioHOM Xap4yBaHHs 10 Op-
raHi3My J0pOCJI0i JIOAUHU, 1o Melukae y j-my HIT, mpi-
OpUTET HATAEThCs ycepemHeHUM pesynsraTam JIBJI-Bu-
MipIOBaHb aKTUBHOCTI iHKOpriopoBaHoro '’Cs y Tii Jito-
nuHu B Tomy HIT, ne mpokuBaiia ocoba: (cepeaHe 3HaUeH-
HS qu, ; 460 hyHKLLis, SIKa FOro anpoKcuMye — (qq,;j (t)):

T _ =T .
Qada,j = Gaa,j " At

ne l_lgd‘ j — cepeniii BmicT YCs y opraHizmi 1opocioro
memikaHugd j-ro HIT, Bk;

Aig;fad — CTaJia HalliBBUBEACHHS Paiole3ito 3 OpTaHi3My
Jopocnux [24];

At = 365 ni6.

Axuo y j-my HIT paiiony y T-i pik JIBJI-MoHiTOpUHT
He npoBoauBCs, ane B Libomy HIT nmpuHaiiMHi y 5 okpe-
MUX poKax (3 gKux xo4a 0 y onvH pik 10 1992 poky Ta
xoya 0 y onuH pik micisg 2004 poky) BIPOAOBXK IepPioay
1986—2013 pokiB BuxkoHyBaiucs JIBJI-BuMiploBaHHS
JTOPOCIINX XKUTENIiB (He MEHIIIe 5 BUMipIOBaHb Ha OJNH
piK), To misg uboro HII 3a pesynsratamu HasiBHUX JIBJI-
BuMiptoBaHb OynyeTbes HIT-crienuiuna dbyHKILis Ha-
xomxkeHHs Y’Cs 3 panioHoM gopociaux Memkanuis HIT
Qad,j (t), a piBHSHHS W14 di, j HaOyBalOTb BUITISIAY:

Estimation of internal doses in settlements
covered by WBC monitoring

To estimate Qchd’ j the cumulative annual (in year 7)
¥Cs intake with the diet for an adult person resid-
ing in the j-th settlement, priority was given to the
average results of WBC measurements of the '¥'Cs
activity incorporated in the human body carried out
in the settlement where the person lived: (average
value Gaq, jor its approximating function qqq,; (t)):

= Ugd,j Al aq t At ®)
where UL, ; — average ''Cs activity in the body of

an adult resident of the j-th settlement, Bq;

Aicrfsfad — half-life of radiocesium in the body of
adults [24];

At = 365 days.

If in the j-th settlement in the 7-th year, WBC
monitoring was not conducted, but in this settle-
ment at least during 5 separate years (including at
least one year before 1992 and at least one year after
2004) in 1986—2013 WBC measurements of adults
were performed (at least 5 measurements per year),
then for this settlement, based on the results of avail-
able WBC measurements, a settlement-specific func-
tion of '’Cs intake with the diet for adults qqq ;(t)
was derived with the following equations for Qg4 i

Qiaj = 9aa,j(O)|e=r - At, )]

Qaa,j(t) = a]‘-”bc . (b]‘-”bc . exp(—lj‘"{bC . t) + (1 - b}”bc) . exp(—l]‘-”ébc . t)),

ne a]‘-’"bc [bx-mo6a’'], b]‘-’”bc [6/p], lj"{bc [mo6a'],

lj‘{b ¢ [mo6a’'] — mapamMeTpH, 10 OLIHIOITHCS 33 JTAHUIMU
JIBJI-MOHITOpUHTY MIpu anpoKCUMaLlil HaaXOMXKeHHS
¥7Cs 3 pauioHoM gopociaux MelnkaHuis j-ro HII. Ha
puc. 4 MpeACTaBAEHO CepeIHbOPIYHI 3HAYEHHSI qu, j Ta
yHKUIA a4, j (t) ans mBox HII miBHiuHOTO perioHy YK-
painn. QyHKUIA Gqq,j (t) BMKOPHCTOBYETHCSI JIHILIE TSI
tux HII, ne ouinka napameTpiB 1i€i GYyHKIIII xapaKTepu-
3YEThCS 3HAUEHHSIM KoedillieHTa netepmiHaii R? > 0,5'.

(10)

where a/’”¢ [Bq-d™], b} [unitless], 1}?¢ [d],
1P¢ [d] — parameters of approximation of '’Cs
intake with diet derived from the results of WBC
measurements of adult residents of the j-th settle-
ment. Fig. 4 shows the average annual values of
C_Ichd, ; and the function qqaq,j (t) for two settlements
in the northern Ukraine. The function qqgq,j (t) was
used only for those settlements where the parame-
ters of approximation were characterized by the

value of the coefficient of determination R’ > 0.5'.

KoediieHT aeTepminai (R?) — CTaTMCTUYHNIA NOKASHWK, AKUI BUKOPUCTOBYETHCH
B CTATUCTUYHWUX MOZENSX K Mipa 3a/1eXHOCTI BapiaLlii 3a71eXHOI 3MiHHOI Bif, Bapiaii
He3aNexHUX 3MiHHMX. [10ka3ye, HaCKiNbKu HasiBHI CIOCTEPEXEHHS MiLTBEPAXYIOTh
MOZENb.

(1) 130

'The coefficient of determination (R?) is a statistical indicator used in sta-
tistical models as a measure of the dependence of the variation of the
dependent variable on the variation of the independent variables. It shows
the extent to which the available observations confirm the model.
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3BarenbCcbkuit p-H, Eminbuntcebka 0TI, c. Kounuune
Zviahelskyi district, Emilchyn UTC, Kochychyne village

R?=0.97337
200 , ; ,
a}’P=163;
,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, bc_ ]
150 b}” €=0,92
wbc_ .
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Bapacbkuii p-H, Bapacbka OTI, c. Mynbunui
Varaskyi district, Varash UTC, Mulchyntsi village
R’=0.88329
250 5 ; ;
a}'"=103;
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PucyHoK 4. Mpuknagu emnipuynux (O) cepepHbOpPiYHUX 3HAYeHb
HapxomKeHHs *’Cs o opraHismy AOpoCAMX 3 paLioHOM

yHKLiN

Figure 4. Examples of empirical (0) average annual values

specific function of **’Cs intake for adults with diet,

Po3paxyHOK 403 BHYTPILLHbOro ONPOMIHEHHS Y
HaceJIeHUX NyHKTax, He oxonneHux JIBJ1-MoHiTo-
PUHroMm, asie OXOMNJIEHUX MOJIOYHMM MOHITOPUHIOM
3a BimcyTHOCTI JocTaTHBROTO JIBJI-MOHITOPMHTY BUKO-
PUCTOBYIOThCS 3HAaYeHH KOoHLeHTparii *’Cs y Moo
MpUBATHUX TOCIIOJAPCTB, ycepeaHeHi 1o j-my HII B
T-my poiii:

T _ milT T
Qad,j - C] * ME] 'At,

Ie cjmil’T— MUTOMA pamioakKTUBHICTh ’Cs y MOJIOL, BU-
pobsieHOMY B IpUBaTHUX rocnogapcTBax j-ro HITy pik
(He MeHl1lIe 5 BUMIpIOBaHb Y IOTOYHOMY polti), bk,
M E].T — 1Ie3i€BUII MOJIOYHUIA €KBiBaJIEHT' pallioHy I
nopocaux yj-my HITy pik T, 1-m06a'.

Axuno y j-my HIT B T-My polli He MpOBOAMBCSI MO-
JIOUHUM MoHiTopuHI, To i uboro HII Oymyetbes
HIl-cnemudiuna «MonouHa» (yHKIIiSI 4yacoBOi Auv-
HaMiK¥ MUTOMOI akTUBHOCTI '’Cs y KOPOB’I4OMYy MO-
JIoti ijil( t) (puc. 5). Y uboMy BUIIAIKY HAIXOIKEH-
HSI paliolie3iro 10 OpraHi3My JOPOCIIOL IIDAMHUI po3pa-
XOBYETBCS 3a CITiBBIIHOILIEHHSIM:

Qaaj = ™
e M E]-T— MOJIOUHMI €KBiBaJIEeHT pallioHy JJIsI 1OPOC-
nuxy j-my HI1y pik T, n-gpoba’’.

(t)

Ta moAenbHux (cyuinbHa KpuBsa)

and model (solid curve) settlement-

Calculation of internal doses in settlements not

covered by WBC monitoring but covered by milk
monitoring

In the absence of the required number of WBC meas-
urements, measurements of the '’Cs activity con-
centration in milk from privately owned cows in the
Jj-th settlement, averaged over the year T, were used:

(11)
where cjm”’T— 7Cs activity concentration in milk
from privately owned cows in the j-th settlement (at
least 5 measurements in the current year), Bq-L';
M E].T — is the cesium milk equivalent' of the diet for
adults in the j-th settlement in year 7, L-d"'.

If milk monitoring was not conducted in the j-th
settlement in year 7, then a settlement-specific
«milk» function describing variation with time of
1¥Cs activity concentration in cow’s milk, cjm”( t),

was constructed for the settlement (Fig. 5). The ’Cs

intake by adults was calculated using the following

equation:
|e-r - ME] - A, (12)
where MET — a milk equivalent of the adult diet in
the j-th settlement in year 7, L-d"'.

"Lle3ieBuit MONIOYHIIA EKBIBANIEHT — LiE FINOTETUYHE J0B0BE CMIOXUBAHHS MOOKA,
BMPOBEHOTO Y MPUBATHUX FOCNOAAPCTBAX HACENEHOTO NYHKTY (NiTpiB Ha Aoby),
ke Morno 6 3a6e3neynTi HaAXOMXEHHs B OpraHiaM AOPOCNOI SIOAMHW TOYHO
TaKoi X KinibkocTi pagionykniga '¥Cs , sk i BECb paLioH NI0AuHN.

'The cesium milk equivalent is a hypothetical daily consumption of milk pro-
duced in private households of a settlement (liters per day), which equal to
exactly the same "¥Cs intake as with the entire diet.
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TA JOSUMETPIA
Bapacbknii p-H, 3apiverceka OTT, c. Jiucuymn
Varaskyi district, Zarichne UTC, Lysychyn village
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PucyHoK 5. Mpuknaau anpokcumauii cepeaHbopiuHoi nutomoi akTuBHocTi **’Cs y Mmonoui (cyuinbHa Kpusa)

3a pe3ynbTataMu BUMipoBaHb (O)

Figure 5. Examples of approximation of the average annual specific activity of **’Cs in milk (solid curve)

and the measurement results (0)

Jns ampokcuMaliii GyHKILil ij”( t) BUKOPHUCTOBY-

€TbCS TaKUI BUPA3:

m
a;

¢/ (t)
nea" [bx-no6a’], b/ [6/p], b [no6a™],b/" [moba™] —
rapameTpu, IO OLiHIOIOThCS.

OyHKIIig ij”( t) BUKOPUCTOBYETBCS JIMILIE IS TUX
HII, ne ouinka nmapametpiB Li€i GyHKIIIT XapaKTepu3y-
€ThCsl 3HAYEHHAM KoedilieHTa nerepminarii R° > 0,5.

OCKiJIbKM MacOBUIA MOHITOPUHT KoHLIeHTpallii '*’Cs
y MoJjioli nouaBcd Jmiie 3 1991 powi, ais mepiony
1987—1990 pokiB OLIHIOBAJIMCH 3HAYCHHS ITMTOMOI
akTuBHOCTI '’Cs y MOJIOLi 3a 3araJlbHOYKPaiHCHKOIO
IBi4i HOpMOBaHOIO (Ha WIUIBHICTL BumamiHb 'YCs y
1986 p. Ta Ha KoediLiEHT MEPEXOAY «IPYHT—MOJIOKO»
y 1992 powi) «MonouHOW0» (yHKIeo [19, 22], mo
npejcTaBieHa B Ta0J. 5.

Taoauua 5

MapameTpu 3arafbHOYKPaiHCbKOT pehepeHTHOT «MOJIOYHOT» (DYHKL T

ouiHkm BMicTy ©’Cs y mosioyi y 1986-1990 pokax
Table 5

Parameters of the all-Ukrainian reference «milk» function

137Cs in milk in 1986-1990

(b exp (- 17 -

The function cjm”( t) has the following form:

t)+ (1= b") -exp(=13-t)), (13)

where a}"[Bq-L'l],b}” [unitless], [} [d], H
parameters of approximation.

The function mil

[d"] -

¢;""(t) was used only for those set-
tlements where the parameters of approximation
were characterized by the value of the coefficient of
determination R?> 0.5.

Since large-scale monitoring of '’Cs activity con-
centration in cow's milk began only in 1991, the val-
ues of Cs activity concentration in milk for the
period 1987—1990 were estimated using the all-
Ukrainian «milk» function that was normalized to
the ’Cs deposition density and to the '*'Cs soil-to-
milk transfer coefficient in 1992 [19, 22] (Table 5).

5,’}341'1(15), fIKa BUKOPUCTOBYETbCA ANIA

~mil

¢4 (t), which is used to estimate the content of

ity = a-(b-exp(=1 -t) + (1= b) -exp(=1, - t))

Mapametp / Parameter a b L, L,
n%bk'-poba' /L2 Bq!- d 6/p / unitless pik'/ year-! pik'/ year!
CepenHe / Average 3,46 0,9 0,236 0,046
STD 0,17 0,04 0,021 0,031
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PeKOHCTPYKLif Le3iEBOro MOJIOYHOIro eKBiBaNeHTy
paLioHy

MoJiouHMIi €KBiBJIEHT pallioHy (ME]-T, amoba’t) mis
MemKaHIiB j-ro HIT y pik 7 BU3HAYa€ETHCS SIK CEPETHE
3HAYeHHs 1HAMBiIyaJbHUX MOJIOUHMX EKBiBaJEHTIB
pauiony IME fi , po3paxoBaHe Ha OCHOBI YCiX iHAMBI-
nyanbHux JIBJI-BuMiproBaHb, BAKOHAHUX Y 7T-My polli
y j-my HII cepen oci6, crapiie 7 pokis:

MET =

ne N jT— KinbKicTh JIBJI-BumiptoBanb y HIT y poui 7.
IHauBinyanbHUE MoJIOUHMIA ekBiBaaeHT [ME ]Ti po3-
pPaxoBYEThCS 3a (HOPMYJIOIO:

IME ]Ti
Ie Uﬁ- — BMmict 'Cs B opraHi3mi i-ro MeIIKaHLs
j-ro HII, gxuii nmpoxonus JIBJI-BumMmipioBaHHS Yy
poui 7, bk.
besnocepenHiit po3paxyHok M EjT MOXKJIMBUM JTUIIIE
B Tux HII, ge mpoBoauBCsl y JOCTaTHIM KiJIBKOCTI SIK
MosiouHMi, Tak i JIBJI-monitopuHr. HacrnipaBai Takux
MYHKTIB BiTHOCHO HebaraTo, TOMy 151 OLIiIHKY MOJIOY-
HOTrO eKBiBaJIeHTY OyJia ModymoBaHa MaTeMaTUYHa MO-
JIeJTb, sika aripokcnumye ME ]-T 3aJIeXKHO Bifl XapaKTepuc-
TUK IpyHTY B okosmui HIT (puc. 6—8). SIxiio HIT po3-
TalllOBAaHUI Y aIMiHICTPaTUBHOMY palioHi 3 1OCTaTHIM
piBHeM MoJjouyHoro Ta JIBJI-MOHITOpUHIY Yy TIepiof
AT, To anpoOKCUMOBaHE 3HAYEHHSI MOJIOYHOI'O €KBiBa-
JIEHTa IWEJ-T KOPUTYETHCS HA pAaOHHUIN KOoeillieHT
kAT, akuii BU3HAYAETHCS SIK BIIHOLICHHS cepeaHbOrO
3HAYEeHHS MOJIOYHOTO eKBiBajieHTa (YCepeIHIOEThCSI B
Mexkax paiioHy 3a mepion A7), po3paxoBaHOTo 0e3Mo-
cepeIHbO 3a pe3ylabTaTaMHM LIMX MOHITOPUHTIB (MO-
JiouHoro Ta JIBJI), Ta cepegHbOro TeOPETUYHOro 3Ha-
YEHHSI:

T — T T T T T
ME; —(m1 "D jn +m2r'pj,2+m3'pj,3+m4'pj,4)'kR

T
Yjer, Tear M E;

AT _
kg’ =

J _NjT

T qint
Uji -2

Reconstruction of the cesium milk equivalent of
the diet

The milk equivalent of the diet (M EJT, L-d™") for resi-
dents of the j-th settlement in year 7' was defined as
the average value of individual milk equivalents of
the diet, IME JE , calculated based on all individual
WBC measurements performed the j-th settlement

in year T'among persons older than 7 years:

D IME],
i

where NjT — number of WBC measurements con-
ducted in the j-th settlement in year 7.

Individual milk equivalent of the diet, IM E]Tl , Was
calculated using the following equation:

(14)

Cs,a
r_nil,T
]
where U fi — ¥Cs activity in the body of the i-th res-
ident of the j-th settlement who was measured by
WBC in year 7, Bq.

The direct calculation of M E]-Twas possible only in
those settlements where monitoring of both cow’s
milk and WBC were conducted with a sufficient
number of measurements, but there are relatively
few such settlements. Therefore, to estimate the
milk equivalent, a mathematical model was built
that approximated MFE ]-T depending on the charac-
teristics of the soil in the vicinity of the settlement
(Fig. 6—8). If the settlement is located in an admin-
istrative district with a sufficient number of milk and
WBC measurements in the period A7, then the
approximated value of milk equivalent, ME T was
adjusted by the district coefficient k47, which was
defined as the ratio of the average milk equivalent
(averaged within the district over the period AT)
derived from milk and WBC measurements and the
average theoretical value:

15)

Cc

(16)

aePjn, Pj2,Pj3,P ja— 4aCTKN YOTUPHOX Py IPYH-
TiB (puc. 8) y 0ydepHiii 30Hi j-ro HII, 6/p;

mI, mI', mI, ml — xoediuientn, Busnaueni y pesyin-
TaTi perpeciiHoro aHajizy sl KOXHOI 3 YOTHUPbOX
IpyII IPYHTIB y pik T, 1-mo6a’.

/\T
Yjerrear M E;

a7

where p 1, Pj2,Pj3,P j4 — fraction of four soil
types (Fig. 8) in the vicinity of the j-th settlement,
unitless;

m!, mI, ml, m}— coefficients determined by the
regression analysis for each of the four soil types in
year T, L-d™.
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XapakTepucTuUKU I'pyHTIB
I pyHTOBMIA TIOKPUB YKPaiHU JOCUTD Pi3HOMAHITHUIA, TOMY
JUIsl OLIIHKM TlapaMeTpiB MoJesield po3paxyHKy iHIUBILY-
aJli30BaHMX 103 HEOOXiTHUM € y3arajlbHEHHSI XapaKTepuc-
TUK IPYHTiB. ISl LIbOro OyJ0 BUKOPUCTAHO €JIEKTPOHHY
Bepcito «Kaptu rpyHTiB» [26, 27], cKi1aaeHy Ha OCHOBI pa-
MOHHMX KapT I'pyHTIB MaciTady 1:25000, gki ¢popMyBanch
3a MaTepiajlaMy BeJIMKOMACIITaOHUX JOCTiIKeHb IPYHTIB y
1957—1961 pokax. Jlana kapra ineHtudikye 198 BumiB
IpyHty. Ha puc. 6 300paxkeHO eJIeKTpOHHY KapTy I'PYHTIB
YKpainu 3 po3IOIiIoM IPYHTIB, IKi Oy 3BeneHi 10 41 Th-
my TpyHTy. JlereHaa 1iei KapTu mpencraBieHa Ha puc. 7.
AHani3 3aJeXXHOCTI HAAXOIXKEHHs pajiolle3ilo B op-
TaHi3M JIIOAWHM BiJl XapaKTepUCTUK I'pyHTY B okoauii HIT
HEMOXJIUBUI y BUMAAKY JeTaabHOI Kiaacudikallii TpyHTiB
(puc. 6—7), ockinbku KiybKicTb JIBJI-BuMipiB y HIT 3 rieB-
HUMM TUTIAaMU IPYHTIB OyJe HE3HAYHOIO a00 B3araji HyJIb-
0Bo10. TomMy OyJ10 IPUIAHSTO pillIeHHST 00’€IHATU BCE PO3-
MaiTTsl TPYHTIB B YOTUPHM BEJIMKI T'PYIU, BUXOIASIUYN 3 IXHIX
(i3nKo-XiMiYHUX XapakTepucTUK. Lle Taki rpymnu rpyHTiB:
(1) mepHOBO-MIA30AMCTI TillaHi I'PYHTH; (2) TJIMHUCTI
IpyHTH; (3) TopdoBO-0010THI IpyHTH; (4) Cipi JIiCOBI IPYH-
T Ta YopHO3eMu. Ha puc. 7 1iBopyd KOXKHOTO KOJIbOPOBO-
ro MIpsSIMOKYTHHMKA, 1110 TTO3HAYa€ OKPEeMUIA THUII IPYHTY,
300paxkeHo LUdpY, 110 BigjoOpaxkae iMoro nmpuHaJIEeKHICTh
JIo OfHi€l 3 4 rpyn IpyHTiB. Ha puc. 8 mokazaHuii miacym-
KOBHIA TEPUTOPIaAJIbHUIN PO3ITOIiN IPYHTIB 3a 4 TpyIIamMu.

Soil characteristics
The soil cover of Ukraine is quite diverse, there-
fore, generalization of soil characteristics was nec-
essary to estimate the parameters of individualized
dose calculation models. For this purpose, an elec-
tronic version of the soil map [26, 27] was used.
The soil map was compiled from regional soil
maps at a scale of 1:25000 based on large-scale soil
research carried out in 1957—1961. Fig. 6 shows an
electronic soil map of Ukraine with the geograph-
ical pattern of 41 soil types (see Fig. 7 for legend).
The analysis of the dependence of radiocae-
sium intake in the human body on soil charac-
teristics in the vicinity of the settlement was
impossible using a detailed classification of soils
(Figs. 6—7), since the number of WBC measure-
ments in the settlement with certain soil types
was small or even zero. Therefore, it was decided
to combine all soil types into four large groups
based on their physical and chemical character-
istics: (1) sod-podzolic sandy soil; (2) clay soil;
(3) peat-boggy soil; (4) gray forest soil and
chornozems. Fig. 7 shows the soil type number
that reflects its belonging to one of the four soil
groups (see on the left of each colored rectan-
gle). Fig. 8 shows the geographical pattern of
four soil groups.

PucyHok 6. Kapra rpyHTiB YKpaiHu, 38egeHa fo 41 Tuny rpyHty

Figure 6. Soil map of Ukraine, summarized into 41 soil types
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[OepHOBO-NIA30NKUCTI FPYHTH Ha faBHbLOAMNOBIaNbHUX
Ta BOAHONbLOJOBMKOBUX BiAknaaax

[epHoBo-cnabonigsonucTi niwai i
[MUHUCTO-NILAHI FPYHTH

[epHoBo-cepeHbONIA30NUCTI CyMiLLaHi FPYHTU

AepHoBo-NiA30nNuUCTi orneexi (rnetoBarti Ta rNenoBi) rpyHTH
Ha faB HUX Ta
i MmopeHi
[epHoBo-cnabonig3onucTi orneeHi rpyHTH
B KOMMnekci 3 TopcpoBo-6onoTHUMK

[lepHOBO-cEepeAHbONIA30NUCTI OFMEEHi TPYHTH
B KoMnnekci 3 TopcpoBo-60noTHUMU

[epHoBO-cepeaHbO- Ta CUMbHONIA30NMUCTI
noBepXHEeBO-OrNeeHi rPyHTH

Onig3oneHi rpyHTH (HE3MUTI Ta 3MUTI) NnepeBaxHO
Ha necoBux nopoaax

FcHo-cipi Ta cipi oniasonexi rpyHTH
TeMHo-cipi onig3oneHi rpyHTH

L . Py YopHosemu oniasoneHi

PerpagoBaHi rpyHTH (HEe3MUTi Ta 3MUTI) NepeBaXHO
Ha necoBuX nopogax

- TemHo-cipi perpagoBaHi rpyHTU
- YopHosemu perpagoBaHi

Y THNOBI (

Ti Ta 3MUTI) Ha NecoBuX nopopaax

YopHosemu TUNOBI ManoryMycHi Ta cnaborymycoBaHi

- YopHosemu TUNOBI cepeaHborymycHi

YopHozem#u 3BMYAIHI (HE3MMUTI Ta 3MUTI) Ha NecoBMX Nopogax
YopHosemu 3BudaiiHi rmuboki mano- i
cepeaHbOoryMycHi
YopHosemu 3BUYaiiHi cepegHbOryMycHi
YopHosemu 3BU4aIAHI ManorymycHi
YopHosemu 3BuYaiiHi Hernuboki MmanorymycHi

YopHo3eMu niBAeHHi (He3MUTI Ta 3MUTI) Ha NecoBUX nopoaax
YopHoseMu niBaeHHi ManorymycHi Ta cnaborymycoBaHi
YopHo3eMu Ha BaXKMUX FMUHAX

YopHosemu nepesaxHo COMOHLIIOBATI Ha BaXKKMX rMNHaX

Yop Ta aep i rpyHTH Web: Ti Ha il WinbHMX nopig
YopHosemu i AepHOBI WebeHoBaTi rpyHTU Ha entoBii

WinbHUX 6eskapGoHaTHMX nopia (NickoBUWKIB i cnaHuiB)

YopHosemu i AepHOBi kap6oHaTHI rpyHTW Ha entoBii
kapboHaTHUX nopig (Meprenie, KpeWau, BanHAKiB)

YopHo3eMu TUNOBI 3aNULLKOBO-CONOHLIOBATI

YopHoseMu NiBAEHHI 3anMLIKOBO-COMNOHLOBaTI

TNy4Ho-yop i rPyHTH nep Ha

JIy4YHO-YOPHO3EMHI FPYHTU

Jly4HO-4OPHO3EMHI NOBEPXHEBO CONOHLIOBATI FPYHTU

JlyyHo-YepHo3eMHi rmnbokoconoHuoBari

KawTaHoBi rpyHTH Ha NecoBuX nopogax

TeMHO-KalUTaHOBI 3aNMULLIKOBO-CONOHLIOBATI TPYHTU
TeMHOo-KalUTaHOBI CONOHLIOBATI PYHTH
KawtaHoBi conoHLoBaTi rpyHTU B KOMMNEKYCi 3 COMOHLSN

HUX Ta i HUX Bigknagax

TTyuHi rpyHTM

=]
<
8
=
3
<
=z
=
=
x
o

ITyyHi conoHutoBaTi rpyHTH

BonoTHi rpyHTH Ha ianbHuX, A HUX Ta BOAH Biagknaaal

JlyyHi —6onoTHI rpyHTK | BONOTHI rPYHTH

TopcdoBo-60n0THI rpyHTH | TOpdhoBMLLa

TopcoBo-60M0THI rpyHTU | TopchoBMLLa

ConoHui

ConoHLi nepeBaxHo ConoHLoBari

Oconogini rpyHTn

Jly4yHo-YopHO3EeMHI Ta AepHOBI oconoaini rMenosi rPyHTH
v conoaui

[epHoBi rpyHTH
[epHoBi NnepeBaXHO orneeHi Niwati, MuHUcTo-NiWwaHxi
Ta cyniwaHi rpyHTM B KOMNnekci 3i cnaborymycoBaHumMm N

[epHoBi niwaHi Ta FMUHCTO-NillaHi NepeBaXKHO HeorneeHi
FPYHTU B KOMMnNeKci 3i cnaborymycoBaHumu nickamu
YOPHO3EMHUMM MILLAHUMU TPYHTaMK1

r—n

R [epHosi onia3oneHi CyrMUHUCTI FPYHTK Ta orneeHi ix Buau

h
i

2

TO-6yp i rpyHTH nep ) Ha

HUX Bigknagax

MigsonucTo-6yposemHi rpyHTH | NOBEPXHEBO-OrMNeEHi iX BY

Bypi ripcbKo-nicoBi rpyHTH
Bypi ripcbko-nicoBi WebeHoBaTi FPYHTU B KOMMNIEKCi
3 orneeHnMuM ix Bngamu

[OepHoBOo-6ypo3eMHi Ta ripcbKO-NyYHi rPYHTH

[epHoBo-6ypo3eMHi Ta ripCbKo-nyyYHi rPyHTH

KopuuHeBi rpyHTn

KopuuHeBi ripcbki WebeHroBaTi rpyHTH

PucyHoK 7. Onuc tunie rpyHTiB, Bifo6paxeHunx Ha puc. 6
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Sod-podzolic soils on ancient alluvial and hydroglacial deposits

1 Turf-slightly podzolic sandy and
clay-sand soils

1 Turf-medium podzolic sandy soils

Turf-podzolic glaciated (glayy and clayey) soils
on ancient alluvial and hydroglacial deposits and moraine
Turf-slightly podzolic soils

3 in a complex with peat bogs
3 Turf-medium podzolic soils
in a complex with peat bogs
2 Turf-medium and strongly podzolic

surface-glazed soils

Alized soils (unwashed and washed) mainly on loess rocks
4 Light gray and gray podsolized soils

4 Dark gray podsolized soils

Chermnozems are podzolized

Regraded soils (unwashed and washed) mainly on loess rocks

4 - Dark gray regraded soils

Black soils are regraded

Typical chornozems (unwashed and washed) mainly on loess rocks

4 Typical low-humus and low-humus chernozems

Black soils are typical of medium humus

»

Chornozems common (unwashed and washed) mainly on loess rocks

4 - Ordinary deep low- and medium-humus chernozems

4 Normal medium-humus chernozems
4 Ordinary chernozems with low humus
4 Black soils are ordinary shallow low-humus soils

Southern chornozems (unwashed and washed) mainly on loess rocks

Southern chernozems are low-humus and

4 poorly humus-rich

Chornozems on heavy clays

4 Black soils are mostly saline on heavy clays

Chornozems and turf soils are crumbly on the eluvium of dense rocks

Chernozems and sod crumbly soils on eluvium
4 dense carbonate-free rocks (sandstones and shales)

Black soils and sod carbonate soils on eluvium
carbonate rocks (marl, chalk, limestone)

Residual saline chernozems on loess rocks
Black soils are typical residual saline soils
Southern chernozems are residually saline

Meadow and chernozem soils are mainly on loess soils
Meadow and chernozem soils

Meadow chernozem superficially saline soils

Meadow-chernozem deep saline soils

Chestnut soils on loess rocks

Dark chestnut residual saline soils
Dark-chestnut saline soils

Chestnut salt marsh soils in a complex with
salt marshes

Meadow soils on deluvial and alluvial deposits

Meadow soils

Meadow solo groups

Marsh soils on alluvial, deluvial and hydroglacial deposits

Meadow-swamp soils and swamp soils

Peat-swamp soils and peatlands

Meadow-swamp soils and peatlands

Salt marshes

Salt marshes are mostly salt marshes

Soils with a high level of moisture

Meadow chernozem and sod with moisture
clay soils

Turf mainly silty sandy, clay-sandy and sandy loar

Turf sandy and loamy-sandy mainly unglazed soil

Sod podzolized loamy soils and their glaciated soi

Podzolic-brown earth soils mainly on deluvial deposits

Podzolic-brown earth soils and their surface-glaze

Brown mountain and forest soils
S Brown mountain-forest crumbling soils in
a complex with their glaciated species

fur:f-bro;vn earth and mountain-meadow soils

Turf-brown earth and mountain-meadow soils

Brown soils
Brown mountain crushed soils

Figure 7. Description of soil types shown in Fig. 6
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I'pyHTH y3aranbHeHi 3a 4 rpynamu
Soil by 4 types

(1) [lepHoBo-nig3onucti niwaHi
Sod-podzolic sandy

(2) Mnnucri P
Clay soils il '

I (3) Topdoso-60noTHi

Peat-boggy soils

(4) Cipi nicosi Ta yopHO3eMu
Gray soils and chornozems
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PucyHoK 8. Kapra rpyHTiB Ykpainu, 06’egHaHux B 4 rpynu

Figure 8. Map of soil types in Ukraine categorized into 4 groups

PekoHCTpYyKLUis 103 BHYTPILUHbOIrO ONMPOMIHEHHS Y
HaceJieHUX NyHKTax, ae JIBJ1-eumipioBaHHS Ta
BUMIpPIOBaHHSA MUTOMOT akTUBHOCTI '¥'Cs

y Monoui He NPpoBOAUIUCH

Axmo B HIT pesyasratu JIBJI- Ta MOJIOYHOTO MOHITO-
PMHTIB B3araji BiiCyTHi, a00 BOHU HEIOCTATHi JJIs 00y~
JIOBH anpoKCUMAaLiiHUX GYHKIIN qq4 ;(t) 260 ijil( t),
JUJISI OLIIHKM 103 BHYTPILLIHBOTO OMPOMiHEHHST BUKOPHUC-
TOBYETHCSI aIllpOKCUMAIliliHe 3HAYeHHS HaIXOIKCHHS
1¥7Cs B opraHi3M JIOpPOCJIOrO MELIKAHIIS.

Axio B paiioHi R € xoua 6 10 HaceJleHUX MYHKTIB, y
SIKMX 3a nonoMoroio ¢gopmya (8)—(13) Baanocs po3paxy-
BaTU di, j » TO KYMYJISTHBHE piune HamxomkeHHs ''Cs
3 pallioOHOM Xap4yyBaHHS 10 OpraHi3My J0POCJIOi JIIOAK-
Hu'y T-my poui y J-my HIT MoxHa OLIiHWTH 3a CHiBBil-
HOILIEHHSIM:

86 !

N
T —
Qad,] -

VYV NpoTUIEXHOMY BUIIAAKY I KOXHOTO poky 1 3
inTepBany 1987—2013 pokiB OymyeThbcsl JiHiiiHa per-
peciiiHa MoJieJb, 1110 MOB’SI3y€ BEJIMYMHM HAIXOMKCHHS
7Cs y opratiam QCTld, j» OTpUMaHi 3a pesyssratamu JIBJI-
BUMipIOBaHb, HOPMOBAaHUX Ha IIUTEHICTh BUMaAiHb '¥'Cs Ha
IpyHTi y 1986 polii, 3 YoTHpMa IpyraMu IPYHTIB Ha Tepu-

Ocs,j "NT
R

Reconstruction of internal doses in
settlements where WBC measurements and
measurements of '¥’Cs activity in milk were
not performed

If WBC and milk monitoring was not conducted in
the settlement or the number of measurements was
insufficient to derive the approximation functions
Gaa,j(t) or ¢/ (t), then the approximation value
of '¥'Cs intake into the body was used to estimate
internal doses in an adult resident.

If there are at least 10 settlements in the district
R where di, j was calculated using Equations
(8)—(13), then the annual "*’Cs intake with the diet
to the adults in J-th settlement in year 7 was cal-
culated as:

Qia
ad,j

86
jer s

(18)

Otherwise, for each year 7 in 1987—2013, a lin-
ear regression model was used to estimate the '¥'Cs
intake, di’ I derived from the results of WBC
measurements and normalized to the ’Cs deposi-
tion density in the settlement, based on four soil
types in the settlement vicinity. For this purpose,
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TOpii OyepHOi 30HM HaceleHOro myHkKTy. 151 mooynoBu
perpecii BAKOPUCTOBYETbCSI MHOXMHA JIBJI-BUMiptoBaHb,
BUKOHAHUX cepejl YCiX >KUTeJliB YKpaiHU cTapiiie 7 poKiB.

Piune HagxomkeHHs 'Cs B opraHiaM J0pOCIIOro Mel-
KaH1 j-ro HIT po3paxoBy€eTbCS TAKUM YMHOM:

T _ 1986 T T T T
Qaa,j = cs,j (k1 ‘Pjpt ky pjot ks pist+ky 'Pj,4)

A€ Pj1sPj2:Pj3 P ja— 9aCTKH YOTUPHOX IPYII IPYH-
TiB (puc. 8) y 6ydepHiii 30Hi j-ro HII, 6/p;

kT, kT, kI, kI — xoediuientn, BusHaueHi y pe3yisra-
Ti perpeciifHoro aHaji3y ISl KOXHOI 3 YOTUPLOX TpyIl
IpyHTiB y pik 7, bk Ha KbKk-M™2,

BHyTpilwHeE onpomMiHeHHs giTei Ta nianiTkiB nicnsa
1986 poky

IMapamerp Rla micasa 1986 p. po3paxoBy€EThCS SIK yce-
pelIHEeHe 3a BCi pOoKHU ITic/siaBapiiiHOro Iepioay BiIHOCHE
(MixBikoBe) HagxomxkeHHs 'Cs mo opradizmy. s
paifoHiB 3 AOCTaTHBOIO KinbKicTio JIBJI-BUMiptoBaHb Y
KOXHii BiKOBilf TpyImi BU3HAYaJIOCh pallOHHE 3HAYEHHS
Rla. Ins iHIIUX palioOHiB BUKOPUCTOBYBAJIOCH CEPEIHE
3HaYeHHs 10 o6jacti. Yepe3 HemOCTAaTHIO KilbKiCThb
JIBJI-BuMiproBaHb cepesl HEMOBJIST, BikKoBi rpyru <1 po-
Ky Ta 1—2 poku Oyau 00’eqHaHi (Mo3HavyaeTbes K 0—2
pPOKN).

IMTapametp Rla ouiHoeTbes y ABa etanu. CrioyaTky BiH
pO3pPaxXOBYEThCSI 3a KOXHUU OKpeMuil pik Tmepiomy
1986—2023 pokib. ITicas LbOro oTpyuMaHi IIOPIYHI Ta-
paMeTpH YCepeIHIOITHCS 3a BECh IIepio;

1 C_11711,]'

77T int
RIT. = . _ _E:M
aR = T = = -
NI £ T NI £ [T, . pint
J JER

=x lad,j

1 T
Rlg =+ -ZRIM
R T

ze Ng — kinmpKicte HIT y paitoni (o6macti) R, mist SKux
oysno pospaxoBaHo HII-crieundiyHe BigHOCHE HaIXOMI-
skeHHs1 *’Csy poui T, 6/p;

gl Ta Uqyy; — cepenni sHauenns smicty 'Cs B opra-
Hi3Mi 3a peadyabratamu JIBJI-BuMipioBaHb y 7-i pik y j-
my HIT y giTeit/miamiTKiB BiKy @ Ta y AOPOCIUX BiIITOBiI-
HO, bk;

)LZ%S Ta A%CS — KOHCTAaHTHU HaITiBBUBEIECHHSI pamiole-
3i10 3 OpraHi3My IiTeil/MimIiTKiB BiKy a Ta JTOpPOCIHX
BigmoBigHo, noba™;

Ny — KIBKIiCTh POKIB, 3a $IKi YCEPEIHIOIOTBCS IaHi y
paitoHi (o6nacti) R (3 1987 mo 2013 p.).
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the results of WBC measurements performed
among all residents of Ukraine older than 7 years
were used.

The annual '¥’Cs intake for an adult resident of
the j-th settlement was calculated as follows:

19)

where p 1, D2 Pj3 P ja— fraction of four soil
types (Fig. 8) in the vicinity of the j-th settlement,
unitless;

kT, kT, kT, kI — coefficients determined by the
regression analysis for each of the four soil types in
year T, Bq per kBq m™.

Internal exposure of children and adolescents

after 1986

The parameter Rla after 1986 was estimated as the
average for all years of the post-accident period of
the relative '¥'Cs intake. For the districts with a suf-
ficient number of WBC measurements in each age
group, the district Rla-value was determined. For
other districts, the average oblast-specific value
was used. Due to the insufficient number of WBC
measurements among infants, the age groups <1

year and 1—2 years were combined and denoted as
0—2 years.

The parameter Rla was estimated in two steps.
First, it was calculated for each individual year in
1986—2023. Then, the obtained annual parame-
ters were averaged over the entire period:

(20)
ad,j ad,Cs

o2y

where Ng — number of settlements in the district
(oblast) R for which the settlement-specific rela-
tive ’Cs intake in year T was calculated;

UF; and U, ; — average Cs content in the body
according to the results of WBC measurements
performed in the year T in the j-th settlement in
children or adolescents of age a and in adults,
respectively, Bq;

Agfgs and AZ}{' cs— half-life of radiocesium in the
body of children or adolescents of age a and adults,
respectively, d';

N — number of years for which data are averaged
in the district (oblast) R from 1987 to 2013.
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YcepeaHeHi 3HaYeHHA BiAHOCHOTO HaaXoAKeHHA paAiouesiio 3 pauioHom (RIa) 3a 1987-2013 poku pnA pisHux

BiKOBUX rpyn

Table 6
Averaged values of the relative intake of radiocesium with the diet in 1987-2013 for different age groups (RIa)
OGnactb / Oblast  PaiioH / District 1-2ply 3-7ply 8-12py  13-17pjy
N RI N RI N RI N RI
Xutomupcbka KopocteHcbkunin / Korostenskyi 218 2,29 2224 1,80 4681 1,44 5052 1,15
micto KopocreHb / Korosten city 7371 2,28 4072 1,28 5834 1,15 6564 0,84
Jlyruncbkuid / Luhynsky 761 1,53 3797 0,88 6026 0,67 5092 0,72
Hapopgwupkwuii / Naroditskyi 340 0,87 3258 0,66 6506 0,74 6890 0,83
Ospyubkni / Ovrutskyi T 1,43 6306 0,88 11214 1,01 13861 0,71
micto Ospyy / Ovruch town 84 0,92 3873 0,49 10238 0,53 6403 0,82
Onescbkuii / Olevskyi 646 1,52 4625 1,15 7446 0,94 6529 0,93
EminbunHcbkuia / Emilchynskyi 221 2,51 1480 1,77 4096 1,40 3874 1,10
ManuHebkuii / Malynskyi 218 2,13 1278 1,20 2455 0,97 2109 0,88
Hosorpaa-BonuHcbkuii / Novohrad-Volynskyi 31 1,63 195 1,00 426 0,81 314 0,9
Xutommupceka obnacts, Beworo / Zhytomyrska oblast, total 4109 1,74 3125 1,17 59255 0,98 57105 090
KuiiBcbka Buwropoacbkuit / Vyshhorodskyi 52 2,42 626 1,82 2184 1,07 2100 0,92
IBaHKiBCbKMIA / Ivankivskyi 807 3,65 4169 1,84 9287 1,10 9833 0,82
Monicbkuit / Poliskyi 310 1,39 2792 0,69 4517 0,71 3425 0,65
Kuiscbka obnacrs, Bcboro / Kyivska oblast, total 1307 1,86 11245 1,23 28387 1,07 27036 0,99
PiBHeHCbka [Jybposuubkuin / Dubrovytskyi 146 1,37 3177 1,01 4207 0,67 12120 0,98
micto [ly6posuus / Dubrovytsia town 290 2,20 997 087 8991 1,13 3350 0,84
PokutHiBcbkuin / Rokytnivskyi 362 2,15 4608 0,9 15960 0,85 16646 0,83
CapHeHcbkuii / Sarnenskyi 161 1,50 2020 1,00 7656 0,93 8373 0,81
Bonoaummpeuskuit / Volodymyretskyi 151 2,40 1707 0,86 8202 0,97 8155 0,68
3apiuHeHcbkui / Zarichnenskyi 191 1,34 3441 0,80 11753 0,73 11221 0,77
PisHeHcbka 06acTb, Beboro / Rivnenska oblast, total 1307 1,76 16184 0,86 60228 0,89 66074 0,77
YepHiriecbka Koseneupkmii / Kozeletskyi 31 2,08 261 0,94 1162 0,75 1068 0,87
PinkuHcbkuit / Ripkynskyi 14 1,20 174 1,21 363 1,03 350 0,91
CeMeHiBCbkuii / Semenivskyi 14 099 269 0,96 548 0,84 536 0,67
YepHiriecbkuii / Chernihivskyi 23 2,18 297 0,9 793 0,89 96 0,77
YepHiriscoka obnacts, Beboro / Chernihivska oblast, total 86 1,53 1128 1,08 3279 0,90 3249 1,20

VY T1abn. 6 mpencraBieHo 3HaYeHHsI mapamerpa Rla,
po3paxoBaHi AJ1s Pi3HUX BIKOBUX T'pyN JAiTei Ta MiIJTiTKiB
YOTUPHLOX O0JIacTe.

OuiHKa [,031 BHYTPILWWHLOIrO ONPOMIHEHHS nicns
2013 poky
ITicig 2013 poKy IMMPOKOMACIITAOHUN €KOJI0T0-A03M-
METPUUYHUI MOHITOPUHT 00’ €KTIB JOBKIJIJISI Ta Tijla JI0-
IWHU B YKpaiHi BXXe He TPOBOAMUBCA. 3a JTaHUMU J03U-
meTpuuHoi nacnoptu3sauii 2011—2013 pokiB y 6ibIIOCTi
HII piuHa nacmopTHa g03a He nepeBUlllyBajia BCTAaHOB-
JIEHUI 3aKOHOM JIiMIT 111 HacedaeHHs 1 M3B [28].
3BaxXarouu Ha BUIIECKa3aHe, 103y BHYTPIIIIHbOIO OIT-
pomineHHs Bim “'Cs y pik T micas 2013 poky MoxHa
OpUOIMU3HO OLIHUTH SIK TIOMpaBIeHy Ha padioaKTUBHUIA
po3IMaj cCepeaHIO 103y 3a OCTaHHI TPU POKM, Y SIKUX IIIe
MPOBOAUBCS €KOJIOT0-A03UMETPUYHUIN MOHITOPUHT:

int,2011
a,j

int,2012

intT _
Dy~ = a.j

1
o 5(D +D

+ DIM) - exp(— Aggr - AT - 365)

Table 6 presents the Rla-values estimated for dif-
ferent age groups of children and adolescents in
the four oblasts.

Assessment of internal dose

after 2013

After 2013, large-scale environmental and dosi-
metric cow’s milk and WBC monitoring ceased in
Ukraine. According to the data of dosimetric cer-
tification in 2011—-2013, the annual dose in most
of the settlements did not exceed the legal limit of
1 mSv [28].

Therefore, the internal dose from '’Cs intake in
year T after 2013 was roughly estimated as the
average dose corrected for radioactive decay for
the last three years, in which environmental and
dosimetric monitoring was still performed:

(22)
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HBOFO OHpOMlHCHHSI BiJl ’37Cs MpeAcTaBHUKA BiKOBOT
rpynu a y j~-my HITy 2011, 2012 Ta 2013 pokax Biaro-
BigHO, 3B;

Acs7 — cTaja pagioakKTUBHOIO PO3Maay palioHyKIiga
37Cs, moba';

AT — KinbpKicTh pokiB Mixx 2012 pokom i pokom 7, Ha-
npuxian: AT=2npu T =2014.

PE3VYJIBTATU TA OBI'OBOPEHHS

PeKkoHCTpPYKLUis 103 BHYTPILUHbOrO ONPOMiIHEHHS

ANS XKUTenNiB HacesieHNX NYHKTIB 3 BiACYTHIM
JIBJ1-MOHITOPUHIrom i HASBHMM MOJIOYHUM MOHITO-
pPUHrom

st HacelleHUX TIYHKTIB YKpaiHu 3 BigcytHimu JIBJI-
BUMIipIOBaHHSIMU, aJie 3 HasBHICTIO JaHUX IIOAO0 MUTO-
Moi aktuBHOCTI ¥’Cs B MosiolLi, 6y710 BUKOHaHA PEKOH-
CTPYKIisl piYHUX 3HAYEHb MOJIOYHOIO eKBiBajeHTa M E]-T
3a popmyiomwo (14) B mepion 1987—2013 poxis. s 1160-
ro OyJI0 BUKOHAaHE MOJIEJIIOBAaHHS 3aJIEXKHOCTI IMHAMIKH1
MOJIOYHOTO €KBiBaJIEHTa BiJl TUITY I'PYHTY (TaKe MOJEIO-
BaHHS MOXJIMBE JIMIIE IJISI TEPUTOPIiil, OXOIUICHUX SIK
MoyiouHuUM, Tak i JIBJI-MOHITOpMHTOM) 3 TOmANBIITAM
MOIIUPEHHSIM OTPMMaHUX JaHUX Ha TepuTopii 6e3 JIBJI-
BUMIipIOBaHb, ajie 3 HAssBHUM MOJIOYHUM MOHITOPUHTOM.

JIU1st 3HaXOIKEeHHSI 3aJ1eXKHOCTI MOJIOYHOTO €KBiBaJIeH-
Ta Bill TUILy IPYHTY B OKOJIMII HAaCEJEHOTO ITYHKTY, BU-
KOpPUCTOBYBalach MHOXKMHHA JIiHiliHA perpecis i3 3acTo-
CyBaHHSIM METOAy HalilMeHIIWX KBaapaTiB. PerpeciitHuii
aHaJli3 BUKOHYBAaBCSI B IIPOrpaMHOMY CepeIOBMIIL
Matlab. BxigHuMu gaHUMU JJI peTpeciiHOro aHami3y
OyJIM YaCTKM YOTUPBHOX TPYII I'PYHTIB y OydepHiit 30Hi
J-ro HII [nosnaveHi ik pjq, P2, Pj3, Pja Y PiB-
HaHHI (16)] Ta BeMWYWHM iHAMBITYyaTbHUX MOJOYHMX
eKBiBaJieHTIB | M EJTl [muB. popmyiy (15)] KuTeniB j-ro
HII, axi B T-my poui npoxoaunu JIBJI-BumiproBaHHsI.
Perpecis OynyBaiach 17151 MaKCUMaJIbHO MOXJIMBOTO Ha-
0opy HaceJIeHUX MyHKTiB YKpaiHU, XKUTEi SIKUX MPOXO-
aunu JIBJI-BumiproBaHHsI B T-My poLli Ta Ais IKUX Oyia
iHdopMalisg momo muroMol aktuBHOCTI ''Cs 1e3i0 B
KOpPOB’STYOMY MOJIOLI 3 JOMAIIIHIX TOCTOAApCTB Yy Liei
pikK.

B xoni npoBeaeHHsI perpeciiiHoro aHaii3y OyJjio yxBa-
JIEHO PillIeHHS BUKJIIOUMTH i3 3araibHOr0 MaCUBY JaHUX
ITiBHiYHO-3axinHuUii perioH YKpaiHu 3 TaKUX MPUYUH:
1) noeaHaHHS TOPHOBO-O0JOTHUX i IEPHOBO-MiA30JIMC-
TUX I'PYHTIB 3 BEJIUKOIO KiJIbKICTIO JIiCiB Ta OOJIIT;

2) TIpaKTUYHO TTOBHA BiICYTHICTb YOPHO3EMiB;

3) He3HAaYHA NPUCYTHICTh IPYIM TJIMHUCTUX IPYHTIB;

4) TpyHTH, 110 MOTPAMNWIM B Ipymy mimanux (rpyna 1), 3
TOYKM 30pY KOeilliEHTIB Mepexoay 1Ie3il0 B MPOIYKTH

(1) 140

internal doses from 137Cs 1ntake of a representatlve
of age group «a in the j-th settlement in 2011, 2012
and 2013, respectively, Sv;

Acs7 — radioactive decay rate of ’Cs, d';

AT — number of years between 2012 and year 7,
for example: AT=2 at 7= 2014.

RESULTS AND DISCUSSION

Reconstruction of internal doses for

residents of settlements without WBC
monitoring and available cow’s milk
monitoring

For the settlements of Ukraine where WBC meas-
urements were not done, but measurements of the
¥Cs activity concentration in cow’s milk were
available, the annual milk equivalent, M Eﬂ for the
period 1987—2013 was reconstructed using Equa-
tion (14). We modeled the dependence of milk
equivalent dynamics from soil type (such modeling
is possible only for areas covered by both milk and
WBC monitoring), followed by the extension of
the data to areas without WBC measurements but
with available milk monitoring.

To estimate the dependence of milk equivalent
on soil type in the vicinity of the settlement, mul-
tiple linear regression using the least squares
method was used. The regression analysis was per-
formed in the Matlab software environment. The
input data for the regression analysis were the frac-
tions of the four soil types in the vicinity of the j-th
settlement, denoted as p 1, pj, ,Pj3,Pja N
Equation (16), and the values of individual milk
equivalents, [M E]?i, (see Equation (15)) of the res-
idents of the j-th settlement who underwent WBC
measurements in year 7. The regression was
obtained for the maximum possible number of set-
tlements in Ukraine, whose residents underwent
WBC measurements in year 7 and for which
information on the ¥’Cs activity concentration in
milk from privately owned cows was available that
year.

In the course of the regression analysis, it was
decided to exclude the Northwestern region of
Ukraine from the data set for the following rea-
sons:

1) combination of clay and sod-podzolic soil with
a large number of forests and swamps;

2) almost complete absence of black soil;

3) insignificant presence of clay soil;
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XapyyBaHHS MOBOASTHCS OJIM3bKO A0 TOPHOBO-00T0T-
HUX I'pyHTIB (rpyna 3) [28];
5) rpyHTH, fKi y I[liBHiYHO-3aximHOMY peTioHi BimHe-
ceHi go rpynu 3 (TopdoBo-00710THI), MOXKYTh CYTTEBO
BiIpi3HATUCH 3a (DiZMKO-XiMIYHMMHM BIACTUBOCTSIMU
Bil TOP(POBO-00JOTHUX TIPYHTIB ZKUTOMUPCHKOI,
YepHiriBcbkoi, KMiBChKOI Ta iHIIKX 001aCTEN.
3aranom g0 IliBHiYHO-3axigHOTO perioHy OyJIu Bif-
HECEHi, BUXOASIYM 3 aHaJli3y IPYHTIB, MiBHIYHI paliloHU
BonuHcekoi Ta PiBHeHCHKOI o61acteit Ta OneBCbKUit
paiioH Kutomupcbhkoi obaacTi. s BKa3aHOTro peri-
OHY IIOpiYHi MOJIOYHi €KBiBaJIeHTH OyaM OTpUMaHi
YCEpPEAHEHHSIM YCiX BiAINMOBIAHUX 3HAY€Hb iHAWUBIAY-
aTbHUX MoJIouHUX ekBiBaJIeHTiB (IME) okpemo mis
KOXHOTI0 aJMiHICTPaTUBHOTO pailOHY, 3 irHOPYBaAHHSIM
TUIIiB I'PpyHTIB [AuB. popmynu (14)—(15)].

Takox 3 perpeciiifHOro aHaji3y Oy/u BUKJIIOUEHi JaHi
monao kKoauinHix YopHobunbcbkoro, ITomickkoro ta
IBaHkiBCchKOTrO paiioHiB KuiBchbkoi obnacTi, po3Talio-
BaHuX y omkHii 30Hi YAEC. 3 omHoro 00Ky, Kijlb-
Kictb JIBJI-BUMiploBaHb y 1IUX pailoHax TOCTaTHS IS
noOya0BM 1LIOPIYHMX TO30BUX MaTpUllb, sIKi OazyBa-
JIMch 60U BUKIIIOYHO Ha gaHux JIBJI, a 3 iHIIoro — y
3B’SI3KY 3 iHTEHCUBHMMM KOHTp3axoJaMu y OJIVKHil
30Hi YAEC paHi 1mogo 3a0pyaHEHOCTi MoOJIOKa Ta
JIBJI-BUMipIoBaHb y IMX pailoHaX HE € TUIIOBUMMU i HE
MNOBMHHI MOLIMUPIOBATUCS HA PELUTY TePUTOPIl.

3HayHi HEBM3HAYEHOCTiI KoeillieHTiB perpecii mis
TOpP(hOBO-00JOTHUX I'PYHTIB (rpymna 3) AeMOHCTPYIOTb,
1o KinbKicte IME mis ocib, sKi npoxKuBaayd Ha TaKUX
IPYHTaX, € HEJOCTAaTHbOIO MJISl SIKICHOro aHamizy. st
BUPpIlLLIEHHST TTpo0JjieMr OyJI0 MpoaHasi30BaHO CITiBBif-
HoweHHs BeanyuH IME B HacelleHUX MyHKTax 3 J0-
MiHyBaHHSIM I'PYHTIB HAlOLIbII HOIIMpPEeHOI Tpynu 1 10
IME y HacelleHMX MyHKTax 3 JOMiHYyBaHHSIM IDYHTIB
rpynu 3 (puc. 9). HegocraTHs cTaTUCTUKA BUMipIOBaHb
JIJIS1 TPYIM 3 He Aajia MOXJIMBOCTI HaAiifHO OLIHWUTH Ya-
COBY JIMHAMIiKy LIbOTO CITiBBiIHOILIEHHSI, ajie aHai3 Mo-
KaszaB, 1110 MOJIOYHUI ekBiBasieHT B HII 3 goMiHyBaH-
HSIM TPYHTIB Ipynu | B cepeIHbOMY BYETBEPO ITEPEBUIILYE
MosiouHuil exBiBasieHT B HII 3 qoMiHyBaHHSIM I'DYHTIB
rpynu 3. ToMy Lie CHiBBiZHOLLIEHHS OYJI0O BUKOPHUCTAHO
JI7IST BChOTO 9acoBOTO AiarmazoHy 3 1987 mmo 2013 pik.

AmnanoriuHnuii aHani3, BukoHaHuii i1 HI1 3 nominy-
BaHHSM I'PYHTIB Ipynu 2 abo rpynu 4, po3TalioBaHUX
B MiBAeHHi yacTrHi KuiBCcbKO1 001acTi Ta B CyCiIHil
Yepxkacekiii obnacti (puc. 9), mokaszaB BiICYTHICThb
3HAUYIIOI BiIMiHHOCTI B cepeaHix 3HaueHHAX IME mis
LIUX TPy TPYHTIB. JIJ1sT 301IbIIIEHHST CTATUCTUYHOI MO~
TY>XKHOCTi BOHM OyJM 00’€IHAHi B €IUHY Tpymy Mnepen
MPOBeAeHHSAM (PiHATBHOTO peTrpeciiiHOTO aHai3y.

4) soils in the sandy group (group 1) behave similar-
ly to peat-bog soils (group 3) in terms of cesium
transfer coefficients to food [28];

5) soils that are classified as Group 3 (peat-bog) in
this region may differ significantly in physical and
chemical properties from peat-bog soils in Zhyto-
myrska, Chernihivska, Kyivska, and other Oblasts.

In general, the Northwestern region included,
based on the soil analysis, the northern districts of
Volynska and Rivneska oblasts and Olevskyi dis-
trict of Zhytomyrska oblast. For these districts,
annual milk equivalents were obtained by averag-
ing all corresponding values of individual milk
equivalents (IMEs) for each administrative district
without taking into account soil types (see Equa-
tions (14)—(15)).

Also, data for the former Chornobylskyi, Poliskyi
and Ivankivkyi districts of the Kyivska Oblast near
Chornobyl Nuclear Power Plant (ChNPP) were
excluded from the regression analysis. Although the
number of WBC measurements in these districts was
sufficient to obtain annual dose matrices based sole-
Iy on WBC data, due to intensive countermeasures
in the ChNPP vicinity, data on milk contamination
and WBC measurements in these districts are atypi-
cal and should not be extrapolated to other areas.

Obtained significant uncertainties in the regres-
sion coefficients for peat-bog soils (group 3) demon-
strated that the number of IMEs for people living on
such soils was insufficient for a qualitative analysis.
To solve this problem, we analyzed the ratio of IME
values in settlements dominated by soils of the most
common group 1 to IMEs in settlements dominated
by soil types of group 3 (Fig. 9). Insufficient meas-
urement statistics for settlements with soil types of
group 3 did not allow to reliably assess the time-
dependance of this ratio. However, the analysis
showed that the milk equivalent in settlements with
a predominance of soil types of group 1 was on aver-
age four times higher than that in the settlements
with a predominance of soil types of group 3.
Therefore, this ratio was used for the entire time
period from 1987 to 2013.

A similar analysis carried out for the settlements
with a predominance of soils of group 2 or group 4,
located in the southern part of Kyivska Oblast and in
the neighboring Cherkaska Oblast (Fig. 9), did not
reveal a significant difference in the average values of
IME for these soil groups. Therefore, to increase the
statistical power, they were combined into a single
group before the final regression analysis.
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Figure 9. Distribution of settlements covered by WBC measurements on soil types

Ha puc. 10 HaBeaeHi 1IOpiyHi 3HAYEHHSI MOJIOYHOTO €K-
BiBaJICHTA 3aJIeXKHO Bill XapaKTePUCTUKU I'PYHTY, SIKi IIpHii-
HSITI JJ1s1 HOAAJIbIIO1 peKOHCTPYKIIII 103 BHYTPIilIHBOTO OM -
POMiHEHHS IJIS KUTENIiB HaceJIeHUX IMyHKTiB 3 BiICYyTHIM
JIBJI-MOHITOPUHIOM i HassBHUM MOJIOYHUM MOHITOPWH-
TOM. PUCYHOK TEMOHCTPYE, 1110 MOJIOYHUI €KBiBAJIEHT CYT-
TEBO BiAPI3HSIETHCS 3aJIEXKHO BiJl XapaKTePUCTUK I'PYHTIB B
OKOJIMIIi HAceJeHOro MNyHKTY. HalHuX4ynuii MOJIOUYHM
€KBiBaJIEHT CHOCTEPIira€Tbcs s TOP(POBO-O00JOTHUX
IpyHTiB (rpyna 3), xapakTepHUX [Jis MiBHIYHUX pailoHiB
Kutommpcrkoi ta YepHiriBcbkoi obmacteir (puc. 8), a
HaBUIIMI MOJIOUHUI €KBiBaJICHT BU3HAYEHO IS IJIM-
HUCTUX Ta YOPHO3EMHUX IPYHTIB (Tpyrnu 2 Ta 4), xapakTep-
HUX JIJ1s1 LHeHTpaabHO1 YKpainu (puc. 8). ¥ poborti [28] mo-
Ka3zaHo, IO 1Ie3i€BMM MOJIOUHMIA €KBiBaJIeHT OOEpHEHO
MPOMNOPLIAHNI 10 KoedillieHTa Mepexoay «IPYHT-MOJIO-
Ko» y BinnosigHoMy HII. B HaceneHux myHKTax 3 BUCOKUM
KoedilienToM nepexony pagionykiina ’Cs 3 IpyHTY B MO-
JIOKO, IO XapaKTepHO 1T TOP(POBO-O0JIOTHUX TPYHTIB,

Fig. 10 shows the annual values of milk equiv-
alent depending on soil types that were used for
reconstruction of internal doses for residents of
settlements with no WBC monitoring and avail-
able cow’s milk monitoring. The figure shows
that the milk equivalent differes significantly de-
pending on the soil types in the vicinity of the
settlement. The lowest milk equivalent was
observed for peat-boggy soils (group 3) that are
predominant in the northern districts in
Zhytomyrska and Chernihivska Oblasts (Fig. 8),
and the highest milk equivalent was found for
clay and chernozem soils (groups 2 and 4), that
are predominant in central Ukraine (Fig. 8). The
milk equivalent is inversely proportional to the
1¥7Cs soil-to-milk transfer coefficient in the cor-
responding settlements [28]. In settlements with
a high ""Cs soil-to-milk transfer coefficient,
which is typical for peat-bog soils, low milk
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Figure 10. Dynamics of milk equivalent for different soil types groups

CITIOCTEPIra€ThCS SIK MPaBUIO0 HU3bKUI MOJIOYHMIA €KBiBa-
JIEHT i, HaBIaKd, — BUCOKOMY MOJIOYHOMY €KBiBaJICHTY,
1110 XapaKTePHO MIJIT YOPHO3EeMHUX Ta INIMHUCTUX IPYHTIB,
BimnosigaroTe HII 3 HU3BKMM KOe(illiEHTOM NepeXomLy
«IPYHT-MOJIOKO». YUM BMIIMI MOJIOYHUIA €KBiBaJIEHT,
TUM MeHIle pagioHykiiais *’Cs morparuise 10 opraHiamy
JIIONWHU BJIACHE 3 MOJIOKOM i TUM MEHILNM € BHECOK MO-
JIOYHOTO MUISIXYy Y 103y BHYTPIillIHHOTO OIIPOMiHEHHS.
OCKiJIbKY 32 CTAaTUCTUYHUMU JaHUMU OCTaHHIX POKiB Ie-
peBaxkHa OiNIBIICTh HACEJICHHS CITOXKMBA€E B CEPEIHBOMY
He Oinplie 1 jgiTpa MoJ0Ka Ta MOJIOYHUX MPOAYKTIB Ha
neHb [29], To nia HIT, y sikux 1ie3ieBuii MOJIOYHMIT €KBiBa-
JIGHT TIepeBUIIYE 2 J Ha J00Yy, MOJOYHUI IUISIX OMPOMi-
HeHHs He € ocHOBHUM. To6To y HIT 3 BUCOKMM MOJIOYHUM
eKBIBaJIEHTOM OUIBLIICTh pagioHyKIigiB '’Cs HaIXOIUTh
He 3 MOJIOKOM (SIKE € BiTHOCHO YMCTUM), a 3 iHIITUMU TIPO-
JMyKTaMM XapuyyBaHHS, HAIIPUKJIaM, 3 JIICOBUMM rpudaMu,
sirogaMy adbo AUYMHOIO TOIIIO.

Pesynsratu anamizy (puc. 10) m103BOISIOTH OLIIHUTU MO-
JIOYHMIi €KBiBaJ€HT [Jis JOBIIbHOTO HACEJEHOTO IMYHKTY
3 BiIOMUM CKJIQJIOM I'PYHTIB Ta IOBiJbHOIO poKy. B Toit
K€ 4Yac JIOKaJbHi 0COOJIMBOCTI IPYHTIB, HaBiTh B paMKax
OJIHI€T TPy, a TAKOX OCOOJMBOCTI JIOKAJbHOTO Xapuy-
BaHHSI, KOHTP3aXO/diB i T. iH. MOXYTh BHOCUTU MEBHi KO-
pextuBu. ToMy OyJI0O BUCYHYTO TiloTe3y, IO JOKaJbHi
BiIXWJICHHS MOJIOUHOTO €KBiBajJieHTa Bil TEOPETUIHOIO
3HAYEHHS B paMKaxX OJHOTO aIMiHiCTpaTMBHOIO PaliOHY
NpUOIU3HO OAHAKOBI i MOXYTh OYTU CKOPEKTOBaHI KOpU-
ryBajibHUM (hakTopoM k! [muB. popmyiy (17)].

equivalent is usually observed, and, conversely,
high milk equivalent, which is typical for cher-
nozem and clay soils, corresponds to the areas
with a low "*’Cs soil-to-milk transfer coefficient.
The higher the milk equivalent, the lower the
¥7Cs intake with milk and the smaller the contri-
bution of the milk pathway to the internal dose.
Since, according to recent statistics, the vast
majority of the population consumes on average
no more than 1 L of milk and dairy products per
day [29], the milk pathway is not the main one for
settlements with a cesium milk equivalent
exceeding 2 L-d'. In other words, in the case of a
high milk equivalent, most '*’Cs was ingested not
with milk (which is relatively low contaminated),
but with other foodstuffs, e.g., wild mushrooms,
berries or game.

The results of the analysis (Fig. 10) allowed to
estimate the milk equivalent for an arbitrary set-
tlement with a known soil composition and an
arbitrary year. At the same time, local soil types,
even within the same soil type group, as well as
local nutrition, countermeasures, etc., could
make certain adjustments. Therefore, it was
assumed that local deviations of milk equivalent
from the theoretical value within one administra-
tive district are approximately the same and can
be corrected by the correction factor k,%T (see
Equation (17)).
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PeKOoHCTpYKLUis 103 BHYTPILLHLOrO ONPOMIHEHHS AN
XUTeJIB HaceNIeHUX NYHKTIB 3 BiACYTHIM MOJIOYHUM
Ta JIBJ1-MOHiTOPUHIrOom

OcHOBHa YacTWHA TepUTOPil YKpaiHu He Oyjia oXoIieHa
Hi JIBJI-MoHiTOpruHIOM (Tabi. 3, puc. 9), Hi MOJTOYHUM
MOHITOpUHIOM. B TO#l XXe 4yac BiIHOBJIEHHS J03 BHYT-
PILIHBOTO OIPOMIHEHHS JIsI MELIKAHLIB 1Ii€l YaCcTUHU
TepuTOPii YKpaiHu € BaXKJIMBUM 3 TOUKU 30pY MTPOBENCH-
Hsl pafioenigeMioNoTiYHUX JOCTIAKEHb, 1110 TIPOBOASTh-
cg B YkpaiHi [11—13]. Tomy Oyn0 OpUAHATO pillIeHHS
BiTHOB/IIOBATU IIOPiYHI J03M BHYTPILLIHBOTO OMPOMi-
HEHHS IJI 1€l YaCTUHU TePUTOPii, BUXOAIUYM 3 BEIU-
YUH pagioaKTUBHUX BuMNamiHb y 1986 poui Ta THUMiB
IPYHTIB, SIKi BU3HAYalOTh OCOOJMBOCTI Mepexoay pamio-
HYKJIiAiB 1Ie3il0 B IIPOAYKTU XapuyyBaHHS. JIj1s1 LIbOro Ha
ocHOBIi iHmuBinyaneHux JIBJI-BuMipiB Oynu pospaxo-
BaHi MUTOMI IHIAMBiAyaJdbHi JO3W BHYTPIIIHHOTO OIPO-
MiHEHHS (I03U ONPOMiHEHHS, HOPMOBAHi HA OAUHMIIIO
punaninb Cs y 1986 poui). [Tonan 800 Tucsty Takux
1103, pO3paxoBaHUX /ISl 0Ci0 BiKoM cTrapiie 7 pokiB, Oy-
JIU BUKOPUCTAHI JIJis1 BUZHAUYCHHS PiYHUX MTUTOMUX J03
JIJISI KOXXKHOI 3 4 IPYI I'PYHTIB i MOIIUPEHHSI OTPUMAHUX
JTaHUX Ha TepUTOPii 6€3 BUMipIoBaHb. 3aJIeXKHICTh TTUTO-
MOI 03U BiJ TUITy I'PYHTY BU3Hayajach JJis KOXHOTO
POKY OKpeMO 3a JIOMOMOT0I0 MHOXWHHOI JIiHiiHOI per-
pecii i3 3acTocyBaHHSIM METOJy HAaliMEHIIIMX KBaApaTiB.
BxigHuMu naHUMM [J1s1 perpeciiiHoro aHaizy OyJjau yce-
peaHeHi BeIWYMHU IHAMBiAyaJbHUX IMUTOMUX 03 XKU-
TeJIiB TUX HaceJIeHUX MYHKTIB, IS IKUX € He MeHIie 10
BuMipiB JIBJI y neBHMIA piK, Ta YaCTKU YOTUPHOX TPyl
IPYHTIB y Oy(dpepHUX 30HaX (OKOJUIILX) LUX HACETICHUX
MyHKTIB [auB. ¢opmynu (6) ta (19)]. [1pu ubomy rpymnu
2 i4 00’eqHyBaIMCh B OJHY IPYITy IPYHTIB Mepe MpoBe-
JNIEHHSIM PperpeciiHoro aHamizy s AOCSATHEHHS OC-
TaTHbOI CTATUCTMYHOI MOTY>XXHOCTi. HaceneHi myHKTU
ITiBHiuHO-3axigHOrO perioHy YKpaiHM BUKIIOUAIUCH 3
aHaJti3y, 11 HUX IIOPiYHi cepeIHbOPANOHHI 103U OyIu
OTpHMMaHi ycepeaHeHHIM [auB. dopmyau (6) ta (18)] 3
iTHOpYBaHHSIM TUIIIB IpyHTiB. HacenaeHi MyHKTU KO-
JumHix YopHoOunbscbkoro, Ilosicbkoro ta IBaHKiBCh-
KOI0 paifoHiB, Y IKUX B Pi3Hi pOKM MPOBOAWIUCH IHTEH-
cruBHi KoHTp3axonu (omvxkHs 30Ha HAEC), TakoxX BUK-
JIIOUAIMCh 3 aHaJIi3y.

Ha puc. 11 nokazaHo JuHaMiKy MUTOMUX PiYHUX 103
BHYTPIiLIHbOTO OMPOMiHEHHSI BiJl XapaKTePUCTUK TPYHTY
ta 95 % nmoBipui iHTepBajid, OTPUMAHI B XOMi perpeciii-
Horo aHani3y. [TopiBHSIHHSI BiTHOCHUX TTOXWOOK IMUTO-
mux 103 (puc. 11) 3 moxudbkamu JIBJI-BumiproBans [30]
JNIEMOHCTPYE, 110 BHECOK iHCTPYMEHTAJIBHOI IMOXUOKU
JIBJI-BUMiploBaHHS B MOXUOKY 103U OMPOMIHEHHS HE €
CYTTEBUM.
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Reconstruction of internal radiation doses for
residents of settlements without milk and
WBC monitoring

The main part of the territory of Ukraine was not
covered by either WBC monitoring (Table 3, Fig. 9)
or milk monitoring. However, the assessment of
internal doses for residents of these arcas was
important for radiation-epidemiological studies
conducted in Ukraine [11—13]. Therefore, to
reconstruct annual internal doses for these territo-
ries, the ’Cs deposition density in 1986 and soil
types that determine the peculiarities of the ’Cs
transfer into food were used. For this purpose,
individual internal doses normalized to *’Cs dep-
osition density in 1986 were calculated on the basis
of individual WBC measurements. More than 800
thousand doses calculated for persons over the age
of 7 y were used to determine annual doses specif-
ic for each of the 4 soil groups and to extend the
obtained data to the areas where WBC measure-
ments were not carried out. The dependence of the
specific dose on soil type was determined for each
year separately using multiple linear regression
with the least squares method. The input data for
the regression analysis were the averaged values of
individual specific doses of residents of settle-
ments, where at least 10 WBC measurements were
done in a given year, and the fractions of the four
soil groups in the vicinities of these settlements
(see Equations (6) and (19)). Settlements with a
predominance of soil types of groups 2 and 4 were
combined into one soil group before the regression
analysis to achieve sufficient statistical power. As
mentioned above, settlements in the Northwestern
region of Ukraine were excluded from the analysis;
for them, average annual district-specific doses were
obtained by averaging (see Equations (6) and (18)),
without taking into account soil types. Settlements
of the former Chornobylskyi, Poliskyi and
Ivankivkyi districts, where intensive countermea-
sures were taken in different years (near ChNPP
zone), were also excluded from the analysis.

Fig. 11 shows the dynamics of annual internal
doses normalized to “’Cs deposition density in
1986 as a function of soil characteristics and 95%
confidence intervals obtained in the regression
analysis. Comparison of the relative errors of spe-
cific doses (Fig. 11) with the errors of WBC meas-
urements [30] shows that the contribution of the
instrumental error of WBC measurements to the
error of the radiation dose is not significant.
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Figure 11. Dynamics of annual internal normalized doses with 95% confidence interval for residents of set-
tlements with a predominance of different soil type groups

Ipadixu Ha puc. 11 1eMOHCTPYIOTh, 110 TTUTOMi JO3U
BHYTPIIIHBOI'O OMPOMIHEHHS, SIKi OTPUMYIOTh MEIIIKaH-
11i HaceJIeHWX MyHKTiB, pO3TalllOBAHUX HA TOP(POBO-060-
JIOTHUX TpyHTax (rpyma 3), 3arajoM € BUILIMMU 3a JO3U1 B
inmwmx HIT Ykpainu. Lle mos’s13aHo B miepiiry yepry 3 Bu-
cOKMM KoeddiuieHToM nepexonay *’Cs 3 TopdoBo-060y10T-
HUX TPYHTIB y JIyTOBi TpaBH i Jajli B MOJIOKO JOMAIIHiX
tBapuH. KpiMm Toro, HaceneHi MyHKTH 3 TOP(HOBO-00I0T-
HUMU IPYHTaMU pO3TallloBaHi MepeBakHO B 30Hi yKpa-
iHcbkoro Ilogiccs. Tomy, HapiBHI 3 MOJIOKOM, JJIST IIMX
HIT nicoBi srogu Ta rpubu TakoX poOJsTb CYTTEBUM
BHECOK y 103y OoIfpoMiHeHHS [31].

Ha puc. 12 npencrasieHi ycepenHeHi pidHi MTUTOMi 10-
31 BHYTPIilIHBOI'O OMPOMiHEHHSI, po3paxoBaHi IJIsl MEIl-
KaHLiB OBPYLILKOTO paifOHY Pi3HUMU METOAAMMU:

4 — IpU po3paxyHKy 103 OIPOMiHEHHSI BUKOPUCTOBYBA-
nmck pesyasratu JIBJI-moniTopunry i popmynu (8)—(10);
B — 1pu po3paxyHKy 103 OIMPOMIHEHHS pe3yJbTaTu
JIBJI-MOHITOPMHIY HE BUKOPUCTOBYBAIUCH, aje¢ BUKO-
PUCTOBYBAJIMCH JaHi MOJIOUHOTO MOHITOPUHTY i (hopMy-
am (11)—(17);

A — TIpY PO3PaxyHKY 103 OPOMiHEHHSI HE BUKOPUCTO-
BYBaJIMCh Hi pe3yssratv JIBJI-MOHITOpUHTY, Hi JaHi MO-
JIOYHOTO MOHITOPMHTY; 1031 pO3pPaxOBYBaJIMCh 3 3aCTO-
cyBaHHSIM (popmynu (6) Ta perpeciiiHoi moaeni (19).

CepenHbOpaiioOHHI piyHi MUTOMi 103U BHYTPIllITHHOTO
OINPOMiHEHHSI, pO3paxoBaHi A1 MelKaHI1iB OBpPYLIbKO-
ro paiioHy, po3paxoBaHi pPi3HMUMU MeTOoAaMU, AEMOH-

Fig. 11 demonstrates that internal doses received
by residents of settlements located on peat-bog
soils (group 3) were generally higher than those in
other Ukrainian settlements. This is primarily due
to the high '"Cs soil-to-milk transfer coefficient
from peat-bog soils to meadow grasses and then to
cow’s milk. In addition, settlements with peat-
bog soils are located mainly in the Ukrainian
Polissya region. Therefore, along with milk, forest
berries and mushrooms also make a significant
contribution to the radiation dose for these settle-
ments [31].

Fig. 12 shows the average district-specific annual
internal doses normalized to '*’Cs deposition den-
sity in 1986 calculated for residents of the Ov-
rutskyi district using different methodologies:

4 — use the results of WBC monitoring and
Equations (8)—(10);

W — the results of WBC monitoring were not used,
but milk monitoring data and Equations (11)—(17)
were used;

A — neither the results of WBC monitoring nor
milk monitoring data were used; doses were calcu-
lated using the Equation (6) and the regression
model (19).

The average district-specific annual internal
normalized doses calculated for residents of the
Ovrutskyi district, calculated by different meth-
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Figure 12. Average district-specific annual internal doses calculated for residents of the Ovrutskyi district

using different methodologies

CTPYIOTh CXOXY 9acOBY AWHaMiKy (puc. 12). lo3m orr-
pOMiHEeHHsI, po3paxoBaHi 3a pe3yiasratramu JIBJI-mo-
HITOPUHTY, OJIM3bKi IO 103, PO3paXOBaHUX 3a TaHUMU
MOJIOUHOTO MOHITOPUHTIY. Y3TOJKEHHS 403, PO3pPaxo-
BaHMX Pi3HUMM METOAAMM, O3HAya€, 10 MOJIOYHUIA
eKBiBaJIeHT OYB po3paxoBaHuii 1jis1 OBpyLBKOTO paiio-
Hy 3a dopmynamu (14)—(17) gocutsb TouHO. Jo3u omn-
POMiHEHHSI, PO3paxoBaHi 6€3 ypaxyBaHHsI pe3yJIbTaTiB
moJiouHoro Ta JIBJI-mMoHiTopuHry 3a dopmynamu (6)
Ta (19), 3arajioM HMX4Yi Bil 103, po3paxoBaHUX 0€3M0-
cepelHbo 3a pesyabraramu JIBJI-BumiproBaHsb. Lle Mo-
JK€ BKa3yBaTW Ha BiIMiHHICTb XapaKTepPUCTUK I'PYHTIB
B OBPYLILKOMY PaiioHi BiJ XapaKTEPUCTUK «yCepeaHE-
HUX» IPYHTIB BiAMOBiTHUX rpymn. [HIIIa MOXJIMBA TIPpU-
YMHA BiIMiHHOCTi 103 MOXe OyTU TMOB’si3aHa 3 0CO0-
JIMBOCTSIMU TIpOTUpadialliiHUX KOHTp3axodiB B OB-
PYLILKOMY paiioHi.

BUCHOBKU

Y po60Ti 0OIPYHTOBAHO HOBY METOOJIOTiI0 PO3PaAXYH-
Ky piYHMX 403 BHYTPIlIHHOTO ONPOMiHEHHS MeIlIKaH-
1IiB HaceJeHUX ITyHKTiB YKpaiHu, 1110 3a3HajIN pagioak-
TUBHOTO 3a0pyaHEeHH: B pe3yJibTaTi aBapii Ha HAEC ta
He Oynu oxoruieHi JIBJI-moHiTopuHrom. Meronosnoris
0a3yeThbCsl HA JAaHUX BUMipIOBaHb IUTOMOI aKTUBHOCTI
1¥7Cs y MoJIoLli ITPUBATHUX TOCITOAAPCTB, 110 ITPOBOIM-
Jick B YkpaiHi 3 1987 mo 2013 pik, a y pasi BiicyTHOCTi
TaKMUX BUMipIOBaHb Y HaceJIeHOMY MYHKTi, po3po0sieHa
y poOOTi MeTomoJioris Iependadyae BUKOPUCTAHHS

(1) 146

ods, show similar temporal dynamics (Fig. 12). The
doses calculated based on the results of WBC moni-
toring are close to the doses calculated based on milk
monitoring data. The agreement between the doses
calculated using different methodologies means that
the milk equivalent was calculated for the Ovrutskyi
district using Equations (14)—(17) quite accurately.
The doses calculated without taking into account the
results of milk and WBC monitoring using Equa-
tions (6) and (19) are generally lower than the doses
calculated directly from the results of WBC measure-
ments. This may indicate a difference in soil cha-
racteristics in the Ovrutskyi district from the charac-
teristics of the «average» soils of the respective groups
of soil types. Another possible reason for the differ-
ence in doses may be related to the peculiarities of
radiation countermeasures in the Ovrutskyi district.

CONCLUSIONS

The paper justified a new methodology for calcula-
tion of doses to residents of Ukrainian settlements
that were contaminated as a result of the Chornobyl
accident and were not covered by WBC monitoring.
The methodology is based on the results of measure-
ments of ’Cs activity concentration in cow’s milk
from privately own farms conducted in Ukraine
from 1987 to 2013. In the absence of milk monitor-
ing in a settlement, the methodology developed in
this paper involves the use of a linear regression
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JIIHIHOI perpeciiitHOl MoJeJi, IO TTOB'SI3y€ BEIMUYMHY
iHkopnopoBaHoro *’Cs (0TpMMaHOro 3a pe3yjabraTaMu
JIBJI-BuMiploBaHb y iHIIMX HAcCEJIEHUX MYHKTaX YK-
paiHM) 3 YoTUpMa TpymaMu TPYHTIB y OydepHiil 30Hi
HII. 1031 BHYTpIIIHLOTO OMPOMiHEHHS, PO3paxoBaHi
3a HOBOIO METOMAOJIOTiI0 11 MeluKaH1iB OBpPyLILKOTO
palioHy, Y3TOIKYIOTECSA 3 103aMU, PO3paXOBaHUMU 0€3-
nocepeaHbo 3a pesyiabratamu JIBJI-BuMiploBaHb.

diHaHcyBaHHSA

Pobora BuUKOHYBasoch 3a (PiHAHCOBOI IMiATPUMKU
HauionansHoi akagemii MeIUUYHUX HayK YKpaiHu
(mmdp HAP 625, Ne nepxkpeectpartii 0122U001204;
mucdp HAP 626, Ne nepxpeectpauii 0122U001208).
ITpoBeneHHs €eKOJOriYHOro Ta JO3UMETPUUHOTO MOHi-
TOPMHIY Ha PajioaKTUBHO 3a0pYyIHEHUX TePUTOPIsX
Ykpainu Oyno npodiHaHcoBaHO YpsiaoM YKpaiHM B
paMKax 3arajbHOI03UMETPUYHOI MACIOPTU3allii Hace-
JIEHUX IIYHKTIB YKpaiHu, sIKi 3a3HaJIU pPaJioaKTUBHOTO
3a0pyaHeHHs micsiss YopHoOuabehKoi KaTacTpodu. Ba-
Jligalisi MoeIbHUX pO3paxyHKiB (iHaHCyBajacs goc-
JIITHULBKOIO mporpamoro BimmineHHs emimemiosorii
paky Ta reHetTuku HalioHaabHOrO iHCTUTYTY paky
CIIA (NIH, DHHS) yepe3 naptHepchbKy yromy Ne P004
MiX YKpaiHCbKMM HayKOBO-T€XHOJIOTiYHIM ILIEHTPOM
Ta HauioHaibHuM iHCTUTYTOM paky CIIIA.

JoTpuMaHHA eTUYHUX CTaHAapTIB

ABTOpPU 3asIBJISIIOTH, 1110 151 poOoTa Oyjia BUKOHAHA 3a
BiZICYTHOCTI OyJb-SIKMX OCOOUCTUX, MpodeciiiHuX abo
(¢iHAHCOBUMX BiZTHOCHWH, SIKi IMTOTEHIIIITHO MOXYTh pPO3T-
JIIAATUCA SIK KOH(JIIKT iHTepeciB.

CMUCOK BUKOPUCTAHUX OXEPEN

1. Tpo npaBoBuin pexuM TepuTopii, WO 3a3HaNa pagioakTMBHOMO 3a6-
PYAHEHHS BHACMinoK YopHobMIbCbKOI katacTpodm : 3akoH Ykpaiu
Bin 27 notoro 1991 p. N 791a-XIl. Bjgomocri BepxosHoi Paan YPCP.
1991, Ne 16, C. 198: Beb-caiit. URL: http://zakon.rada.gov.ua/laws/
show/791a-12 (nara 3sepHeHHs 30.10.2024).

2. MMpo craryc i couianbHuii 3axuCT rPOMaAsH, §Ki NoCTpakaau
BHACMifoK YopHOOMNbCbKOI katacTpodu : 3akoH Ykpaiku Big 28 nto-
Toro 1991 p. N 796-XII. Bigomocti BepxosHoi Pagn YPCP. 1991, Ne
16, C. 200: se6-caiit. URL: https://zakon.rada.gov.ua/laws/show/
796-12#Text (nata 38epHeHHsa 30.10.2024).

3. Mpo 3aTBepmkeHHs MoNnoXeHHs NPO OpraHisaLio i GyHKLIOHYBAHHS
[JlepxasHoro peectpy Ykpaitu oci6, siki noctpaxaany BHacnifok Yop-
HOBUNbCLKOI katacTpody : MoctaHoBa KabiHety MinicTpie Ykpaitu
Big 09.06.1997 Ne 571. URL: https://zakon.rada.gov.ua/laws/show/%
20571-97-%D0%BF.%202018#Text (nata 38epHeHHs 30.10.2024).

4. MNpo 3ax1CT NIOAVHN Bifl BMAMBY iOHI3YIO4Or0 BUNPOMIHIOBAHHS : 3a-
koH Ykpaitu N 15/98-BP. BigomocTi BepxosHoi' Pagn Ykpaikn. 1998,

model that relates the value of incorporated "’Cs
obtained from WBC measurements in other settle-
ments of Ukraine to four soil groups in the buffer
zone of the settlement. Internal doses calculated
using the new methodology for residents of the
Ovrutskyi district showed agreement with the doses
calculated using the results of WBC measurements.
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