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1010 METOJAUKHN PO3PAXYHKY IACIIOPTHUX 103
HACEJIEHUX ITYHKTIB YKPATHU, IKI 3A3HAJIN
PAJIIOAKTUBHOTO 3ABPYJHEHHS B PE3YJIETATI ABAPII
HA YAEC

MeTa pocnipKeHHA: HayKoBe 0OIPYHTYBAHHSA HOBOT METOAMKM OLiHKW NacMOPTHUX O3 HACENEHNX MYHKTIB 30H Oe3y-
MOBHOr0 (060B'A3KOBOr0) BifiCENEHHSA Ta FAapaHTOBAHOrO JOOPOBINLHOMO BiACENEHHA ANS NPOBEAEHHSA [O3UMETPUY-
HOT nacnopTu3auii 3rifHo i3 3aKoHOAaBCTBOM YKpaiHu.
Marepianu Ta metoau pocnipkeHHs. Yepes 37 pokiB nicis aBapii paaioakTuBHe 3abpyaHEHHA AOBKiNAA CyTTEBO
3HU3UNOCh. [poTe HA OKpeMMX NOCTPaXAanux BHacnifok aBapii Ha YAEC TepuTopisax YkpaiHu Bce wwe HeobXigHO npo-
BOLMUTU €KONOro-f03MMETPUYHMIA MOHITOPUHT i 3aCTOCOBYBATM KOHTP3ax0AM: 0OMEXUTU CNOXMUBAHHA MONIOKA MicLe-
BOT0 BUPOOHMLTBA, NPOAYKTiB Nicy Towo. MeToanKa, sika BUKOPUCTOBYBANACh 415 OLiHKM NAaCNOPTHUX 403 HAaCeNneHux
nyHKTiB (HM) nounHatoum 3 1996 p., BXe He BiANOBiAa€ Cy4acHOMY PiBHIO HAYKOBMX 3HAHb LWOAO PafioaKTUBHOIO 3a6-
pyAHEHHs poBKinns. MpeactaBneHa B poboTi HOBA METOAMKA PO3PaxyHKY MACMOPTHUX 03 Nepeabayae BUKOPUCTAH-
HA Mofgeni, napameTpu AKOT BM3HAYaKOTbC BUAAMMU, AKICTIO Ta NMOBHOTOK PAAIOEKONOMYHOro i AO3UMETPUYHOTO
MOHITOPUHTY, WO NPOBOAMINCA Ha PafioaKTUBHO 3abpyaHeHuUX Teputopiax y 1986-2013 pp. MacnopTHa go3a oui-
HIOETbCS 3 YPaxyBaHHAM crneundiku pafioakTMBHOTO 3a0pyaHeHHs 06'eKTiB AOBKiNNA KoxHoro okpemoro HIM. Macno-
PTHa J03a 30BHILIHBLOTO FrAMMa-0NPOMiHEHHS PO3Pax0BYETLCA TiNIbKM Bif pamioHyknigis »*’Cs, 0CKiNbKM BHECOK THWMX
pafioHyKNiAiB YOpPHOOUNLCHKOrO BUKMUAY BMNAMBAB HA BENMYMHY [03M MELKAHLIIB PafiioaKTUBHO 3a0pyAHEHNUX TepU-
TOPiN TiNbKK y Nepwi poku nicis aBapii. MacnopTHa [03a BHYTPiWHbOrO ONpPOMiHeHHs, copMoBaHa BHACNifOK cro-
)KMBAHHA NPOAYKTIB XapyyBaHHs, 3a6pyaHeHnx *’Cs, po3paxoBYETbCS 3aN€XHO Bifj HAABHOCTI y NOTOYHOMY poui pe-
3yNbTaTiB BUMipIOBaHb 33 LOMOMOTO0 NiYMAbHUKA BUNPOMiHIOBAHHA NoaunHK (JIBJ1) akTMBHOCTI iHKOPNOPOBAHOTO Y
Tini ntoguumn pagionykniga *’Cs 1a 06’eMHoi nuToMoi akTuBHOCTI *'Cs y Monoui npueaTHux rocnogapcts HI. Mpw ub-
oMy NpiopuTeT HaAAETbCA CaMe pe3ynbTaTaM BUMiptoBaHb pagioakTueHocTi *’Cs Ha JIBJI.
Pesynbratn Ta BUCHOBKU. 06r'pyHTOBAHO HOBY MeTOAMKY (MeToanka-2023) po3paxyHKy NacnopTHUX 403 HACENEHUX
NyHKTIB YKpaiHu, Aka Bignosigae 3akoHy YkpaiHu «Mpo 3axucT AtoguHM Bif BNIMBY 10HI3Y0YOr0 BUNPOMiHIOBAHHAY.
BuMKOHaHO NOpiBHAHHA NAcMNOPTHUX [03, PO3PaxOBaHUX 3@ pe3ynbTaTaMu pafioeKoNoriyHoro Ta LO3UMETPUYHOTO
MoHiTopuHry 2011 p. 3a MeToankoto-2023, Ta nacnopTHUX A03, po3paxoBaHux 3a MeTtoaunkoio-96. MacnopTHi Ao3u
po3paxoBaHi 3a MeTogunkoio-2023, B cepeaHboMy 36inbWwmanck Ha 40 % NOpiBHAHO 3 03aMU, PO3paxoBaHUMK 33 Me-
TOAMKO0-96. pU LbOMY NACNOPTHi 03U BHYTPilWHLOTO ONPOMiHEHHS PO3paxoBaHi 3@ HOBOK METOAWKOI 36inbwn-
nnca y niBTopa pasa, a A03M 30BHIlWHLOrO onpoMiHeHHA —y 1,7 pasa. MacnoptHa go3a 2011 p., po3paxoBaHa 3a Me-
TOAMKO-2023, NnepeBulLye BCTAaHOBNEHY 3aKOHOM HOpMy 1 M3B y 71 HaceneHoMy NYHKTI, GinblWicTb 3 AKMX PO3TALLO-
BaHa y KopocTeHcbkoMy paitoHi Xutomupcbkoi obnacri.
Knio4oBi cnoBa: BHYTPilWHE ONPOMiHEHHS, 30BHILIHE ONPOMiHEHHS, NTYUIBHUK BUNPOMiHIO-BAHHA NIOLUHM, NAaCnopT-
Ha [103a, pafiioakKTMBHO 3abpyaHeHi TepuTopii, YopHobunbcbka Katactpoda.

[pobremu pagiauiviHoi MeauLmHy Ta pagiobionorii. 2023. Bun. 28. C. 110—142. doi: 10.33145/2304-8336-2023-28-110-142

P«J Maciok Cepriit Bonogumuposud, e-mail: masja1979@gmail.com

(1) 110




EPIDEMIOLOGY

AND DOSIMETRY

ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2023. Iss. 28.

D. A. Bazyka, V. O. Sushko, O. M. Ivanova, V. V. Vasylenko, A. B. Bilonyk, G. V. Fedosenko,
V. B. Buderatska, Z. N. Boiko, M. 1. Chepurny, M. S. Kuriata, V. V. Morozov, S. G. Gorbachov,
S. V. Masiuki«d

State Institution «National Research Center for Radiation Medicine of the National Academy of Medical
Sciences of Ukraine», 53 Yuriia lllienka Str., Kyiv, 04050, Ukraine

ON THE METHODOLOGY OF PASSPORT DOSES CALCULATION
FOR UKRAINIAN SETTLEMENTS RADIOACTIVELY CONTAMINATED
DUE TO THE CHORNOBYL NPP ACCIDENT

Objective: scientific substantiation of the new methodology for estimation of passport doses of the settlements
which belong to Zone of Unconditional (obligatory) Resettlement, or 2™ zone and Zone of Granted Voluntary
Resettlement, or 3 zone in the framework of dosimetric passportization in accordance with the legislation of
Ukraine.
Materials and methods. 37 years after the accident, radioactive contamination of the environment has significant-
ly decreased. However, it is still necessary to carry out ecological and dosimetric monitoring and apply countermea-
sures in certain territories of Ukraine affected by the accident at the Chornobyl Nuclear Power Plant: restriction of
the consumption of locally produced milk, forest products, etc. The methodology, which was since 1996 used to esti-
mate the passport doses of Ukrainian settlements, no longer corresponds to the current level of scientific knowledge
about radioactive contamination of environment. The new methods of passport doses calculating presented in the
work involves the use of a model whose parameters are determined by the types, quality and completeness of radioe-
cological and dosimetric monitoring carried out on the radioactively contaminated territories in 1986-2013. The
methodology takes into account the specific of radioactive contamination of each settlement. The passport dose of
external exposure is reconstructed only from “Cs radionuclide, because the contributions of other Chornobyl
radionuclides influence the radiation dose only in the first years after the accident. The passport dose of internal
exposure is formed as a result of the consumption of **¥’Cs contaminated food products. It is calculated depending
on the availability in the settlement in the current year of the results of measurements of the *’Cs radionuclide
activity incorporated in the human body using a whole body counter (WBC) and the activity of **’Cs in the private
milk. At the same time, priority is given precisely to the results of WBC measurements of *Cs.
Results and conclusions. A new methodology (Methodology-2023) for passport doses calculation of Ukrainian set-
tlements was substantiated. A comparison of passport doses based on the results of radioecological and dosimetric
monitoring in 2011 calculated by Methodology-2023 and passport doses calculated by Methodology-96 was made.
Passport doses calculated by Methodology-2023 increased by 40 % on average compared to doses calculated by
Methodology-96. At the same time, passport doses of internal radiation calculated by the new methodology
increased by 1.5 times, and passport doses of external radiation increased by 1.7 times. The passport dose of 2011,
calculated by Methodology-2023, exceeds the legally established limit of 1 mSv in 71 settlements, most of which are
located in Korostenkyi raion of Zhytomyr Oblast.
Key words: internal radiation, external radiation, whole body counter, passport dose, radioactively contaminated
territories, Chornobyl accident.
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BCTYII INTRODUCTION

3akoHoMm YkpaiHu «IIpo mpaBoBuii pexum teputopii, The Law of Ukraine «On legal status of the areas
110 3a3Haja pafioakKTMBHOro 3a0pyaHeHHsI BHacaigok  radioactively contaminated by the Chornobyl dis-
YopHOOMIBLCHKOI KaTacTpod» BCTAHOBJICHO, 110 Tepru-  aster» establishes that the territory with a level of
TOpis 3 piBHEM pagioaKTUBHOTO 3a0pyIHEHHS, sske Moxke  radioactive contamination where radiation dose
MPU3BECTH 0 103 ONTpOMiHeHHSs HaceneHHs rmoHan 1 M3B  can exceed of 1 mSv per year is considered as
3a piK, BBaXa€eTbCs padioakKTMBHO 3a0pyaHeHolo  radioactively contaminated due to the Chornobyl
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BHacainok YopHOOMILCHKOI KaTacTpodu i MmoTpedye
BXWTTSI 3aXO[liB 1IOJI0 3aXWUCTy HaCeJIeHHs Ta obOMme-
KEHHS$I JoAaTKOBOro onpoMiHeHHs [1]. LluMm 3aKoHOM
BU3HAYEeHO: 30HY Bimuy:keHH (3B); 30Hy 6e3yMOBHOTO
(o6oB’s13k0B0OTr0) BiAceneHHs (3b(0)B); 3oHy rapaHTo-
BaHOTO 100poBinbHOrO BiaceaeHHs (3I/1B). 3akoH Ta-
KOX BHMAra€ IIPOBEIECHHSI PETYJSPHOIO0 KOHTPOJIIO
pagioaKTUBHOIO 3a0pYAHEHHSI I'PYHTY Ta TIPOAYKTIiB
XapuyBaHHS, TPOBEACHHS pPadiOeKOJOTIiYHOTO Ta
IHIIMX BUIIB MOHITOPUHTY Ha pajioakTUBHO 3a0py-
HeHux Teputopigx (P3T) 3 000B’I3KOBUM OITPUITION-
HEHHSIM OJIMH pa3 Ha TPU POKM JaHUX TO03UMETPUUYHUX
nacropTu3aliii HaceJleHUX MYyHKTiB YKpaiHu i3 3a3Ha-
YEHHSM OUiKyBaHMX 103 OIIPOMiHEHHSI HACEJICHHS.

PexoHcTpyKIIist 103 ONIPOMiHEHHSI HACEIEHHS TIOCT-
paxnanux BHacaigok aBapii Ha YAEC Ttepuropiit po3-
noyajach y 1991 p. B Mexxax nporpamu 3arajibHOI031-
MeTpuuHOi macnoprusauii. ¥ IToctanosi Ne 106, sxa
Oyna npuiiasara 23.07.1991 KaGiHeToM MiHICTpiB KO-
JumHboi YPCP [2], Oy70 3aTBepakeHO Tepetik Hace-
seHux nmyHkTiB (HIT), BitHeceHMX 10 30H paaioaKTHUB-
Horo 3abpyaHenHs (puc. 1). Cepen nux 76 HII 6ymno
BimHeceHo 10 30HM BimuyxkeHHsd (1 30Ha), 86 HIT — no
30HM 0e3yMOBHOIo (00OB’SI3KOBOTO) BiACEIeHHS
(3b(0O)B, abo 2-ra 3oHa) Ta 841 HII — no 30Hu rapaH-
TOBaHOTro n00poBiabHOro BiaceneHHs (3I'JIB, ado 3-Tsa
30HA).

¥ 1996 poiii 3 METOIO OLIIHKU 03 OITPOMiHEHHSI Ha-
CEJIEHHS palioaKTUBHO 3a0pyIHEHMX TEPUTOpPiit
(P3T) y Mexax mporpaMu 3arajbHOA03UMETPUYHOI
nacriopTusalii 0yjau po3po0JieHi iHCTPYKTUBHO-METO-
JUYHi BKa3iBKu «PamialiiiHo-no3uMeTpruyHa macrop-
THU3allisl HaceJIeHWX MYHKTIB TEpUTOpii YKpaiHu, IO
3a3Hajyd PadiOaKTMBHOIO 3a0pyaHEHHS B pe3yJbTaTi
aBapii Ha YAEC (Metoauka-96)» [3]. Metoauka-96
JI03BOJIsIIa OLIHUTU CEePEeIHBbOPIUHI ITacIOPTHI A03U
BiJl TAKMX IUISIXiB OPOMiHEHHSI:
> 30BHIIIIHE TaMMa-OMPOMiHEHHS BiJl paaioaKTUBHMX
BUIIAiHb HA I'PYHTI;
> BHYTPIIITHE OMPOMIHEHHS BiJl pamdiOHYKIIiIiB 1LIe3it0
(a TaKkoOX CTPOHIIiIO i TPAHCYPAHOBUX €JIEMEHTIB), 110
HAIXOISTh 3 PALliOHOM;
> iHAyCTpiaJibHE ONMPOMiHEHHSI.

Po3paxyHok macropTHoi no3u 3rigHo 3 MeTtoau-
KO10-96 0a3yBaBCsl Ha pe3yjbraTax pamiojoriyHOro
MOHITOPUHTY B KOHKpeTHOMY HIT:
> IIUJIBHOCTI BUIIAIiHb HA I'PYHTI pagiOHYKJiiB 4Op-
HOOMJIbCHKOro amapiiiHoro Bukuay ('¥'Cs, °°Sr,
239+240pu) y 1986 P
> koHueHtpaii ¥Cs ta *Sr y Mojoui Ta KapToruii
MiCLI€BOTO BUPOOHUILITBA Y TIOTOYHOMY POLIi.

accident. It requires taking measures for protection
population and limitation of additional exposure [1].
This law defines: Exclusion Zone (EZ), Zone of
Unconditional (obligatory) Resettlement, or 2™ zone
(ZU(O)R) and Zone of Granted Voluntary Reset-
tlement, or 3™ zone (ZGVR). The law also requires
regular monitoring of radioactive contamination of
soil and food products, the implementation of
radioecological and other types of monitoring on
radioactively contaminated territories (RCT). The
result of dosimetric passportization of Ukrainian set-
tlements, including the annual expected effective
doses, should be published once every three years.

The reconstruction of the radiation doses of the pop-
ulation affected by the accident at the Chornobyl
Nuclear Power Plant began in 1991 within the frame-
work of the integrated dosimetric passportization. In
the Decree of the Cabinet Council of Ukraine # 106
dated by 23.07.1991 [2] were approved the list of set-
tlements which were classified as radioactive contam-
ination zones (Fig. 1). Among them, 76 settlements
were classified as the Exclusion Zone, 86 settlements —
as Zone of Unconditional (compulsory) Reset-
tlement (2™ zone) and 841 settlements — as Zone of
Guaranteed Voluntary Resettlement (3™ zone).

In 1996, with the aim of estimation radiation doses
to the population of radioactively contaminated
areas within the framework of the integrated dosi-
metric passportization, methodological instructions
were developed «Radiation and dosimetric pass-
portization of the settlements of Ukrainian territory
which suffered from radioactive contamination as a
consequence of the Chornobyl accident, including
thyroid dosimetric passportization (Methodology-
96)» [3]. Methodology-96 made it possible to calcu-
late average annual passport doses from the follow-
ing ways of exposure:
> external gamma radiation from radioactive fallout
on the ground,;
> internal irradiation from cesium radionuclides (as
well as strontium and transuranium elements) sup-
plied with the diet;
> industrial radiation.

Calculation of the passport dose according to
Methodology-96 was based on the results of radio-
logical monitoring in certain settlement:
> density of ground fallout of radionuclides from
the Chornobyl emergency release ('*’Cs, *Sr,
2391290Py) in 1986;
> radioactivity of *’Cs and *°Sr in locally produced
milk and potatoes in the current year.
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total children
A ZU(O)R 2,2 86 4.4 1,0
@ ZGVR 23,3 841 616 134
Total 25,5 927 620 135

Figure 1. Settlements belonging to ZU(O)R and ZGVR

VY 1991—-1995 pp. macnopTHi 403U PO3pPaxOBYBaIMCh In 1991—-1995, passport doses were calculated for
st 6museko 6 tuc. HIT [4]. 3 1995 mo 2008 pp. mac-  about 6,000 settlements [4]. From 1995 to 2008,
MOPTHi TO3M IIOPIYHO OIIHIOBAJIMCHL MPUOAN3HO WIS  passport doses were estimated annually for approx-
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2,2 tuc. HIT [5—12]. ¥V 2011 p. nacriopTHi 103U Oyiu
po3paxoBani mg 1977 HII [13], a B 2012 p. — aure
s 186 HIT [14]. Iicasg 2013 p. gno3uMeTpuyHa Iac-
MopTU3allisl HaceJeHUX MYHKTIB YKpaiHU He MPOBO-
JIUaacs yepes BiACyTHICTb (hiHaHCYBaHHSI.

Hwni gepes 37 pokiB 1miciis aBapii BHACTITOK (i3ny-
HOT0 pO3Maay OiMbLIOCTI pagioHYKJTiiB YOPHOOUIBCh-
KOIro MOXOMXEHHS Ta IPOLIeCiB ix Mirparii y mnpu-
POIHBOMY CEPEAOBUILI pajioaKTUBHE 3a0pyIHEHHS
JIOBKIJLIISI CYTTEBO 3HU3MIIOCH. [IpoTe Ha oKkpeMux pa-
Ji0aKTUBHO 3a0pyIHEHUX TEPUTOPIsIX 1034 OIPOMi-
HEHHSI HaceJleHHsI A0Ci MoXe MepeBUIlyBaTHU BCTa-
HOBJICHMIT 3aKOHOAABCTBOM JIiMIT 1 M3B 3a pik (puc. 2).
YV Takux HaceJieHUMX NYHKTax Bce 1lie HEOOXiIHO Mpo-
BOIUTHU PaFiOEKOJOTIUYHUIN i JO3MMETPUUYHUN MOHITO-
PUHTHU Ta 3aCTOCOBYBAaTU KOHTP3aXOIu, CEpell SIKUX —
00OMEXXeHHSI CIOXMBAHHSI MOJIOKA MiCIIeBOTO BUPOO-
HULTBA, JiCOBUX I'pUOiB, SITi TOLIO.
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imately 2,200 settlements [5—12]. In 2011, passport
doses were calculated for 1,977 settlements [13], and
in 2012 — only for 186 settlements [14]. After 2013,
dosimetric passportization of Ukrainian settlements
was not carried out due to lack of funding.

Today, 37 years after the accident, as a result of the
physical decay of most radionuclides of Chornobyl
origin and the processes of their migration in the
environment, the radioactive contamination of the
environment has significantly decreased. However,
in some settlements on radioactively contaminated
territory, the dose of exposure to members of the
public still can exceed the legally established limit of
1 mSv per year (Fig. 2). In such settlements, it is still
necessary to conduct radioecological and dosimetric
monitoring and apply countermeasures, including
limiting the consumption of locally produced milk,
forest mushrooms, berries, etc.
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Vka3 IIpe3unenta Ne 196 Bim 05.07.2018 «[1po momat-
KOBi 3aX0/1 3 BiAPOJKEHHSI TEPUTOPIii, 1110 3a3HAIU pa-
JIi0aKTUBHOTO 3a0pyIHEHHST BHACHiIOK YOpHOOMILCHKOT
KatacTpodu, i3 COLIAIBHOTO 3aXWCTy MOCTPaKIATUX
0ci0, 6e3MevYHOro MOBOAKEHHS 3 PaliOaKTUBHUMM BigX0-
JaMW», OKpIiM iHIIOTO, Tiepembavae: a) 3miliCHeHHS
BUOIPKOBOTO OOCTEXEHHSI i MOHITOPUHTY 3eMeJib 30H
pafioakTHBHO 3a0pyIHEHUX TEPUTOPIiil Ta 3a pe3ysibraTa-
MM TaKOro OOCTEXKEHHsI OMpallOBaHHSI MUTAHHST 1100
MOXJIMBOCTI Ta OCOOJMBOCTENA BUKOPUCTAHHSI OKPEMUX
3eMeJIbHMX IUISTHOK JUIST BEAEHHS TOCMOAAPChKOl Hislib-
HOCTI; 0) TpOBEACHHS IIIOPIYHOI JO3UMETPUYHOI ITacIiop-
TU3alii i3 3a3HAYEHHSIM OYiKyBaHUX 103 ONPOMiHEHHS
HaceJICHHSI, OHOBJICHHSI KapT 30H PaliOaKTHBHOIO 3a0-
PYAHEHHS 3 BUBHAYEHHSIM i YTOUHEHHSIM MEX TaK1X 30H,
3a0e3MeurBILIY HaJlexkHe (DiHAaHCYBaHHSI LIMX 3aX0iB [15].

Jlo3umeTpuyHa MacropTu3allisi HaceJIeHUX IyHKTIiB
VYKpaiHu B cCy4acHMX YMOBaX ITOTpedye HOBUX MiIXOMdiB

Presidential Decree No. 196 of 07/05/2018 «About
additional measures for recovery of the territories
which were radioactively contaminated due to Chor-
nobyl catastrophe, for social protection of affected
persons, safe management with radioactive waste»,
among other things, provides: a) carrying out a selec-
tive inspection and monitoring of land in radioactive-
ly contaminated areas and, based on the results of
such inspection, working out the issue of the possibil-
ity and features of using certain land for economic
activity; b) carrying out annual dosimetric passporti-
zation with an indication of the expected exposure
doses to members of the public, updating maps of
radioactive contamination zones with the definition
and clarification of the boundaries of such zones,
ensuring adequate financing of these measures [15].

Dosimetric passportization of Ukrainian settle-
ments in modern conditions requires new approaches
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JIO OLIiIHKM TacTOpPTHUX 103. B mepiy yepry mnocrae
HEOOXiAHICTh y po3p00LIi HOBOT METOAMKU PO3paAXYH-
Ky IacOopTHUX [03, sIKa BpaxoByBaja O 3MiHM Y 3a-
KOHOAABCTBI YKpaiHM, HOBi HAYKOBi JOCSATHEHHSI, Cy-
YacHi BUMipIOBaJIbHi MOXKJIMBOCTI paliod0TIYHUX JIa-
OopaTopili, a TAKOX AOCBiJ i pe3yJabTaTu JO3UMETPUY -
HOI macnoprtu3alii nomnepeaHix pokiB [16—34]. Lle
MOB’SI3aHO 3 TUM, 1110 3TiIHO 3 IIpaBKaMM, BHECEHUMM
Big 23.08.2023 y Crattio 18 3akoHy Ykpainu «IIpo
3aXUCT JIIOAUHU Bil BIUIMBY iOHi3yl0OUOTO BUITPOMi-
HIOBaHHSI», [J1s1 LiJiei TiepeBipKU JOTpUMaHHSI JIIMITY
piYHOI 103U OINPOMiHEHHS HaceJIeHHS TTOBMHHA BU-
KOPHCTOBYBATUCH OILliHKA €(EeKTUBHOI PiYHOI A03U
OIMPOMiHEHHSI JJis pernpe3eHTaTUuBHOI ocobu [33],
Tomi K y Metoauwi-96, sika noci BCTaHOBIIOBaja
Npoleaypu po3paxyHKy nacrnoptHux go3 HIT Yk-
paiHu, y SIKOCTi KpUTEPil0 BUKOPUCTOBYBAIACh OLliH-
Ka e(peKTUBHOI PiYHOI 103U cepeaHbO3BaXKeHa 3a BCi-
Ma BiKOBMMU IpyHaMy y HaceJleHoMY MyHKTi. Kpim
TOrO, MOKJIaJAeHI B OCHOBY MeToauku-96 no3umer-
pUYHI MOJEJi BpaxOBYBaJIW pajialliiHy CUTYallilo,
1110 MaJjia Miclie y nepiui poku micis aBapii Ha HAEC.
Tepmin nii Metoauku-96 BXe OaBHO 3aKiHUMBCS,
OCKiJIbKM Y cCaMOMY ITOKYMEHTi BKa3aHoO, 1110 BOHA €
MIMCHOI0 MakKCHUMYM 5 POKiB, MOYMHAIOUM Bil IaTh
3arBepmkeHHsd MO3 YkpaiHu, a moTiM Ma€e OyTH me-
perisiHyTa 3 ypaxyBaHHSIM HOBUX HAayKOBHUX ITaHUX
1100 TIpolieciB Mirpauii pagioHykmiigis 7Cs ta Sr
JJaHKaMM Xap4yoBOTO JaHI[IOXKa.

META JOCIIJIZKEHHA

HaykoBe o0rpyHTyBaHHSI HOBO1 MeToauku (MeTtoau-
ka-2023) OWiHKM IacCMOpPTHUX [03 HAaCeJIeHUX
MYHKTIiB 30H 0e3yMOBHOTro (00OB’SI3KOBOTO) BiAce-
JIEHHSI Ta TapaHTOBAHOI0 JOOPOBIJIBLHOTO BifCeIeHHS
IJIsT TIPOBEAEHHS JO3MMETPUYHOI IacropTU3alii
3riHO i3 3aKOHOJABCTBOM YKpaiHMU.

MATEPIAJIN TA METOJIN TOCIIIZKEHHA
[MTacnoptHoto nmozoro HII D, (Mk3B) BBaxaeTbcs
piuHa edeKTHBHA O03a OIPOMiIHEHHS, SKa IO-
TEHIIIITHO MOXe OyTH OTpUMaHa perpe3eHTaTUBHOIO
ocoboro ganoro HII Bix pamionykimiagiB *’Cs ta *Sry
notoyHomy poui [3]. ¥V pamiauifinoMmy 3axucTi mifg
penpe3eHTaTUBHOIO 0CO00I0 MA€EThCS Ha yBa3i ocooa,
sIKa OTPMMYE 03y, IO € PeNpe3c¢HTaTUBHOIO ISt
HaOiIbII ONPOMiHIOBAHUX OCIO 3 HACEJIEHHSI, 32 BU-
HSITKOM 0c¢i0, SIKi MaloTh piaKicHi 3BU4KkH |35, 36].
Ha crorogHi OCHOBHMMH ILIJISIXaMH OIIPOMiHEHHSI
HacesieHHs1 P3T € 30BHillIHE raMMa-ONPOMiHEHHS Bif
3a0pyaIHEHOIO IPYHTY Ta IEepopajbHEe HaIXOIKCHHS

to the assessment of passport doses. First of all, there is
a need to develop a new methodology for calculating
passport doses, which would take into account changes
in the legislation of Ukraine, new scientific achieve-
ments, modern measuring capabilities of radiological
laboratories, as well as experience and results of dosi-
metric passportization in previous years [ 16—34]. This is
connected with the fact that according to the amend-
ments made on 23.08.2023 to Article 18 of the Law of
Ukraine «On the Protection of Humans from the
Effects of lonizing Radiation», for the purposes of
checking compliance with the limit of the exposure
dose to members of the public, the effective annual
exposure dose should be used for of a representative
person [35], while in Methodology-96, which until now
established the procedures for calculating passport
doses of Ukrainian settlements, the effective annual
dose weighted average for all age groups in the settle-
ment was used as a criterion. In addition, the dosimet-
ric models that were the basis of Methodology-96 took
into account the radiation situation that occurred in the
first years after the accident at the Chornobyl NPP. The
term of validity of Methodology-96 has long expired,
since the document itself states that it is valid for a max-
imum of 5 years, starting from the date of approval by
the Ministry of Health of Ukraine, and then it must be
revised taking into account new scientific data on the
processes of migration of radionuclides *’Cs and *Sr
through the links of the food chain.

OBJECTIVE

Scientific substantiation of the new methodology
(Methodology-2023) for culculation passport doses of
the settlements belonging to Zone of Unconditional
(mandatory) Resettlement and Zone of Guaranteed
Voluntary Resettlement for conducting dosimetric pass-
porting in accordance with the legislation of Ukraine.

MATERIALS AND METHODS
As the passport dose D, (LSv) of some settlement is
considered the annual effective radiation dose from
radionuclides '¥7Cs and *Sr potentially received by a
representative person was living in this settlement in
current year [3]. In radiation protection, a person
who receives a dose that is representative of more
highly exposed individuals in the population,
excluding persons with rare habits is meant repre-
sentative [35, 36].

Today, the main ways of RCT population exposure
are external gamma radiation from contaminated soil
and oral intake of radionuclides '*’Cs and **Sr with
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pamionykminiB '*¥’Cs i *Sr i3 3a0pyTHeHUMU MPOTYKTAMU
XapuyBaHHS1, BApOOJIEHUMU Ha TakoMy IpyHTi [27]. Tomy
Y HOBili MeTOIMLII JO3MMETPUYHOI HaCIOPTU3aLlil Hacno-
ptHa no3a HII (D,) BU3HaYa€ThCs CMiBBiTHOILIEHHSIM:

contaminated food products produced on such soil
[27]. So, the passport dose D, of the settlement
according to the new Methodology of dosimetric
passportization is determined by equation:

D, = Dg* + D + DIt (1)

Ie

D]f’“ — piuHa eeKTUBHA 1032 30BHIIITHLOI'O TaMMa-OIl-
pPOMiHEHHSI MpeACTaBHUKA KPUTUYHOI TPYIU JaHOTO
HII, obymoBieHa aBapiiHMM paaioaKTUBHUM 3a0py-
HEHHSIM TPYHTY pamioHyKIigoM 'YCs BHACIIIOK aBapii
Ha YAEC, Mx3B;

Dérslt — piuHa OYiKyBaHa e(PeKTUBHA 1032 BHYTPIlLIHHOIO
OINPOMiHEHHS, OTpUMaHa BHACJIIOK CITOXMUBaHHS (ITpo-
TITOM pPOKY) TIPOAYKTIB XapuyyBaHHS, 3a0pyTHEHMNX
pagionykiigom '7Cs, MK3B;

D_é?t — piyHa ouiKyBaHa e()eKTMBHA 1032 BHYTPIllIHbOTO
OINPOMiHEHHSI, O0OyMOBJIEHA CIMOXWBAHHSIM (MPOTSITOM
pOKY) TPOIYKTIB XapyyBaHHsS, 3a0pyIHEHUX pamio-
HYKJigoM *Sr, MK3B.

ITacmoptHa no3a D, po3paxoBYEThCSI SIK yCEpeaHEHa
piuHa edeKTHBHA [103a OIPOMIHEHHS TpPEeACTaBHUKIB
KpuTtnyHux rpymn MemkaHuis HIT i Moxe nepeBulilyBaTu
cepenHio mo3y Bcix MemkaHiB HIT y mexinbka pasis.
ITin XpuTUYHOIO TPYIIOI0 MA€ETHCA Ha yBa3i BikoBa abo
npodeciiiHa rpyma ocib, sika y nanomy HIT 3a3Hae Haii-
OLIbIIOr0 PU3KKY pajialliiiHOTO BILUIMBY a00 3a paXyHOK
OiJbIII BUCOKMX PiBHIB OMpPOMiHEHHS, a00 uepe3 IiJBH-
1LIEHY PagioyyTAUBiCThb, 200 MEPLIOro i APYroro pazom. Y
BUITIAIKY 30BHIIITHBOTO OIIPOMiHEHHSI 1O KPUTUYHOI Ipy-
U HaJleXaTb 0CO0U, SIKi 3aHSITI y CLIbCbKOTOCOAAPCh-
KUX poOoTax i MOBHMIA pOOOYMIA JeHb IpalloloTh Ha
BigkpuTiii MicueBocti B okonuusgx HII. ¥V Bumaaky
BHYTPIIIHBOT'O OIIPOMiHEHHSI KpUTUYHA IPyIIa — 1Ie 0CO-
O0u, m03a SKUX Bignosigae 95 % KBaHTWIIO PO3IOALTY
JI03 OMPOMiHEHHST JHOPOCIMX MelKaHuiB gaHoro HII.
ITpu po3paxynky macnoptHoi 1o3u HIT BBaxkaeThcs, 1110
Oyab-sKi 3axucHi 3axonu (koHTp3axoau) B HIT y motou-
HOMY pOLli He TIPOBOAUIKUCS.

Metonuka-2023 He BpaxoBY€ OINPOMiHEHHSI Hace-
senHs P3T Bim TpaHCcypaHOBUX PaJdiOHYKIiIiB, OCKib-
KM 11032 30HOIO BiIUy>XE€HHSI BHECOK OMPOMiHEHHS Bifl
LUX padiOHYKJIiIiB y CyMapHY A03Y € BiTHOCHO HEe3HaU-
HumM [23, 37].

OuiHka NnacnopTHOT [,03U 30BHILLHbOIO

OMNMPOMiIHEHHSI

IMacriopTHa no3a D)?xt (MK3B) 30BHIILIHLOTO TaMMa-OIl-
POMiHEHHS OLIIHIOETHCS TiIBKM Bifl pagiOHYKIIiIiB LI€3i10
197Cs, OCKiJIbKM BHECOK iHIIMX PagiOHYKJi[AiB YOPHO-
OMILCHLKOTO BUKMY BIUIMBAB HA BEJIMYUHY 03U TiIbKU

where

Dﬁ’“ — annual effective dose due to external
gamma irradiation from radionuclide '*’Cs depo-
sited on the ground for representative of critical
population group of the settlement, as a result of
the accident at Chornobyl NPP, uSv;

DIt — expected annual effective dose due to inter-
nal radiation from consumption (during the year)
of food products contaminated with radionuclide
B7Cs, uSv;

DI — expected annual effective dose due to inter-
nal exposure from consumption (during the year)
of food products contaminated with radionuclide
PSr, uSv.

The passport dose D, is calculated as the average
annual effective radiation dose of representatives
of critical groups of the settlement’s residents and
may exceed the average dose of all residents of the
settlement by several times. The critical group is an
age or professional group of persons in the settle-
ment, which is at the greatest risk of radiation
exposure either due to higher levels of exposure, or
due to increased radiosensitivity, or the first and
second together. In case of external exposure, the
critical group includes agricultural workers who
working full-time an open area within the settle-
ment. In case of internal exposure, the critical
group is individuals whose dose corresponds to the
95% quantile of the dose distribution for adult res-
idents of this settlement. The passport dose calcu-
lation does not provided implementation of any
protective measures (countermeasures) in the set-
tlement during current year.

Methodology-2023 does not take into account the
RCT population exposure from transuranic radionu-
clides, because outside the exclusion zone, the con-
tribution of exposure from these radionuclides to the
total dose is relatively insignificant [23, 37].

Estimation of passport dose from external
irradiation

The passport dose D)‘;’xt (uSv) due to external gam-
ma irradiation is estimated only from radionuclide
137Cs, as the contribution of other Chornobyl emis-
sion radionuclides had an influence on the dose only
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y Tiepi poku micis aBapii [21]. Bupas ns po3paxyH-
Ky wi€i no3u y nmorouHomy poui 7" mast HII, mo Hane-
*xkuTh 10 3b(0)B Ta 3[1I'B mae Burmism:

ext _
D™ =

Ie

agf — 1IinbHIicTL BUNaginb '¥Cs'y 1986 p. Ha MoBepxHi
rpyaTy HII, mo macnoptusyersbes, Kbk * Mm%

B; — KoedillieHT nmepexoay Bil IIJILHOCTI BUNAAiHb
137Cs Ha rpyHTi y 1986 p. 10 epeKTUBHOI 103U 30BHIlII-
HbBOTO ONPOMIHEHHSI KPUTUYHOI TPyNU MeIlIKaHIIiB
HIT y morounomy poui 7, Mk3B Ha Kbk - M2 (Ta6:1. 1).

Ta6nuusa 1

86 T
O¢cs ° By

in the first years after the accident [21]. The expression
for calculating of such dose in current year 7 for settle-
ment situated on ZU(O)R and ZGVR has the form:

(2)

where

088 — is the ¥'Cs ground fallout density in 1986 in
the settlement that is being passported, kBq - m?;
B]T — is conversion coefficient from the '*’Cs ground
fallout density in 1986 to the effective external radia-
tion dose for the critical resident group of the settle-
ment in current year 7, uSv per kBq - m? (Table 1).

lluHamika KoediyieHTa nepexopy B]Z" Bif winbHocTi BUnaginb *’Cs Ha rpyHTi y 1986 p. A0 edheKTUBHOT AO3U

30BHilLHbOro ONPOMiHEeHHA
Table 1

Dynamics of conversion coefficient B]T from the **’Cs ground fallout density in 1986 to the effective external

radiation dose

Pik / Year, T B; , MK3B Ha KBk * M2 / uSv per kBq * m2
2023 1,43
2024 1,40
2025 1,37
2026 1,34
2027 1,31
2028 1,28
2029 1,25
2030 1,22

KoedilieHT po3paxoByeThCs SIK:

Bl = d&¥'(v) - F,

ne
d¢t(t) — edeKTHBHA 1032 30BHIIIHBOIO OMPOMiHEHHSI
pedepeHTHOI JopOCIoi TIOIMHU, sIKa NepedyBa€ 330BHi
OpUMIlLIEHHsI, po3paxOoBaHa Ha OJWHMUILIIO IIIJILHOCTI
3a0pynHeHHs 'Y’Cs moBepxHi rpyHTY B 1986 p., MK3B Ha
kbk - M
Fo — dakTop 3HUXEHHS J031 OIPOMiHEHHS 32 PaXyHOK
0COOJIMBOCTEN peXUMy MOBEAIHKM OCOOM KPUTHUUYHOI
rpynu memkanuiB HIT, 6/p; F, = 0,43 [27, 38].
EdexrnBHa qo3a dg;‘t( t) OLIHIOETHCS BiI pamiOHYK-
Jiga '7Cs miist nopociioi peepeHTHOI JI0IMHU 32 YMOBH,
110 Taka oco0a MpoTsaroM | pokKy MOCTiiiHO mepedyBae
Ha BiIKPUTIN pagioaKTUBHO 3a0pyaHEHil MiclieBOCTi 3i
miTbHiCTIO BUunafinb '’Cs 1 Kbk - M Ha TOBepXHi IpyH-
Ty y 1986 pouii:

det(t) = Egxt. f Hs(t) -e Mt dt

ty

The coefficient is calculated as:

3)

where
dé¥t(t) — is effective dose from external irradia-
tion normalized to the '¥’Cs ground fallout density
in 1986 for reference adult person staying outdoors
in time 7, uSv per kBq - m%;
Fo. — is the dose reduction factor that accounted
the specific traits of critical residents group behav-
ior in the settlement, unitless; F, = 0,43 [27, 38].
The effective dose dgX*(t) is estimated for an
adult reference person from radionuclide *’Cs
under the condition that such person is constantly
staying on radioactively contaminated territory
outside the building with '¥’Cs ground fallout den-
sity in 1986 which equals 1 kBq - m™

2

C))
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ne
~g§t — JI030BUIl KOe(illiEHT 30BHIILIHBOIO OIPOMi-
HEHHS TOpOCJIOl JIIOAWHM Bif pagioHykiiga 'Cs Ha 110-
BEepXHi IPYHTY, 3a gaHuMmu [39] = 18,6 MK3B - pik' Ha
kbk - M%
Hcy(t) — yacoBa muHaMmika nocyiadbjieHHs e(heKTUBHOI 10-
31 3a paXyHOK BepTHUKaIbHOI Mirparii '¥’Cs 3 moBepxHi
Bruo rpyHty [17, 40], 6/p;
Acs — cTaa pagioaktuBHOro posmany ’Cs, = 0,023 pik';
(t1; t2) — iHTepBas yacy, 3a IKMid OLIIHIOETHCS A03a OIl-
POMIHEHHSI, POKU.
Hnst mepiony 1986—1999 pp. BenMurHa OLIHIOETHCS 3a
dopmyolo:

Hqs(t) = B-(A- e lv

ne B=0,82,4=0,4, L;=0,46 pik'ta L,= 0,014 pix' —
napaMeTpu, olliHeHi y po0oTi [17]; t — yac, poku.

ITicasa 1999 poky Hey(t), TOOTO BpaXxOBYEThCS TiTbKHU
pamioakTUBHUI po3naj.

OuiHka NacnopTHOT 4,031 BHYTPILWHbOr o
onpomiHeHHs Big '*'Cs

Ho3a BHyTpimiHboro ompominenHs y HIT 3B(O)B rta
3I'B ¢hopMmyeThCs TOJIOBHUM YMHOM BiJl paJiOHYKJIiIiB
¥7Cs ta *Sr. 'Y 6inbmiocti HIT no3a Bim *°Sr He3HauHa
MopiBHIHO 3 103010 Bix ’Cs, ane y neskux HII, o 3Ha-
XOOATbCS Ha TEPUTOPIsIX TMiBAEHHOTO CIiAy YOpPHO-
OMJILCHKMX PalioaKTUBHUX BUIAAiHb, 1034 BiJ *°Str Moxe
JlaBaTU BarOMU BHECOK Yy 3arajbHy 103y BHYTPillIHLOTO
orpomiHeHHs [23—25].

Piuna ouikyBaHa edeKkTHBHA A03a BHYTPILLIHHOTO OIT-
pPOMiHEHHS Dé’slt (MK3B), cchopMOBaHa BHACTIIOK CHO-
JKMBAHHS TMPOIYKTIB XapuyyBaHHsI, 3a0pyaHeHux 37Cs,
PO3paxXOBYETHCSI HA OCHOBI TAKUX Pe3YJIbTaTiB BUMIpIO-
BaHb:
> BMmicTy ’Cs y Tini memkanuis HII, abo
> 00’€MHOI MUTOMOI aKTUBHOCTI 'Y’Cs y Mool Mpu-
BaTHMX rocrniogapcts HII, abo
> IIiIbHOCTI 3a0pynHeHHs rpyHTy HII panioHykiimom
137Cs y 1986 p.

IIpioputeT pe3yabTaTiB BUMipIOBaHb, 110 BUKOPUC-
TOBYIOTBCSI IJII PO3PaxXyHKY IO3M BHYTPIiIlIHHOI'O OII-
pomiHeHHs Big '*'Cs, BU3HAYAETHCS MOPSAKOM Yy BHU-
1e3a3HayeHoOMY Mepeiky (Big HalBUILOIo 10 Haii-
HUXKYOTO).

Axio B motoyHomy poui y HIT npoBeaeHo BU3HAUEH-
HA pagioakTUBHOCTI '7Cs y TiJli MEIIKaHILIiB 3 BUKOPHC-
ta”HHsIM JIBJI, To mo3a BHYTPIIIHBOTO OMIPOMIHEHHS Bif
panmionykiina '¥Cs BU3Ha4a€eThes SIK 95 % KBAaHTUIIb PO3-
noAiay iHAWBIAYaIbHUX 103 BHYTPILLIHLOIO OMPOMiHEH-

where
E €Xt — is the external exposure dose rate per unit
activity of radionuclide '¥’Cs in soil for adult individ-
ual according to [39] = 18,6 uSv - yr' per kBq - m?;
Hey(1) — is attenuation function that reflects the
decreasing dose rate due to radionuclide 'Cs
migration in soil [17, 40], unitless;
Acs — the radioactive decay rate of radionuclide
¥1Cs, =0,023 year;
(t1;t2) — isatime interval for which the radiation
dose is estimated, years.

For the period of 1986—1999, the value is esti-
mated by equation:

"+ (1-A) et )

where B=0,82,4A=0,4, L;=0,46 year'and L, =
0,014 year! are parameters evaluated in the work
[17]; t — time, years.

After 1999, Hcy(t), it means only radioactive
decay is taken into account.

Estimation of passport dose from internal
exposure from '*’Cs

The internal exposure dose in settlements of
ZU(O)R and ZGVR is mainly formed from radionu-
clides '¥"Cs and *Sr. In most settlements, the dose
from *Sr is insignificant compared to the dose from
137Cs, but in some settlements located on territories of
the southern Chornobyl radioactive fallout footprint,
the dose from *°Sr can make a significant contribu-
tion to the total internal radiation dose [23—25].

The calculation of annual expected effective
dose due to internal radiation formed as a result of
consumption of food products contaminated with
137Cs Dé’;t (uSv) took into consideration following
measurement results:
> content of ’Cs in the body of settlement’s res-
idents, or
> specific volume activity of 7Cs in milk from
private farms in the settlement, or
> ¥Cs ground fallout density in the settlement in
1986.

The priority of measurement results used to cal-
culate the internal exposure dose from "Cs is
determined by the order in the list above (from the
highest to the lowest).

If measurements of *’Cs content in the body of
the settlement’s residents were conducted using
WBC, the internal exposure dose from radionu-
clide ¥7Cs is determined as the 95% quantile of the
individual internal exposure doses distribution for
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adult residents of this settlement. The individual
internal exposure dose for i-th adult resident of the
settlement DLW BC (uSv) is calculated by equation:

Hs mopociux MemkaHiiB maHoro HII. IHauBimyanbHa
J03a BHYTPIIIHBOTO OMPOMiHEHHS i-TO JOPOCIOTO MEIII-
Kkanug HIT DiW BC (Mk3B) po3paxoByeThest 32 GOPMYIIOIO:

DlVVBC — QlVVBC . EWBC . KS'a . Ml'_l . MB (6)
ze where
WBC . . o WBC 37 ,
i — BuMipsgHmii 3a tonnomoroio JIBJI Bmict Cs B i — the content of '’Cs in the person’s body

opratismi moauHu, bk;
M — maca Tina 1oauHMU, 1110 BUMiploeThes Ha JIBJI, Kr;

measured using WBC, Bq;
M — body weight of person which measured by

Mp — cepenHs Maca Tina moauHM, sKa npuitMaetbesi  WBC, kg;
piBHOIO 70 KT} Mp — the average human body weight, which is
FE"EC¢ — noszoBuii KoedillieHT BHYTPIiLIHLOTO ONpoMiHeH-  taken as 70 kg;

E"®¢ — the internal exposure dose rate per unit
activity of incorporated '¥’Cs in the human body
for adults; E"2“=3.2- 102 uSv - Bq' [41, 42];

K;, — the correction factor of internal dose for
representative of sex-age group (s,a) in compari-

Hs Big '¥’Cs p1st nopocaux ocid, HopMOBaHUI HA OTUHU-
1}0 pafioakKTUBHOCTI iHKoprnopoBaHoro '7Cs y TiJi Jito-
nuHI; BV = 3.2 - 102 Mx38 - Bk [41, 42];

K, — XoeillieHT mnepepaxyHKy HO3M IpeacTaBHMKA
CTaTeBO-BiKOBOI IPYIH (S,a) Y 103y TOPOCIOT0 MEIIKaH-

g (Tabi. 2) [43].

Ta6nuusa 2

son with adult (Table 2).

KoediuieHT nepepaxyHKy A03u BHYTPilWIHbOro onpomiHeHHA Big *’Cs npefcTaBHUKIB Pi3HMX CTaTeBO-BiKOBUX

rpyn y A03y AOpPOC/IOro MellKaHUA
Table 2

The correction factor of internal dose from **’Cs for representatives of different sex and age groups in com-

parison with adult

BikoBa rpyna, poku

Ks, 2, 6/p // unitless

Age group, years

4onoBikK / men

XiHKM / women

0-2
3-7
8-17
>18

1,0 1,0
1,7 1,7
1,3 1,5
1,0 1,3

Buxkopucranus koediuienta Ks, y dopmym (6)
MOB’S13aHO 3 TUM, 1110 3a JaHUMMU JIBJI-MOHITOpUHTY B
2001—2013 pp. [43] m03a BHYTPIITHHOTO OIMPOMiHEHHS
MEIIKaHIIiB ogHoTo i Toro X HII Moxke Bimpi3HATUCH
go 1,3—1,7 pa3a 3aiexHo BiJ BiKy Ta cTaTi ocoOu
(Tabumn. 2).

3a BimcyTHOCTI a00 HemocTaTHil KibKocTi JIBJI-B1-
mipioBanb y HII, mo macnopTusyerbes, Ojs po3pa-
XYHKY TTacIIOPTHOI 1031 BHYTPIillIHBOTO OMPOMiHEHHS
Big 'YCs monmycKaeThbCsl BMKOPUCTAHHSI pe3yJbTaTiB
BUMIipIoBaHb KOHIIeHTpaIii '¥Cs B MOJIOLIi ITPUBAaTHUX
rocriogapcts uporo HII. KinbkicTh mpo6 Monoka mMae
Oytu He MeHIle 5, ate sgkito y HIT HegocTaTHBO KOpiB,
KiIBKiCTh MPo0 MOKe OyTU 3MeHIleHa 10 4 [44].

Jlo3za 3a pesdylibraTaMyd BUMiplOBaHb KOHLIEHTpaLil
197Cs y ipobax MoJioKa po3paxoBYEThCS 3a (hOPMYJIOI0
[18, 27]:

int _
DCS -

(1) 120

The use of coefficient K, into eq. (6) related to the
fact that according to WBC monitoring data in
2001—2013 [43], the internal radiation dose among
residents of single settlement can differ by 1.3—1.7
times depending on the age and gender of the person
(Table 2).

In the absence or insufficient number of WBC
measurements in the passported settlement, it is
allowed to use the results of '7Cs concentration
measuring in private farms milk of the same settle-
ment for internal radiation passport dose calcula-
tion. The number of milk samples should be at least
5, but if there are not enough cows in the settlement,
the number of samples can be reduced to 4 [44].

The dose based on the results of '¥’Cs concentra-
tion measurements in milk samples is calculated
according to the formula [18, 27]:

365 - EZ . ¢ - MEq (7)
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ne

E¢ mt — no3oBuii KoedinieHT MKP3 BHYTpillIHBOTO OII-
pOMlHeHHsI Bim '¥"Cs mjig mopocimx ocid, BU3HAYAETHCS
SIK e(beKTHBHA /1032 Ha OJMHMUILIIO ITepOPaIbHOIO HaIXO/-
KeHHs pagioaktuBHocTi, = 1,3 - 102 Mk3B - bx! [28];
cly — cepenns KoHLeHTpalist '’Cs, BUMipsiHa y mpo6ax
mojioka B HII, 110 macnopTU3YyeETbCSl, Y IOTOYHOMY
poui, bk - 117 (puc. 3);

ME¢, — 1e3ieBuit MOJIOUHUI eKBiBaJIeHT 1151 MPEeACTaB-
HUKIiB KpUTUIHOI TPYIIN, SKWI BU3HAYAETHCS 32 pe3yiIb-
TaTaMU paJioeKOJIOTiYHOIO Ta JO3UMETPUYHOTO
MOHITOPUHTIB, 110 MPOBOAWJIMCH TIiJl Yac JO3UMETPUYI-
HOI MmacnopTu3alii nornepeaHix pokis, j - roda™.

where

E™ — is ICRP dose factor of internal ingestion
exposure from '¥'Cs for adults, defined as the effec-
tive dose per unit of oral intake of radioactivity, =
1,3- 102 uSv - Bq' [28];

¢t — is the average concentration of '’Cs, meas-
ured in milk samples in the passported settlements
in the current year, Bq - L'; (Fig. 3);

ME¢, — is cesium milk equivalent for representa-
tives of the critical group, determined based on the
results of radioecological and dosimetric monitor-
ing carried out during dosimetric passportization
in previous years, L - day'.

300
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PucyHok 3. Po3nogin KoHueHTpauii pagioHykniga *’Cs y monoui npuBatHux rocnogapcte y HNM 3T/B Ta 3[AB

3a pesynbTatamu fo3uMeTpuyHoi nacnoptusauii 2011 p.

Figure 3. Distribution of *’Cs concentration in private farms milk from the settlements of ZU(0O)R and ZGVR
according to the results of dosimetric passportization in 2011

ITing MoJIoUHMM eKBiBaJIeHTOM MalOTh Ha yBa3i Tirore-
TUYHE A00OBE CIIOXXMBAHHS MOJIOKA, BUPOOJIEHOrO Y
NpUBAaTHUX TOCIOJAPCTBAX HACEJIEHOro MYHKTY (JIITpiB
Ha 100y), IKe MOIIO 0 3a0e3MeYNTH HAIXOMKEHHS B Op-
raHi3M TOYHO TaKoi X KiTbKocTi pagionykiiga '¥’Cs (1e-
3i€EBUII MOJIOYHUMI eKBiBajieHT) abo *’Sr (CTpOHIIEBUIA
MOJIOUHMIA €KBiBaJIEHT), SIK i BECh palliOH JIOAUHU.

LleszieBuit MmojiouHMit ekBiBajieHT M E¢s OyJjio po3paxo-
BaHO 3a JaHUMU MoJoyHOro Ta JIBJI-MOHITOpUHTIB, 1110
MPOBOJAMINCH T 4Yac AO3UMMETPUUYHOI MacmopTU3allii
HIT Ykpainu 2005—2013 pokiB (puc. 4). BiH obuuciio-
BaBCd K 95 % KBaHTUIIb PO3IIOALTY IHHHBLI[yaIIbHI/IX MO-
JIOUHUX eKBiBaJIeHTIB M E S'J MEIIKaHIiB perioHy' crap-
mux 8 poKiB, y SKuX MpoBoauynch JIBJI-BumiproBaHHS
B 3a3HAYEHUU TIepiox;

T _
MECSL -

C

The milk equivalent refers to the hypothetical
daily consumption of milk produced in private farms
of the settlement (liters per day), which could ensure
the entry into the body of exactly the same amount
of radionuclide '’Cs (cesium milk equivalent) or *Sr
(strontium milk equivalent), as the entire human diet.

The cesium milk equivalent ME¢s was calculated
based on the data of milk and WBC monitoring
conducted during the dosimetric passportization
of Ukrainian settlements in 2005—2013 (Fig. 4). It
was calculated as the 95% quantile of the individ-
ual milk equivalents M E. " distribution among the
residents of some reglon older than 8 years who
had WBC measurements during the time period is
specified above:

WBCT,j  ja

Q;

Cs (8)

m,T,j
Cs

"Mip, perioHom MatoTh Ha yBa3i a60 6e3nocepenHbO HACeNEHMi MYHKT (y pasi Hasis-
HocTi y HboMmy He MeHwe 20 J1BJl-BumipioBaHb y 20052013 pokax) abo
aaminicTpaTueHMiA paitoH 1o 2020 p.

"By region is meant either the settlement (if it has at least 20 WBC meas-
urements in 2005—2013) or the administrative district before 2020
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TA JO3UMETPIA
ne _
QLWB CTJ _ akTUBHICTD iHKopriopoBaHoro *’Cs B opra-

Hi3Mi i-ro MetkaHug j-ro HIT y poui 7, bk;
Cg; T cepeHbOPIYHA KOHILIEHTPALis PagioHyKIIiaa
37Cs, BuMipsiHa y mpobax mojioka B j-my HII y pori 7,
bk -1l

¢, — crajia HaliBBMBEICHHSI LIE3i0 3 OpraHi3My 0cobu
BiKy a, 106a"' (st oci6 crapiunx 18 pokis A5 = 0,0063,
I migniTkiB 13—17 pokis /113 7= ,0075, nnga miteit
8—12 pokis 13512 =10,014).

SIK110 KimBKiCTh BUMIipIOBaHb KoHIeHTpamii 'Y'Cs y
npodax MoOJIOKa y MOTOUHOMY polli 7" HemocTaTHS ISt
3acTocyBaHHs (opmyiu (7), 103a BHYTPIiIlTHBOTO OIPO-
MiHeHHs Bin 'Cs Moxe OyTH po3paxoBaHa 3 BUKOPHUC-
TaHHAM KOeQIIli€EHTIB TIepexony «IPYHT—MOJIOKO» [18]

3a (popMyIIoIO:

where
QWBC TJ s activity of incorporated '*’Cs in the
body of the resident / of settlement j in year T, Bq;
Cg; T _ s average annual concentration of radio-
nuclide 'Cs, measured in milk samples in settle-
ment jin year T, Bq - L;
/'l% s —is biological half-life of cesium in the human
body for person at the age a, day™ (A113=0.0063 for
adults, Al3 17=0.0075 for teenagers at the age of
13—-17, /18 12 =(.014 for children at the age of 8—12).
If the number of measurements of '’Cs concen-
tration in milk samples in the current year 7'is not
sufficient to apply formula (7), the internal radia-
tion dose from '“’Cs can be calculated using the
«soil-milk» transfer factor [18] according to the

equation:

DI = 365 - EX - TFqg - ME¢s - 088 - ke )

Ie

TFcs — Koe(illieHT mepexoay «IPYHT—MOJIOKO» [IJIst
esito y BinmosigHomy HII, bk - 17! Ha Kbk - M (puc. 5);
kcs — Kopurylounii KoedillieHT, SIKWI BpaXOBYE paio-
akTuBHUI posnan ’Cs micis 1986 p., 6/p (tabim. 3).

YV dopmyii (9) 3acTOCOBYIOTHCSI KOHCEPBAaTUBHI OIliH-
ku koedinienta TFe. BiH mOpiBHIOE BiTHOIIEHHIO Ce-
pelIHbOI KOHLIeHTpallil pagionykJiiga *7Cs y mpobdax Mo-
Jloka, Bigiopanux B ganomy HII, go miisbHOCTI 3a0pya-

where

TFcs — is cesium «soil—milk» transfer factor in the

settlement, Bq - L' per kBq - m (Fig. 5);

ks — is correction factor, which takes into account the

13Cs radioactive decay after 1986, unitless (Table 3).
The conservative estimates of the coefficient

TFcs are used in equation (9). It is equal to the ratio

of the average '“’Cs concentration in milk samples

taken in the passported settlement to the 'YCs
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PucyHoK 5. Kapra po3noginy KoediuieHta nepexopy pagioHykniga **’Cs 3 rpyHty B Mosioko y 2005-2013 pp.

vy HM 36(0)B Ta 3rB]

HeHHs IpyHTY 1boro X HIT pagionykiigom *’Csy 1986 p.
ITpu pospaxyHky TFcs BUKOPHMCTOBYBAaBCh ycepeaHEHa
KOHIIeHTpalist pagioHykiina '¥7Cs y mpobax MojioKa, OT-
pUMaHMX 3a pe3yJbraTaMy paaioeKOoJIOTiYHOTO MOHITO-

ground fallout density in 1986 at some settlement.
For calculating TFc, the average '¥’Cs concentra-
tion in milk samples obtained from the results of
radioecological monitoring of previous years
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Figure 5. Distribution of **’Cs «soil-milk» transfer factor for the settlements of ZU(0)R and ZGVR in 2005-2013

Ta6nuusa 3

3HayeHHA KoediuieHTa kcs AnA pisHUx pokiB nicna aBapii Ha YAEC

Table 3

Values of correction factor k¢ for different years after the accident at the Chornobyl nuclear power plant

Pik / Year kes

2023 0,43
2024 0,42
2025 0,41
2026 0,40
2027 0,39
2028 0,38
2029 0,37
2030 0,36

PUHTY TorepenHix pokis (2005, 2006, 2007, 2008, 2011,
2012 ta 2013) y nanomy HIT [10—14].

Pucynku 4 ta 5 1eMOHCTPYIOTh, 110 1I€3i€BMIT MOJIOY-
HUI eKBiBaJIeHT OOEpPHEHO MPOIOPLIMHUNA 10 Koedi-
IiEHTa MEPeXony «IPYHT—MOJIOKO» y BinmoBigHomy HII.
B HacesleHMX IMyHKTax 3 BUCOKUM KOe(illiEHTOM Iepexo-
oy pamionykiinmy 'YCs 3 IpyHTYy B MOJIOKO (ITiBHIUHI
perionn BonuHcbkoi Ta PiBHeHCHKOI obGjacrteit) croc-
TEpIra€Tbes SIK MPaBUJIO BiTHOCHO HM3bKMI MOJIOYHUIA
€KBiBaJICHT i, HABMNAKMW, — BiTHOCHO BUCOKOMY MOJIOYHO-
My eKBiBaJeHTy (miBmeHHi perioHn KwuiBchkoi 00JacTi)
BigmoBigaioTe HII 3 HU3BKMM Koe(dilliEHTOM Tepexomy
«IPYHT—MOJIOKO». YMM BUWIIMIA MOJOYHUI €KBiBaJICHT,
TUM MeHIIe pagioHyKJIiaiB 'Cs moTparuisie 10 opraHizmy
JIIONVHM BJIaCHE 3 MOJIOKOM i TUM MEHIIMM € BHECOK MO-

) 124

(2005, 2006, 2007, 2008, 2011, 2012 and 2013) in
this settlement is used [10—14].

Figures 4 and 5 demonstrates inverse propor-
tionality of cesium milk equivalent to the «soil—
milk» transfer factor in the same settlement. In
the settlements with a high value of «soil—milk»
transfer factor (for example, northern regions of
Volyn and Rivne Oblasts), a relatively low milk
equivalent is observed as a rule, and backwards —
a relatively high milk equivalent (for example,
southern regions of Kyiv Oblast) corresponds the
settlements with a low values of transfer factor.
The higher milk equivalent value, the less ¥’Cs
intake is to human body in fact with milk and the
smaller contribution of milk exposure path to the
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JIOUHOTO LJISIXYy Y JA03Y BHYTPIlLIHHOTO OIPOMiHEHHS.
OCKilbKM 3a CTaTUCTUYHUMU JTaHUMM OCTAHHiX POKiB
nepeBakHa OLIbIIICTh HACEJIEHHSI CIIOKMBAE B CePEeAHb-
oMy He Oiiblie 1 J1iTpa MOJIOKA Ta MOJIOYHUX MTPOAYKTiB
Ha aeHb [45], To misg HII, y skux 11e3i€eBrii MOJIOYHMIA eK-
BiBaJICHT TepEeBUILYE 2 J1 HA 100y, MOJOYHUM 1UISIX OIl-
poMiHeHHS He € ocHOBHUM. TooTto y HII 3 BUcokum mo-
JIOUHUM eKBiBaJIeHTOM OiJbIIicTh pamioHykminiB ’Cs
HaIXOAUTh HE 3 MOJIOKOM (SIKE € BiTHOCHO UMCTUM), a 3
IHIIMMM TIPOAYKTAMM XapuyyBaHHS, HaNpUKIIamd, 3 Jico-
BUMU rpudbaMu, rogaMmu ado TUYMHOIO TOLIO.

OuiHka NnacnopTHOT 4,031 BHYTPILWHbLOrO
onpomiHeHHs Bip, °°Sr
OcobmuBicTh (hopMyBaHHsI J03M BHYTPILLIHBOIO OII-
pominerHst DI (MK3B) 3a paxyHOK CIIOKMBAHHS 3a0-
PYIHEHUX PadiOHYKIimoM *°Sr MpOAYKTIB XapyyBaHHS
noJisira€ B TOMY, 110 peallizallisi MOBHOI /103U, HaBiTh
micyisi OAHOPA30BOr0 HAAXOMKEHHSI JTaHOTO paJioHYyK-
Jliga, BimOYBA€ThCs IPOTSITOM NECATKIB pokiB. ToOTo,
MPOTSITOM JAHOTO POKY Peali3ye€ThCsl TUTBKU BiZHOCHO
HEBeNMKa YacTUHA 103U, OOYMOBJIEHA HAIXOMXKEHHSIM
o opraHizmy °Sr, Tomi IK 3HaYHA YacTWHA IIi€l J03U
(opMy€eTbCsT TIPOTIroM pelTd XUTTS. PaKTUIHO
neTbcst Mpo OuiKyBaHY €(DEKTUBHY 103y BHYTPIiIlTHHOTO
OINpPOMiHEHH. 3riTHO 3 PEeKOMEHIALiIMU Ta IPaKTU-
koo MKP3 [28] piuna ouikyBaHa e(eKTUBHA 103a Bil
%Sr yBaKa€TbCs OTPUMAHOIO B TOMY pOIli, B SIKOMY
BiOy/10Ch HAIXOKEHHS CTPOHILIIO.

3a HasIBHOCTi Y IOTOYHOMY POLIi pe3yJIbTaTiB BUMipIO-
BaHb KOHIIEHTpAIIil pagioHyKJiga *Sr y mpodax MojaoKa
B HII, o macnoptusyerbes (He MeHIe 2 00’ eqHaHUX
npo0), piuHa ovikyBaHa e(heKTUBHA 1032 BHYTPIiIlIHHOTO
onpoMiHeHHs BiJl St po3paxoBy€eThCs 32 (POPMYJIOIO:

int _
DSr -

e
ngt — no3oBuii koediuieHT MKP3 BHYTpIilLIHBOTO OII-
pOMiHEHHS Bif St ST TOPOCINX 0Ci0, BU3BHAYAETHCS SIK
edeKTHBHA 1032 Ha OJMHUIIIO MEPOPaIbHOIO HAIXOM-
>KEHHSI PalioOaKTUBHOCTI, Esl?t =2,8-10?Mk3B - bk [28];
cg’; — cepenHs KoHLeHTpalis Sty npobax mojioka HIT,
1110 MacropTu3yeThest, bk - 17! (puc. 6);
MEgs, — CTpOHLIIEBUIT MOJTOYHMIA €KBiBaJICHT JIJISI TIPEJIC-
TaBHMKIB KPUTUYHOI TPYIH, 3HAYESHHS SIKOTO OL[iIHIOETh-
cs K 1,6 1 - oba! g Beix HaceaeHux nyHKTiB 36(0)B
ta 3AI'B [3].

3a BiICYTHOCTi a00 HEIOCTAaTHBHOI IJIs 3aCTOCYBaHHS
(opmynu (10) KinbKOCTi BUMiptoBaHb KOHIIEHTpaIlii *°Sr
y IIpo0ax MOJIOKa Y TIOTOYHOMY POLIi, 4034 BHYTPILLIHBO-
To ONMPOMiHEHHS Bif *°Sr MoxXe OyTH po3paxoBaHa 3 BU-

365 - EMt . ¢ - ME,

internal radiation dose. According to statistic data
of recent years, the vast majority of population
consumes on average less than 1 liter of milk and
dairy products per day [45], so for settlements
where the cesium milk equivalent exceeds 2 liters
per day, the milk exposure path is not principal. It
means in the settlements with a high milk equiva-
lent, most of '¥’Cs radionuclides do not come with
milk (which is rather pure), but with other food
products, for example, with wild mushrooms, ber-
ries or game, etc.

Estimation of passport dose from internal
exposure from °°Sr _
Formation of internal radiation dose Ds”r” (LUSv)
due to the consumption of foods contaminated
with radionuclide *Sr have a feature, that the full
dose realization even after a single intake of this
radionuclide, takes place over tens of years. It
means during first year after *°Sr intake into body,
only a relatively small part of the dose is realized,
while a significant part of this dose is formed dur-
ing the rest of life. In fact, the expected effective
dose of internal exposure is meant. According to
the recommendations and practice of ICRP [28],
it is considered that annual expected effective
internal dose from %Sr received in the year of
strontium radionuclide intake.

If the results of radionuclide **Sr concentration
in milk samples measurements in the passported
settlements are available in the current year (at
least 2 combined samples), the annual expected
effective dose of internal radiation from *°Sr is cal-
culated according to the formula:

(10)

where

EI _ s dose coefficient of ICRP of internal expo-
sure from *Sr for adults, defined as the effective
dose per unit of oral radioactivity intake,ng?tZ
2.8:102 uSv -Bq' [28];

cd* — is the average concentration of *Sr in milk sam-
ples in the passported settlements, Bq - L' (Fig. 6);
MEgs, — is strontium milk equivalent for represen-
tatives of the critical group, which value is estimat-
ed as 1.6 L - day' for all settlements of ZU(O)R
and ZGVR [3].

When the number of **Sr concentration meas-
urements in milk samples in current year is absent
or insufficient for formula (10) application, the
internal radiation dose from *Sr can be calculated
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PucyHoK 6. Po3nopain koHueHTpauii pagioHykniaa °°Sry monoui npusartiux rocnoaapcrs y HM 36(0)B ta 3[B
3a pe3ynbTatamu A03UMEeTpUYHOT nacnopTu3auii 2011 p.

Figure 6. Distribution of *°Sr concentration in private farms milk from the settlements of ZU(O)R and ZGVR
according to the results of dosimetric passportization in 2011

KOPUCTAaHHSAM KOeQIiIli€EHTIB TIepexony «IpyHT—Moyio-  using the «soil-milk» transfer factors according to

Ko» 3a (OpMYyJIOI0: the formula:

DI = 365 - EX* . TFg, - MEg, - 089 - kg, (11)
ne where
TFs. — xoe(dilieHT Tiepexoay «IpyHT—MoJoko»  TFs — is strontium «soil—to—milk» transfer factor

ctpoHiio y nanomy HII, bk - 17! Ha Kbk - M2 (puc. 7);  in the settlement, Bq - L' per kBq - m? (Fig. 7);
0'58r6 — MIJIBbHICTh BUNafinb *Sr Ha rpyaTi HII, 110 mac- Ugf’ — is ®Sr ground fallout density in the settlement

nmopTusyeThest, y 1986 p., Kbk - Mm% passported in 1986, kBq - m;
ksr — Kopurytoumnii KoeillieHT, IKMI1 BpaXoOBYe pamio- ks — is correction factor, which takes into account the
aKTUBHUI po3nan *Sr micis 1986 p., 6/p (1ada. 4). »Sr radioactive decay after 1986, unitless (Table 4).
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Figure 7. Distribution map of the *°Sr «soil-milk» transfer factor for the settlements of ZU(0)R and ZGVR in
2005-2013
Ta6nuus 4
3HaveHHA KoediuieHTa ks, ANA pi3HUX poKiB nicna aBapii Ha YAEC
Table 4
Values of correction factor ks, for different years after the accident at the Chornobyl Nuclear Power Plant
Pik / Year Ksr
2023 0,41
2024 0,40
2025 0,39
2026 0,38
2027 0,37
2028 0,36
2029 0,36
2030 0,35

Koediuient nepexony TFs- y dopmyni (11) Bu3HA-
YA€EThCS SIK BiTHOILIEHHSI cepelHbol KOHLEHTpallii St y
npobax Mojoka, Bigiopanux B gaHomy HII, 1o uiiib-
HOCTI 3a0pyaHeHHs IpyHTY Hporo x HIT *Sry 1986 p.,
ITpu po3paxynky TFs- BAKOPUCTOBYBaJIaCh MaKCUMalb-
Ha cepelHbOpiYHA KOHLEHTpallid pagioHykiiga *Sr y
npo0ax MOJIOKa, OTpMMAaHUX 3a pe3yIbraTaMy PalioeKo-
JIOTIYHOI0 MOHITOPMHTY TorepeaHix pokis (2005, 2006,
2007, 2008, 2011, 2012 ta 2013) y nanomy HIT [10—14].

PE3VYJIBTATU TA OBI'OBOPEHHS

HoBa meromnka, abo Metonnka-2023 mo3mMeTpuIHO1
nacnoptusanii HIT Ykpainu omucye anroputm pospa-
XyHKy macrioptHoi no3u HII. BoHa BpaxoBye cyyacHy
pagioekoJyioriyHy cutyauiro Ha P3T Ta HakonuyeHuUit 3a
OCTaHHI JecaTHUpiuds HayKOBWI JOCBIiA y cdepi 1031-

Transfer factor TFs, in formula (11) is defined as
the ratio of average *’Sr concentration in milk sam-
ples taken in the settlement to the *Sr ground fall-
out density in 1986 at some settlement. For calcu-
lating 7Fs,, the maximum annual *Sr concentra-
tion in milk samples obtained from the results of
radioecological monitoring of previous years
(2005, 2006, 2007, 2008, 2011, 2012 and 2013) in
this settlement is used [10—14].

RESULTS AND DISCUSSION

The new methodology, or Methodology-2023, of
dosimetric passporting of settlements of Ukraine
describes the algorithm for calculating the passport
dose of settlements. It takes into account the cur-
rent radioecological situation at the RCT and the
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MeTpii Ta pagionoriyHoro 3axucty. OCHOBHi BiIMiH-
HOCTi p0o3p00JIeHOI HOBOI METOAMKM MTOPIBHSIHO 3 PO3-
poGiieHoro maiike 30 pokiB ToMy MeToanko-96 [3]
MOJISITAIOTh Y HACTYITHOMY.

ITo-nmepure, Metoauka-2023 IpyHTYETbCS Ha pe-
3yJbTaTax paaioeKOJIOTIYHOI0 i JO3UMETPUUYHOIO
MOHITOpUHTIB, 10 npoBomuymicad Ha P3T y mepion
2005—2013 pp., Toxi gk 3a MeToanko-96 macrnopTHi
03U OLiHIOBAJIUCh, BUXOISIYU 3 PAJdiOCKOJIOTiUHOIO
CTaHy IIOCTpaXIaJIuX TEPUTOPIil IIEPIIOTO HeCsI-
tupivas mmicns aBapii Ha YAEC. e, 3pemroro, mmpus-
BEJIO 10 TOro, 110 3 yacoM y HII 3 BiTHOCHO BUCOKUM
KoediuieHTOM Tepexony paaioHykiina '¥’Cs 3 IpyHTY B
Mosioko (B ocHoBHOMY 1ie HIT BosnuHcbhkoi Ta PiB-
HEHCBKOI oOacTeit, nuB. puc. 5) Metonuka-96 3aBu-
IIyBajla IMacHoOpTHI J03M, a y perioHax 3 BiIHOCHO
HU3bKUM KOe(illiEHTOM Iepexoay, HaBIMakKu — 3aHU-
KyBausa (Tabi. 5).

[lo-mpyre, y Metomuii-2023 mpu po3paxyHKy I1ac-
MOPTHOI J03M BHYTPILLIHBOTO OIpoMiHeHHS Bim 'Y'Cs
MNpiOpUTET HAJAEThCsl Oe3mocepeHbO pe3ybTraTaM
JIBJI-BumMipioBanb. ¥ Metonuii-96 pesyasratu JIBJI-
BUMipIOBaHb BUKOPUCTOBYBAJIUCH JIMIIE MJIsI KOHTPO-
JIIO SIKOCTi J030BMX OLiHOK. Lle 3yMOBMIO 3MillleHHS
MaCIIOPTHUX 103 BHYTPIIlTHBOTO OIPOMIHEHHSI, po3pa-
XOBaHUX 3a MeToaMKoI0-96 Mo BiTHOIIEHHIO A0 103
onpoMiHeHHs, oouuciieHux 3a ganumu JIBJI-Bumipio-
BaHb, SIKi Hapa3i € HalOiIbII JoCTOBipHUMU. Hampuk-
JIaj, 3a JAaHWMM 3arajbHOJ03MMETPUIHOI ITacIIOPTH-
3awii 2011 p. [13], macnopTHi 103U BHYTPILLIHHOTO OM-
pominenHs Big '¥’Cs y BommHcebkiit Ta PiBHeHCBKIIT 00-
JIACTSIX B CEpPeIHbOMY B/IBiUi ITepeBUIILYBaIU 103U, OT-
puMaHi 3a gonomMororo JIBJI-BumipioBaHb y LIUX 00-
JIACTSIX, a MACIOPTHI 1031 BHYTPILLIHBOTO OMPOMiHEH-
Hs y ZKutomupcebkiid Ta KuiBebkKili obyacTsix, HaBIa-
KM, Oyu B cepenHboMy Y 1,6 paza meHui 3a JIBJI-go-
31 y UMX perioHax (puc. 8).

Xoua y Meroaui-2023 11e3i€Bi MOJIOYHi eKBiBaJleH-
™ (puc. 4) BU3HAYEeHi TAKUM YMHOM, 110 JJO3U BHYT-
PILTHBOTO OIMPOMiHEHHS Bin iHKopropoBaHoro '’Cs,
po3paxoBaHi 3a manumu JIBJI-BumiproBaHb (6) Ta 3a
JaHUMM MOJIOYHOTO MOHITOpUHTY (7), ISt OiABLIOCTI
HII maitxe cniBnagaiors (puc. 9), y vactuxi HII mi
JIO31 BCE K TaKW CYTTEBO Bipi3HsIOThCs. Lle mos’s3a-
HO 3 TuM, 1o Yy HII 3 BUCOKUM 1ie3i€BUM MOJOYHUM
eKBiBAJICHTOM OiNbIIiCTh pamioHykJIiaiB '*’Cs Hagxo-
IIThb IO OpraHi3My JIOAMHU HE 3 MOJOKOM (SIKE €
BiITHOCHO YMCTUM), a 3 iHIIMMU TPOAYKTAMU Xapuy-
BaHHsI, HATIPUKJIAM, 3 JTiCOBUMU IpUOAMHU Ta SITOaMU.
OueBuaHo, 1o mis takux HIT dopmyna po3paxyHKy
MacTIOPTHOI A03W BHYTPIIIHBOTO omnpoMiHeHHS (7),

scientific experience accumulated over the past
decades in the field of dosimetry and radiological
protection. The main differences of the developed
new methodology compared to the Methodology-96
[3] developed almost 30 years ago are as follows.
First, Methodology-2023 is based on the results of
radioecological and dosimetric monitoring carried
out at the RCT in the period 2005—2013, while
passport doses according to Methodology-96 were
estimated based on the radioecological condition of
the affected areas in the first decade after the Chor-
nobyl NPP accident. This ultimately led to the fact
that, over time, Methodology-96 overestimated the
passport doses in settlements with a relatively high
rate of transfer coefficient of the '¥’Cs radionuclide
from soil to milk (mainly settlements of the Volyn
and Rivne Oblasts, see Fig. 5), and in the regions
with a relatively low rate of transfer coefficient, on
the contrary, it was underestimated (Table 5).
Secondly, in Methodology-2023, when calculating
the passport dose of internal exposure from '’Cs,
priority is given to direct results of WBC measure-
ments. In Methodology-96, the results of WBC
measurements were used only for quality control of
dose estimates. This led to a shift in the passport
doses of internal radiation, calculated according to
Methodology-96, in relation to the radiation doses
calculated according to WBC measurements, which
are currently the most reliable. For example,
according to general dosimetric passportisation data
of 2011 [13], the passport doses of internal radiation
from 'Cs in Volyn and Rivne Oblasts on average
twice exceeded the doses obtained using WBC
measurements in these regions, and the passport
doses of internal radiation in Zhytomyr and Kyiv
Oblasts, on the contrary, were on average 1.6 times
lower than WBC doses in these oblasts (Fig. 8).
Although cesium milk equivalents (Fig. 4) are
defined in the Methodology-2023 in such a way that
the passport doses of internal exposure from incorpo-
rated '¥’Cs, calculated on the basis of WBC measure-
ments (6) and on the basis of milk monitoring data
(7), on average, coincide for all regions (Fig. 9), in the
part of the settlements, these doses differ significantly.
This is due to the fact that in settlements with a high
rate of cesium milk equivalent, most of the 'Cs
radionuclides enter the human body with non-milk
food products, for example, with wild mushrooms
and berries, rather than with milk (which is relatively
clean). It is obvious that the formulas for calculating
the passport dose of internal exposure (7)—(9), which
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Ta6nuusa 5
MNopiBHAHHA cepeAHiX NacNOpPTHMX A03 BHYTPilIHbOrO (D™*#29%%, D'":"96) ta cymapHoro (D%, D"*°) onpomiHeHHs,
po3paxoBaHuMX 3a faHUMMU MOHiTOpUHry 2011 p. 3a Metoaukoio-2023 Ta MeToaunKoto-96 BignoBigHoO

PaiioH TepuTopianbHa KinbkicTb "“ICs varpynti  '¥'Cs B Monoui ~ D™»M2028  pM2023 pyntM2023 pjM2023
rpomaga nacnopt. HN 1986 p., kbk-m?2 2011 p.,Bk-n' ™38 m3s D™M* pWe
BonuHcbka o6nactb (165 HM)
KamiHb-Kawmpcbkui KamiHb-Katwmpcbka 54 25 30 0,18 0,22 0,77 0,86
JliobeLiBcbka 41 20 24 0,12 0,16 0,67 0,79
MaHeBuLbka 35 27 38 0,19 0,24 0,56 0,65
MpunicHeHcbka 11 26 52 0,19 0,23 0,48 0,55
ColmyHeHcbka 12 34 28 0,17 0,24 0,79 0,92
Jlyupkuii KonkiBcbka 12 32 21 0,11 0,17 0,50 0,65
XXutomupcbka o6nactb (290 HIT)
KopocTteHcbkuin binokoposuupka 3 129 74 0,12 0,36 1,48 1,64
[naaKoBuLbka 5 176 20 0,49 0,82 2,23 2,04
lopumkiBcbka 4 155 2,5 0,10 0,39 2,01 1,77
KopocTeHcbka 17 257 21 0,17 0,65 1,52 1,59
JlyruHcbka 35 190 15 0,21 0,56 2,23 1,83
ManuHcbka 1 550 2,3 0,10 1,13 2,67 1,79
Hapoavubka 36 239 15 0,28 0,72 2,79 1,94
OBpyLbka 60 141 18 0,34 0,60 2,17 1,91
OneBcbka 43 108 21 0,24 0,44 1,46 1,56
CnoBeyaHcbka 32 116 25 0,51 0,72 2,41 2,08
Yiwomumpcbka 3 249 12 0,11 0,57 1,36 1,59
Hosorpag-BonnHebkuii  bapalwiscbka 20 25 34 0,45 0,50 1,52 1,59
F'opoaHuLbKa 7 42 1 0,15 0,23 1,52 1,58
EMinbunHCbKa 18 68 29 0,37 0,50 1,54 1,63
Yuxiscbka 6 42 32 0,48 0,56 2,18 2,01
Kwiecbka o6nactb (28 HM)
BinouepkiBcbkuit I'pebiHkiBCbKa 1 1,0 0,12 0,78 2,86 1,85
PokuTHgHCbKa 1 291 1,7 0,17 0,71 2,99 1,92
TapaluaHcbka 4 333 3,0 0,16 0,78 3,27 1,92
YauHcbka 2 409 1,6 0,18 0,94 1,58 1,70
Buwwropoacbkuii |BaHKiBCbKa 17 125 15 0,60 0,84 2,78 2,38
[Jumepcbka 1 138 3,4 0,07 0,33 0,91 1,45
Monicbka 2 96 17 0,71 0,89 4,64 3,16
PieHencbka ob6nactb (270 HM)
Bapacbkuii AHTOHIBCbKA 4 64 28 0,16 0,28 0,54 0,79
Bapacbka 17 61 39 0,23 0,34 0,59 0,78
Bonoaumupelibka 20 4l 28 0,19 0,32 0,65 0,88
3apiyHeHcbka 30 70 63 0,34 0,47 0,79 0,94
KaHoHwMLbKa 5 80 16 0,10 0,25 0,51 0,85
JlokHMLbKa 20 69 38 0,21 0,34 0,80 1,00
lMonmubka 8 53 14 0,11 0,20 0,51 0,77
Paganicbka 7 51 12 0,09 0,19 0,49 0,76
CapHeHcbKuit bepesiBcbka 10 59 110 0,54 0,65 0,71 0,80
BupiBcbka 12 59 52 0,20 0,31 0,62 0,78
BucoLbka 9 131 13 0,23 0,47 1,86 1,76
[Jly6poBuLbka 39 93 15 0,16 0,33 1,13 1,37
KneciBcbka 6 102 103 0,30 0,49 0,44 0,61
Munsiupka 9 133 57 0,46 0,70 1,30 1,40
HemoBuLbka 6 59 26 0,13 0,24 0,56 0,83
PokuTHiBCbKa 25 94 27 0,19 0,37 1,29 1,36
CapHeHcbka 30 54 27 0,12 0,22 0,53 0,81
Crapocinbcbka 4 96 338 1,03 1,21 0,43 0,49
CrenaHcbka 9 33 57 0,05 0,11 0,51 0,86
Cymcbka o6nactb (2 HIM)
LLlocTKMHCHKWiA LlocTkmHCbKa 2 127 6,3 0,11 0,35 1,77 1,75
Yepkacbka o6nactb (4 HIM)
3BEHUIrOpOACHKUIA BaryTiHcbka 1 352 1,0 0,06 0,72 4,18 1,83
3BEHMropoachbka 1 262 1,0 0,06 0,55 4,18 1,85
JIncsaHcbka 1 344 1,0 0,06 0,70 4,82 1,84
YepkacbKkuid BobpuLbka 1 232 1,0 0,06 0,49 4,18 1,87
YepHiseubka o6nacts (1 HM)
YepHiBeLbkuit BepeHyaHchbka 227 5,2 0,15 0,57 3,68 2,02
YepHiriscbka oonactb (42 HIM)
KoptokiBCbkuii Koptokiecbka 1 53 20 0,08 0,18 0,57 0,89
CocHuLbka 1 145 73 0,28 0,55 4,56 2,54
Hosropoa-Cisepcbkuii  CeMeHiBCbka 5 83 21 0,33 0,48 2,14 1,98
YepHiriBcbkuit l'oHyapiBcbka 5 45 18 0,36 0,44 2,04 1,97
[lecHsHCbKa 5 45 6,7 0,12 0,21 1,44 1,59
[HinpoBcbka 1 62 13 0,35 0,47 3,03 2,55
Jliobewpka 10 167 71 0,18 0,49 2,14 1,89
Mwxaiino-Kouo6uHebka 12 89 13 0,11 0,28 1,23 1,40
PinknHcbka 2 32 5,1 0,12 0,18 2,17 2,02

HM, y saxux B 2011 poui He NnpoBoAUBCS paaiauiitHuii MoHiTopuHr (125 HI)
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Table 5
Comparison of average passport doses of internal (D"?°%, D"*#%¢) and total (D"?°?, D"*°) exposure, calculated
by Methodology-2023 and Methodology-96 according to the results of monitoring in 2011

Raion Local community Number of '3Cs in the soil WCsin milk ~ D"™M2025  pM2023 pynt,M2025 ppi2023
(hromada) settlements 1986, kBq-m2 2011 p.,Bq-L' mSv  mSv D™M¥6 pMse
Volyn Oblast (165 settlements)
Kamin-Kashyrskyi Kamin-Kashirska 54 25 30 0,18 0,22 0,77 0,86
Lyubeshivska 4 20 24 0,12 0,16 0,67 0,79
Manevytska 35 27 38 0,19 0,24 0,56 0,65
Prilisnenska 11 26 52 0,19 0,23 0,48 0,55
Soshichnenska 12 34 28 0,17 0,24 0,79 0,92
Lutskyi Kolkivska 12 32 21 0,11 0,17 0,50 0,65
Zhytomyr Oblast (290 settlements)
Korostenskyi Bilokorovytska 3 129 74 0,12 0,36 1,48 1,64
Hladkovytska 5 176 20 0,49 0,82 2,23 2,04
Horshchikivska 4 155 2,5 0,10 0,39 2,01 1,77
Korostenska 17 257 21 0,17 0,65 1,52 1,59
Luginska 35 190 15 0,21 0,56 2,23 1,83
Malinska 1 550 2,3 0,10 1,13 2,67 1,79
Narodytska 36 239 15 0,28 0,72 2,79 1,94
Ovrutska 60 141 18 0,34 0,60 2,17 1,91
Olevska 43 108 21 0,24 0,44 1,46 1,56
Slovechanska 32 116 25 0,51 0,72 2,41 2,08
Ushomirska 3 249 12 0,11 0,57 1,36 1,59
Novohrad-Volynskyi Barashivska 20 25 34 0,45 0,50 1,52 1,59
Horodnytska 7 42 11 0,15 0,23 1,52 1,58
Yemilchynska 18 68 29 0,37 0,50 1,54 1,63
Chizhivska 6 42 32 0,48 0,56 2,18 2,01
Kyiv Oblast (28 settlements)
Bilotserkivskyi Hrebinkivska 1 352 1,0 0,12 0,78 2,86 1,85
Rokytnianska 1 291 1,7 0,17 0,71 2,99 1,92
Taraschanska 4 333 3,0 0,16 0,78 3,27 1,92
Uzynska 2 409 1,6 0,18 0,94 1,58 1,70
Vlyshgorodskyi Ivankivska 17 125 15 0,60 0,84 2,78 2,38
Dymerska 1 138 3,4 0,07 0,33 0,91 1,45
Poliska 2 96 17 0,71 0,89 4,64 3,16
Rivne Oblast (270 settlements)
Varaskyi Antonivska 4 64 28 0,16 0,28 0,54 0,79
Varaska 17 61 39 0,23 0,34 0,59 0,78
Volodymyretska 20 71 28 0,19 0,32 0,65 0,88
Zarichnenska 30 70 63 0,34 0,47 0,79 0,94
Kanonytska 5 80 16 0,10 0,25 0,51 0,85
Loknytska 20 69 38 0,21 0,34 0,80 1,00
Politska 8 53 14 0,11 0,20 0,51 0,77
Rafalivska 7 51 12 0,09 0,19 0,49 0,76
Sarnenskyi Berezivska 10 59 110 0,54 0,65 0,71 0,80
Viyrivska 12 59 52 0,20 0,31 0,62 0,78
Vlysotska 9 131 13 0,23 0,47 1,86 1,76
Dubrovytska 39 93 15 0,16 0,33 1,13 1,37
Klesivska 6 102 103 0,30 0,49 0,44 0,61
Myliatska 9 133 57 0,46 0,70 1,30 1,40
Nemovytska 6 59 26 0,13 0,24 0,56 0,83
Rokytnivska 25 94 27 0,19 0,37 1,29 1,36
Sarnenska 30 54 27 0,12 0,22 0,53 0,81
Starosilska 4 96 338 1,03 1,21 0,43 0,49
Stepanska 9 33 57 0,05 0,11 0,51 0,86
Sumy Oblast (2 settlements)
Shostkinskyi Shostkinska 127 6,3 0,11 0,35 1,77 1,75
Cherkasy Oblast (4 settlements)
Zvenihorodskyi Vatutinska 1 352 1,0 0,06 0,72 4,18 1,83
Zvenihorodska 1 262 1,0 0,06 0,55 4,18 1,85
Lysianska 1 344 1,0 0,06 0,70 4,82 1,84
Cherkaskyi Bobrytska 1 232 1,0 0,06 0,49 4,18 1,87
Chernivisi Oblast (1 settlements)
Chernivetskyi Verenchanska 227 52 0,15 0,57 3,68 2,02
Chernihiv Oblast (42 settlements)
Koriukivskyi Koriukivska 1 53 20 0,08 0,18 0,57 0,89
Sosnytska 1 145 73 0,28 0,55 4,56 2,54
Novhorod-Siverskyi Semenivska 5 83 21 0,33 0,48 2,14 1,98
Chernihivskyi Honcharivska 5 45 18 0,36 0,44 2,04 1,97
Desnianska 5 45 6,7 0,12 0,21 1,44 1,59
Dniprovska 1 62 13 0,35 0,47 3,03 2,55
Liubetska 10 167 71 0,18 0,49 2,14 1,89
Mykhailo-Kotsiubynska 12 89 13 0,11 0,28 1,23 1,40
Ripkynska 2 32 51 0,12 0,18 2,17 2,02

Settlements in which radiation monitoring was not carried out in 2011 (125 settlements)
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PucyHoK 8. BigHoweHHA A03 BHYTPilUHbOro onpomiHeHHA Bif iHKopnopoBaHoro “*’Cs, po3paxoBaHMX 3a
paHumu JIBJ1 BumipioBanb 2011 p., A0 NacnopTHUX A03 BHYTPilIHbOro onpomiHeHHA 3a 2011 p. ana HI
KuiBcbkoi Ta XutommpcbKkoi o6nacrei

Figure 8. The ratio of passport doses of internal radiation from incorporated **’Cs to internal doses calculat-
ed using WBC measurement data (for settlements of Kyiv and Zhytomyr Oblasts, 2011 year)
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PucyHoK 9. BigHoweHHA A03 BHYTPilIHbOro onpomiHeHHA Bif iHKopnopoBaHoro “*’Cs, po3paxoBaHMX 3a
tdopmynamu (6) Ta (7), (3a AaHumu JIBJ1- Ta Mono4Horo MoHiTopunris 2011 p.)

Figure 9. The ratio of passport doses of internal exposure from incorporated **’Cs, calculated using the equa-
tions (6) and (7) (by the results of WBC and milk monitoring in 2011)

sKa 0a3yeThcd Ha pe3yJibTaTaXx BUMIipIOBaHHS KOHIIeHT-  are based on the results of measuring the concentra-
pauii pamionykminy '’Cs y mpobax MoJjioka Ta Bukopuc-  tion of radionuclide '¥Cs in milk samples and use
TOBYE MOJIOUYHUI €KBiBaJIEHT, HE € peJieBaHTHOIO. Y Ha-  the milk equivalent, are obviously not relevant for
ceJIeHUX ITyHKTaX, J¢ 1Ie3i€BMII MOJIOYHUI eKkBiBaJieHT  such settlemens. Dosimetric monitoring in settle-
nepeBullye 3 1 Ha 100y (puc. 4), Wit OTpUMaHHS pejie-  ments where the cesium milk equivalent exceeds 3 L
BaHTHUX OLIIHOK TACIIOPTHUX J03 BHYTpilHbOro onpo-  per day (Fig. 4) should be carried out using whole
MiHEHHST HeOOXiTHO MPOBOAUTHY TO3MMETPUYHUI MOHI-  body counters to obtain relevant estimates of pass-
TOPUHT 3a IOIOMOIOI0 JIYMJIbHUKIB BUIIpOMiHIOBaHHS  port doses of internal radiation, and doses should be
JIIOIWHMU, a 1031 po3paxoByBaTH 3a (popmyaoio (6). calculated according to formula (6).
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ITo-tpete, y Metonuiii-96 nmacrmopTHa 103a BU3HA-
yajach K CepelHbO3BaXeHE IHIMBIIyalIbHUX 103
ycix memkanmiB HII. ¥ Merogumni-2023 nmacnoptHa
J103a BU3HAYAETHCS SIK 1032 ONPOMiHEHHSI PeTIpe3eH-
TaTuBHOI ocobu [35], ToOTO M03a, 11O OTPUMYIOTH
0co0M, sKi 3a3HaJIM HAKOUIBIIOrO ONPOMiHEHHS Ce-
pen mewkaHuiB HII, 3a BUHsITKOM 0cCi0, sIKi MalOTh
PiIKiCHI 3BUYKHU. Y BMITAIKY 30BHIIlTHHOTO OIIPOMi-
HEHHS IO KPUTUYHOI TPYIM HajiexXaTh OCOOM, 3aii-
HSITI Y CIIBCBKOTOCTIIOJAPChKUX pO00TaX, a y BUMAJKY
BHYTPILIHBOTO OIIPOMIHEHHSI — OCOOM, 1032 SIKUX
BinmoBimae 95 % XKBaHTWIIO PO3MOIiLIY H03 OIl-
poMiHeHHs popocaux MelkaHIiiB naHoro HIT. To6-
TO, Ha BiIMiHY BiJl IaCOPTHOI JO3U, PO3PaX0OBaHOI 3a
Meronnkoo-96, macnopTHa 103a HaceJIeHOIo ITyHK-
Ty, po3paxoBaHa 3a Metonukoro-2023, Oyae Biamo-
BizaTu Bumoram CratTi 18 3akoHy Ykpainu «I1po 3a-
XUCT JIIOAVHU Bill BIUIMBY iOHI3yI0UOrO BUIIPOMiHIO-
BaHHS» [35].

Pucynok 10 peMoHCTpye po3MoOnil A03 BHYT-
PILIIHBOTO OTIPOMiHEHHS Bill iHKOpIiopoBaHoro 'Cs
MelikaHuiB c¢. PariBka ITonicbkoi rpomaau Buiiro-
polcbKoro pailoHy KuiBchKoi 00JacTi 3a JaHUMU
JIBJI-BumipioBanb 2001 p. 3eneHa BepTHKalIbHa
JIiHis1 BiAIOBiga€e MacHOpPTHiA A03i BHYTPiLIHbLOTO
onpoMiHeHHs 1poro HIT (1 M3B), po3paxoBaHiii 3a
Mertonunko10-96, a yepBoHa JiHig — 1m03i (3 M3B),
po3paxoBaHiii 3a Metonukoo-2023. To6To, gKII0
TOBOPUTHU TIPO BHYTPIIlTHE onpoMiHeHHs, To y 2001

Thirdly, the passport dose was determined in
Methodology-96 as a weighted average of the indi-
vidual doses of all residents of the settlement. The
passport dose in Methodology-2023 is deternined as
exposure dose of a representative person [35], i.e.,
the dose received by persons who have experienced
the greatest exposure among the residents of the set-
tlement, with the exception of persons with rare
habits. In the case of external exposure, the critical
group includes persons engaged in agricultural
work. In the case of internal exposure, the critical
group includes persons whose dose corresponds to
the 95% quantile of the dose distribution of adult
residents in certain settlement. Thus, the passport
dose of a settlement, calculated according to
Methodology-2023, will meet the requirements of
Article 18 of the Law of Ukraine «On the protection
of humans from the effects of ionizing radiation»
[35], unlike the passport dose calculated according
to Methodology-96.

Figure 10 shows the distribution of doses of internal
exposure from incorporated 'Cs for residents of
Rahivka of Poliska local community (hromada) of
Vyshgorod raion of Kyiv Oblast according to WBC
measurements in 2001. The green vertical line corre-
sponds to the passport dose of internal exposure of
mentioned settlement (1 mSv), calculated according
to Methodology-96, and the red line — passport dose
(3 mSv), calculated according to Methodology-2023.
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empirical density of dose distribution
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PucyHok 10. Po3nogin inauBigyanbHux f03 BHYTPilUHbOro onpomiHeHHA Big iHKopnopoBaHoro **’Cs MewKaHLiB
c. Parieka Monicbkoi rpomaau Buwropoacbkoro panoHy Kuiscbkoi o6nacri (3a aaHumu JIBJ1-sumipiosanb 2001 p.)

Figure 10. Distribution of individual doses of internal exposure from incorporated **’Cs for residents of the
village Rahivka (Poliska local community of Vyshgorodskyi raion of Kyiv Oblast), according to WBC-measure-

ments made in 2001
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p. iHAUBiAYyaJIbHI 4031 MalixKe MOJOBUHU MELIKAHIIIB
c. PariBka mepeBMIIyBaJIM IMACHOPTHY J03Y LIbOTO
HII, a MakcuManbHa iHAWBiOyaJlbHA 1032 IepPeBU-
1yBajia macropTHy Maiixke B 11 pasis. SAxouy 2001 p.
nacrnopTHa J03a po3paxoByBajacsd 3a MeToauKOo
2023 (4epBoHa JiHisT), TO 95 % iHAMBITYyaTbHMX 103
ONPOMiIHEHHS XKUTENiB ¢. PariBka He riepeBUlLlyBaIu
0 macmopTHY J03y, a MaKCuMMajbHa iHIMBimyalbHa
Jl03a TepeBuIllyBajia O MacropTHY He OuIbIle HixX y 4
pasu.

Ha pucyHnky 11 npeacrapjieHO NOPiBHSIHHS Pe3yJib-
TaTiB po3paxyHKy macrioptHux no3 2011 p. Hacene-
Hux nyHKTiB 3b(0)B ta 3I'/IB. 3a MeTonnkor-2023
ta Metonnkoio-96. CaMe y oMy polli OyJ10 mpoBe-
JIEHO HAMOiIbII MacOBUIA 3a MOIEPeaHi eCsTh POKiB
€KOJIOro-103uMeTpuuHuii MoHiTopuHr HII, moct-
paxnanux BHacigok aBapii Ha HAEC [13]. byno Bu-
KOHaHO OJIM3bKO 24 TUC. BUMiplOBaHb KOHLIEHTpaLIil
9Cs ta 3,8 TMC. BUMipIOBaHb KOHIEHTpallii *Sr y
mpobax MoJioKa Ta KapTOIUli 3 MPUBATHUX TOCIHO-
napcts 1977 HII. I1pu iboMy SIKiCTh BUMipIOBaHb 3a-
Oe3neuyBajiach peTebHUM BiOOpPOM Ta IIiITOTOB-
KOI0 P00, CyBOPUM AOTPUMAHHSIM METOAUKU BUMi-
pIoBaHb 1 JOJATKOBMM 30BHIIIHIM KOHTPOJEM
SIKOCTi.

ITacnoptHi mo3u HII, po3paxoBani 3a Meronu-
K010-2023, B cepenHboMy 30inblmanchk Ha 40 %
MOPIiBHSIHO 3 J03aMM, pO3paxoBaHUMU 3a MeTonu-

So, concerning the internal exposure, the individual
doses of almost half of the residents of Rahivka
exceeded the passport dose of that settlement in
2001, and the maximum individual dose exceeded
the passport dose almost 11 times. If the passport
dose was calculated in 2001 according to Me-
thodology 2023 (red line), 95% of the individual
radiation doses of Ragivka residents would not
exceed the passport dose, and the maximum individ-
ual dose would exceed the passport dose no more
than 4 times.

During the ten-year period since 2002 the most
massive ecologo-dosimetric monitoring of settle-
ments affected by the accident at the Chornobyl
nuclear power plant was carried out in 2011. About
24,000 measurements of 'Cs activity and 3,800
measurements of *Sr activity in milk and potato sam-
ples from private farms located in 1,977 settlements
were performed. At the same time, the quality of the
measurements was ensured by careful selection and
preparation of samples, strict adherence to the meas-
urement methodology and additional external quality
control. Figure 11 shows a comparison of the results
of the calculation of passport doses in 2011 for settle-
ments of ZU(O)R and ZGVR by Methodology-2023
and Methodology-96.

Passport doses for settlements calculated by Me-
thodology-2023 increased on average by 40% com-
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PucyHoK 11. CniBBigHoweHHA nacnopTHux Ao3 2011 p. HaceneHux NyHKTiB YKpaiHu, wo Hanexarb a0 36(0)B
Ta 3B, po3paxoBaHux 3a Metogukow-2023 ta MetoanKkoto-96
A — cymapHa (BHYTPILLHS Ta 30BHILIHA) NacnopTHa £03a; b — nacnopTHa [03a BHYTPILHLOrO ONPOMIHEHHS.

Figure 11. Ratio of passport doses in 2011 for Ukrainian settlements belonging to ZU(0O)R and ZGVR, calcu-

lated by Methodology-2023 and Methodology-96

A — total (internal and external) passport dose; B — passport dose of internal exposure
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k010-96 [13]. Ilpu 1IbOMY MAaCHOPTHI TO3U BHYT-
PILLIHBOTO ONPOMiHEHHS, pOo3paxoBaHi 3a HOBOIO Me-
TOJMKOI0, 30iIbIIMIINCS B CEpeHbOMY B IiBTOpa pa-
3a, a 103U 30BHIIITHLOTO OINMpOoMiHeHHS — y 1,7 pa3a.
XapakTep BigMiHHOcTeil macmopTHoi mo3u HII
CYTTEBO 3aJIEKUTb Bifl perioHy: Y perioHax 3 BiITHOCHO
BUCOKNM KoeillieHTOM mepexony pagioHykiiga '¥’Cs
3 IpyHTY B MoJioko (BonuHchka Ta PiBHEHCBKA 00-
JIacTi) cymMapHa NacropTHa J103a B cepeTHbOMY MpakK-
TUYHO HE 3MiHWJIACh, 4 B perioHax 3 BiTHOCHO HU3b-
KM Koe(diIliEeHTOM Tiepexony (pemirta objacTeil) —
30inpIIMIach Makike BABiUi (Tabd. 5). B 3B’s13Ky 1ium,
kinbKicth HIT, y sxux B 2011 p. macnmopTHa 103a, po3-
paxoBaHa 3a Metoaurkoo-2023, nepeBulilyBajia BCTa-
HOBJIEHY 3aKOHOM Hopmy 1 M3B 30imbimrace g0 71
(Tabi1. 6), mpuuoMy OinbiricTs 3 uux HII po3sraiio-
BaHi y Kutomupcekiii Ta KHiBCBKill 001acTsIx
(puc. 12). 3ayBaxkumo, 1110 3a JaHMMU OCTaHHIX J0-
3uMeTpudHuX nacroptusauiii 2011-2013 pp. [46] Ha-
JiigyBajocs juiie 36 HacelleHuX IMyHKTIB (9 3 2Kuto-
MUpPCHKOi obsacTi Ta 27 3 PiBHEHCHKOIT) 3 103010 TT0-
Hazx 1 m3B.

Ta6nuusa 6

pared to doses calculated by Methodology-96 [13].
At the same time, passport doses of internal expo-
sure calculated according to the new methodology
increased on average in 1.5 times, doses of external
radiation — in 1.7 times. The nature of the differ-
ences in the passport dose of settlements significant-
ly depends on the region. The total passport dose did
not change on average in regions with a relatively
high transfer coefficient of *’Cs from soil to milk
(Volyn and Rivne Oblasts); that dose almost doubled
in regions with a relatively low transfer coefficient
(the rest of the oblasts) — (Table 5). In this regard,
the number of settlements in which in 2011 the pass-
port dose, calculated by Methodology-2023, exce-
eded the legally established limit of 1 mSv increased
to 71 (Table 6), and most of these settlements are
located in Korostenskyi raion of Zhytomyr Oblasts
(Fig. 12) Note that there were only 36 settlements (9
from Zhytomyr Oblast and 27 from Rivne Oblast)
with a dose of more than 1 mSv, according to the
data of the latest dosimetric passportizations of
2011-2013 [46].

Mepenik HaceneHux NyHKTIB, Ae vy 2011 p. nacnopTHa p[o03a, po3paxoBaHa 3rigHo 3 Metopukolo-2023,

nepesuuiyBana 1 m3B

TeputopianoHa rpomaga  Kinokicte HMl  Mepenik HaceneHux nyHKTiB

Xutomupceka o6nactb, KopocteHcbkuii paitoH (46 HIT)

KopocTeHcbka 2 BopoHese, Hemmpiska
JlyruHcbka 4 Manaxieka, Pagorowa, Pyans-Xepesui, PyaHsi-MoByaHcbka
ManuHcbka 1 Pynns-Kanuuiska
Hapoguubka 23 basap, batbkiBlwmHa, Bynie, Bacbkisui, Benuki Minbku, [aHHiBka, Mony6iesuyi, XypaenuHka, 3asoaHe,
KanuHieka, Kapnunieka, Konocieka, Jlucteunieka, JlosHuus, Jliobapka, Hapoawui, Hosgpuiwe, Ocuka,
Pos6a, Po3coxiecbke, PyaHs-Basapcbka, Cenelb, XpucTuHieka
OspyLibka 10 Bipkiscbke, Buctynosuui, JymuHcbke, 36paHbkiBui Motuanuug, Monicbke, PyaHs (IrHatninbebka), PyaHs
(PymHsHebka), YepenuH, YepenuHku
OneBscbka 2 [Ji6poea, [pyx6a
CnoBeyaHcbka 4 Boansakose, Koweyku, PokuTHe, YepBoHocinka
KviiBcbka o6nacTb, Binouepkiecbkuii paitoH (1 HM)
Y3uHcbka 1 MaBniska
KuiBcbka o6nactb, Buwuropopcbkuii paiiod (9 HM)
IBaHKIBCbKa 8 Boponaigka, Kapnuniska, Jlanytoku, MenguH, Micku, PokutHa Cnoboga, PynHs-LUnuniscbka, Crpaxonicest
Monicbka 1 Map’saHiBka
PisHeHcbka 06nacTb, Bapacbkuii paiioH (5 HIM)
3apiyHeHcbka 2 Bip, Mapcbka
JlokHMLbKa 3 Ly6unui, MpuknagHukn, CeHunuj
PiBHeHcbka 06nacTb, CapHeHcbkuii paiioH (7 HIM)
BepesiBcbka 1 IpabyHb
[ly6poBuLibka 2 3arpebns, Pisku
Crapocinbcbka 4 Bexwus, [posamtb, Mepexoanyi, Crape Ceno
YepHiriecbka o6nactb, Koptokiscbkuii paiiot (1 HIT)
KoptokiBcbka 1 O3epeam
YepHiriscbka 0651acTb, YepHiriscbkuii paiio (2 HM)
Muxaiino-KouobuHcbka 2 KoHtowieka, MiBHiYHe
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Table 6
List of settlements where in 2011 the passport dose, calculated by Methodology-2023, exceeded 1 mSv

Local community  Number of List of settlements

(hromada) settlements
Zhytomyr Oblast, Korostenskyi raion (46 settlements)
Korostenska 2 Voroneve, Nemyrivka
Luhynska 4 Malakhivka, Radohoshcha, Rudnia-Zherevtsi, Rudnia-Povchanska
Malynska 1 Rudnia-Kalynivka
Narodytska 23 Bazar, Batkivshchyna, Bulyv, Vaskivtsi, Velyki Minky, Hannivka, Golubievichi, Zhuravlynka, Zavodne, Kalinivka,

Karpylivka, Kolosivka, Lystvynivka, Loznytsia, Lyubarka, Narodychi, Nozdryshche, Osyka, Rovba, Rozsohivske,
Rudnia-Bazarska, Selets, Khrystynivka

Ovrutska 10 Birkivske, Viystupovichi, Dumynske, Zbrankivtsi, Moshanytsia, Poliske, Rudnya (Ignatpilska), Rudnia (Rudnyanska),
Cherepin, Cherepinky

Olevska 2 Dibrova, Druzhba
Slovechanska 4 Vozlyakove, Koshechky, Rokytne, Chervonosilka
Kyiv Oblast, Bilotserkivskyi raion (1 settlements)
Uzynska 1 Pavlivka
Kyiv Oblast, Vyshgorodskyi raion (9 settlements)
Ivankivska 8 Voropaivka, Karpylivka, Laputky, Medvyn, Pisky, Rokytna Sloboda, Rudnia-Shpylivska, Straholissia
Poliska 1 Maryanivka
Rivne Oblast, Varaskyi raion (5 settlements)
Zarichnenska 2 Bir, Parska
Loknytska 3 Dubchytsi, Prykladnyky, Senchytsi
Rivne Oblast, Sarnenskyi raion (7 settlements)
Berezivska 1 Hrabun
Dubrovytska 2 Zahreblia, Rizky
Starosilska 4 Vezhitsa, Drozdyn, Perekhodichi, Stare Selo
Chernihiv Oblast, Koriukivskyi raion (1 settlements)
Koriukivska 1 Ozeredy
Chernihiv Oblast, Chernihivskyi raion (2 settlements)
Mykhailo-Kotsiubynska 2 Konyushivka, Pivnichne
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po3paxoBaHux 3a Metogukoi-2023
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Figure 12. Map of passport doses in 2011 for Ukrainian settlements belonging to ZU(0)R and ZGVR, calcu-

lated by Methodology-2023

BUCHOBKU

UYepes Ginpmr Hixk 37 poKiB ITicas aBapii pamioeKo-
JoriyHa cutyauisg Ha P3T kapaumHaibHO 3MiHMJIACH.
VYHacnigok paaioakTUBHOIO po3naay i MpoIeciB
Mirpauii pagioHyKIiliB y IpyHTi, piBHi palioaKTUBHO-
ro 3a0pyIHEHHS JOBKIJUIS CYTTEBO 3HU3MUIINCH. 3aBIsI-
KM 1ILOMY 1032 OTIPOMiHEHHS HaceJIeHHS BiJl YOpHO-
OMJIBCHKOTO PalioaKTMBHOTO BUKWY Ha OUTBIIIN Yyac-
tuHi P3T He nepeBuiye 1 M3B Ha pik, Xoua Ha oKpe-
MUX pagioaKTUBHO 3a0pyJIHEHUX TEPUTOPIsIX YKpaiHU
J103a OIPOMiHEHHS HaceJeHHs BCe I1Ie MOXe TePEeBU-
IIyBaTU AOMYCTUMUM piBeHb. TOMY Ha LIMX TEPUTOPISIX
BCe IlIe HEOOXiMHO MPOBOAWUTHU PAAiOCKOJOTIUHMUIA Ta
JTO3UMETPUYHUIN MOHITOPUHI 1 3acTOCyBaTU TakKi
KOHTP3ax01u, SIK OOMEXEeHHS CIIOXKMBaHHS XapuOBUX
MPOAYKTIiB MiCLIEBOrO BUPOOHMIITBA, JiCOBUX I'PUOIB
Ta STid TOLLIO.

VYV renepilliHiii yac A03UM ONPOMIHEHHSI HaCEJIEHHS
dopMyroThes MepeBakHO pamioHykiizamu '’Cs Ta »Sr.
OnpoMiHeHHST HaCeJIeHHS 3a PaXyHOK iHIIMX PaliOHYK-
JIiIiB YOPHOOMJIbCHKOIO TTIOXO/IXKEHHSI, 30KpeMa ILTyTO-
HilO Ta aMepullilo, 3a MeXXaMu 30HU BigU4y>kKe€HHSI € Ha
MOPSA0K HIDKUMM MOPiBHSIHO 3 OMPOMIHEHHSIM Bif pa-
JioHykaiaiB ¥’Cs ta *Sr, TOMy HUM MOKHA 3HEXTYBaTH.

V nepiog 1991—-2012 pp. nacropTu3salisi HaceJIeHUX
OYHKTIB YKpaiHU 3AilCHIOBAJIOCHh BiAMNOBiAHO A0 BU-
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CONCLUSIONS

More than 37 years after the accident, the radioeco-
logical situation at RCT has changed radically. As a
result of the radioactive decay and migration process-
es of radionuclides in the soil, the levels of radioactive
contamination of the environment have significantly
decreased. Thanks to this, doses to members of the
public from the Chornobyl radioactive release on the
most part of RCT does not exceed 1 mSv per year,
although on the part of the radioactively contaminat-
ed territories of Ukraine the dose of exposure of
members of the public may still exceed the permissi-
ble level. Therefore, on these territories, it is still nec-
essary to conduct radioecological and dosimetric
monitoring and apply such countermeasures as lim-
iting the consumption of locally produced food prod-
ucts, forest mushrooms and berries, etc.

Currently, doses to members of the public are
formed mainly by radionuclides '7Cs and %Sr.
Exposure of the population due to other radionu-
clides of Chornobyl origin, in particular plutonium
and americium, outside the Exclusion Zone is an
order of magnitude lower compared to exposure from
radionuclides '*’Cs and *Sr, so it can be neglected.

In 1991-2012, dosimetric passportization of
Ukrainian settlements was carried out in accordance
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MOT iHCTPYKTMBHO-METOIMYHUX BKa3iBOK «Pamia-
LifHO-J03UMETpUYHA TACIOpTHU3allis HaceIeHUX
OYHKTIB TepuTopii YKpaiHM, 1110 3a3Halu pajioak-
TUBHOIO 3a0pyaHeHHs BHaclimok aBapii HAEC,
BKJIIOYAIOYN TUPEOIO3MMETPUYHY ITacIIOPTU3AlIilo»
(Metonuka-96) Bim 12.11.1996 p., 3aTBepIKeHMUX
MinicTpoM oxopoHU 370poB’sT YKpainu. Jlo3mmeT-
PUYHI MOAEi, MOKJIaAeHi B OCHOBY LIbOTO JOKYMEH-
Ta, BpaxoByBajJu pajialliliHy CHUTYyallilo, 110 Maja
Micle y nepiii micasgaBapiiiHi poku. O4eBUAHO, 1110
Meronnka-96 Hapasi He € pejieBaHTHOIO. B mepiiy
yepry Meroauka-96 npoTupiunuTh 3aKOHY YKpaiHu
«ITpo 3axucT MOAMHYU Bil BIJIMBY iOHi3yIOUOTO BUII-
POMiHIOBaHHS», Y IKOMY CKa3aHoO, 110 IJIs Lijaei me-
pEBipKM AOTPUMAHHS JIIMITYy piYyHOI AO3U OIpPO-
MiHEHHSI HaceJIeHHsI TTOBMHHA BUKOPMCTOBYBaTHUCH
olliHKa e(heKTUBHOI PiYHOI 1031 OMPOMIHEHHS IS
penpe3eHTaTUBHOI ocodu [35]. Kpim Toro, HUHilIHI
criBBigHOIIEeHHS pamioHykminiB '¥’Cs ta *Sr y mpo-
JyKTaxX XapuyyBaHHS Ta iXHi KoedillieHTU Tepexoay
«IPYHT—MOJIOKO» BXX€ He BiJIIOBIZalOTh 3HAUYCHHIM
BcTaHOBJIeHUM y Metonuni-96. HoBi mani momo
€KOJIOTIUHMX Ta 010KiHEeTMYHUX MOAE/e TpaHCIIOP-
Ty pamioHYKJiliB YOPHOOMJIHLCHKOTO BMKHIY Y
JOBKIiJUTi Ta OpraHi3Mi JJIIOAWHU, 110 3’ IBUJIOCH 32 OC-
TaHHi AeCATUPITYS, JO3BOJISIOTh YTOYHUTH 03U OII-
POMiHEHHSI MEIIKAaHIIiB paJioaKTUBHO 3a0pyaHEHUX
TEPUTOPIIA.

YV po6oTi 00rpyHTOBaHO HOBY MeTOAUKY (MeTonu-
Ka-2023) po3paxyHKy MacHOpTHUX J03 HaceJeHUX
OYHKTIB YKpaiHu, 1110 3a3HaJI1 pagioaKTUBHOIO 3a0-
pyaHeHHs B pe3yiabTaTi aBapii Ha YAEC. s meTo-
KA MOXKe OyTH BUKOPMCTaHa ISl BUSHAUYCHHS I10-
TOYHOIO padialiiiHOro craHy 3a0pyaIHEHUX Tepu-
TOPpIi1, gKi 3rimHo i3 3akoHoM Ykpainu «IIpo mpaso-
BUI1 peXXrUM TEPUTOPIi, 110 3a3Halla PagioaKTUBHOTO
3a0pyaHEeHHST yHacainoKk YopHOOMUJIbCHKOI KaTacT-
podu» HajzexaTb OO APYroi 30HM OE3yMOBHOIO
(000B’SI3KOBOT0) BiICeIeHHST Ta TPEeThOi 30HU H00-
POBIILHOTO FapaHTOBAHOTO BiJICEIEHHSI.

ITacnoptHi mo3u 2011 p., po3paxoBaHi 3a MeTtoau-
K010-2023 B cepenHboMy 30inbmmianch Ha 40%
MOPIBHSIHO 3 J03aMM, po3paxoBaHUMU 3a Metonu-
K010-96. [1pu 1bOMY MACIIOPTHI 031 BHYTPIIlTHBOTO
OIPOMiHEHHSI, PO3paxoBaHi 3a HOBOIO METOIUKOIO,
30iaplmancsa B 1,5 paza, a 103U 30BHILLIHBOTO OIl-
pominenHs — y 1,7 paza. IlacrmoptHa mosa 2011 p.,
po3paxoBaHa 3a Mertonukor-2023, mnepeBUIIYyE
BCTaHOBJIEHY 3aKOHOM HopMmy 1 M3By 71 HaceieHO-
MY IYHKTi, OLIBIIICTD 3 IKUX po3TalioBaHa y Kopoc-
TEHChKOMY paiioHi 2ZKUToMUPChKOI 00J1aCTi, TOAI SIK

with the requirements of the instructional and
methodological instructions «Radiation and dosimet-
ric passportization of the settlements of Ukrainian ter-
ritory which suffered from radioactive contamination
as a consequence of the Chornobyl accident, includ-
ing thyroid dosimetric passportization» (Methodolo-
gy-96) dated November 12, 1996 approved by the
Minister of Health of Ukraine. The dosimetric mod-
els, which are in the basis of this document, took into
account the radioecological situation that occurred in
the first post-accident years. It is obvious that Metho-
dology-96 is currently not relevant. First of all,
Methodology-96 contradicts the Law of Ukraine «On
the Protection of Humans from the Effects of lonizing
Radiation», which states that for the purpose of
checking compliance with the limit of the annual
exposure dose to members of the public, an estimate of
the effective annual exposure dose for a representative
person should be used [35]. Moreover, now the ratio of
17Cs and *°Sr radionuclides in food products and their
«soil-vegetation» and «soil-milk» tranfer coefficients
no longer correspond to previously determined values.
New data on ecological and biokinetic models of the
transport of radionuclides of the Chornobyl emission
in the environment and the human body, which were
published over the last decades, provide opportunities
for revision and clarification of the methods of esti-
mating radiation doses of residents of radioactively
contaminated areas.

The paper substantiates a new methodology
(Methodology-2023) for calculating the passport
doses of the settlements of Ukraine that were radioac-
tively contaminated as a result of the accident at the
Chornobyl Nuclear Power Plant. This methodology
can be used to determine the current radiation status
of the contaminated territories, which according to
the Law of Ukraine «On the legal status of the areas
radioactively contaminated by the Chornobyl disas-
ter» belong to Zone of Unconditional (obligatory)
Resettlement, or 2™ zone and Zone of Granted
Voluntary Resettlement, or 3" zone.

Passport doses in 2011, calculated by Methodology-
2023, on average increased by 40 % compared to the
doses calculated by Methodology-96. At the same time,
passport doses of internal radiation calculated accord-
ing to the new methodology increased in 1.5 times, and
external radiation doses increased in 1.7 times. The
passport dose in 2011, calculated by Methodology-
2023, exceeds the legally established limit of 1 mSv in
71 settlements, most of which are located in Koro-
stenskyi raion of Zhytomyr Oblast, while according to
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the latest dosimetric passportization in 2011—-2013,
there were only 9 settlements from Zhytomyr Oblast
and 27 settlements from Rivne Oblast with passport

3a JaHWMU OCTaHHIX JO3UMETPUUYHUX IacropTU3aliit
2011-2013 pp. HamiuyBanmocsa jauimie 9 HIT 3 2Kuto-
MUpchKoi odmacti Ta 27 HIT 3 PiBHeHCHKOI 001acTi 3 10-

3010 TIoHaxa 1 M3B [46].

CMUCOK BUKOPUCTAHUX OXKEPEN

1.

7.

Mpo NpaBoBmii pexwvm TepuTopii, WO 3a3Hana pagioakTMBHOro 3a6-
PYAHEHHS BHACMinoK YopHobMnbCbKOI katacTpodm : 3akoH Ykpaiu
Ne 795-XIl pepakuis Big 01.10.23. URL: http://zakon.rada.gov.ua/
laws/show/791a-12 (nata 3BepHeHHst: 08.11.23).

. MNpo opranisavito BUKOHaHHs nocTaHoB BepxosHol Paau YkpaiHcbkor

PCP npo nopsimok BBeAeHHs B Ait0 3akoHiB YkpaiHcbkoi PCP «[po
NPaBOBUIA PEXMM TEPUTOPII, WO 3a3Haia PadioakTUBHOTO 3abpya-
HEHHs1 BHACNiIOK YOopHOOMNbCHKOI kaTacTpodu» Ta «Mpo CTaTyc i
COLJaIbHUIA 3aXUCT rPOMafsH, ki NOCTpaxdany BHAcNigok YopHo-
Ounbebkoi katacTpodm X MoctaHoea KabiHety MiHicTpis Ykpaitu No
106 pepakuia Big 23.10.2008. URL : https://zakon.rada.gov.ua/
laws/show/106a-91-n (nara 3sepHeHHs 08.11.23).

. IHCTPYKTMBHO-METOAMYHI BKa3iBKW «PapjauiiiHo-003MMETpUYHa nac-

MOPTM3aLLiq HAaCENeHUX NYHKTIB TepuTopii YKpaiHw, Lo 3a3Hanm pagjio-
aKTUBHOrO 3a0pyaHeHHs BHacninok aeapii Ha YAEC, Bknioyaroumn Tu-
Peono3nMETPMYHY nacnopTusaiio» (Metoauka-96). Kvis, 1996. 74 c.

. ﬂ,OSVIMeTpI/I‘IECKaFI nacnopTn3auns HaceNeHHbIX MyHKTOB praI/IHbI,

MOMBEPTLLMXCS PALMOAKTUBHOMY 3arpsisHEHMIO nocne YepHoObibC-
kol aBapum. CoopHuK 5. Knes : Munaapas Ykpautbl, 1995. 312 c.

. 3aranbHOA03UMETPUYHA NACMOPTU3aLlis HACENEeHUX NYHKTIB YKpaiHu,

AKi 3a3HaM pagioakTMBHOTO 3abpyaHeHHs nicns YopHOBUNLCHKO
asapii. 36ipka 6. Kuid : MiHicTepcTBO 0XOpOHUM 310pOB’s YkpaiHu,
MinictepctBo YkpaiHum 3 nuTaHb HaA3BMyYaHIX CUTYALLiiA Ta y CpaBax
3aXMCTy HaceneHHsl Bif Hacnigkie 4opHoOuUnbCbKOi kaTactpodwm,
HLUPM AMH Ykpainu, 1997. 103 c.

. PeTpocnekT1BHO-NPOrHO3HI 4031 OMPOMIHEHHS HACENeHHs Ta 3a-

raflbHoA03MMETPIUYHA nacnopTuaauia 1997 p. HaceneHux NyHKTIB
Ykpaitu, 10 3a3HanM pagioakTUBHOrO 3abpyaHeHHs BHACMILOK Yop-
HoBunbCLKOI aBapii. 36ipka 7. Kuis : MO3 Ykpaitu, 1998. 155 c.
3aranbHOA03MMETPMUYHA NacnopTh3aLis HaceneHux NyHKTiB Ykpa-
iHW, SIKi 3a3HaNM PafioaKTUBHOMO 3a0pYyAHEHHS Micnsg YopHOOUbCh-
Koi aBapii. Y3aranbHeHi naHi 3a 1998 Ta 1999 pp. 36ipka 8. Kuis,
2000. 58 c.

. 3aranbHOA03MMETPUYHA MACTOPTM3aLlisi HAaCeNeHNX NYHKTIB Ykpaitu,

SKi 3a3HaNM PaAAiOAKTUBHOrO 3abpyaHeHHs micns YopHOOMIBCHKOT
aBapii. YaaranbHeHi nai 3a 1998, 1999 ta 2000 pp. 36ipka 9. Kuis,
2001. 59 c.

. 3aranbHOA03MMETPMYHA MACMOPTM3aLlisi HAaCEeNeHNX NYHKTIB Ykpaitu,

SKi 3a3HaM PaAAiOAKTUBHOrO 3a0bpyaHeHHs micns YopHOOMILCHKOT
apapil. Y3aranbHeHi gaHi 3a 2001-2004 pp. KomnnekcHa [o3umMeT-
puyHa nacnoptu3auig. 36ipka 10. Kuis, 2005. 57 c. URL:
https://inis.iaea.org/collection/NCLCollectionStore/ Public/52/022/5
2022212.pdf (pata 3epHeHHs 13.09.23).

10. 3aranbHOA03MMETPUYHA NACMOPTU3aLs HACENEHNX MyHKTIB Ykpai-

(1) 138

HW, SiKi 3a3HaNM PagioakTMBHOMO 3abpyaHEHHs nicns HopHOOUALCh-

dose of more than 1 mSyv [46].
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