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ITHANBIAYAJIbHI OIIIHKHA 103 OITPOMIHEHHA
IIIUTOIIOAIBHOI 3AJI031 YYACHUKIB TEHOMHOI'O
JOCIITIXKEHHA ®OJIKYIAPHUX KAPIIMHOM TA AIEHOM,
SAPEECTPOBAHUX Y YOPHOBNJIbCbKOMY BAHKY TKAHNH

MeTa: ouiHKa 403 onpoMiHeHHs WwuTonoaioHoi 3ano3u (LU3) pns oci6 3 YopHobunbebkoro 6aHky TkaHuH (CTB), ski €
YYaCHUKAMM BOCNiIIKEHHA TEHOMHOrO NaHAWadTY hoNiKyNApHUX KapuuHOM Ta honikynapHux ageHom L3, 3 Bukopuc-
TaHHAM OHOBNEHOT METOAONONT PO3paxyHKY A03M, WO BPAaxoBYE iHAWBIAYanbHi AaHi W00 NPOXMBAHHSA Ta XapyyBaH-
HS ONMpPOMiHEHOT 0cobu, 3ibpaHi WAAXOM LO3UMETPUYHOTO iHTEpB'Io.
Marepianu Ta metoau. Y cTatTi npeacTaBieHi ouiHku fo3 onpomiHeHHs W3 ans 140 oci6, 3apeectpoBaHux y CTB, 3
MopdoioriyHo BepudikoBaHUM fiarHo3om «donikynspHa ageHoMa» abo «honikynapHa KapuuHoma WWTONOoAiI6HOT
3an03u». [lo3n onpomiHeHHs LU3 Big HapxomkeHHs I 6ynu po3paxoBaHi ANs UMX 0Ci0 3 BUKOPUCTAHHAM CYTTEBO
OHOBJIEHOT CUCTEMU PEKOHCTPYKLi 403 ONPOMiHEHH: WMTONOAIOHOT 3an03u xutenis Ykpainu 2020 poky (TDU20), a
TaKoX iHhopMaLLiT o0 NPOXUBAHHSA Ta 0COBINBOCTEN XapUyBaHHA nicns YopHobunbcbkoi aBapii, 3ibpaHoi wisxom
NepcoHaNbHMUX iHTEPBI0 3 TUMK 0cobaMK, WOMO AKMX paHilwe Taka iHdopmauis He 36upanacs. Kpim Toro, fo3m on-
pomiHeHHs U3 6ynu ouiHeHi ans Takux foAaTkoBUX (MIHOPHMX) WAAXiB ONPOMiHEHHSA: (a) BHYTPILHE ONPOMiHEHHS
BiZ HAAXOZXKEHHSA KOPOTKOiCHYtoUNX pagioHyknigis **Te+I 1a '*’I iHranauinHo Ta nepopanbHo; (6) 30BHiLIHE ONPOMi-
HEHHS Bif, pafioHYKNifiB, WO 0CinK Ha I'pyHTi; Ta (B) BHYTPilLHE OonpoMiHeHHs Bif pagioizoTonis uesito (***Cs ta *’'Cs).
Pesynbratun. CepepHs no3a onpomiHeHHs L3 Bif ycix wnsaxiB onpoMiHeHHsA CTaHOBUTL 445 MIp, TOAT AK MeaiaHHA fo-
3a cknapae 71 mlp. lianazox fo3 onpomiHeHHs W3 € ocuTh WMPOKUM cepep yyacHUKIB gocnigxeHHs: Big 0,23 mlp
po 14 Ip. HapgxopxeHHs ' no opraHi3my nioAMHM GyN0 OCHOBHUM WNAxoM onpoMiHeHHs LU3; iioro meaiaHHMii BHe-
COK y 003y onpomiHeHHs W3 ctaHoBuTb 92 %. Cepen onuTaHux y foCHigxKeHHi ocib no3n onpomiHenHs L3 Big Haa-
xoAxeHHs “'I, po3paxoBaHi 3a gonomoroio TDU20 3 ypaxyBaHHAM pe3ynbTaTiB MEpCOHaNbHOTO JO3UMETPUYHOIO
iHTEepB'I0, YN HUKYMMM, HIXK [03M, NPU PO3PaXyHKY AKUX pe3ynbTaTi iHTepBlo He BpaxoByBanuck: 105 mIp npoTu
150 mlp pns cepefHbOi fo3u Ta 46 mIp npotn 98 mIp ons meaiaHHOT fo3M BignoBigHO. HeBu3HayeHOCTi K03 BiA Hapg-
xoKeHHs ' ouiHIOBaNMCA reoMeTpMYHUM CTaHAAPTHUM BigXMAEHHAM, po3paxoBaHuM ans po3noginy 1000 ctoxac-
TUYHUMX THAUBIAYyaNnbHUX A03. B pe3ynbrati reomeTpuyHe CTaHJApTHe BifxuneHHs BapitoBano Big 1,3 fo 6,1 i3 3aranb-
HUM cepefHiM apudmeTuyHuM 3,1 Ta MeaiaHoto 3,3 Ans BCiX YY4ACHUKIB AOCHiLKEHHS.
BucHoBKu. Lle focnigkeHHs Y4iTKO NoKa3ano, Wo BUKOPUCTAHHA iHAMBiAYyanbHOT iHDOpPMaLii WOA0 NPOXMUBAHHSA Ta
XapuyBaHHA y nicnsasapiiHuii nepiof ans ouiHkKM 003 onpoMiHeHHsa W3 oci6, ski npoiiwnn nepcoHanbHi JO3MMeT-
pWYHi iHTepB'to, Mano NOMITHMIA BNAMB Ha BENMYMHY A03M onpomiHeHHs LW3. Tlig yac npoBefeHHA HAyKOBUX
LOCNiAXKeHb, CNPAMOBAHUX HA BUBYEHHA BNAMBY [03U onpoMiHeHHs L3 Ha kntouoBi gemorpadiyHi, kniHiyHi, nato-
NOTiYHi Ta MONEKYNAPHO-TEHETUYHT MOKA3HWUKM, BaXIMBO NMPOBOAUTU NEPCOHANbHI LO3UMETPUYHI iHTEpB 0 s 360py
JaHMX NPO iCTOPit0 NPOXMUBAHHSA Ta XapyyBaHHA YYaCHUKIB JOCNIAXKEHHA ANA OTPUMAHHSA HABArato TOUYHIlIMX OLHOK
iHAMBiAyanbHUX 103 onpoMiHeHHs LU 3.
KniouoBi cnoBa: YopHoOunbcbkuit 6aHK TKaHWH; YopHOOUIb; J03a ONPOMiHEHHS; WNUTONOAIOHA 3a103a; JO3UMET-
pUYHa aHKeTa.
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INDIVIDUAL THYROID DOSE ESTIMATES FOR THE GENOMIC
STUDY OF FOLLICULAR CARCINOMAS AND ADENOMAS IN
PARTICIPANTS OF THE CHORNOBYL TISSUE BANK

Objective. Assessment of thyroid doses among participants of the Chornobyl Tissue Bank (CTB) enrolled in the study
of the genomic landscape of thyroid follicular carcinomas and follicular adenomas, using updated methodologies and
data on residential history and dietary patterns collected during the study through personal dosimetry interviews.
Materials and methods. This study presents an assessment of thyroid doses in 140 participants of the Chornobyl
Tissue Bank (CTB) with pathologically confirmed diagnoses of follicular adenoma and follicular thyroid carcinoma.
Thyroid doses from **'I intake were estimated using the substantially revised ‘Thyroid Dosimetry System 2020 for
Ukraine” (TDU20). In addition, the data on residential and dietary history have been obtained through personal
interviews with 85 individuals for whom dosimetry-related data were limited. Radiation doses to the thyroid were
also estimated for the following minor exposure pathways: (a) intake of short-lived radionuclides (**Te+"*’I and **’I)
via inhalation and ingestion; (b) external irradiation from radionuclides deposited on the ground; and (c) ingestion
of #*Cs and *’Cs with contaminated foodstuffs.
Results. The arithmetic mean of thyroid doses estimated in this study from all exposure pathways combined was
445 mGy, while the median dose was 71 mGy. Among study participants, a broad range of thyroid doses was observed,
from 0.23 mGy to 14 Gy. The major exposure pathway was **'I intake, which accounted for a median contribution of
92 % to the thyroid dose. Among individuals who were interviewed in the study, thyroid doses from **'I intake that
were calculated using TDU20 and individual questionnaire data were lower than doses that did not include the inter-
view data: 105 mGy vs. 150 mGy for the arithmetic mean and 46 mGy vs. 98 mGy for the median, respectively.
Uncertainties in dose estimates from **'I intake were characterized using the geometric standard deviation of 1,000
individual stochastic dose realizations. As a result, the geometric standard deviation ranged from 1.3 to 6.1, with an
overall arithmetic mean of 3.1 and a median of 3.3 across all study participants.
Conclusions. This study demonstrated that the use of individual questionnaire data in dose assessment for partic-
ipants who completed personal dosimetric interviews had an impact on the estimated thyroid doses. In conducting
specialized studies aimed at identifying potential associations between thyroid dose and key demographic, clinical,
pathological, and molecular-genetic indicators, it is valuable to carry out personal dosimetric interviews to obtain
detailed residential and dietary histories of study participants. Incorporating such information allows for more real-
istic individual dose estimates.
Key words: Chornobyl Tissue Bank, Chernobyl, radiation dose, thyroid, dosimetry interview.
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BCTVYII INTRODUCTION

Asapist, mo cramacsa 26 kBitTHsg 1986 poky Ha YopHo- The accident at the Chornobyl (Chernobyl)
OWIBCHKill aTOMHIN eJIEKTPOCTaHIIil, cipuurHmiIa BUkua — nuclear power plant in Ukraine on 26 April 1986
B arMocdepy 0mm3bko 1,8 x 10" Bk omHoro 3 Haitouier  resulted in the release of approximately 1.8 x 10'
pazmiosioriyHo 3Ha4yymmx pagioizoromiB iomy — *'I.  Bq ofiodine-131 ("*'I), one of the most radiologi-
Hacningkom aBapii Ha YopHoOunbcbKiit AEC nng Hace-  cally significant radioiodine isotopes. Among the
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JIEHHSI, TIOB’sI3aHUM 3 BIIMBOM 'l Ha 1IMTONOAIOHY 3a-
o3y (III3) B auTsdoMy Ta IiAJITKOBOMY Billi, CTajo
30inpIeHHS pu3uKy paky L3 Ta iHmmx 3axBOopioBaHb
I3 [1]. HaykoBuii iHTepec 10 BUBYEHHS MOJIEKYJISIPHOT
CTPYKTYpU Ta TEHOMHOro mnpodijlio pafiamiliHo-
acouiioBaHoro paky 113 3ymoBuB cTBOpeHHS YopHO-
omnbcbkoro OaHky TkaHuH (CTB), mo wMictuth
Oiostoriuni 3pa3ku 113 narieHTiB, y IKUX OYJ10 BUSIBJIEHO
pak I3 [2]. Ha gmanuit yac y CTB 306epiraioTbcs
OiosnoriuHi 3paszku I3 monan 3500 ocib, ski 3a3HaIMU
BrumBy '1 BHacTimoK YopHOOMILCHKIX BUTIALIHb, i ITO-
Haz 800 3pa3kiB 1113 oci0, sKki Hapoaunucs micas 31 6e-
pe3Hs1 1987 poky Ta He 3a3Ha/IM BILIMBY PagioaKTUBHOTO
oxy.

Ha nrepmix mopax no3u onpomiHeHHs 113 3apeecTpo-
BaHux y CTB oci6 (To6To ocib, GiosoriuHi 3paszku 1113
sakux 30epirarorbest y CTB) Bin HanxomkeHHs 'l po3pa-
XOBYBAJIMCS 3a TOMOMOIOI0 METOAO0JOTIi peKOHCTPYKIIil
o3 113 Bix 2010 poxy (TD10) [3]. List meTomosorist Oyira
cyrreBo 3MiHeHa y 2020 poui (TDU20). 3minu crocyBa-
JIICST pEKOHCTPYKIIii BUMipIOBaHb pamioakTUBHOCTI 'l y
I3 [4, 5], BuzHaueHHs Macu 113 3anexxHo Big BiKy Ta
CTaTi MeIIKaHLiB palioaKTUBHO 3a0pyIHEHUX TEPUTOPIiii
[6] Ta mepeouinky 1IIbHOCTI Bunanidb *'1 Ha TpyHT 3a
JIOITOMOTOI0 METEOPOJIOTiYHO1 MOJIeJTi BUCOKOI PO3IiTb-
Hoi 3natHocTi [7]. KpiM Toro, y HoBiit MeToauui TDU20
OyJI0O BpaXxOBaHO BHECOK Bil KOPOTKOICHYHYMX paaio-
Hykiinis #*Te+'"’1 ta "I, o HagXomuiu 1o opraHizmy
JIIOMWHU iHTATSLIMHUM i IEpopalbHUM IUISIXaMU, B 10-
3y onpoMiHeHHs II13. Xoua ocobu, HapomxkeHi micis 31
oepesns 1987 poky, He 3a3Hanu BBy °'l, BOHM 3a3Ha-
JIN BIJIUBY JOBrOiCHYIOUUX JKEPEs i0Hi3yI0UOro OnpoMi-
HEHHS i Yyac MPOXKMBaHHS Ha padioaKTUBHO 3a0pyIHe-
HUX TEPUTOPISIX: 30BHILLIHLOTO OMPOMiIHEHHS BiA pamio-
HYKJIiIiB, 110 OCUJIM Ha I'PYHTIi, Ta BHYTPILIHHLOIO OIPOMi-
HEHHS BiJ HaIXOMKeHHS pamioHykmimiB **Cs ta Cs 3
MPOAYKTaMM XapuyBaHHSI MiCLIEBOTO BUPOOHUIITRA.

HauionansHuii iHcTutyT paky (CIIA) y cniBmpati 3
IHcTUTYyTOM €HIOKpUHOJIOriI Ta MeTabosi3My iMeHi
B. T1. Kowmicapenka (KuiB, YkpaiHa) mpoBOIUTh cepito
JMOCTIIKEHb 3 MOJIEKYJISIPHOI Ta TEHOMHOI XapaKTepuc-
Tk paky I3 [8§—10]. ITonepeaHe mocmimkeHHs 197
oInpoMiHeHUX ocid, 3apeectpoBanux y CTB 3 maro-
JIOTiYHO TiATBEepIKEHNM MartisipHuM pakom 1113, moka-
3aJ10, 11O TPU OILiHIIi JO3U BaXJIMBO BpaxXyBaTH iHAWBILY-
aJIbHi 1aHi PO iCTOPil0 MPOXMBAHHS Ta XapuyyBaHH:I, a
TaKOX MPUOMY IperapaTiB cCTabiIbLHOTO Moy, sIKi Oy
3i0paHi 3a TOITOMOT0I0 OCOOUCTHUX IHTEPB 10 3 yUaCHUKA-
mu pociimkeHHs: [11]. BukopuctanHs iHgopmariii 3
IHAMBIAyaJbHUX QHKET 3YMOBWJIO OilblLI peaiCTU4Hi
OLIIHKY iHAUBIiAyaJlbHUX 103, HixK 0e3 ypaxyBaHHSI pe-

general population, the primary health conse-
quence of the Chornobyl accident was an
increased risk of thyroid cancer and other thyroid
diseases associated with childhood and adolescent
exposure of the thyroid gland to "'l [1]. To address
the scientific interest in elucidating the molecular
biology and genomic characteristics of radiation-
related thyroid cancer, the Chornobyl Tissue Bank
(CTB) was established, comprising a wide range of
biological samples from patients with thyroid
malignancies [2]. To date, the CTB has collected
biospecimens from more than 3,500 individuals
exposed to "'l from Chornobyl fallout. It also
includes samples from over 800 thyroid cancer
cases diagnosed in individuals born after 31 March
1987, who were unexposed to "'l but affected by
long-lived radionuclides of Chornobyl origin.
Thyroid doses from "*'I intake among CTB partic-
ipants were first estimated using the Thyroid Do-
simetry 2010 system (TD10) [3]. This approach was
later revised into the Thyroid Dosimetry 2020 sys-
tem for Ukraine (TDU20), which incorporated re-
vised measurements of *'I thyroid activity [4, 5], up-
dated age- and sex-specific thyroid mass values [6],
and improved estimates of "*'I ground deposition in
Ukraine based on a high-resolution meteorologi-
cal model [7]. The revised methodology also
accounted for exposure from short-lived radionu-
clides ("**Te+'"I and '*I) through inhalation and
ingestion. Although individuals born after 31
March 1987 were not exposed to "*'I, they were still
affected by long-lived sources of radiation in con-
taminated settlements, including external irradia-
tion from ground-deposited radionuclides and in-
gestion of **Cs and '¥’Cs with locally produced food.
The National Cancer Institute (USA), in collabo-
ration with the State Institution «V.P. Komisarenko
Institute of Endocrinology and Metabolism of the
National Academy of Medical Sciences of Uk-
raine» (IEM, Kyiv, Ukraine), has been conducting a
series of studies on the molecular and genomic char-
acterization of thyroid cancer [8—10]. A previous
study of 197 exposed individuals from the CTB with
pathologically confirmed papillary thyroid cancer
showed the benefits of incorporating individual data
on residence and diet history and stable iodine
administration, which were collected using person-
al interviews with the study participants, into dose
assessment [11]. The use of individual questionnaire
data resulted in more realistic individual dose esti-
mates than without including those interviews. The
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3yJBTaTiB UX iHTepB’10. Y 1Iiil CTATTi OMUCYETHCS J03U-
METpUYHA YaCTHHA HEeIl0JaBHO PO3MOYATOr0 AOCTiIKEeH-
HS 3 aHaTi3y TeHOMHOTO JaHAmAapTy PONKYIIpHIX Kap-
mHoM Ta ageHoM I3 cepen 140 ocio 3 CTB.

META JOCJIJIZKEHHSA

Owninka 103 OIPOMiIHEHHS IIWTOMNOMIOHOI 3aJlo3M 3a-
peectpoBanux y CTB ocib Ta BKIIIOUeHUX 10 JOCIiIKEHHS
TEHOMHOTO JaHAIadTy GOTiKYJIIpHUX KapIUHOM Ta (hoJTi-
KyJisipHuX aneHoM 1113 3 BUKoprcTaHHSIM OHOBJIEHOI METO-
JIOJIOTii peKOHCTPYKIIii 03 Ta 3i0paHoi 3a 10IOMOIOK OCO-
OMCTUX JO3UMETPUYHUX iHTEpB’10 iH(opMalii 1I0m0 Mpo-
>KVBaHHSI Ta XapuyyBaHHS Mmicst YopHOOMIBECHKOI aBapii.

MATEPIAJIA TA METOIN

AocnigpkyBaHa nonynsuis

Oco6u 3 CTB 3 onpoMiHeHO0 BHaciI0K YOpHOOWIIBCh-
Koi asapii 113, Oyau posmnoaijieHi HAa 5 AO3MMETPUYHUX
rpyn 3a KpUTepieEM HasSIBHOCTI BUMiprOBaHb paaioaKTHUB-
Hocrti y I3 Ta inmoi iHpopmailii, HeoOXigHOI IJ1 po3pa-
XyHKY 103 onipoMmiHeHHs 1113 [3]:

» Jlo rpynu 1 BXOASTh YWiIEHU YKPAIHChKO-aMEpPUKAHCh-
KOTO KOTOPTHOTO JOCJIiIXKEHHS, OIIPOMiHEHi Y TUTUHCTBI
ab0 y MiITTKOBOMY Billi, B SKUX OYyJI0 BUMIpSIHO aK-
tuBHicTh 'l y 1113 y TpaBHi—4epBHi 1986 poKy, Ta 3 IKK-
MU OyJIO TIPOBEICHO IIepCOHATbHE HO3UMETPUIHE iHTEp-
B’10 11 300pY JaHUX IIOAO IMPOKMBAHHS Ta XapuyBaHHSI.
» Ipyna 2 cKIagaeThes 3 0ci0, y SKUX OyJI0 BUMIpSTHO aK-
TuBHicTh 'l y TpaBHi—4epBHi 1986 poky, aje 3 IKUMU He
OyJIO MPOBeNEHO TMepCOHaIbHE JO3MMETPUYHE iHTEPB'10.
» Ipyna 3 MicTUTh 0Cib, IKi He MaJIl BUMipiB aKTUBHOCTI
BI] y 1113, Ta cepen IKUX He MPOBOIMINCH IEPCOHAIbHI
JIO3UMETPUYHI onuTyBaHHs. Ll rpyma momiieHa Ha Tpu
MiIrpyny, Ipo 10 AeTaIbHO OIMCAHO HIDKYE Y ITAPO3IiTi
«/losumeTpuuHa rpyma 3».

» Ipyna 4 ckinamaerbes 3 0ocib, AKi HAPOAWIMCSI MixX 26
KBiTHsT 1986 poky Ta 31 6epe3Hs 1987 poky i, oTXe, 3a3Ha-
s BIiBy 'l BHYTpIilIHBOYTPOOHO. [desIKi 3 HUX € ujieHa-
MM YKpaiHCBKOI KOTOpTH Oci0, SKi 3a3Haiau BIUABY 'l
BHYTPIIITHLOYTPOOHO.

» Jlo rpynu 5 BXOOSThb 0COOU, sIKi Hapomwiucs micias 31
oepe3Hs 1987 poky i, oTke, ixHs1 1113 He Oy1a orpomMiHeHa
BT, mpoTe BOHU 3a3Ha/IM BIUIMBY Bill TOBrOiCHYIOUMX JIKeE-
peJ1 ONpOMiHEHHSI.

V tabnauui 1 HaBeaeHo po3nonin 140 yyacHMKIB JOCHTi-
JKEHHSI 3a BUILIEHABEICHWMU IpyramMu, BKIOYHO 3 113
ocobamu, 110 HajeXaTb 10 2, 3, 4 Ta 5-1 Tpy1 Ta 3 SIKUMK
MepCOHANIbHI JO3MMETPUYHI iHTepB’I0 BIepIle MPOBOAM-
JIMCh Y XO[Ii TAHOTO AOCTiIKEHHSI.

present paper describes dosimetric support for a
recently initiated project analyzing the genomic
landscape of thyroid follicular carcinomas and
adenomas among 140 individuals from the CTB.

STUDY OBJECTIVE

Assessment of thyroid doses among participants
of the CTB enrolled in the study of the genomic
landscape of thyroid follicular carcinomas and
follicular adenomas, using updated methodolo-
gies and data on residential history and dietary
patterns collected during the study through per-
sonal dosimetry interviews.

MATERIAL AND METHODS

Study population

With respect to 'l exposure from Chornobyl fall-
out, CTB participants were classified into the fol-
lowing groups according to the type of dosimetry
information available [3]:

» Group 1 includes members of the Ukrai-
nian—American cohort who were exposed during
childhood or adolescence, had their "'l thyroid
activity measured in May—June 1986, and com-
pleted a personal dosimetry interview providing
detailed residential and dietary history.

» Group 2 consists of individuals with measured
BT thyroid activity in May—June 1986, but with-
out a personal dosimetry interview.

» Group 3 includes individuals lacking both
measured "'I thyroid activity and personal
dosimetry interview data. This group is further
divided into three subgroups (see subsection
«CTB dosimetry group 3» for details).

» Group 4 includes individuals born between 26
April 1986 and 31 March 1987, who were exposed
to "'l in utero. Some of these participants are
members of the Ukrainian cohort of persons
exposed in utero.

» Group 5 consists of individuals born after 31
March 1987, who were not exposed to "'l but
were subject to long-lived sources of radiation
exposure.

Table 1 presents the distribution of the 140
study participants across the CTB dosimetry
groups, including a subset of 113 individuals from
groups 2, 3, 4, and 5 for whom personal dosime-
try interview data were not available before pres-
ent study.
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Ta6nauusa 1

Po3nogin 140 yyacHukiB gocnigKeHHs 3a JO3UMETPUYHUMU FpynamMu

Table 1

Distribution of 140 study participants by Chornobyl Tissue Bank (CTB) dosimetry group

KinbkicTb yyacHukiB focnimkeHHs

[o3umeTpuyHa Number of study participants
rpyna Onuc Bes po3umeTpuyHoro
3aranbHa iHTEpE’I0
CTB dosimetry Description Without dosimetry
group Total interview data before
present study
1 Y4yaCHMKN YKPAIHCbKO-aMePUKAHCLKOTO KOrOPTHOIO JOCMIIKEHHS 0Ci6, siki 3a3Hanm
onpoMmiHeHHst y Bilj 0—18 pokis; y BCix uneHis koropTyt Gyno BUMIPSHO aKTUBHICTb
1311 y wpTonopi6Hil 3an03i Ta B3ATO O3UMETPUYHE iHTEPB’I0 25 0
Ukrainian—American cohort of individuals exposed at age 0—18 y with measured '3'|
thyroid activity and personal dosimetry interview data
2 Ocobu 3 BUMIpAHOIO akTUBHICTIO '3l y wwTonoaiBHil 3an03i, ane 6e3 4O3UMETPUYHOIO
iHTEPB’I0 1 1
Individuals with measured '3l thyroid activity but no personal dosimetry interview data
3 Ocobu Ge3 BumipsHOi akTueHocTi "'l y wuTonoziGHii 3an03i Ta 683 J03UMETPUHOMO
iHTEpB'I0 89 89
Individuals without measured "'l thyroid activity and no personal dosimetry interview data
4 Oco6u, onpomiteri pagioHykninom "'l BHTPILLHEOYTPOGHO 6+ 4
Individuals who were exposed to "'l in utero
5 OcoGu, ki Hapoaunucs nicns 31 GepesHs 1987 poky i, oTe, He 3a3Hanu Brimey 3| 19 19
Individuals who were born after 31 March 1987 and, therefore, were not exposed to '3l
Beboro 140 113

MpumiTka. *BKIIOYHO 3 IBOMA 0C06aMM 3 YKPaiHCbKO-aMepUKAHCLKOrO KOropTHOTO AOCHIAXEHHS OC0, ki 3a3HanM ONpOMIHEHHsS! PagioHyKiaoM 1311 BHYTPILUHBOYTPOGHO Ta ki

NPOLLAN AO3UMETPUYHE IHTEPB’I0BAHHS

Note. *Including two individuals from the Ukrainian cohort of individuals exposed in utero for whom personal dosimetry interview data were available

LLnsixn onpoMiHEeHHS

Ho3u Ha I3 yyacHMKIB AOCTiIKEeHHs OyJI1 po3paxoBaHi
JUJISI TAKUX LUISIXiB OIIPOMiHEHHSI:

» Hanxomkenns 'l yepes BIMXaHHS pagioaKTUBHO 3a0-
PYAHEHOTO TIOBITPsT Ta/ab0 CIIOXMBAHHSI XapUYOBHX IPO-
IYKTIiB, TaKUX SIK MOJIOKO (KOpOB’sTde Ta/ab0 KO3WHE),
MOJIOYHI MPOAYKTH Ta JINCTOBI OBOYI B IIepiof 3 26 KBITHS
o 14 nurHs 1986 poky, koau 'l 3a paxyHOK pagioaKTHB-
HOro posnany 3Hu3MBcs 10 piBHg 0,1 % Big moyaTKoBOI
KiJIbKOCTI, OCQIXKEHOI Ha MiICTUJIbHY TTOBEPXHIO;

» Hanxomxkenns *?Te+'*1 ta '**I nuisixom BOMxaHHS 3a0-
PYAHEHOTO IIOBIiTpsI Ta/a00 BXXMBaHHS MOJIOKa, MOJIOY-
HUX MPOAYKTIB i TMCTOBUX OBOYiB MPOTSITOM Iepioay ya-
Cy Bi MOMEHTY aBapii 10 IOBHOTO po3Mnaay KOpOT-
KOICHYIOUMX Pafioi30TOMiB ooy Ta Teypy;

» 30BHIIITHE OITPOMiHEHHS 3 MOMEHTY aBapii 10 MOMEH-
Ty BCTAHOBJICHHS AiarHO3Y BiJ YCiX pamdiOHYKJIiIiB, 110
OCIJIM Ha I'PYHT BHACiA0K YOopHOOMILCHKOI aBapii;

» Hanxomxenna '**Cs ta '¥’Cs 3 MoMeHTY aBapii 10 MO-
MEHTY BCTaHOBJICHHSI AiarHO3y 3 MiCLIEBUMM IPOIyKTa-
MM Xap4yBaHHsI (MOJIOKO, MOJIOUHi ITPOIYKTH, KOpEHEII-
JIOAM, M’SICO), a TAKOX 3 rprbaMu, JIiCOBUMU SITOIaMU Ta
TUYUHOIO.

Exposure pathways

Thyroid doses for the study participants were cal-
culated for the following exposure pathways:

» Intake of "'l via inhalation of contaminated air
and/or consumption of foodstuffs such as cow’s
and/ or goat milk, milk products and leafy vegetables
during the time period from the time of the accident
(26 April 1986) until 14 July 1986 when "'l decayed
to a negligible level of 0.1 % of the initial deposition.
» Intake of **Te+'*I and '*I via inhalation of con-
taminated air and/or consumption of foodstuffs
such as cow’s and/ or goat milk, milk products and
leafy vegetables during the time period from the
time of the accident until complete decay of short-
lived radioiodine and radiotellurium isotopes.

» External irradiation from radionuclides deposit-
ed on the ground from the time of the accident
until the time of the diagnosis.

» Ingestion intake of “Cs and '¥’Cs with locally
produced food (milk, dairy products, root vegeta-
bles, meat) as well as mushrooms, wild berries and
forest game from the time of the accident until the
time of the diagnosis.
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EPIDEMIOLOGY

AND DOSIMETRY

IHauBiayanbHMiA aHaMHE3 NPOXXUBaHHS Ta XapyyBaHHSA
VY nmocnimkeHHi posrisigaeThes 113 ocid 3i 140 (80,7 % Bin
3arajibHOI KiJbKOCTi), SIKi HaJleXKaThb IO HO3UMETPUIHMX
rpyn2(n=1),3(n=289),4(n=4)i5 (n=19) Ta mono KX
paHillle He 30upayacs iHdhopmMallis Mpo MPOXWBAHHS Ta
xapuyBaHH# (Tabm. 1). Ockinbku B CTB mictutbes suiie
oOMexXeHa IepcoHalbHa iH(opMallis 11010 MPOXKMUBaHHS
0co0u, TOOTO JIUIIIE MiCIIe il MPOXKMBAHHS HA MOMEHT aBapil
Ta/a00 Ha MoMeHT omnepauii Ha L3, icHyBajo 3aHero-
KOEHHS, 1110 MIPOCTUIA MepepaxyHoK 103 onpoMiHeHH:T 1113
3 BAKOPUCTAHHSIM OHOBJIEHOI METOI0JIOTI1, ajie 6e3 pe3yib-
TaTiB MEPCOHAILHOTO T03MMETPUYHOTO iHTEPB 10, HE CITPH-
YUHUTb MOKPAILEHHSI OLiHOK 103 onpoMiHeHHs I3 mux
oci0. Tomy Oys10 po3pobJieHO creLiaibHy J03UMETPUUHY
aHKETY i IpoBeAeHO 30ip JaHUX PO iIHAUBIAYyaIbHUM aHAM-
He3 MPOKUBAHHS Ta Xap4yyBaHHsI LMX 113 ocib 1uisixom mep-
COHAJIbHOTO OITUTYBAHHSI.

Ha puc. 1 noka3zaHo 0Ji0K-cxeMy BinbOpy YYacHUKIB J0-
CITKeHHS. Apecy Ta iHITy KOHTAKTHY iH(pOpMAIIilo IINX
0ci0 OyJI0 OTPUMMAHO 3 Pi3HMX IKepes, B TOMY YUCi 3 KITi-
HiuyHoi1 0a3u gaHux IEM, ae MicTuThes iHgopmalis npo aj-
pecy Ha MOMeHT aBapil Ha HopHoOubchKiit AEC, Bin romis
TEpUTOpIaJIbHUX IPOMaJ Ta 3 COLiaIbHUX MepexX. B pe3yib-
tari Baajocs 3B sa3atucs 3i 102 (90,3 %) ocobamu 11sl po-
BEIIEHHS OCOOMCTOTrO JO3UMMETPUYHOrO iHTEepB’10. YCiM
yJacHUKaM OyJIO HalicJIaHO JIMCT-3alPOILIEHHS 3 TTOSICHEeH -
HSIM METH 0COOMCTOTO TO3MMETPUYHOTO iHTePB 10, OUiKyBa-
HUM OOCSITOM BUTpPa4yeHOIo 4acy y pasi iXHbOi 3rogy Ha
y4acTh Yy JOCJIIKEHHi, a TAaKOX 3alleBHCHHSIMU IIOJ0
KOH(IACHIIIMHOCTI ONMUTYBaHHS Ta rapaHTI€El0 OIIaTU 3a
BUTpayeHUd HUMU 4dac. TToTeHuUiiiHOro ydyacHUKa AOCi/-
>KE€HHSI IIOMPOCUJIM 3aTeie(hOHyBaTH, 11100 JOMOBUTHUCS IIPO
iHtepp’r0. TuM, XTO HE BiITYKHYBCSI Ha JUCT, OyJ0 3aTelie-
(oHOBAaHO /IS MIATBEPIXKEHHS y4acTi B TOCTIKEHHi abo

Individual residence and diet history

This study includes a subset of 113 of 140 CTB
participants (80.7 %) from dosimetry groups 2
(n=1), 3 (n=89), 4 (n=4), and 5 (n=19), for
whom only limited information was available in
the CTB, e.g., place of residence at the time of
the accident (ATA) or at thyroid surgery (Table
1). Since the CTB contains only limited person-
al information about the person’s residence, i.e.
only the place of residence at the time of the
accident and/or at the time of thyroid surgery,
there was a concern that simply recalculating
thyroid radiation doses using the updated
methodology, but without the results of a person-
al dosimetric interview, would not improve the
estimates of thyroid radiation doses for these
individuals. Therefore, a special dosimetric
questionnaire was developed and data on the
individual residential and dietary history of these
113 individuals were collected through personal
interviews.

Figure 1 presents the flow chart of study partic-
ipant enrollment. The last known address and
contact information were traced using multiple
sources, including the Laboratory of Morpho-
logy of the Endocrine System at IEM, the IEM
clinical database, blood forms containing
addresses at the time of the Chornobyl accident
and a possible change of surname of the CTB
participant, medical facilities, and social net-
works. As a result, 102 individuals (90.3 %) were
successfully located and contacted. Invitation
letters described the purpose of the dosimetry
interview, expected time commitment, confi-

BuxigHa Bubipka

Initial sample .
N=113 He 3Harpero
(HeMOXNMBO 3B’A3aTNCS)
Not traced

v (unable to be contacted)
BcTaHOBNEHO KOHTAKT N=11(9.7%)

\4

Traced
N = 102 (90.3%)

Momepno
Excluded because of death
N =2 (1.8%)

v

BionmoBunocs Bif, iHTEPB’tO
Refused to participate
N = 15 (13.3%)

v

v
[Morogunock Ha iHTEPB’0
Interviewed
N = 85 (75.2%)

PuUcyHoOK 1. bnok-cxema Habopy y4acHuKiB
pocnipKeHHs

Figure 1. Flow chart of the study partici-
pants’ enrollment
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3’siCyBaHHsI TIPUYMHK BiiMoBH. 3arayioM 85 (75,2 %) ocib
noroauiucs Ha iHTepB’1o (puc. 1). CiMHanLaTh ocid He Oy-
JIO OIUTaHO: 1Bi ocobu momepio (1,8 %), a me 15 (13,3 %)
BiIMOBWJINCH BiJl y4acTi B JOCTiI>KEHHI.

IlepcoHanbHi AO3UMETPUYHI iHTEPB’10 TTPOBOAMIIMCS 3
28 6epesns 2024 poky no 7 moToro 2025 poky. IHTepB’roe-
paMu OyJIu [O3MMETPUCTU, SIKi TPOUILIA CIieliaJbHy
MiATOTOBKY Ta MalOTh JOCBiJ IPOBEIEHHSI iHTEPB’I0 Y
YJIeHiB yKpaiHChKO-aMepUKAHChKOTO KOTOPTHOTO JTOCIif-
JKEHHS — OIpoMiHeHuX y 1986 polii miTeil Ta miaUTiTKiB, a Ta-
KOX 0cCi0, $IKi 3a3HaJIM ONPOMiHEHHSI BHYTPilLIHLOYTPOO-
HO. B ocHOBIi aHKeTH, 1110 BUKOPUCTOBYBAJIACh Y JaHOMY
TOCTiIKEHHI, JieXaia JO3MMETpUYHA aHKeTa, sSIKa paHille
BUKOPHUCTOBYBAJIACSI B YKpaiHCHKO-aMEPUKAHCHKOMY KO-
TOPTHOMY JOCIiIXKEHHI AiTeil Ta MiaJliTKiB, ONPOMiHEHUX
y 1986 poui [12], abo ocib, siki 3a3HaIM ONMPOMiIHEHHS
BHYTPIIIHBOYTPOOHO [13].

AHKeTH MICTWIM NUTaHHS PO TPi3BUILE, iM s, 110 O6aThb-
KOBI Ta JaTy HapOIKEHHSI 0COOU, MiClle MPOXKMBaHHS HA MO-
MEHT iHTepB’10, a TaKOX IUTAaHHSA WI0A0: (a) JeTaTbHOI
icTopii MpoXuBaHHs 0codu abo ii MaTepi (W1 THUX, XTO OYB
OIIPOMIHEHMI1 BHYTPIIITHHOYTPOOHO Ta/ab0 IiepeOyBaB Ha
TPYOTHOMY BHUTOIOBYBaHHi); (0) TOXOMKEHHSI MOJIOKa, MO-
JIOYHUX TIPOIYKTIB i JMCTOBUX OBOYIB Ta PiBHS IXHHOTO CIO-
JKMBaHHS 0c00010 (200 i1 MaTip’10) y KOXKHOMY 3apeecTpoBa-
HOMY MicClli MPOXUBaHHS; Ta (B) BXXKUBAHHS MOAUIY Kaliio
(cTabinpHOTO H0ay) 0c00010 (200 1i MaTip’10) TS OJIOKYBaH-
HsI MIOIMHAHHS pamioakTuBHOro "'l mmronomioHo0 3a10-
3010 B Tiepion 3 26 KBiTHs 110 14 mumHst 1986 poKy. AHKeTa Ta-
KOX MiCTWJIa MATAHHS PO iCTOPit0 3MiH MiCLIsI TPOKMBAHHS
y nepion Mix 15 mumHs 1986 poky Ta JaTor0 BCTAHOBJICHHS
niarHo3y paky 1113, i crioxkuBaHHSI MiCLIEBUX ITPOAYKTiB Xap-
yyBaHHSI (MOJIOKO, MOJIOYHiI MPOAYKTH, KOPEHETUIOAH,
M’SICO), a TAKOX T'pUOiB, JIICOBUX SITil Ta AIMYUHU.

PeKOHCTPYKLisl 4,03 ONPOMiIHEHHS LUTONOAIOHOT
3a503u Big HagxoaXeHHs 131]

InnuBinyanbHi 103U onpoMiHeHHs 113 Big HagXOMKEHHS
BT o 3apeectpoBannx y CTB oci6 6yimu BIiepiie po3paxo-
BaHi 3a JIOIOMOIOI0 METOMOJOTIi peKOHCTpyKLii no3 1113
Bix 2010 poky (TD10) [3], i 1031 B MogaJIbIIIOMY Ha31Ba-
tuMyThcs go3amu CTBD10. To3u onpominenHs 1113 oci6
3 CTB, nepepaxoBaHi 3 BUKOPUCTAaHHSIM OHOBJICHOI METO-
JoJorii pekoHcTpykuii 703 TDU20, OyayTh mo3HayaTucs
CTBD25. Metononorisi po3paxyHKy 103 ONpPOMiHEHHS
I3 3apeectpoBanux y CTB ocib Binpi3HSETbCS 111 KOX-
HOI JO3UMETPUYHOI I'PYIIM i OIMcaHa HUXKYE.

Jo3umerpuyna rpyna 1
SK 3a3Havanocs BUILE, OTO3MMETpUYHA rpyna 1 ckia-
JIAETHCS 13 YJIeHIB YKpaiHChbKO-aMEPUKAHChKOIO KOTopT-

dentiality assurances as well as a modest payment
to compensate their time. Non-respondents
were followed by telephone. In total, 85 individ-
uals (75.2 %) completed the interview (Fig. 1),
while 17 could not be interviewed due to death
(n=2, 1.8 %) or refusal (n =15, 13.3 %).

Personal dosimetry interviews were conducted
between 28 March 2024 and 7 February 2025.
The interviews were conducted by trained
dosimetrists who had received special training
and experience in interviewing subjects of the
Ukrainian-American cohort study of children
and adolescents irradiated in 1986, as well as
individuals exposed in utero. The questionnaire
used in this study was based on a dosimetric ques-
tionnaire previously used in the Ukrainian-
American cohort study of children and adoles-
cents irradiated in 1986 [12] or individuals
exposed in utero [13].

The questionnaire collected information on
name, date of birth, and current address, as well
as detailed data related to the period between 26
April and 14 July 1986, including: (i) residential
history of the participant and, for those exposed
in utero or during breastfeeding, of the mother;
(ii) origin and consumption rates of milk, dairy
products, and leafy vegetables at each reported
residence; and (iii) intake of stable iodine to
block thyroidal uptake of "'I. Additional ques-
tions covered residential history from 15 July
1986 until thyroid cancer diagnosis, along with
consumption of locally produced foodstuffs
(milk, dairy products, root vegetables, meat),
mushrooms, wild berries, and forest game.

Reconstruction of thyroid radiation doses
from 3] intake

Individual thyroid doses from "'l intake for
Ukrainian CTB subjects were previously estimat-
ed using the thyroid dose reconstruction method-
ology of 2010 (Thyroid Dosimetry 2010 system —
TD10) [3], hereafter CTBDI10. Recalculation
with the revised Thyroid Dosimetry 2020 system
for Ukraine (TDU20) yielded the CTBD25 dose
set. Approaches to calculate CTBD25 doses for
each CTB dosimetry group are described in the
sections below.

CTB dosimetry group 1
As previously noted, the CTB dosimetry group 1
comprises participants of the Ukrainian—Ame-
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HOTO AOCIIIKeHHST 0ci0, SIKi 3a3HajJd OMPOMIHEHHS B
JUTUHCTBI a00 MiATliTKOBOMY Billi Ta B SIKUX PO3BUHYBCS
pak II13. V Bcix 111x oci6 6y10 BUMIpsIHO aKTUBHICTD 'I
y I3 y TpaBHi—uepBHi 1986 poky. IHauBigyanbHi naHi
PO iCTOPIiI0 MPOXMBAHHS, CIOXWBAHHS MOJIOKA, MO-
JIOYHMX IIPOAYKTIiB Ta JIMCTOBUX OBOYIB, a TAKOX IIPO
npuiiom ctabiibHOTO Momy Oyau 3i0paHi y BCiX YJIeHiB
KOTOPTHU IIJISIXOM OCOOMCTOIrO JO3MMETPUYHOTO iHTEp-
B’1oBaHHsI, rpoBeneHoro y 2001—2006 pokax. IHauBimy-
aJibHi g03u ornpoMiHeHHs I3 ajst mpeacTaBHUKIB 1€l
rpynu OyJM OLliHEHi Ha OCHOBI pe3yJbTaTiB BUMipIOBaH-
Hs aktuBHOCTI ' 'y 1113 Ta aHaMHEe3y MPOXUBAHHS i Xap-
yyBaHHS Micsiss YopHOOUIBCHKOI aBapii.

JIJ1s1 KO>KHOTO cy0’€KTa JOCIKEHHST kK pO3paxOByBajlOCh
NBi 1031: () ModeawHa n03a onpoMinenHs 1113, Dol
110 Gasyetbes Ha aktuBHocti My 13, QImodel(t), pos-
paxoBaHiii 1j1s1 Oyab-sSIKOTo 4yacy f Iicisl aBapii 3 BUKO-
PUCTAaHHSM €KOJIOTIYHUX Ta O10KiHETUYHMX MOJENEe; Ta
(6) sumipsina no3a onpominenns 1113, D;**?*°, mo Ga3y-
€Tbcs Ha akTUBHOCTI '] muTOonmonioHoI 3a1031, BUMIpsI-
Hilf y MOMEHT 4acy 1, IicJigd aBapii, Q;{neas'tm . Bumipsana
doza ompoMiHeHHs 113, sgka BMKOpPHUCTOBYBajacs B
eImizIeMioIoTiYHOMY aHaJli3i, € HamiiHIIIO0, HiXK Modenb-
Ha, OCKIIbKM BOHa 0a3yeThCs Ha iHAWBiZyaJIbHOMY
BUMIipIOBaHHi akTWBHOCTI "'l 1mmTOIOmiOHOI 3a/103M.
Modeavna mo3a ompominennst I3 (MIp) mnsa ocobu k
pO3paxoByBajiach 3a (HOPMYJIOIO;

. 1-131
ky - etnk

M

ne k, = 13,84 KxoedillieHT, 10 YTBOPIOETHCS BHACTITOK
MpUBeIeHHS ONMHULL BUMiptoBaHH 1o cucremu Cl (bx
kbx!' r xr! Ixx MeB!' ¢ 1! mIp Ip'); My — maca 1113,
1IIO BiAMmoBimae cTaTi Ta BiKy ocobu k (g) [6];

eln k| — cepemsi eHepris, sika normiHaeTsest L3 Ha omum
posman 'l y 1113, 1110 Binnosinae Biky ocoou k [14] (MeB);
Qnodel(t) — ue quHamika MomenbHOI akTiBHOCTI *'1 y
I3 ocobu k& B MoMeHT vacy ¢ (kKbk); 7'= 80 ni06 BepxHs
Mexa iHterpyBaHHs (Big 26 kBiTHs1 1986 poky (f = 0) n0
14 numHsa 1986 poky).

11 po3paxyHKy 1031 Ha OCHOBi BUMipIOBaHb Mode1b-
Hy aktuBHicTh *'l y 1113 y MOMEHT BUMipIOBaHHS ,
Qmodel(t Y, Gyno 3amineHo y pisHsiHHi (1) Ha BUMipsHY
AKTUBHICTb, Qzleas' tm, 3 BUKOPUCTAHHSIM TaK 3BaHOTO Koe-
diuienra kaniopysanus SF, = Q,Zneas'tm /Qo%et (t,).
S0 KoeilieHT KaniOopyBaHHS JOPiBHIOE OAUHMUILIL, TO
1Ie O3HAYae, 110 TEOPETUYHE 3HAYeHHS akThBHOCTI ' y
I113 B MOMEHT 4acy #,, 30ira€Tbcs 3 pe3yJIbTaTOM BUMipIO-
BaHHSI.

model __
Dy =

rican cohort who were exposed to radiation during
childhood or adolescence and subsequently devel-
oped thyroid cancer. Thyroid "“'I activity was
measured in all of these individuals in May—June
1986. Detailed information on residential history,
consumption of milk, dairy products, and leafy
vegetables, as well as on the administration of sta-
ble iodine, was obtained for all cohort members
through personal interviews conducted between
2001 and 2006. Their individual thyroid doses were
then estimated on the basis of thyroid "'l activity
measurements and on their responses to question-
naires.

For each study subject k, two doses were calculat-
ed: (i) a ‘model-based’ thyroid dose, DJ"°®¢!, based
on the "*'I thyroid activity, Qm°del(¢), that was cal-
culated for any time t after the accident using eco-
logical and biokinetic models taking into account
personal dosimetry questionnaire; and (ii) a ‘meas-
urement-based’ thyroid dose, D;/****, based on the
BT thyroid activity measured at time ¢, after the
accident, Q,T(neas’t’flThe measurement-based thyro-
id dose, which has been used in epidemiological
analysis, is more reliable than the model-based thy-
roid dose, because it is based on an individual meas-
urement of 'l thyroid activity. The model-based thy-
roid dose (mGy) for individual k£ was calculated as:

T
: f Qe (t)dt (1)
0

where k, = 13.84 is a unit conversion factor (Bq kBq
gke!J MeV!sd! mGy Gy'); isthe thyroid mass
that corresponds to sex and age of individual & (g) [6];
elni ! is the mean energy absorbed in the thyroid
gland per decay of '*'I in the thyroid that corresponds
to age of individual k [14] (MeV); Qmodel(t)
is the variation of the model-based activity of "'l
in the thyroid of individual £ with time ¢ (kBq);
T =80 d is the upper limit of integration from ATA
on 26 April 1986 (¢ = 0) until 14 July 1986.

To calculate the measurement-based dose, the
model-based "*'1 thyroid activity at time of measure-
ment t,, Q%! (t,,,), was replaced in Eq. (1) with
the measured activity, Qmeas'tm, using the so-called
‘scaling factor’ SF), = Q,Zneas’tm/Q,’(”"del(tm) .
The scaling factor accounts for all steps in thyroid
dose estimation, including ecological and bioki-
netic modeling and questionnaire data. A SF; —
value of 1.0 indicates a perfect agreement between
the model-based and measurement-based doses.
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BBaxaeTncs, 1o TeopeTuyHa AMHaMiKa GyHKITIT
QInodel(t) e peneBaHTHOIO, TOMY KOediLliEHT KaTiopy-
BaHHSI, PO3PaXOBAHU [UISI YACY f, € CTATUM TSI OYIb-
SIKOTO Yacy Iic/is aBapii. 3a IMX YMOB @umipsaHa 103a
onpominenns 13 (D, Ip) po3paxoByeThes SIK:

meas,ty,

k
pmeas —
k

P ()

JleTtaqbHUI OMUC TO3MMETPUYHOI MOJEI, 110 BUKO-
PUCTOBYBAJIACH JJII PO3PAXyHKY 103 OMTPOMiHEHHS M-
TONOAIOHOI 321031 WIEHIB YKpalHChKO-aMePUKAHCHKO-
To KOrOPTHOTI'O JOCiIXKEHHSI, MOXKHA 3HaiTH B [15].

Jlo3umeTpuyHa rpyna 2

MeTtonmka po3paxyHKy 103 oripomiHeHHsT L3 s i€l rpy-
MU TI0 CYTi He BiOpi3HsUIach Bid OIMMCAHOI BUILIE TPyrH 1.
OnHak, Ha BimMiHy Bin rpynu 1, epcoHabHi JO3UMET-
PUYHI iHTEPB’10 17151 OCiO 1Ii€l TpYyIK He MPOBOAWINUCH. To-
MY JIJIST pO3paxXyHKy 103 onipoMiHeHHs 1113 Oy 3po6ieHi
TaKi MIPHUITYILLIEHHSI: (a) Miclie TTPOXKUBaHHS 0coOU (Ha MO-
MEHT aBapii 800 Ha MOMEHT oIepallil), 3apeecTpoBaHe B
CTB, BBaxkanocst MicLieM il MOCTiIAHOTO MPOKUBAHHS 3 26
KBiTH 110 14 numHs 1986 poky; (6) 415t po3paxyHKYy 1000-
BOro HaaxomkeHHs 'l Ta IMHAMIKM MOJIEIBbHOI aKTUB-
Hocri 'y wutononi6Hiit sanosi Q%! (t) y piBHsiHHi
(1) BuKopucTOBYBaMcs pehepeHTHi MTOKA3HUKM CIIOXKK-
BaHH$ MOJIOKA Ta JIMICTOBMX OBOYiB OCO0OO0I0 3aJIEXKHO Bil
ii Biky Ta cTari [15]; Ta (B) BBaxasocs, 1110 0coba He MpUii-
Majia TIpernapaTiB CTaOiUTbHOrO Iomy Uid OJOKYBaHHS
rorimHaHHS "'l TIIMTOTTOMIGHOO 3a7103010.

Jlo3umeTpuuna rpymna 3

Ho3u onpomineHHs1 I3 mist ocib 3 i€l rpynu po3paxo-
ByBalch 3a MeToaosorieto TDU20, TouHicTb S1KO1 3aj1e-
XKUTb Bi iIHTEHCUBHOCTI TUPEOAO3UMETPUYHOTO MOHI-
TOPUHIY B HACEJICHOMY ITyHKTi, Y SIKOMY IIpOXKMBaja
oco0a B MepIlii Mics1li ITics aBapii. Yci HaceaeHi IMyHK-
TH YKpaiHM MNOIISIOTBCS Ha TPU PiBHI 3aJ€XHO Bif
KUIBKOCTI BUMipIoBaHb akTUBHOCTI *'] y MeIlIKaHIIiB 1a-
HOTO HaceJIeHOTo IyHKTY y 1986 porii. [5]:

» Jlo mepuioro piBHs HajexaTb 835 HaceleHUX
nyHKTiB BiHHMLbKOI, ZKuToMupcbkoi, KniBCbKO1 Ta
YepHuiriBcbkoi obiiacteid,! 1e BUMIpIOBaHHSI aKTUB-
HocTi ¥l y 1113, 110 mpoBOAMIKCS Y TPAaBHI Ta YePBHI
1986 poky, Manu Miclie oHaimeHIe cepen 10 mem-
KaHIIiB JaHOTO HACEJIEHOTO IyHKTY (IO3MMEeTpUIHA
nigrpymna 3.1).

» [lo npyroro piBHsI Hajlexath 690 HaceJIeHUX ITyHK-
TiB, Je BuMiptoBaHHs 1113 abo He MpoBoIMIMCS B3a-

It was held that the temporal variation of QI*°%¢!(t)
is correctly represented, so that the adjustment at
time #,, is also valid for any other time after the acci-
dent. Under those conditions, the measurement-
based thyroid dose (D;****, Gy) was calculated as:

_Dlznodel — SFk . Dlznodel (2)

A detailed description of the dose reconstruction
model and its parameters used to calculate thyroid
doses for members of the Ukrainian-American
cohort can be found elsewhere [15].

CTB dosimetry group 2

The approach for this group followed the same
general methodology as described above; however,
personal dosimetry interview data were unavail-
able. Therefore, the following assumptions were
applied: (i) the residence recorded in the CTB —
either at the time of the accident (ATA) or at the
time of thyroid surgery — was assumed to repre-
sent the permanent residence during 26 April — 14
July 1986; (ii) estimation of daily "'l intake and
the model-based thyroid activity of individual &
at time #, QI°?%L(t) | (Eq. 1), was based on ref-
erence age- and sex-specific consumption rates of
milk and leafy vegetables [15]; and (iii) was no
administration of stable iodine to block thyroid
uptake of "*'I.

CTB dosimetry group 3

The thyroid doses for individuals in this group were
estimated using TDU?20, which allows calculating
thyroid radiation doses, the accuracy of which
depends on the intensity of thyroid dosimetric mon-
itoring in the locality where the individual lived in
the first months after the accident. All localities in
Ukraine are divided into three levels depending on
the number of 'l activity measurements among res-
idents of this locality in 1986. [5]:

» The first level included 835 settlements of
Vinnytsia, Zhytomyr, Kyiv, and Chernihiv Oblasts'
where measurements of "'l thyroid activity were
performed in May and June 1986 among at least 10
residents in each settlement (CTB dosimetry sub-
group 3.1).

» The second level included 690 settlements where
thyroid measurements were not performed or the

106nacTb — Lie HaitGinbLua aaMiHICTpaTMBHA OAMHMLA B YKPEiHi, TUMOBUIA PO3MIP
akoi ctaHoBuTb 10 000—30 000 kM2, a HaceneHHs ctaHoBUTb 1,0—1,5 MinbiioHa
oci6. KoxHa obnactb y 1986 poui noginsnacs npubansHo Ha 20 paioHiB.

(1) 194

'An oblast is the largest administrative unit in Ukraine with a typical size of
10,000-30,000 km? and a population of 1.0—1.5 million persons. In 1986,
each oblast was sub-divided into about 20 districts.
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raji, abo KiJIbKiCTb BUMipsIHMX Oci0 Oyia MmeHmoro 10,
ajie Taki BUMIpIOBaHHSI TTPOBOJAMJIMCS IIIOHAWMEHIIIE Y
ST iHIIWX HaceJeHUX ITyHKTax JaHOTO aaMiHiCcTpa-
TUBHOTO paiioHy' (mo3uMeTpuyYHa minrpyna 3.2).

» Ipertiii piBeHb BKIIIOUae 28 828 HaceleHMX MYHKTIB,
pO3TalllOBaHUX Y TUX pailoHax, ae BuMiproBaHHs I113 He
OpOBOAMIMCS a00 A€ KiJIbKiCTbh BUMipIOBaHb OyJia HEAOC-
TaTHLOIO0. /10 1ILOTrO PiBHSI HajexXaTh HAceJeHi MyHKTH,
sIKi He OYyJIM BKJIIOUYEHI 10 MEPIIOro Ta IPYroro piBHiB (10-
3UMeTpUYHA miarpymna 3.3).

Otxe, MoJeIbHa 7032 OIPOMiHEHHS IITUTOITOAIOHOI 32~
o3 D% 1i1g 0co6u k po3paxoByBaIach 3a IOMOMO-
roro piBHSHHSA (1). 1 TUX 0Ci0, IS SKUX MePCOHATbHI
JMO3MMETPUYHI iHTepB 10 He IIPOBOAMIINCH, BAUKOPHUCTOBY-
BaJUCs Ti X MOPUMOYIIEHHS IIOJ0 MicCLsl MPOXMBaHHS,
0COOTMBOCTE XapyyBaHHSI Ta BXWBaAHHS ITperapariB
CTaOUTbHOTO oMy, 10 W I JO3UMETPUYHOI rpynu 2.
s po3paxyHKy n03u onpoMiHeHHsI 1113 ocobu cTaTi «s»,
1110 HAJIEXXUTb 10 BIKOBOI I'PYNU «a» Ta MPOXMUBAJa B j-My
HaceJIeHOMY MYHKTi, MOJie/IbHa 103a KOPUTyBajiach 3a 10-
TIOMOTOI0 3aJIeXKHOTO Bifl BiKY, CTaTi Ta HACEJIEHOTO MyHK-
Ty KaJliOpyBaJIbHOTO KoedillieHTa, SIKUI po3paxoByBaBCs
3a (POPMYIIOIO:

SF,

,S,J

Ie Dfl' s,j — cepels no3a onpomiHeHHst 13 ocobu Biko-
BOI I'PYIU «@», CTaTi «$» 3j-T'O HACEJIEHOTI'O ITyHKTY, 1110 Ha-
JIEXXUTH A0 [-T0 piBHS (ITep1Ioro, Apyroro abo TPETHOTo),
SIK 1Ie OITUCaHOI BULLE Ta B [5]; a Dgfs‘f]‘-iel — ModenbHa 10-
3a orpoMiHeHHs 1113 ocobu Ti€i 3k BiKoBOI I'pymu i cTaTi,
1110 TIPOXKMBAE B TOMY X HaceJIeHOMY ITyHKTi.

SIki110 3 0c0000 He TTPOBOAWIOCH MEPCOHATbHE J03M-
MeTpUYHEe iHTepB't0, Ho3a orpoMiHeHHs 1113 30iramacs 3
03010 po3paxoBaHoIo y [5]. OmHaK 115 0ci0, SKi TIpOMIII-
JIM TIepCOHANIbHI JO3UMETPUYHI iHTepPB'10, 103U Bigpi3HsI-
JIMCS BiJ 103 po3paxoBaHUX y [5], ocKiabKu Oyaa BigoMa
iHAuBinyanbHa iHpoOpMalisgd Opo Miclie MpOXMBaHHS,
pallioH XapyyBaHHSI Ta BXXMBaHHSI TIpernapariB CTabilIbHO-
ro momy.

lo3umeTpuyna rpyna 4

st 0ci6, sKi 3a3HaIM ONPOMiHEHHSI BHYTPILLIHBOYTPOO-
HO, pO3rsdAajoch JBa TMepiogu BHYTPIIIHbOTO OII-
pominenHs 1113 pamionykiizom “'l: (a) mpeHaTtaibHe OI-
pominenns 113 mioay BHacninok HagxomkeHHs 'l mo
opraHismy matepi 3 26 kBiTHs 1o 14 nunHsg 1986 poky Ta
(6) mocTHATaJIbHE OMPOMIHEHHS IUTUHU (711 HApOIXKe-
Hux 10 14 mumHs 1986 poky). OniHKa mpeHaTaabHOI 10-

=D

number of measured individuals was less than 10,
but such measurements were performed in at least
five other settlements in a given district,' which is
an administrative sub-region of an oblast (CTB
dosimetry subgroup 3.2).

» The third level included 28,828 settlements
located in those districts where thyroid measure-
ments had not been performed, or where the
number of measurements was insufficient. This
level includes settlements that were not included
in the first and second level (CTB dosimetry sub-
group 3.3).

In brief, the model-based thyroid dose, DJ0%¢!
for individual k£ was calculated using Eq. 1. For
individuals for whom personal dosimetry inter-
views data were not available, the same assump-
tions as for CTB dosimetry group 2 were used for
place of residence, reference diet and stable iodine
administration. To calculate the dose for an indi-
vidual included in the age and gender groups «a, s»
living in the j-th settlement, the model-based dose
was adjusted using an age- sex- and settlement-
specific scaling factor:

model

as,jl/Pas,j (3)

where Dcll, s,j is the average thyroid dose for age and
gender group «a, s» for the j-th settlement of the
[-th level (first, second or third) of information
described above and in [5]; and D,Ts‘ffel is the model-
based thyroid dose for the same age and gender
group «a, s» and for the same j-th settlement.

For individuals for whom personal dosimetry inter-
views data were not available, thyroid doses for CTB
dosimetry group 3 were assumed to be the same as
those calculated in [5]. However, for individuals
who underwent personal dosimetry interviews, the
doses differed from those calculated in [5], since
individual information on places of residence, diet
and stable iodine administration was available.

CTB dosimetry group 4

For individuals exposed in utero, two periods of
exposure of the thyroid gland from "*'I were con-
sidered: (i) prenatal exposure of the fetus thyroid
gland from intake of *'I by the mother during 26
April - 14 July 1986, and (ii) postnatal exposure
of the child born before 14 July 1986. Estimation
of the prenatal fetus thyroid dose from "'l intake

13a aamiHicTpatiaHM noginom o0 2020 poky

'According to administrative division in 2020

195 &
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31 onpoMiHeHHs 1113 rutona BHAcCIimOK HagxomkeHHs '
JI0 OpraHi3My marepi Oa3yBajiacsi Ha 1031 ONMPOMiHEHHS
1113 Marepi 3 BUKOpUCTAaHHIM Oi0OKiHETMIHOI MOJIETi, pe-
KoMeHoBaHoi mybsikauiero MKP3 88 [16]. 1yt okpemoi
0co0M MpeHaTaIbHa 1032 D,’g}%gﬂs (MIp) Gyna pospaxo-
BaHa sIK cyMa JJ000BUX 103 3a BCi JHi #;, KOJIU BiIOyBaJIoCst
HamxomkeHHs 'l mo opranisMy Marepi. MakcumaibHe
3HAYEHHS f;, TO3HAYEHE SIK finqy, OYJI0 IPUIHSTO piBHUM 80
JHSM (KiTbKicTb JHIB MiX 26 KBiTHs Ta 14 munHsa 1986 po-
Ky). s miteit, HapomkeHUX 10 14 mumHs 1986 poKy, fuax —
1Ie KUJIbKIiCTh JHIB MixX 26 KBiTHs 1986 poKy Ta AaTolo Ha-
pomxeHHs. [lo3a onpominenHs 113 mmoma, po3paxoBaHa
Ha ocHOBI OiokiHeHn4YHO1 Moaeni MKP3, Bu3Havaacs sK:

tmax

model
Dk,fetus

t;i=0

Je hr(T) — 3ajiexXHa BijJl recTal[ifHOIro BiKy T J03a OIpo-
minenHsa L3 troma, HopMoBaHa Ha OJMHUIIIO HAaI-
xomxeHHs 'l mo opranismy matepi (MIp - kbk™!) [16];
T, — TecTalliifHuii BiK cTaHOM Ha 26 KBiTHS 1986 poky
(1062); Gk mother (t) muHamixa Hamxomkenust 'T 1o op-
raHiamy MaTepi, po3paxoBaHa 3a JOIIOMOI'0I0 €KOJIOTTUHO1
mozneni [12] (kbk).

J1st po3paxyHKy «8umipsHoi» MpeHaTalbHOI J03U OIM-
pominenns I3 ocodu k, Dy 'fery,s (MIp), MonenbHa 103a
KOpuUTyBajllach 3a JOIIOMOIOK KajibpyBajabHOro kKoedi-
LiEHTA MaTepi:

meas
Dk,fetus

ne SFy mother — MaTEPMHCBKUIA KaniOpyBanbHUil Koedi-
LHEHT IJI KOpeKUii 03U IUTMHU, OMPOMiIHEHOI BHYT-
PIIIHBOYTPOOHO, SIKWI, 32 HasIBHOCTI BUMIipIOBaHHSI aK-
tuHocTi 'l 'y 1113 Marepi, BUSHA4YaBCs Tak, SIK OIMKMCAHO Y
po3snini «/lozumempuuna epyna I», a SIKIIO BUMipIOBaHHS
He TPOBOJAMIIOCS, TO TaK, SIK OMMCAHO B po3aili «/o3u-
Mempuuna epyna 3» (0e3pO3MipHUIA).

st oci6, HapomKkeHuX 10 14 ntumnHs 1986 poky, mocTHa-
TajbHa g03a onpomineHHs 113 Bin HagxomxkenHs *'1 pos-
paxoByBajach Tak, SIK OMMCAHO B po3aili «/o3umempuuna
epyna 3». 3a HasIBHOCTI BUMipioBaHHS akTUBHOCTI 'l y
I3 matepi, oTpuMaHa mocTHaTaJdbHa J03a JOJATKOBO
MHOXMWJIaCh Ha MaTepPUHCbKUI KaliOpyBaJbHUI KO-
editieHT SFy 1o¢ner- A1 0Ci0, sIKi Iepe6yBatoTh Ha rpyJ-
HOMY BMIOJIOBYBaHHi, KOHIICHTpallisi akTuBHOCTI 'l y
TPYIHOMY MOJIOLI OIliHIOBajacsl 3a JOIOMOTIOI0 €KO-
JIOTiYHOI Mofesli Ta iHdopMallii Mpo Micle MPOoXUBaHHSI
MaTepi Ta il XxapuyBaHHS IiJ 4yac rpyJIHOr0 BUIOJOBYBaH-
Hs1. EkosioriyHa Mojenb Ta JaHi Ipo palioH IUTUHU BUKO-

(1) 196

= Z hy(to +t) -

— model
- Dk,fetus ' SFk,mother

by the mother was based on the mother's thy-
roid dose using the model from ICRP Publica-
tion 88 [16]. For individual &, the model-based
prenatal dose, D,zljlgﬁlm (mGy), was calculated
as the sum of the daily doses over all days #
when "'l intake by the mother occurred. The
maximum value for #;, denoted as #u., Was taken
to be 80 d (number of days between 26 April and
14 July 1986) or number of days between 26
April 1986 and date of birth for children born
before 14 July 1986. The fetal model-based thy-

roid dose was calculated as:

tit1

f Qk,mother (t)dt ’

ti

4

where h7(1) is the fetal thyroid dose coefficient
per unit intake of *'I by the mother depending on
gestational age T (mGy - kBq™") (ICRP 2001); 1ois
the gestational age ATA on 26 April 1986 (d);
Gk mother (t) describes the variation with time of
the "'l intake by the mother of individual k cal-
culated using an ecological model and personal
dosimetry questionnaire [12] (kBq).

To calculate the measurement-based prenatal
thyroid dose of individual k, Dy fetys (mGy), the
model-based dose was adjusted by the so-called
‘scaling factor’ for the mother:

(3)

where SFy otner 18 the individual or settlement
based unitless scaling for the mother to adjust
the model-based dose defined depending on the
availability of "'l thyroid activity measured in
the mother or, if measurement was not done,
depending on residence in settlement belonging
to one of the TDU20 levels and calculated by
Eq. (3) as described above in the Section ‘CTB
dosimetry group 3’.

For individuals born before 14 July 1986, post-
natal thyroid doses from "'l intake were calcu-
lated using the same methodology as for CTB
dosimetry group 3. If measurement of "'l thy-
roid activity in the mother was done, the result-
ing postnatal dose was additionally multiplied by
the maternal scaling factor. For breastfed infants,
BIT activity concentration in breast milk was esti-
mated with the ecological model, incorporating
maternal residential history and dietary data
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PUCTOBYBAIMCH i1 OLIHKM TMHAMIKM HagxomkeHHs ']
IO TUTUHM.

VYV ue gocnigkeHHs1 OyJ0 BKJIIOYEHO TPU OCOOU 3 YK-
paiHCbKO-aMEPUKAHChKOTO KOTOPTHOTO HOCIIiIXKEeHHS
oci0, sKi 3a3Hajd OMPOMiHEHHSI BHYTPillIHbOYTPOOHO.
J1st umx ocib € 1oCTyInHOW iH(popMallis, 1110 OTpUMaHa 3
MepCOHATbHUX NTO3MMETPUYHNX iHTepB'10. JleTampHuit
OITMC JTO3UMETPUYHUX MOJEeH, 1110 BUKOPHUCTOBYIOThCS
JIJIs1 po3paxyHKy 103 onpoMiHeHHs I3, ski 3a3Hanu or-
POMiHEHHS BHYTPIiIIHBOYTPOOHO, MOXHA 3HaiiTH B [17].

OuiHKa 0,03 ONPOMiHEeHHS WMUTONOoAIOHOT 3aN103U Bifg,
HaaXomKeHHN papioHyknipis 32Te+'32] ta 139
SAnepHuii peakTop MPOAYKYeE, mopsa i3 *'I, KopoTKoicHy-
0Yi pagioHyKIiIu Moay, sIKi Y HaBKOJMIIHBOMY Cepelo-
BHILIi Ta OPraHi3Mi JIIOOMHU MMOBOAAThCS aHajoriyHo 'l a
TaKOX PaTiOHYKJIiIA TETypY, SIKi € MaTepUHCHKUMU BiTHOC-
Ho #ony. 3okpeMma '#*Te+'I ta *'l, gxi HagxonaTh mo 1113
TOJIOBHAM YMHOM iHTAISAIIIHAM 1IJIIXoM [ 18] Ta, MeHIIIoro
Mipolo, TiepopaibHUM HusixoM [19]. Ha moyaTok MacoBoro
TUPEOTO3UMETPUYHOIO MOHITOPUHTY B YKpaiHi B CEpearHi
TpaBHs 1986 poky aktuBHicTh '#I Ta '**1 y 1113 3HM3MIACS
JI0 HE3HAYHOTO PiBHS Ta BXE MPAKTUYHO He JeTCKTYBaIacs.
Tomy nmo3u ompomiHeHHs1 1113 BHacCHigOK HagXOMKEHHS
132Te+132] Ta '] Oy/u oLliHEH] 3 BAKOPUCTAHHSIM CITiBBiIHO-
ILIEHHSI paAioi30ToMiB Mooy B peakTopi Ta IMHAMIKK OCiTaH-
a1 ' Ha migcTMIpHY noBepxHio [7, 20, 21].
Hanxomxkenns **1 go 1113 po3paxoByBasoch aHAJIOTiYHO
HaaxomkeHHIo ', aje 3 ypaXxyBaHHSIM CITiBBiIHOIIICHHS
akTuBHOCTeil 1 Ta 'l B peakropi 26 kBiTHa 1986 poky
(1,6) i mepiony pamioakTuBHOrO Hariposmany '*I (20,8
rox). Hanxomxkennsa '*Te+'321 no 1113 po3paxoByBaysoch 3a
HagxomkeHHsaM **Te (nepion HamiBposmany 78,2 roa) dye-
pe3 KopoTKuii nepion HamiBposmnany **I (2,3 ron) Ta iXHIO
palioakTMBHY piBHOBAary B HaBKOJUIIHbOMY CE€pPEIOBUILII.
Hanxomxennsa *?Te no 1113 iHraggmiiHiuM HUISIXOM po3pa-
XOBYBAJIOCh aHAJIOTIYHO 10 HamxomxkeHHs “'l, aje 3 mom-
paBKOIO Ha criBBigHOIIEHHST akTuBHOCTEH ' Te Ta *'l y pe-
akTopi Ha MOMeHT aBapii (1,5) Ta mepionm HamiBpo3mamy
132Te. HapxomkenHs ¥*Te po 1113 3 KOpOB'SYNM MOJIOKOM
Ta MOJIOYHUMM TTPOAYKTAMM HE BPaXOBYBaJIOCSI, OCKIJIBKI
KoeilliEHT Tepexoay 3 KOpMYy B KOPOB’sSiu€ MOJIOKO ISt
12Te 3HAYHO HIDKYMI, HDK, Hanpukian, mrt B[22, 23].
Hanxomxenus '**Te no 1113 3 1ucTOBUMU OBOYaMU po3pa-
XOBYBaJI0Cs aHajIoriuyHo A0 ', aje 3 BUKOPMCTaHHSIM 3Ha-
YeHb MapaMeTpiB €KOJIOTIYHO1 MoJeIi Aisl Teaypy [12].
Jlst po3paxyHKy €KOJIOTigyHOi 1031 ornpoMineHHs 113
rrona Big HagxomxkeHHs 'l ta ¥?Te+'*?] BuKOopMCTOBYBa-
JIOCh CMiBBiMHOIIEHHS MiX 103010 onipoMiHeHHs [113 ma-
Tepi Ta mona 3 mybaikauii MKP3 88 [16]. Exonoriuny
IOCTHATAJIBbHY 103y ornpoMideHHs 1113 Bix 1 Ta *2Te+12]

during breastfeeding, and then was used to esti-
mate the temporal variation of the child’s "'l
intake.

This study also included two individuals from
the Ukrainian in utero exposure cohort for whom
personal dosimetry interview data were available.
Detailed descriptions of the dosimetry models
used for estimating thyroid doses in utero are pro-
vided elsewhere [17].

Estimation of thyroid doses from intake of
132Te+132| and 133|

In addition to "*'I, the reactor released short-lived
radioiodines with environmental and biokinetic
behaviors similar to "*'I, as well as radiotelluri-
ums, which are the precursors of iodine. Among
these, '#I (the decay product of '**Te) and '*°I
contributed most to inhalation dose [18] and, to
a lesser extent, to ingestion dose [19]. By mid-
May 1986, when large-scale instrumental thyroid
monitoring began in Ukraine, thyroid activities
of I and '*I had decayed to negligible levels and
thus were not measured. Consequently, thyroid
doses from intake of '*Te+'*I and '**I were esti-
mated using reactor-based radionuclide ratios at
the time of the accident (ATA) and the temporal
dynamics of *'I ground deposition [7, 20, 21].

Intake of 'l was estimated using the same
methodology as for "'I, with parameter adjust-
ments specific to '*I: the '*1/"'l activity ratio in
the reactor release on 26 April 1986 (1.6) and a
physical half-life of 20.8 h. Intake of "*Te+'’]
was based on "*Te (half-life: 78.2 h), given the
short half-life of '*2I (2.3 h) and their equilibrium
in the environment. Inhalation intake of '*Te
was calculated analogously to "'I, with adjust-
ment for the **Te/"'l activity ratio ATA of 1.5
and the radioactive decay rate of *Te. The intake
of *Te via cow’s milk and dairy products was not
considered because its transfer from feed to
cow's milk is substantially lower than that of "'l
[22, 23]. Intake of **Te from leafy vegetables was
estimated in the same way as for "I, applying
tellurium-specific parameters in the ecological
model [12].

To calculate the fetal model-based thyroid
dose from "I and '?Te+!'*] intake, the fetal
thyroid dose coefficients from ICRP Publi-
cation 88 [16] were used. Model-based postnatal
thyroid dose from '**I and '**Te+'%2I were calcu-

197 =&
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OyJ10 pOo3paxoBaHO, SIK OMKUCAHO B [12], 3 BUKOpUCTAaHHSIM
J030BUX KoedilieHTiB onpoMiHeHHs 1113 HoBoHapomxe-
HUX MPU IHTASILiHHOMY Ta IlepopaJbHOMY HaaXOIXKEHHI
BiATTOBiTHUX pagioHYKJIiaiB [24, 25].

Bumipana noza onpomineHHs I3 Bix KOpOTKOiCHYIO-
YyMX paJioHYKJIiJiB oAy Ta Teaypy po3paxoByBajach 3a
dopmyoio:

Dmeas

— ecol
k,SL — (Dk,l—132

ne DY'$*®  — Bumipani nosu onpominenns L3 ocobu &
Bix Te+" Ta *I (mIp); D,?f,‘llmz iD,?5‘11132— €KOJIOTiu-
Hi po3u onpomiHeHHs I3 ocodu k BHacaigoK ornpomi-
HenHs Te+"*1 Ta '**1 BignosigHo (MIp); SFr — xami6opy-
BaJIbHUI KoeillieHT 111 KOPUTYBAHHS €KOJIOTIYHOI 1031
(6e3po3mipHUin).

3HavyeHHs1 KaniOopyBaibHUX Koeili€eHTIB sl po3pa-
XYHKY 103 omnpomiHeHHs1 III3 Big KOpPOTKOiCHYIOUMX
pamioHyKJIiIiB Mody Ta Teaypy Oyau TaKMMU XK, SIK 1 s
BT (muB. posnin «OliHKa 103 ONMPOMIHEHHS IIUTO-
MOAiOHOI 3371031 Bij HagXomkeHHs P'»).

Jlo3a 30BHILUHbOrO ONPOMiIHEHHS! LUUTONOAiGHOT
3anosau

ITigxin, sKuii BUKOPUCTOBYETHCS MJISI OLIIHKM 103 OIN-
pomiHeHHs I3 BHACHiZOK 30BHILLIHLOIO ONPOMiHEHHS
pamioHyKJlilaMu, 1110 BUIIAJIM HA I'PYHT, MOJSITa€ B iHTEr-
pyBaHHi TMHAMiK1 MOTYKHOCTI MOrJiMHeHoi 1o3u 'y 113 3
ypaxyBaHHSIM BJIACTUBOCTEM eKpaHyBaHHSI, TUTTOBUX IS
JKUTJI0BOI 3a0yJ0BU HACEJIEHOTO IMYHKTY, Je MpoXuBaja
ocoba:

DXt = BF, - z DF, 4 -

Ie D,i’“— no3a onpoMineHHd L3 Bix 30BHIITHBOTO OTI-
poMmiHeHHsT ocoou k (MIp); BF, — moBeniHKOBU# (hak-
TOp, SIKMIA BU3HAYAETHCS 3a 4aCOM, IIPOBEACHUM OCO-
0010 y cnopyaax 3 pizHUM KoedillieHTOM ocja0jeHHS
pamioakKTUBHOCTI B HaceJIeHOMY ITYHKTi (mepeB’sTHWit
OyIMHOK, O€TOHHA CIOpPYAA, BiIKPUTUI TMPOCTIP TOIIO)
JUTSI BIKOBOI TPYIIU a, HaBeJAeHWIA y TabJIu1Ii 2 3TimHo 3 [26]
(6e3po3mipHuit); DF;, — MOTY>XHICTb NOMIMHEHOI 1031
y I3, HopmoBaHa Ha WIiJBHICTH BHUMAMiHbL [-TO
pamioHyKJIiga Ha MovyaTKy aBapii IJisT BiKOBOI TpyIu a
(mIp nob6a! Ha Kbk M?); ©i(f) — IIIIBHICTh OCAIXKEHO-
TO i-TO PaJiOHYKJTiTa B MOMEHT Yacy / y TaHOMY HaceJie-
Homy nyHKTI (KBK M?); p(?) — byHKLisS ocinabieHHs,
10 BigoOpakae 3MEHIIEeHHS IMOTYXKHOCTI MOTJIMHEHOI
JIO3U BHACJiJOK Mirpauii paaioHyKIiAiB y IPYHTi; t, t —
yac, IO BiAIoBimae MmoyaTky Ta 3aKiHUYEHHIO MPOXKM-
BaHHS B HACEJICHOMY ITyHKTi, IIOYMHAIOYM Bil JaTU aBa-
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+ DI?,CIO—Z133) " SFy,

lated as it is described in [12] using inhalation
and ingestion thyroid dose coefficients for new-
borns [24, 25].

The measurement-based thyroid dose from
short-lived radioiodine and radiotellurium iso-
topes was calculated as:

(6)

where Dy's*  is the individual thyroid doses of

cohort member k from ' and '*I (mGy); Dﬁ;‘lllgz
and DF5°!, 5, are the measurement-based thyroid
doses of person k from *Te+'?I and '*I (mGy);
SFy. is the individual scaling factor to adjust the
model-based dose (unitless).

The scaling factors used to calculate thyroid
doses from short-lived radioiodines were
assumed to be identical to those applied for "'l
(see section ‘Estimation of thyroid doses from
B intake’).

Thyroid doses from external

irradiation

Thyroid doses from external irradiation from the
ground-deposited radionuclides were estimated
by integrating the time-dependent dose rate in air
per unit deposition, with adjustments for shield-
ing characteristics typical of the residential envi-
ronment of settlement where the study subject
resided:

ty
f a() - p(O)dt ™)

1

where Dﬁxt is the thyroid dose from external irra-
diation of individual k¥ (mGy); BF, is the behav-
ioral factor that takes into account occupancy
factors, describing the fraction of time spent by
individual at locations of different types in the
settlement (living house, working building, out-
doors, etc.), and location factors, which are
defined as the ratio of the dose rate at locations of
different types in the settlement and the dose rate
at an undisturbed lawn far from any buildings, for
age group a given in Table 2 according to [26]
(unitless); DF;, is the initial absorbed dose rate in
the thyroid per unit activity of i-th radionuclide in
soil for age group a (mGy - d! per kBq m?); 6i(?)
is the ground deposition density of i-th radionu-
clide at time 7 in given settlement (kBq m2); p(?)
is the attenuation function that reflects the
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Taonauusa 1

KoediuieHT ocnabneHHa go3m pana cinbCbKMX Ta MiCbKUX HacesieHUX NYHKTIB i pi3Hux BikoBux rpyn, BF, [26]

Table 1

Dose reduction factor for rural and urban settlements and different age groups, BF, [26]

KoediuieHT ocnabnenHs go3m ans HaceneHoro NyHKTy*

BixoBa rpyna / Age group Dose reduction factor for type of settlement*
cinbcbkuia / rural MiCbKuii / urban

HoBoHapomxeHi 0,14 (0,16) 0,08 (0,09)

1 pik 0,15(0,18) 0,08 (0,11)
5 pokiB 0,17 (0,21) 0,11
10 pokia 0,21 (0,23) 0,14
15 pokis 0,21 (0,23) 0,14
Dopocni 0,33 (0,40) 0,14

MpumiTka. *[ns nepiogie 1986—1987 pp. Ta 1988—2026 pp. (y AyXkax)
Note. *For time periods of 1986—1987 and 1988—2026, which is given in parentheses

pii Ha YopHoounbcebkiit AEC (26 xBiTHsa 1986 poky)
(no6a).

Jist mopocinx ocid MOTYXKHOCTI MOIJIMHEHUX 103 B
LIMTOIOAIOHIN 3a/1031, HOpPMOBaHiI HA OJMHUIIIO 1LiJIb-
HOCTI BUMNAAiHb padioOHYKJiga Ha TPYHT Bill e(eKTUB-
HOTO TIJIOCKOTO JIKepesia, po3TalloBaHOTO Ha Movar-
KOBiii rmubuHi, 0,5 T ¢M?, 110 BpaxOBY€E IUIIbHICThH
IPYHTY Ta MOYATKOBY Mirpalilo pamioHYyKJIiaiB, Oyau
B34aTi 3 [27]. CriBBimHOILIEHHS MiX TOTYXHOCTSIMU
MOIJIMHEHOI A03W B IIUTOMOMIOHII 321031 4151 JOpOC-
JIMX Ta JiTeil pi3HUX BiKOBMX TpyIl OyJaud OTpUMaHi 3
nyomikamii MKP3 144 [28], BBaxaroum, 1o IIi
CHiBBiTHOIIIEHHS OJHAKOBI JIJIs TIOTYXKHOCTI e(peKTUB-
HOI 1031 Ta oriMHeHoi 103U y 1113, Bonu Oynu mpuii-
HATI piBHUMU 1,46 07151 HOBoHapomxeHux Ta 1,3, 1,2,
1,11 1,04 mna miteit Bikom 1, 5, 10 i 15 pokiB Bigmmo-
BiIHO.

IinbHiCTh BUIAAiHb [-T0 PagiOHYKJiJa B MOMEHT
yacy f po3paxoByBaJIACh SIK:

decreasing dose rate due to radionuclides migration
in soil; #, ©» are times corresponding to the begin-
ning and end of residence in the settlement, count-
ing from the date of the Chornobyl accident (26
April 1986) (d).

The initial absorbed dose rates in the thyroid per
unit deposition density of i-th radionuclide on the
ground for adults from an effective plane source
located at an initial depth of 0.5 g cm?, which
accounted for soil roughness and initial radionuclide
migration were taken from [27]. The age-dependent
adjustment factors for the absorbed dose rate in the
thyroid were derived from ICRP Publication 144
[28] assuming that it is of the same pattern as for the
effective dose rate. They were taken to be 1.46 for
newborns and 1.3, 1.2, 1.1, 1.04 for children of 1, 5,
10, 15 years old, respectively.

The deposition density of i-th radionuclide at time
t was calculated as:

0i(t) = 0¢s137(0) " Ri/cs137 - e it (8)

Ie Ocsi37(0) — winpHicTh Bunaginb '¥Cs Ha 7 TpaBHS
1986 poky (kbk M?); Rycqas — BiIHOIIEHHS aKTUB-
HOCTI i-ro pamioHykjima mo aktuBHocTi ''Cs y Bu-
MagiHHIX Ha ToyaTKy aBapii [20, 21]; A,; — MIBUAKICTh
pamioaKTUBHOIO PO3Iaay i-ro pagioHyKjina (moba™).
Hna panionykiinis Nb, 321 ta '“La, 1o € mpoayk-
taMu posnany *Zr, **Te ta “Ba, 1miabHICTh OcamKeH-
Hs OyJla po3paxoBaHa 3a YMOBM PaJioaKTUBHOI PiBHO-
Baru MaTEpUHCHKOI'O Ta JOUYipHbOTO PaJdiOHYKJIiIiB;

0;(t) = 0;(0) - e~ it + g;,(0) -

ne 6i(0) Ta 6ip(0) — MTBHICTL BUTIAMIHB i-TO pajio-
HyKJlila Ta MOro MaTepMHCHKOro paldioHyKJiga Ha

where Gcq37(0) is the deposition density of ’Cs on 7
May 1986 (kBq m™); Rycq3 is the ratio of activity of
i-th radionuclide in deposition to that of '¥'Cs at the
time of deposition [20, 21]; A.; is the radioactive
decay rate of i-th radionuclide (d™').

For radionuclides **Nb, I, and '*’La, that are decay
products of *Zr, **Te, and '“Ba, the deposition densi-
ty was calculated under the condition of radioactive
equilibrium of parent and daughter radionuclide:

Ar,i P -t

AP, .
fi T (eTht — e, ©)

where 6i(0) and Gi,(0) are the deposition densities of
i-th radionuclide and parent to i-th radionuclide at
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MOMEHT BUMaIiHb BianoBigHo (Kbk M?); fi — dpakitist
BUXOIY JOYiPHBOIO PamioHYyKJIiga (0e3pO3MipHMIA);
A’r"i — IIBUIKICTh PaliOaKTUBHOIO PO3Maay MaTepUH-
CBKOTO0 pamioHyKiIima (moba™).

DyHKLi0 ocnabieHHs, p(?), 3aCTOCOBYBaJIM JIWIIIE
st **Cs ta ¥Cs:

py-e Mt +p,
p(t) =

1
ae pr= 0,4, p,=0,6, A, =1,27 - 107 (mob6a™'), A,
3,8 - 107 (moba™') € mapameTpamu GyHKIIIT ociabaeH-
H4 [20].
Mg nepiony micast 1999 poky posrisimaBcs Julie
pamioakTuBHUIA po3nan Cs.

031 BHYTPILUHLOIrO ONPOMIHEHHS LUTONOAIOHOT
3a103u Big, HaaxomKeHHs pagjoHykniais '**Cs Ta '¥’Cs
Ho3a BHyTpimrHbOTO omnpoMiHeHHs L3 Bim Hamxom-
xkeHHs *Cs ta '¥’Cs po3paxoByBajach TaK:

Dlgs = ZDFr,a *0c¢s137 ° f
- t

ne D,fS — no3a onpoMiHeHHs L3 BHacaigok morparn-
JISHHS 1O OpraHi3My palioHYKIiAiB pamionesito (MIp);
DF,., — no3oBuii Koe®illiEHT BHYTPILLIHHOTO OIMPOMi-
HeHHA I3 ocobu BiKOBOI Tpynu a IS #-TO pamio-
nykiiga Cs [24] (mIp bk™); 1..(f) — dyHkuist Hagxom-
>KeHHS r-T0 pagioHykiiga Cs 3 IpoayKTaMu XapuyBaH-
H$1 10 OpraHi3My 0coOu BiKy a, HOpMOBaHa J0 LIiIbHOC-
i Bumaginb 'YCs (bk 106a”' Ha KBK M™); Gcg37 — LLIUIb-
HicTb Bunaninb 'Cs y HacesleHOMY IyHKTI (KBK M),
Jist ouiHKM (DyHKITiT HagxomkeHHsT '*Cs 0y10 BUKO-
PUCTAHO ITOYATKOBE BiIHOIIEHHS aKTUBHOCTI **Cs 10
1¥Cs y BUITamiHHAX Ha TTOYaTKy aBapii, 1o gopisHioe 0,5:

Ics134,0(t) = 0.5 Igg137,4 (L) - e~ (rcs1sa=Arcs1sr) )

ne Icsizaa(t) Ta Ics137.4(f) — HOpMOBaHi (yHKLIi Hal-
xomxkeHHs '*Cs ta ''Cs BiINOBiAHO, 3 pallioOHOM JIJIsT
0co0u BiKy @ y MOMEHT 4acy f miciist aBapii (bk mo6a!
Ha Kbk M?); A.csize = 9,21 - 10 (d™') Ta Arcsizzr =
6,33 - 107 (d"'") — WIBMAKOCTI palioaKTUBHOIO PO3IIaLy
13Cs ta '¥'Cs BinmoBigHo.

Mertonosorist po3paxyHKy (GyHKIIiT HamxomkeHHs Cs
JI0 OpraHi3My JIIOIMHK BHACTIIOK ITOBEPXHEBOTO 3a0py/I-
HeHHsT pocIMHHOCTI (Y 1986 poiii) 6a3yBajacs Ha Teope-
TUYHIi MO TpaHCIIOPTY Padiole3ito JaHKAMU Xapuo-
BOTO JIAHLIIOXKKA 3 MOJATbIIMM KOPUTYBAHHSM 1Ii€l MO-
JeTi 3a pe3yibraTaMyd BUMIpIOBaHb iHKOPIIOPOBAHOTO
13Cs Ha JTiYMIbHMKAX BUTIPOMiHIOBaHH: ronuuu (JIBJ),

the time of deposition, respectively (kBq m™); £ is
the daughter radionuclide production yield (unit-
less); A’r)'i is the radioactive decay rate of parent to
i-th radionuclide (d™).

The attenuation function, p(?), was applied only
for **Cs and 'V'Cs:

for '*Cs and "*'Cs
for other radionuclides

.e 2t ppg %Cs 1a ¥Cs
DS iHWKX pagjoHYKNiaiB

(10)

where p, = 0.4, p, = 0.6, A, =1.27 - 10° (d"), A,
3.8 - 107 (d") are the parameters of the attenuation
function [20].

For the period after 1999, only the radioactive
decay of '’Cs was considered.

Thyroid doses from ingestion
of '%*Cs and '*"Cs
The thyroid dose from **Cs and "’Cs ingestion was
calculated as:
t2

I o (t)dt

1

(11)

where D,fS is the thyroid dose due ingestion of radio-
caesium isotopes of individual k£ belongs to age
group a (mQGy); DF,, is the thyroid ingestion dose
coefficient of r-th Cs isotope for an individual from
age group a [24] (mGy Bq™'); I..(?) is the intake
function of r-th Cs isotope with foodstuffs for an in-
dividual of age a normalized to *’Cs deposition den-
sity (Bq d' per kBq m™); Geqy is the ¥'Cs deposition
density in the settlement of residence (kBq m™).

An initial activity ratio of '*Cs to '’Cs of 0.5 was
used to estimate the normalized "**Cs intake func-
tion:

(12)

where Ics3aa(f) and Icas7.(f) are the normalized
intake functions of '*Cs and '’Cs, respectively, with
diet for an individual of age a at time ¢ after the acci-
dent (Bq - d' per kBq - m?); A.cs34=9.21 - 10*(d")
and A,cs137=6.33 - 107 (d"') are the radioactive decay
rates of **Cs and '"Cs, respectively.

The methodology for calculating intake func-
tion from surface contamination of vegetation in
1986 was based on a theoretical model of radio-
cesium transfer through the food chain, adjusted
using whole-body counter (WBC) measurements
carried out between 15 July and 31 December
1986. For root uptake beginning in 1987 and

(1) 200
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MpoBeAeHUX y Tepion 3 15 mumHsa no 31 rpyaHs 1986 poky.
JlJ1s1 KOpeHeBOro HaAXOMKEHHSI, 1110 rnouyanocs 3 1987 poky,
BUKOPHMCTOBYBAJIACS €KOJIOT0-I03MMETPUYHA MOJIEIIb 3 TTapa-
MeTpaMHu, 1110 BU3HAYaJIMCS BUIAMMU, SIKICTIO Ta ITOBHOLIIH-
HicTIo MosiouHoro Ta JIBJI-MOHITOpHHTY, SIKWii TIPOBOAMBCSI
Ha pagioakKTUBHO 3a0pyaHeHUX TepuTopisix y 1987— 2013 po-
Kax. 3a BigcyrHocTi JIBJI-BuMipioBaHb, JHaMiKa HaIXOMI-
keHHs 'Y'Cs 10 opraHi3My JIIOIMHH OLLHIOBAJIACh 3 ypaxXyBaH-
HSIM PIiBHIB 3a0pyIHEHHST IPYHTY Ta MOJIOKa B HaceJeHOMY
MYHKTI MPOKUBAHHS, a TAKOX CITeL(iKU TPAHCIIOPTY Le3it0
Y HaBKOJIUIIHHOMY CepeloBHUILli. JleTalbHUIA OMUC eKOJI0ro-
JO3UMETPUYHOI MOJEJT, 1110 BUKOPUCTOBYETLCS JIJIST pO3pa-
XYHKY 1103 orpoMiHeHHs 113 Bii moTparuisiHHS 0 OpraHi3My
PaTiOHYKIIiIiB 1I€3i10 MpeACcTaBIeHO B [29].

OuiHKa HeBU3Ha4YeHOoCcTen A030BUX OLLIHOK
HeBuzHadyeHoCTi (MOXWMOKMW) iHAMBiILYaJbHUX TO30BUX
oliHOK ompomiHeHHs 113 ouiHloBanacs auiie IJisl 103U,
OTPUMaHOI HIIIXOM BHYTPIITHHOTO ompoMiHeHHs 1113
pamionykitigom I, gkuii OYB rOJOBHUM IIUISIXOM OIIPO-
miHeHHsM I3 GinplmocTi yyacHUKIB mochimkeHHs. He-
BU3HAYEHICTh 103, OTPMMAHUX iHIIMMU ILLISIXaMU OMpPO-
MiHEHHS, TAKMMM SIK OIIPOMiHEHHS Bill HaIXOIXKEHHS KO-
poTKoicHyrouMx pagionykiaigiB **Te+'I ta '*’I, 30BHilIHE
OTIPOMiHEHHS i BHYTpillTHE oripoMiHeHHs Bix **Cs Ta ''Cs,
Yy LIbOMY JOCJIiIXKEHHi He po3Iisiianacsl.

JI1s1 OLIIHKM HEBU3HAYE€HOCTEW 103 ONpPOMiHEHHS OyJ10
BUKopuctaHo meton Monrte-Kapno. Knacuuni ta 6epk-
COHIBCBKi MOXMOKHU OILIiHIOBAJIUCS OKPEMO, OCKUTBKM IXHil
BIUIMB Ha OIHKW paIialliifHO-TIOB'I3aHOTO PU3NKY PaKy
I3 BHacmigoK BHYTPIIIHLOTO OMNPOMIHEHHS pamio-
Hykitigom 1 3Hauno BigpizHascs [30, 31]. Byno pospaxo-
BaHo 1000 iHAMBiTyaJTbHUX CTOXaCTUYHUX J03 OTIPOMiHEH-
Ha I3 mast KoxkHoi ocobu. Peanizalii 103 onmpoMiHEeHHS
ocobu k (Big D1y 10 Do) mpencrasisiroTs 1000 indusidy-
anvHux cmoxacmuunux 103 onpomMineHHs L3 wiei ocodu.
Cepenne apudpmernyHe posnoainy 1000 indusioyasrvHux
cmoxacmuunux 103 onpoMiHeHHs 1113 Hagaai HAa3UBAETHCS
no3oto orpomiHeHHs 13 wiei ocobu. JleTaapHUit ommc
napaMeTpiB €KOJIOro-I03UMETPUIHOI MOJENi 3 PO3IiJieH-
HSIM JKepead KJIaCMYHUX Ta OEpPKCOHIBChKMX MOXMOOK
npeacTaBieHo y pobdorax [12, 15, 17].

PE3VIJIBTATU TA OBTTOBOPEHHS

031 oNpoMiHEeHHS WUToNoAiGHOT 3ano3u

VY tabmuui 3 HaBeneHo a03u onpoMiHeHHs I3 Bim pizHMX
LLUISIXiB ONPOMiHEHHSI, PEKOHCTPYOBAaHI IJIsI YYaCHUKIB J10-
crimkenHs. CepenqHe apudMeTUIHe 3HAYEHHS 103 OINpPOMi-
HenHs 1113 Bim HagxomkeHHs '], po3paxoBaHe 11 BCiX ydac-
HUKIB JOCTIIPKEHHS, 32 BUHSITKOM JIO3MMETPUYHOI TPYIU 5,
craHoBuTh 470 MIp, memiana — 91 mIp, a MakcuMabHe 3Ha-

later, an ecological dosimetric model was
applied, with the parameters determined by
the type, quality, and completeness of cow's
milk and WBC monitoring conducted in
contaminated territories between 1987 and
2013. In the absence of WBC measurements,
intake function was estimated using environ-
mental characteristics, including soil type,
levels of soil and milk contamination, and
milk equivalent. A detailed description of the
model used to calculate thyroid doses from
ingestion of Cs isotopes is provided else-
where [29].

Assessment of uncertainties in doses
Uncertainty in individual estimates of thyroid
doses were assessed for doses due to "*'I intake
only, which was the predominant exposure of
the thyroid for most study participants. Other
exposure pathways, such as intake of short-lived
2Te+"2] and I, external irradiation and inges-
tion of **Cs and '’Cs, were not considered in
this study.

To assess dose uncertainties, a Monte Carlo
method was used to calculate 1,000 individual
stochastic doses from "'l intake for each studied
individual. The classical and Berkson types of er-
rors were evaluated separately because their influ-
ences on estimates of radiation-related risk of thy-
roid cancer following exposure to *'I were con-
siderably different [30, 31]. Dose realizations for
person k (from D, x to Do) represent 1,000 indi-
vidual stochastic thyroid doses of this individual.
The arithmetic means of 1,000 individual stochas-
tic thyroid doses is called hereinafter as ‘thyroid
dose’ of this individual. A detailed description of
model parameters with separation of the sources
of classical and Berkson-type errors for dose
reconstruction models used to calculate doses for
individuals belonging to different CTB dosimetry
groups can be found elsewhere [12, 15, 17].

RESULTS AND DISCUSSION

Thyroid dose estimates

Table 3 summarizes the reconstructed thyroid
doses from different exposure pathways. For study
participants, excluding CTB dosimetry group 5,
the arithmetic mean thyroid dose from "*'I intake
was 470 mGy, with a median of 91 mGyand a
maximum of nearly 13.3 Gy. Estimated doses
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Ta6nuua 3
[lo3u onpomiHeHHA WMTONOAIOHOT 3271031 YYACHUKIB AOCHIAKEHHSA BiA Pi3HUX WNAXIB ONPOMiHEHHSA
Table 3

Thyroid doses from different exposure pathways reconstructed for study participants

Kinbkictb oci6  [lo3a Ha wuTonoaioHy 3anosy (Mp)/ Thyroid dose (mGy)
Number of persons  AM + SD* MepiaHa / Median [JlianasoH / Range

LLinsix ekcnoauuii / Exposure pathway

HamxomxenHs 311 / Intake of 1311 121 470 = 1 390 91 0-13280
HamxomxeHHs 132Te+132] 1a 133] / Intake of 133Te+132] and 133] 121 37109 1,2 0-697
3oBHiluHe onpomiHeHHs / External irradiation 140 29+58 1,3 0,01 —49
HamxomxeHHs 134Cs Ta 137Cs / Ingestion of 134Cs and 137Cs 140 2120 1,5 0,1-14
Beboro / All exposure pathway 140 445 + 1 385 I 0,23 — 13980

MpumiTkn. *AM — cepeaHe apudmeTniHe, SD — cTaHgapTHe BigxuneHHs. **KinbkicTb ocif, 38 BUHSITKOM A03UMETPUYHOI Fpynn 5.
Notes. *AM = arithmetic mean, SD = standard deviation. **Number of persons excluding CTB dosimetry group 5.

yeHHs — Maike 13,3 Ip. Jlo3a ompominenns 1113 Bim Kopot-
KOiICHYIOUMX i30TOMiB iomy Ta Tenypy gocsrae 700 mIp, noza
Bifl 30BHIILIIHBOTO OIpoMiHeHHsT — 49 MIDp, a 103a BHYTPIllIHb-
Oro OINPOMiIHEHHSI BHACIIA0OK HAAXOMKEHHS paaioOaKTUBHOTO
ne3ito He nepeBuIye 14 mIp. 1 BCix ydacHUKIB JOCTIIKEH-
HSI cepelHs J103a Bif ycix nuisixiB onpomineHHs I3 craHo-
BUTH 445 Ip, Meniana — 71 mIp, a MakcUMabHe 3HAYEHHS —
6:mu3bKo 14 Ip. INotparsiaas 'l qo opraHi3My JIOIUHM € OC-
HOBHMM TIUISIXOM ompoMiHeHHsT 1113, fioro MemiaHHMT BHe-
COK Y 3araJibHy 103y onpomineHHs 1113 ctanoButs 92 %.

V tabnuui 4 HaBeneHo n03u onpomiHeHHs 113 Big Hagxon-
keHHs 'l 1o opraHismMy y4YacHUKIB IOCHTIIKEHHs. SIK i
OYiKyBaoCsl, HaliBUILIi cepeiHi 103U OyIr OTprMMaHi ocoba-
MM, 1110 BiTHOCATHCS 10 go3umeTpuuHux rpym 1 (1 785 mIp)
ta 2 (750 mIp), OCKiIBKM Y BCiX IIMX OCiO BUMiproBaiacs ak-

Taonuus 4

from short-lived iodine and tellurium isotopes
reached up to 700 mGy. Individual thyroid doses
from external irradiation ranged up to 49 mGy,
while those from internal exposure due to cesium
ingestion did not exceed 14 mGy. The mean thy-
roid dose from all pathways combined among all
study participants was 445 mGy, with a median of
71 mGy and a maximum of nearly 14 Gy. Intake
of ' represented the dominant exposure pathway,
contributing a median of 92 % of the thyroid dose.

Table 4 presents thyroid doses from “'I intake
by CTB dosimetry group, oblast of residence
ATA, and settlement type. As expected, the high-
est mean doses were observed in CTB dosimetry
groups 1 (1,785 mGy) and 2 (750 mGy), since all

Po3noain ao3u onpomiHeHHA WUTONOAI6HOT 3a103M Big HaaxoaXKeHHA I ana 121 yyacHUKA AOCNifKEHHA 3a

pisHMMM napameTpamu
Table 4

Thyroid doses from **'I intake by selected groups for 121 study participants from Chornobyl Tissue Bank (CTB)

dosimetry groups 1, 2, 3, and 4

Mapametp / Parameter KinbxicTs 06i6

Jo3a onpomiHeHHs wmTOoNoAiOHOT 3an03m Big, HaaxomkeHHs 311 (mIp)

131] thyroid dose (mGy)

Number of persons

CepepHe / Mean

Mepiana / Median Hiana3oH / Range

[Josumetpuuta rpyna / CTB dosimetry group

> [pyna 1/ Group 1 25 1785 945 49 — 13 280

> [pyna 2 / Group 2 1 750 750 -

> [pyna 3 / Group 3 89 125 56 0-1050

> [pyna 4 / Group 4 6 62 29 0-230
Micue npoxwmBanHs Ha MomeHT asapii / Place of residence ATA

> Xutomupcbka obnactb / Zhytomyr Oblast 30 375 T 0-3365

> Kuigcbka o6nactb / Kyiv Oblast 62 260 84 3.0-2725

> Yepiriecbka o6nactb / Chernihiv Oblast 23 1285 305 12 - 13280

> |Hwe / Others 6 9,0 0,05 0-45
Tun HaceneHoro nyHkTy / Type of settlement of residence ATA

> Cinbcbkuii / Rural 60 790 140 0-13280

> Micbkuii / Urban 61 160 54 0-1350
Bcboro 121 470 91 0-13280
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tuBHicTh 'l y I3 i i ocoou nmpoXxuBagIyu Ha HaWOLTbII
pamgioakTMBHO 3a0pynHeHUX TepuTopisx. HaiiBuii mo3u
(cepenHe 3HaYeHHs cTaHOBUTHL 1 285 MmIp, a memiana —
305 mIp) O6ynmm orpumani B YepHiriBebkiit oomacTi. Jlo3un
ornpoMiHeHHs1 1113, oTpuMaHi B CiIbCHKMX HacCeJIeHMX
MYHKTax, OyJ BUIIMMU, HiXX y Mickkux: 790 MIp mpoT
160 mIp misa cepearboro apudmerruaroro ta 140 mIp npo-
™ 54 MIp wig Menianu BinnoBigHO (Tabmuiid 4). Lle Mmox-
Ha TIOSICHUTY BUILIMM 3a0pyIHEHHSIM KOPOB’SI90r0 MOJIO-
Ka (OCHOBHOIO JpKepesia HaaxomkeHHsd “'l) y citbebKux
HaceJIeHUX IyHKTaX IOpiBHSIHO 3 MicbkuMu. Lleit edekr
criocTepiraBcs i AJIsl iHIIWX HOMYJISIIiN, SIKi 3a3HAIN BITJIA-
BY YopHOOMIBCHKUX BUMAIiHb [15, 32].

MopiBHAHHSA OHOBJIEHNX A,030BUX OLLIHOK
3 nonepenHiMn 3Ha4YeHHIMN
Ha pucynkax 2 i 3 mopiBHIOIOTbCSI 103U Bil HAAXOIKEH -
Hs P'l, po3paxoBaHi B LiboMmy gocaimkeHHi (CTBD25), 3
TUMHU, 110 Oynu omiHeHi panime (CTBD10) [3].
PizHuug mixk ;BoMa HabopaMu 103 Oyjia 3yMOBJIeHA T'O-
JIOBHUM 4YMHOM jABoMa akropamu. Ilo-mepuie, Oyno
MPOBEEHO KOPUTYBaHHSI BUMipIOBaHb akTUBHOCTI ' y
L3 146 425 ocib, BKIIOYAIOUYM YYaCHUKIB JAHOTO J0-
CJIIKEHHS 3 JO3UMeTpUYHUX IpyIl 1, 2 ta 4 [4]. [To-npy-
re, 3aCTOCYBaHHS no3uMeTpuyHoi cuctemu TDU20 y
MNO€AHAHHI 3 iIHAMBIAYaTbHUMU JAHUMU PO MPOXKUBAH-
Hsl Ta aHaAMHe3 XapyyBaHHsI, 3i0paHUMM B JaHOMY O0-
CJTiIKEeHHI, IJIST po3paxyHKy 103 onpoMiHeHHs 113 yyac-
HUKIB JOCHiIKEHHS 3 T03UMETPUUHUX Tpyn 2, 3 Ta 4 [5].

individuals in these groups had measured "'l thy-
roid activity, and measurements were conducted in
the most contaminated areas. The highest region-
al doses were recorded in Chernihiv Oblast, with a
mean of 1,285 mGy and a median of 305 mGy.
Thyroid doses were also higher in rural compared
to urban settlements: arithmetic means of 790 mGy
vs. 160 mGy, and medians of 140 mGy vs. 54 mGy,
respectively (Table 4). This difference reflects the
higher contamination of cow’s milk, a major
source of *'T intake, in rural areas and is consistent
with findings from other Chornobyl-exposed pop-
ulations [15, 32].

Comparison of revised thyroid doses

with previous estimates

Figures 2 and 3 compare thyroid doses from "'l
intake estimated in this study (CTBD25) with
those previously reported (CTBD10) in [3].

The difference between the two dose sets was
mainly caused by two factors. First, a revision of *'I
thyroid activity measurements in 146,425 individu-
als, including CTB participants from dosimetry
groups 1, 2, and 4, was undertaken to correct for
improper measurement geometry and to establish
accurate calibration coefficients for unchecked
thyroid detectors [4]. Second, the application of
the TDU20 system, combined with individual res-
idence and dietary history data collected in the

PucyHOK 2. NopiBHAHHA cepepHix
apupmeTnyHux 3HayeHb 1000 iHgu-
BifyaJIbHUX CTOXACTUYHMX [A03 On-
poMiHeHHA WuTonoAi6Hoi 3an03u Bif
HapxopKeHHa *'I, po3paxoBaHux 3a
metoponoriamm CTBD25 ta CTBD10 vy
norapugpmiyHin wkani. CyuinbHa
NiHiA BKa3sy€ Ha Y3ro/pKeHicTb Mix
A03aMU, @ NYHKTUPHI NiHiT BKa3yoTb
Ha pi3Huulo B 3 pasu.

Figure 2. Comparison of the arith-
metic means of 1,000 individual sto-
chastic thyroid doses from ™I in-
take, CTBD25 vs. CTBD10, logarith-
mic scale for the entire dose range.
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¥ Tabauili 5 TOPiBHIOIOTHCS CepeHi Ta MediaHHI 3Ha-
YeHH$ 103, po3paxoBaHux 3a meToaoJoriasmu CTBD25
ta CTBDI10, o pizHux goszumerpuuHux rpym. Ce-
penHe apudMeTUYHE 103, OLIiHEHE 3a METOJOJIOTIEI
CTBD25 nns BCix y4aCHUKIB JOCIiIKEHHS, 3MEHIITN-
JIocsl MpUOIN3HO Ha 15 % TOpiBHSIHO 3 MOIepeTHiMU
ouiHnkamu 3a MmetonoJiorie;ro CTBD10 (470 mIp npotu
605 mIp), Toxi sIK MeniaHa 3MeHIIMJIACs MaiiXe Ha
35 % (91 mIp mpotu 135 mIp). Haiibinbiie 3MeHIIeH-
Hs 1034 (MpuOJM3HO BABIYi) CIOCTEepiranaocs cepen
0ci0 3 3-1 103UMETPUYHOI IPYIIH, SKi BIEepPILIEe MPOMIII-
JIM JO3MMETPUYHE OIMTYBAaHHS Yy HAHOMY HOCJIi-

Ta6nuusa 5

present study, to calculate doses for CTB participants
from dosimetry groups 2, 3, and 4 [5].

Table 5 compares the mean and median values of
the CTBD25 and CTBD10 dose estimates by CTB
dosimetry group. For the entire study population,
the arithmetic mean of CTBD25 doses was approxi-
mately 15 % lower than that of CTBD10 (470 mGy
vs. 550 mGy), while the overall median was nearly
35 % lower (91 mGy vs. 135 mGy). The largest
reduction, about a two-fold decrease, was observed
among individuals from CTB dosimetry group 3,
who previously lacked individual questionnaire data.

NopiBHAHHA 03 ONpPOMiHEeHHA WUTONOAIGHOT 3an03u Bia HapxoaKeHHA ' gna 121 yyacHMKa AOCNiAXKEHHS,
po3paxoBaHux 3a metogonoriamm CTBD25 ta CTBD10 ana pisHUX AO3UMETPUYHUX FpyN

Table 5

Comparison of thyroid doses from **'I intake by Chornobyl Tissue Bank (CTB) dosimetry group, CTBD25 vs.

CTBD10

Do3umetpuuna rpyna  Kinbkictb ocio

[lo3a onpoMiHeHHs WMTONOAIGHOT 3an03u Big HapxomkeHHs 31l (MIp)
Thyroid dose from '3l intake (mGy)

CTB dosimetry group Number Cepepte / Mean Megiana / Median
of persons CTBD25 CTBD10 CTBD25/CTBD10 CTBD25 CTBD10 CTBD25/ CTBD10
1 25 1785 1780 1,0 945 1035 0,91
2 1 750 530 1,4 750 530 14
3 89 125 235 0,53 56 105 0,53
4 6 62 135 0,46 29 34 0,85
Beboro 121 470 550 0,85 91 135 0,67
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>KeHHi. JleTajibHe TOPiBHSIHHS A03 IJs L€l Tpynu
OpeJaCcTaBJIeHO B HACTYITHOMY PO3/IiJIi.

Bnnue icTopil NpoXXUBaHHSA Ta Xap4yyBaHHSA HA OLLiIHKN
A03U1 ONMPOMiHEHHS LMTono»ioHOoI 3a503u

VY tabmuui 6 HaBeOeHO CTATUCTUKY aHAMHE3y MPOXKU-
BaHHSI Ta XapyyBaHHSI YYaCHUKIB JTOCTiAKEHHSsI, 1110 BU-
KOPHCTOBYETHCS JIJIsI PO3PaxXyHKY 103 oripoMiHeHHs 1113
Bin HagxomkeHHs 'l mig 68 ocib, aki Oyau onmuTaHi B
LbOMY JOCHimKeHHi (17 onmuTaHuX OCid 3 J103UMETPUY-
HOI TpyIu 5 TYT HEe PO3MISIIAIOTHCS, OCKIJIbKM He Oyu
ornpomineHi *'1):

» CTBD25n, 1031 po3paxoBaHi 3a JOMTOMOTOI0 METOI0-
Jiorii TDU20 6e3 ypaxyBaHHS JaHUX iHAWBiAyaJIbHOI aH-
Ketu. HatomicTh BBaxasocs, 1110 ocoda MOCTiiHO Mpo-

Ta6nuusa 6

A detailed comparison of doses for this group is
presented in the following section.

Impact of individual questionnaire data

on thyroid dose estimates

Table 6 shows the descriptive statistics for individ-
ual behavior and dietary data used to calculate the
following thyroid doses from "*'I intake for 68 indi-
viduals who were interviewed in the present study
(17 interviewed individuals from CTB dosimetry
group 5 are not considered in this subsection since
they were not exposed to "'I):

» CTBD25n, doses that were calculated using
TDU20 without individual questionnaire data.
The following behavior and dietary data were used:

CTaTUCTUKA aHaMHe3y MPOXWMBAHHA Ta XapyyBaHHA YYaCHUKIB [AOCHIAXEHHA, WO BMKOPUCTOBYETLCA ANA
po3paxyHKy A03 onpomiHeHHsA L3 Big HapxomkeHHA I 3a meToponoriamm CTBD25y, Ta CTBD25¢«

Table 6
Descriptive statistics for individual behavior and dietary data used to calculate CTBD25y, and CTBD25¢« doses

from I intake

[aHi npo nepei3am Ta AieTy yYaCHUKIB JOCNIAKEHHS
Behavior and dietary data

BukopucToByeTbCs A1 pO3paxyHKY [03
Used in calculation of doses

CTBD25n, CTBD25qx
IcTopist npoxweanHs / History of residence
> Bincotok ocif, siki nosinomunn npo 1 nepeian, 0% 35,3 %
Percentage of study participants who reported 1 relocation
> BincoTok ocif, ki noBinomMunn npo 2 nepeizau 0% 8,8%
Percentage of study participants who reported 2 relocations
Bincotok ocib, wwo 6ynu Ha rpyaHoMy BurogoByeaHHi / Percentage of breastfed study participants 11,8 % 10,3 %
CnoxvBaHHs Monoka Bif, aoMatuHix kopie / Consumption of milk from privately owned cows
> Bincotok cnoxweavie / Percentage of consumers 88,2 % 60,3 %
> Nlobose crioxmeaHHs (n/noba)* / Daily consumptiona (L/d)* 0,31 £ 0,20 (0,052 — 0,68) 0,28 +0,17 (0,03 — 0,63)
> BigcoTok 0cib, ski 3MiHuM gieTy 0% 19,1 %
Percentage of consumers who change milk consumption’s habits
CnoxvBanHs Monoka 3 ToproBenbHoi Mepexi / Consumption of milk from commercial trade network
> BigcoTok cnoxwvBauis / Percentage of consumers 88,2 % 36,8 %
> [loboBe cnoxmeaHHs (n/mo6a) / Daily consumption (L/d) 0,10 = 0,07 (0,032 - 0,22) 0,14 = 0,07 (0,03 — 0,25)
> BincoTok ocif, ki 3MiHunM miety 0% 32,4 %
Percentage of consumers who change milk consumption’s habits
CnoxueanHs MonoyHux npoaykTie / Consumption of dairy products
> BincoTtok cnoxweavie / Percentage of consumers 88,2 % 61,8 %
> [Nlobose crnoxmeanHs (r/no6a) / Daily consumption (g/d) 29,8 +8,3 (15 —43,5) 78,5+ 55 (7 — 259)
> BigcoTok 0cib, ski 3MiHuM gieTy 0% 32,4 %
Percentage of consumers who change consumption's habits
CnoxusaHHs nuctosux oBovie / Consumption of leafy vegetables
> BigcoTok cnoxwvBauis / Percentage of consumers 88,2 % 55,9 %
> Jlo6oBe cnoxveaHHs (r/noba) / Daily consumption (g/d) 19,4+ 9,7 (7 - 36) 22+17(1-63)
> BigcoTok 0cib, ski 3MiHuM aieTy 0% 2,9 %
Percentage of consumers who change consumption’s habits
BincoTok yyacHukiB [LOCMIIKEHHS, iki npuiiMany npenapaty cTabinbHoOro ioay 0% 2,9%

Percentage of study participants with administration of stable iodine

MpumiTka. *CepenHe apudmeTnyHe + CTaHAAPTHE BIOXWUIEHHS, Aiana3oH CMOXWUBAHHS HABEAEHO B JyXKax
Note. *Arithmetic mean + standard deviation, the range of consumption rates is given in parentheses
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>KMBAa€ B HaceJeHOMY ITyHKTi (BKa3aHOMY B MEIWYHii
KapTi) Ta CMOXMBAE MOJIOKO, MOJIOYHI MPOAYKTHU i JIUC-
TOBi OBOYi Ha pedpepeHTHOMY piBHi, XapaKTepHOMY IS
il BiKy Ta cTaTi; BBaxkajiocsl, 110 ocoba He Tpuiimaia
npenapaTy cTabiIbHOTO HOYy.

» Jlosu CTBD25qx, po3paxoBaHi 3a METOIOJIOTiE€IO
TDU20 3 ypaxyBaHHSIM JaHUX JO3MMETPUYHOI aHKETH
10O icTOpii MPOXMBAHHS Ta XapyyBaHHSI, a TaKOX
BXXMBaHHS MpeTnapariB cTabiIbHOTO HOY.

Ilono icTopii mpoxuBaHHs, TO 24 3 68 0cib (35,3 % Bin
3arajbHoOl KiJIbKOCTi) TOBIZOMMWJIM TIPO 3MiHY MicCIls
MpoxkuBaHHS (Iepeisn), Tomi K 6 3 68 ocib (8,8 % Bin 3a-
rajlbHOi KiJIbKOCTi) MOBiIOMUJIM TIpO ABa Iepei3au.
3rigHoO 3 aHKETHUMMU JaHUMM, YacTKa CHOXMBayiB MO-
JIoKa Oyjla HMXKYOIO, HiX mpuiryckaeTbesd B TDU20:
60,3 % nipotu 88,2 % mJisk KOPOB’SIYOrO MOJIOKA 3 TIPU-
BaTHUX rocronapcts, Ta 36,8 % npotu 88,2 % nis mosio-
Ka 3 ToproBoi Mepexi. CepeHe CITOXKMBAHHS MOJIOKA,
po sKe TOBiIOMIISIIOCS TTiJ Yac OCOOMCTUX iHTEPB’IO,
OyJI0O BUILMM, HIX CepelHE 3HAUYEHHS, TNMPUIHATE B
TDU20: 0,28 n/mo6a ipotu 0,31 1/mo6a ta 0,14 1/m06a
npotu 0,10 1/m06a mIst JOMAIIHEOIO KOPOB’STY0T0 MO-
JIOKa, Ta MOJIOKA 3 TOPTrOBOi MepeXKi BillIOBiAHO. 3TigHO
3 TDU?20, Ha rpynHOMY BUTOAOBYBaHHi 0yJ10 4 0cOOM Bi-
KOM 10 1 poKy Ha MOMEHT aBapii, ITpoTe i yac ocoduc-
TUX iHTEpB’I0 MPO TPyaHE BUTOJOBYBAHHS LIMX OCI0 He
noBinomJsiocs. YacTka oci0, siKi MOBiIOMMWIN PO CIO-
>KMBaHHSI MOJIOYHUMX MPOAYKTIiB Ta JIMCTOBUX OBOYiB, OY-
Jla HIK4O10, HixX ipurnyckaeTbest B TDU20: 61,8 % mipo-
™ 88,2 % 1a 55,9 % npotu 88,2 % BignosigHo. Y TDU20
BBaXXa€ETHCS, IO 0coba 0e3 TO3MMETPUIHOTO iHTEepPB’I0
He mpuiiMana mperapaTy cTabiIbHOro oLy IJisl 0JIOKY-
BaHHS MOMIMHAHHSA paaioakTuBHoro iony 3. OgHak,
IBOE 3 68 ocib (2,9 % Bim 3araabHOI KUIBKOCTI) MOBIIO-
MWIY, 100 MpUiiManu CTaOUIbHUI oI MPOTAroM Iep-
1LI0TO MicCsIs TIic/IsI aBapii.

Ha puc. 4 nopiBHIOIOThCS NIBi OLIIHKM 103, PO3paxo-
Bani 3a Metomukamu CTBD25y, Ta CTBD25¢y, o1 68
0cCi0 3 TO3MMETPUIHMX TPyTI 2, 3 Ta 4, AKi OyJIM OTIMTaHI.
Ho3su CTBD25ox BUSBWIMCS HMXYUMM, HiX H03U
CTBD25n,: 105 MIp mpotu 150 mIp mins cepemHboro
apudmerraHoro ta 46 mIp mporu 98 MIp misg MeniaHu.
[lomibHe cyTTeBe 3HIMKEHHS 103 omnpoMiHeHHs 1113,
pO3paxoBaHUX 3 BAKOPUCTAHHSIM JaHUX JO3MMETPUYHOI
a"keTu (CTBD25¢x) MOpiBHSAHO 3 TUMH, 1110 OYJIU pO3-
paxoBaHi 6e3 Takux gaHux (CTBD25n,) coctepiranocs
B IOIepeaAHbOMY JocaigkeHHi [11].

Y Ttabmuui 7 HaBeaeHO TIPUYMHU BiAMIHHOCTI 103U
CTBD25¢« Bin no3u CTBD25~, i Bubipku 3 10 ocib 3i
3HAYHOIO Pi3HULICIO MiXK LIMMU IBOMA J03aMu. BpaxyBaH-
HsI iCTOpil MPOXMBAHHS MPU3BEJIO TOJOBHUM YMHOM A0

permanent residence in the settlement of resi-
dence ATA and reference age- and gender-
dependent consumption rates of milk, dairy prod-
ucts and leafy vegetables; stable iodine administra-
tion was not considered; and

» CTBD25¢x doses that were calculated using
TDU20 and individual questionnaire data on resi-
dence and diet history and stable iodine adminis-
tration.

Regarding residential history, 24 out of 68 individ-
uals (35.3 % of the total) reported relocation from
the place of residence ATA, while 6 out of 68 indi-
viduals (8.8 % of the total) reported two relocations.
According to the questionnaire data, the fraction of
consumers of milk was lower than that established
in TDU20, 60.3 % vs. 88.2 % and 36.8 % vs. 88.2 %,
for milk from privately owned cows and from com-
mercial trade network, respectively. However, the
arithmetic mean of consumption rates of milk re-
ported during personal interviews was higher than
that established in TDU?20, 0.28 L -d'vs. 0.31 L-d"
and 0.14 L-d'vs. 0.10 L- d"', for milk from private-
ly owned cows and from commercial trade net-
works, respectively. According to TDU20, breast-
feeding was assumed for all 4 individuals aged less
than 1 y ATA; however, breastfeeding of these per-
sons was not reported during personal interviews.
The fraction of individuals reporting consumption
of dairy products and leafy vegetables was lower
than that assigned in TDU20, 61.8 % vs. 88.2 % and
55.9 % vs. 88.2 %, respectively. TDU20 did not
account for the administration of stable iodine to
block the uptake of radioactive iodine by the thyroid
gland. However, two out of 68 individuals (2.9 % of
the total) reported having taken stable iodine during
the first month after the accident.

Fig. 4 compares the two sets of doses, CTBD25n,
and CTBD25¢y, for 68 individuals from CTB
groups 2, 3, and 4 who were interviewed in the
study. CTBD25¢x doses were found to be lower than
CTBD25n, doses, 105 mGy vs. 150 mGy for the
arithmetic mean and 46 mGy vs. 98 mGy for the
median, respectively. The similar substantial reduc-
tion in thyroid doses calculated using individual
questionnaire data, CTBD25¢x, compared to those
calculated without questionnaire data, CTBD25no,
was observed in the previous study [11].

Table 7 summarizes the reasons for differences
between CTBD25qx and CTBD25x, dose estimates
for a sample of 10 individuals with notable discrep-
ancies. Incorporation of residential history data
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Thyroid dose calculated using TDU20 and individual questionnaire data,

PuUcyHOK 4. MopiBHAHHA ABOX Ha-
6opie po3 (CTBD25y, Ta CTBD250y)
AnsA 68 oci6 3 fo3MMeTpUYHUX rpyn
2, 3 1a 4, AKi 6ynu onutawi B gocnip-
eHHi. CyuinbHa NiHia BKasye Ha y3-
rofKeHiCcTb MiX A03aMK, a NYHKTUPHI
niHii BKa3ywTb Ha pisHULI0 B 3 pasu.

Figure 4. Comparison of two sets of
doses, CTBD25y, and CTBD25¢, for
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[l031 onpoMiHeHHs! LWMTONOAIGHOT 3251031 Ge3 ypaxyBaHHAM JO3UMETPUYHMUX iHTEB’I0,
CTBD25,, (mIp)

CTBD25,, (Mlp)

Thyroid dose calculated using TDU20 without individual questionnaire data,

CTBD25,,, (mGy)

1000
031 onpoMiHeHHs LUTONOAIOHOT 3a5103M 0e3 ypaxyBaHHS JO3UMETPUYHMX iHTEB’I0,

68 individuals from CTB groups 2, 3,
and 4 who were interviewed in the
study. Solid line indicates agreement
between doses, while dashed lines
indicate a factor of 3 difference.

10000

3MEHILEHHS iHAWBITyaIbHOI 103U, OCKIJIbKY 3’ SIBUJIACS iH-
dopmatig (3idbpaHa IUISIXOM OCOOMCTOrO iHTEPB’10) IOAO
eBakKyallii abo mepecejieHHsI 0cCO0U 3 BUCOKO3a0PYyIHEHOIO
HAaceJIeHOTO MyHKTY 10 HU3bK03a0pyIHEHOTo abo He3a0py/I-
HeHoro perioHy (ocoou A, B, C, i F). BpaxyBaHHs gaHuX
aHaMHe3y XapuyBaHHs TIPU3BEJIO /10 30iIblIIeHHS 400 3MEeH-
LIEHHS iHAMBiAyaJdbHUX 3HAuy€Hb 03 3aJIEXKHO Bid TOrO,
HACKiTbKH TTOXOMKEHHS MOJIOKA Ta PiBHS MOTO CITOXKMBaH-
HSI BIIPI3HSUIMCS Bifl TUX, 1110 BAUKOPHUCTOBYBAJIVCSI B TTOIIE-
penHiii Mozaeti peKoHCTpyKilii no3u (ocodou D, E, G, H, iJ).
ITpuitom npenapaTy cTabiIbHOIO MOMY Yepe3 ABa JAHi Mics
aBapii pa3oM 3i 3HAUHO MEHIINM CIOXUBAHHSIM MOJIOKA,
HiX BBaXkaylocsl paHillle, CIIPUYMHUB Maitke 25-KpaTHe
3HIDKEHHs 1034 onpoMiHeHHs 1113 Bin HagxomkeHHs 1.

HeBusHauyeHocTi 03

711 KOXXHOro ydyacHUKa JOCTIKEHHST OYyJ10 po3paXxoBaHO
Habopu 3 1000 iHdusidyanvhux cmoxacmuuHux 103 OTIPOMi-
"enns 1113 Bim HanxomkeHHs *'1. BussieHo, 1110 pO3IIOIiI
iHOugidyanvHux cmoxacmu4Hux A03 JJISI KOXHOI 0Cco0Ou €
NPpUOIU3HO JIOTHOPMAJIBHUM, i T€OMETPUYHE CTaHIApPTHE
BimxuiieHHs1 (GSD) 1poro posnofiny Oyjo BUKOPUCTAHO
JIUIS XapaKTEpUCTUKU 3arajbHOI HEBM3HAYEHOCTI 103U OIl-
pomiHeHHs 1113 xoxHOI ocodu. /11t 103, po3paxoBaHUX 3a
metoznonoriero CTBD25, GSD konuascs Bin 1,3 10 6,1 i3
cepelHiM (apruMETUYHMM) 3HAYEHHSIM JIJTs1 BCiX YYaCHUKIB
nJocmimkeHHs 3,1 ta MexiaHoto 3,3. Sk i odikyBajyiocst, Haii-

primarily reduced individual doses, as personal
interviews revealed evacuations or relocations
from highly contaminated settlements of resi-
dence ATA to less or non-contaminated areas
(subjects A, B, C, and F). Inclusion of dietary his-
tory data produced both increases and decreases
in dose values, depending on whether reported
milk origin and consumption patterns at ATA dif-
fered from assumptions used in previous dose
reconstructions (subjects D, E, G, H, and J). For
subject I, reported intake of stable iodine two days
after the accident combined with substantially
lower milk consumption led to an almost 25-fold
reduction in thyroid dose from "'l intake.

Uncertainties in doses

Sets of multiple 1,000 individual stochastic doses
from "'l intake were calculated for each study
participant. The fitted distribution of individual
stochastic doses for each individual was found to
be approximately lognormal and the geometric
standard deviation (GSD) of that distribution
was used to characterize the overall uncertainty
for every individual studied. For CTBD25, the
GSD ranged from 1.3 to 6.1 with an overall arith-
metic mean of 3.1 and a median of 3.3 across all
study participants. As expected, the highest
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Builli GSD Oynu noB’s13aHi 3 103aMU, pO3paxOBaHUMM JIJIST
0cib, siki He May BuMipy aktuBHocTi 'l 'y 1113, To6TO 0Cib,
SIKi BITHOCATHCS IO JO3UMETpUUHUX TpymT 3 Ta 4. Jlmsa mux
ocio GSD konuBaiacs Bizg 2,6 no 6,1, cepenHe ckianae 3,5,
a MmeniaHa — 3,4. HaitHrokdai 3HaueHHss GSD Oynu 1oB’s13aHi
3 103aMM, PO3PAXOBAaHUMU )i 26 0OCi0 3 TO3UMETPUYHUX
rpyr 1 1a 2, v skux aktuBHicTs *'l y 1113 OGyira BuMipsiHa B
nepii Micsii micis aBapii (cepente 3HaueHHss GSD craHo-
BuUTH 1,4, Mmeniana — 1,4, nianma3oH 3Ha4eHb KOJIMBAETHCS Bifl
1,3 no 1,6). IngusinyanbHi 3HaueHHs GSD ig y4acHUKIB
JOCITIKEHHS 3 JO3UMETPUIHOI TPy 4 BUSBUJINCS IOCUTH
BUcOoKUMU (cepeaHe 3HaueHHs GSD craHoBuTh 3,9,
MeniaHa — 3,8, miana3oH 3HaYeHb KOJMBAEThCs Bid 3,4 10
4,5) uepe3 Te, 10 y po3paxyHoK 1000 indusidyanrvuux cmo-
xacmuunux 103 1113 ocib, ormpoMiHeHNX BHYTPIIITHEOYTPOO-
HO, JOJAIOThCS HOBi Kepejda HEeBM3HAUEHOCTI, TaKi $IK
CITIBBiTHOIIIEHHS MiX 103010 onpomiHeHHs I3 matepi Ta
TIoAa i TepMiH BariTHOCTI HA MOMEHT aBapii [17].

MepeBaru Ta 06MeXXeHHs JoCNiaXEeHHS

CUIbHOIO CTOPOHOIO IIHOTO AOCIIIKEHHS € BUKOPUCTaH-
HS OHOBJIeHOI cucteMu npo3umetpii 13 TDU20. IIe
OJIHI€I0 TTEPEeBarolo € BpaxyBaHHS aHaMHe3y IIPOXKMBaHHS
Ta XapyyBaHHS OiNBIIOCTI YYaCHUKIB mocmimkeHHs (112
3i 140, To6T0 80 % Bim 3arajabHOI KiJIbKOCTI) IMPU PEKOH-
CTpYKIii 103 onpoMiHeHHd I113.

OpnHak 11e TOCTiIKEeHHS TAKOX Ma€ TIeBHI 00MeKeHHSI:
1. docroBipHicTh iH(opMalii, 3iopaHoi y 2024—2025 po-
Kax (Tobto Maitxke yepe3 40 pokiB Micis aBapii) HUISIXOM
MNEepPCOHAIbHUX JO3MMETPUYHMX iHTEPB’I0, MOXE OyTH
HU3BKOIO Yepe3 MoTaHy ImaM’ ITh pecrioHaeHTa. OgHak, K
OyJ10 MOKa3aHO B OiJIOPYChbKO-aMEpPUKAHCHKMX TOCIiI-
>KEHHSIX 0Ci0, SIKi 3a3Hajid OMPOMiHEHHSI B AUTIYOMY Ta
MiIJTiITKOBOMY Billi, a TAKOXX BHYTPillIHLOYTPOOHO, CITOTra-
JIM YYaCHUKIB NOCHiAXKEHHSs a00 IXHiX MaTepiB PO iCTOPiI0
MPOXUBAHHS € TOCUTh HAAiHHUMU (BiATBOPIOBAHICTS LIi€l
indopmariii cranoButh 88—92 %), TOmi K Crioragu IMpo
CMHOXMBAHHS MOJIOKA Ta MOJJIOYHMX MPOAYKTIB OYJIU Ie1110
ripimMu (BinTBoproBaHicThb crioragiB 55—80 %) [33, 34].
2. BimcytHicTh iH(opMmalii mpo Miclie MpPoXWBaHHS Ta
palioH xapyyBaHHS 28 yYaCHUKIB JOCTiIXKEHHS, 3 IKUMU
He 0yJ10 mpoBeneHo iHTepB 10 (puc. 1). OCKIIbKY IS LIMX
0ci0 OyJ10 HEMOXKJIMBO OLIHUTU IHAWUBiAYaJbHi JO3U OIl-
pomiHeHnHs I3, To mo3u M1 HUX PO3PaXOBYBAJIUCS SIK
cepellHi 103U B HaceJeHOMY ITyHKTi MPOXXMBaHHS (BKa3a-
HOMY Y MEAWYHIN KapTi) AJ1 JaHOro BiKy Ta cTaTi. Pi3Hu-
s MiXK OPUITYLLIEHHSIMU, 110 Oyaud ONPUIAHSITI B JaHOMY
JOCIiIKeHHi I0J0 TPOXMBAHHS Ta XapyyBaHHS (I10-
CTiliHEe Miclle TPOXXMBAHHSI OCOOM i CepeHiil I JaHOTO
BiKYy Ta cTaTi piBeHb CITOKMBAaHHS MOJIOKA Ta MOJIOKOIIPO-
IYKTiB), 1 «CIIpaBXHiM», aJle HEBiIOMUM aHaMHE30M ITpO-

GSDs were associated with the doses calculated
for individuals who were not measured, i.e., CTB
dosimetry groups 3 and 4, where the GSD ranged
from 2.6 to 6.1 with a mean of 3.5 and a median
of 3.4. The lowest GSDs were associated with the
CTBD25 doses from "'l intake calculated for 26
individuals from CTB dosimetry groups 1 and 2
who were measured for 1311 thyroid activity
(mean GSD=1.4, median GSD=1.4, GSD range
from 1.3 to 1.6). Individual GSD-values for study
participants from the CTB dosimetry group 4
were found to be rather high (mean GSD=3.9,
median GSD=3.8, GSD range from 3.4 to 4.5)
due to the inclusion of new sources of errors in
the calculation of 1,000 individual stochastic
doses for individuals exposed in utero, such as
those for the fetal thyroid dose coefficient and
gestation age ATA [17].

Strengths and limitations of the present study
The strength of the present study is the use of the
revised TDU20 thyroid dosimetry system.
Another strength of the study is the use of indi-
vidual data of residence and diet history to calcu-
late thyroid doses from "'I intake for most study
participants (112 out of 140, 80.0 % of the total).
However, several limitations of this study should
be acknowledged:

1. Recall bias in interview data. The reliability of
information collected in 2024—2025, nearly 40
years after the accident, may be affected by mem-
ory limitations of respondents during personal
dosimetry interviews. Nevertheless, prior valida-
tion in the Belarusian-American cohort of indi-
viduals exposed during childhood and adoles-
cence and the Belarusian cohort of persons
exposed in utero demonstrated that recall of resi-
dential history by participants or their mothers is
generally reliable, with reproducibility of 88—92 %,
while recall of milk and dairy product consump-
tion was somewhat lower, with reproducibility
of 55—80 % [33, 34].

2. Incomplete interview coverage. Residential
and dietary history data were unavailable for 28
participants who were not interviewed (Fig. 1).
For these individuals, thyroid doses could only
be estimated as age- and sex-averaged model-
based values for their settlement of residence. As
demonstrated in the present study, discrepancies
between assumed data (permanent residence
and averaged dietary rates) and and the ’true’
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EPIDEMIOLOGY

AND DOSIMETRY

>KMBaHHS Ta XapyyBaHHS IS oci® 0e3 J03MMETPUYHUX
iHTEePB’10, MOXe TTPU3BECTH JI0 CYTTEBOTO 3aBUILIEHHS a00
3aHIKEeHHS 103 onpoMiHeHHs L3, 1o it Oymo mmpoaeMo-
HCTPOBAHO B JaHOMY JOCJiIKEHHi.

BUCHOBKU

VYV Wil cratTi npeacraBiieHi MOKpalleHi OLiHKU 103 OM-
pPOMiHEHHS IIUTONOAIOHOI 3a1031 3apeecTpoBaHux y CTB
0ci0, gKi 6epyTb y4acThb y TOTOYHOMY AOCiAXXEHHi TeHOM-
HOro JJaHAWAPTY PONIKYIIPHUX KAPLUMHOM i (OJiKyIsSIp-
HUX aJeHOM LIMTONOAiIOHOI 3a703u. o031 po3paxoBaHi 3a
OHOBJIEHOIO METOJOJIOTIEI0 3 ypaxyBaHHSIM iHAMBiIyalb-
HOI iCTOpii MPOXMBaHHSI Ta XapyyBaHHsS. Xo4ya MOCITiI-
JKeHHs1 0a3yBajloch Ha JOCUTb OOMesKeHilt BUOiplli 3apee-
crpoBanux y CTB oci6 (140 3 mpu6msHo 4300 a6o 3,3 %
BiJI 3arajibHOI KiJIbKOCTi), BOHO YiTKO MTOKAa3aJio, 1110 BUKO-
pUCTaHHS pe3yabTaTiB iHAWBiIyadbHUX iHTEPB’I0 Mae€
MNOMITHMIA BIUIMB Ha OLIHKY IO3W OIPOMiIHEHHS IIUTO-
nomioHoi 3a71031, 30KpemMa 11e cTocyeThes Thx ocid 3 CTB,
SIKi TTIOTpanuIn 10 J03MMETpUUHUX rpyn 2, 3 ta 4. Li no-
3UMETPUYHI IPyNH BKIovYaloTh moHaa 90 % ocib, siki Ha-
pa3zi 6epyTh yyacTh y gociimxkeHHi. Tomy mig yac mpoBe-
IeHHSI TOCIIiIKEeHb, CIIPSIMOBAHUX Ha 3’ SICYBaHHS MOXJIM -
BUX 3B’S13KiB MiX 103010 OTIPOMiHEHHSI IUTOIOIi0HOI 3a-
JIO3U Ta BaXJIMBUMHU AeMorpadiyHUMU, KJIiHIYHUMU, Ma-
TOJOTIYHUMM, MOJICKY/ISIPHO-T€HeTUYHUMHU TTOKa3HMKa-
MU, HEOOXiJHO MPOBOAUTU MEPCOHAJbHI JO3UMETPUYHI
iHTepB’10 I 300py JAHUX TIPO iCTOPil0 MPOXKMUBAHHS Ta
XapyyBaHHS YYaCHMKIB gociimkeHHs. Lle 1o3BoJisie oTpu-
MaTu OiJblI TOYHI OLIHKU iHAMBiAyaJdbHUX 103, HixX 0e3
MPOBEIECHHS TAKOI'O iHTEPB’ IOBAHHSI.

BpogayHicTb

ABTOPHU BUCJIOBJIOIOTh IIUPY BASYHICTb MoKiitHOMY Ii
JlixTaphOBY 3a BHECOK Y PO3BUTOK AO3MMETPil LIMTOMNO-
JIOHOI 3aJ1031, a TAKOXK BiJl3HAYAIOTh LIIHHUI BHECOK AH/I-
pe bysins ta Jlinu Kosran y nosumertpito 13 3apeectpo-
BaHux y CTB oci0.

diHaHcyBaHHS

IIg poboTa Oyna miaTp¥MaHa MNPOTrpaMOI0 BHYTPillIHiX
JOCHiIXeHb BiIAily eIigeMionorii Ta reHEeTUKMU paky
HamionansHoro iHcTuTtyry paky HamionansHoro
iHcTutyTy 310poB’s CIHA (NCI) nuisixoMm KOHTpakTy
75N91024D00012 / 75N91024F00003 mix NCI Tta Yk-
paiHCHLKIM HAyKOBO-TexXHOMOTiuHNM 1IeHTpoM (YHTLI) Ta
HauionanbHoi akameMi€ro MeIWUYHMX HayK YKpaiHWu,
nuisixom ¢inancyBaHHsa HIP (Homepu aepxaBHOI pee-
crpaii: Noe 01250001228 Ta Ne 0125U001235).

but unknown data for these individuals without
personal interviews can result in substantial
over- or underestimation of model-based thy-
roid doses.

CONCLUSIONS

This study provides improved estimates of thy-
roid doses for CTB participants, obtained using
revised dosimetry methodologies and individ-
ual residential and dietary histories, in support
of an ongoing study of the genomic landscape
of follicular thyroid carcinomas and adenomas.
Although the study included a relatively small
subset of Ukrainians enrolled in the CTB (140
of approximately 4,300 participants, or 3.3 %),
the findings clearly demonstrate that inclusion
of questionnaire data in dose assessments
influenced individual thyroid dose estimates,
particularly for members of dosimetry groups
2, 3, and 4. Notably, these groups comprise
more than 90 % of the entire CTB. The results
therefore underscore the importance of con-
ducting personal dosimetry interviews when
undertaking special studies to explore associa-
tions between thyroid dose and demographic,
clinical, pathological, or molecular-genetic
indicators. Such interviews enable the genera-
tion of accurate individual dose estimates com-
pared with reconstructions that omit this infor-
mation.
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JoTpuMaHHA eTUYHUX CTaHAApPTIB

ABTOPHU 3a51BJISII0Th, 110 18l podoTa OyJia BUKOHAHAa 3a
BIiZICYTHOCTI OYIb-IKOTO OCOOMCTOTO, TTpodeciitHOro
Y (hiHAaHCOBOI'O KOHMJIIKTY iHTepeCiB.

3acTtepexXeHHs

Buecok aBtopiB 3 HallioHaJlbHOro iHCTUTYTY 310-
poB’s CIIHA (NIH) 0yB 3po06ieHui1 y paMKaX BUKO-
HaHHS iXHiX oQillifHUX 000B’SA3KiB K (enepaTbHUX
cniBpobiTHuKiB NIH, BinnoBigae mosiTulli ycTaHOBU
Ta BBaxXaeTbcst pobororo ypsmy CIHA. Ognak pe-
3yJbTaTA Ta BUCHOBKM, IMpEACTaBJIeHi B 1Iiii CTaTTi,
HajiexaTb aBTOpaM i He 000B’S3KOBO BimoOpaxaloTh
norssgan NIH a6o MiHictepcTBa OXOpOHU 310POB’sI
Ta couianbHUX ciry>k0 CILIA.

CINMUCOK BUKOPUCTAHUX OXKEPEN

1. United Nations Scientific Committee on the Effects of Atomic
Radiation. Sources and Effects of lonizing Radiation, UNSCEAR 2008
Report. Annex D: Health effects due to radiation from the Chernobyl
accident. Sales No. E.11.IX.3. New York: United Nations, 2011.

2. Chernobyl tumor bank / G. A. Thomas, E. D. Williams, D. V. Becker
etal. Thyroid. 2020. Vol. 10, no. 12. P. 1126-7. DOI: https://doi.org/
10.1089/thy.2000. 10.1126a

3. Reconstruction of individual thyroid doses to the Ukrainian subjects
enrolled in the Chernobyl Tissue Bank / 1. Likhtarov, G. Thomas, L. Kov-
gan et al. Radiat. Prot. Dosim. 2013. Vol. 156. P. 4112407-4112423.
DOI: https://doi.org/10.1093/rpd/nct096

4. Thyroid doses in Ukraine due to *'l intake after the Chornobyl accident.
Report I: revision of direct thyroid measurements / S. Masiuk, M. Che-
purny, V. Buderatska et al. Radiat. Environ. Biophys. 2021. Vol. 60, no.
2. P. 267-288. DOI: https://doi.org/10.1007/s00411-021-00896-9

5. Thyroid doses in Ukraine due to 'l intake after the Chornobyl acci-
dent. Report II: dose estimates for the Ukrainian population / S. Ma-
siuk, M. Chepurny, V. Buderatska et al. Radiat. Environ. Biophys.
2021. Vol. 60, no. 4. P. 591-609. DOI: https://doi.org/10.1007/
s00411-021-00930-w

6. Estimating thyroid masses for children, infants and fetuses in Ukraine
exposed to ™'l from the Chornobyl accident / 1. Likhtarov, L. Kovgan,
S. Masiuk et al. Health Phys. 2013. Vol. 104, no. 1. P. 78-86. DOI:
https://doi.org/10.1097/HP.0b013e31826e188e

7. Reconstruction of radioactive contamination of the territory of Uk-
raine by lodine-131 in the initial period of the Chornobyl accident
using the results from numerical WRF model / M. M. Talerko, T. D. Lev,
V. V. Drozdovitch, S. V..Masiuk. Probl. Radiac. Med. Radiobiol.
2020. Vol. 25. P. 285-299. DOI: https://doi.org/10.33145/2304-
8336-2020-25-285-299

8. Radiation-related genomic profile of papillary thyroid carcinoma after
the Chernobyl accident / L. M. Morton, D. M. Karyadi, C. Stewart et
al. Science. 2021. Vol. 372, no. 6543. P. eabg2538. DOI: https://doi.
org/10.1126/science.abg2538

Compliance with ethical standards

The authors declare that this work was carried out in
the absence of any personal, professional, or financial
relationships that could potentially be construed as a
conflict of interest.

Disclaimer

The contributions of the NIH authors were made as
part of their official duties as NIH federal employees,
are in compliance with agency policy requirements,
and are considered Works of the United States Go-
vernment. However, the findings and conclusions
presented in this paper are those of the authors and do
not necessarily reflect the views of the NIH or the
U.S. Department of Health and Human Services.

REFERENCES

1. United Nations Scientific Committee on the Effects of Atomic Radia-
tion. Sources and Effects of lonizing Radiation, UNSCEAR 2008
Report. Annex D: Health effects due to radiation from the Chernobyl
accident. Sales No. E.11.IX.3. New York: United Nations; 2011.

2. Thomas GA, Williams ED, Becker DV, Bogdanova TI, Demidchik EP,
Lushnikov E, et al. Chernobyl tumor bank. Thyroid. 2020;10(12):
1126-1127. doi: https://doi.org/10.1089/thy.2000. 10.1126a

3. Likhtarov |, Thomas G, Kovgan L, Masiuk S, Chepurny M, Ivanova
0, et al. Reconstruction of individual thyroid doses to the Ukrainian
subjects enrolled in the Chernobyl Tissue Bank. Radiat Prot Dosim.
2013;156(4):407-423. doi: https://doi.org/10.1093/rpd/nct096

4. Masiuk S, Chepurny M, Buderatska V, Kukush A, Shklyar S, lvanova O,
et al. Thyroid doses in Ukraine due to "'l intake after the Chornobyl
accident. Report I: revision of direct thyroid measurements. Radiat
Environ Biophys. 2021;60(2):267-288. doi: https://doi.org/10.
1007/s00411-021-00896-9

5. Masiuk S, Chepurny M, Buderatska V, lvanova O, Boiko Z, Zhadan N,
et al. Thyroid doses in Ukraine due to "'l intake after the Chornobyl
accident. Report Il: dose estimates for the Ukrainian population.
Radiat Environ Biophys. 2021;60(4):591-609. doi: https://doi.org/
10.1007/s00411-021-00930-w

6. Likhtarov I, Kovgan L, Masiuk S, Chepurny M, Ivanova O, Gerasy-
menko V, et al. Estimating thyroid masses for children, infants and
fetuses in Ukraine exposed to '®'l from the Chornobyl accident.
Health Phys. 2013; 104(1):78-86. doi: https://doi.org/10.1097/HP.
0b013e31826e188e

7. Talerko MM, Lev TD, Drozdovitch W, Masiuk SV. Reconstruction of
radioactive contamination of the territory of Ukraine by lodine-131
in the initial period of the Chornobyl accident using the results from
numerical WRF model. Probl Radiac Med Radiobiol. 2020;25:285-
299. doi: https://doi.org/10.33145/2304-8336-2020-25-285-299

8. Morton LM, Karyadi DM, Stewart C, Bogdanova TI, Dawson ET,
Steinberg MK, et al. Radiation-related genomic profile of papillary
thyroid carcinoma after the Chernobyl accident. Science.

) 212



EPIDEMIOLOGY

AND DOSIMETRY

ISSN 2304-8336. pobnemu pagiauiiivoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Iss. 30.

9. Genomic characterization of cervical lymph node metastases in

papillary thyroid carcinoma following the Chornobyl accident /

L. M. Morton, O. W. Lee, D. M. Karyadi et al. Nat. Commun. 2024.

Vol. 15, no. 1. P. 5053. DOI: https://doi.org/10.1038/s41467-024-
49292-z

10. Distinctive molecular features of radiation-induced thyroid cancers /

D. M. Karyadi, T. I. Bogdanova, C. M. Milder et al. Sci. Adv. 2025.

2021;372(6543):eabg2538. doi: https://doi.org/10.1126/science.
abg2538

9. Morton LM, Lee OW, Karyadi DM, Bogdanova T, Stewart C, Hartley
SW, et al. Genomic characterization of cervical lymph node metas-
tases in papillary thyroid carcinoma following the Chornobyl acci-
dent. Nat Commun. 2024;15(1):5053. doi: https://doi.org/10.1038/
s41467-024-49292-z

15.

Vol. 11, no. 34. P. eadw7680. DOI: https://doi.org/10.1126/sci-
adv. adw7680

. Thyroid doses for Chornobyl Tissue Bank: improved estimates bas-

ed on revised methodology and individual residence and diet his-
tory / S. Masiuk, M. Chepurny, V. Buderatska et al. Radiat. Envi-
ron. Biophys. 2025. Vol. 64, no. 1. P. 85-98. DOI: https://doi.org/
10.1007/s00411-024-01099-8

. Thyroid cancer study among Ukrainian children exposed to radia-

tion after the Chornobyl accident: Improved estimates of the thy-
roid doses to the cohort members / I. Likhtarev, L. Kovgan, S. Ma-
siuk et al. Health Phys. 2014. Vol. 106, no. 3. P. 370-396. DOI:
https://doi.org/10.1097/ HP.0b013e31829f3096

. Estimation of the thyroid doses for Ukrainian children exposed in

utero after the Chornobyl accident / 1. Likhtarov, L. Kovgan, M. Che-
purny et al. Health Phys. 2011. Vol. 100, no. 6. P. 583-93. DOI:
https://doi.org/ 10.1097/HP.0b013e3181ff391a

. Mowlavi A. A., Fornasier M. R., de Denaro M. Thyroid volume’s

influence on energy deposition from (131)l calculated by Monte
Carlo (MC) simulation. Radiol. Oncol. 2011. Vol. 45, no. 2. P. 143-
6. DOI: https://doi.org/10.2478/v10019-011-0008-5

Internal exposure to the thyroid from intake of radioiodine iso-
topes after the Chornobyl accident. Report I: revised doses and
associated uncertainties for the Ukrainian-American cohort of
persons exposed during childhood and adolescence / S. Masiuk,
M. Chepurny, V. Buderatska et al. Radiat. Res. 2023. Vol. 199,
no. 1. P. 61-73. DOI: https://doi.org/10.1667/RADE-21-
00152.1

. International Commission on Radiological Protection. Doses to the

embryo and fetus from intakes of radionuclides by the mother.
ICRP Publication 88. Ann. ICRP. 2001. Vol. 31, no. 1-3.

. Assessment of internal exposure to 1311 and short-lived radioio-

dine isotopes and associated uncertainties in the Ukrainian cohort
of persons exposed in utero / S. Masiuk, M. Chepurny, V. Bude-
ratska et al. J. Radiat. Res. 2022. Vol. 63, no. 3. P. 364-377. DOI:
https://doi.org/ 10.1093/jrr/rrac007

. Contribution of short-lived radioiodines to thyroid doses received

by evacuees from the Chernobyl area estimated using early in vivo
activity measurements / M. Balonov, G. Kaidanovsky, |. Zvonova et
al. Radiat. Prot. Dosim. 2003. Vol. 105, no. 1-4. P. 593-99. DOI:
https://doi. org/10.1093/oxfordjournals.rpd.a006309

. Individual thyroid dose estimation for a case-control study of Cher-

nobyl-related thyroid cancer among children of Belarus-part I: "3l
short-lived radioiodines (32, '3, %), and short-lived radiotelluri-
ums ("*'Te and '32Te) /Y. Gavrilin, V. Khrouch, S. Shinkarev et al.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Karyadi DM, Bogdanova T, Milder CM, Hartley SW, Lee OW, Dean
M, et al. Distinctive molecular features of radiation-induced thyroid
cancers. Sci Adv. 2025;11(34):eadw7680. doi: https://doi.org/10.
1126/sciadv.adw7680

Masiuk S, Chepurny M, Buderatska V, Ivanova O, Boiko Z, Zhadan
N, et al. Thyroid doses for Chornobyl Tissue Bank: improved esti-
mates based on revised methodology and individual residence and
diet history. Radiat Environ Biophys. 2025;64(1):85-98. doi:
https://doi.org/ 10.1007/s00411-024-01099-8

Likhtarev I, Kovgan L, Masiuk S, Talerko M, Chepurny M, Ivanova O,
et al. Thyroid cancer study among Ukrainian children exposed to radi-
ation after the Chornobyl accident: Improved estimates of the thyroid
doses to the cohort members. Health Phys. 2014;106(3):370-96.
doi: https://doi.org/10.1097/HP.0b013e31829f3096

Likhtarov I, Kovgan L, Chepurny M, Ivanova O, Boyko Z, Ratia G, et
al. Estimation of the thyroid doses for Ukrainian children exposed in
utero after the Chornobyl accident. Health Phys. 2011;100(6):583-
593. doi: https://doi.org/10.1097/HP.0b013e3181ff391a

Mowlavi AA, Fornasier MR, de Denaro M. Thyroid volume’s influ-
ence on energy deposition from (131)I calculated by Monte Carlo
(MC) simulation. Radiol Oncol. 2011;45(2):143-146. doi:
https://doi.org/10.2478/v10019-011-0008-5

Masiuk S, Chepurny M, Buderatska V, Ivanova O, Boiko Z, Zhadan
N, et al. Internal exposure to the thyroid from intake of radioiodine
isotopes after the Chornobyl accident. Report I: revised doses and
associated uncertainties for the Ukrainian-American cohort of per-
sons exposed during childhood and adolescence. Radiat Res. 2023;
199(1):61-73. doi: https://doi.org/10.1667/RADE-21-00152.1
International Commission on Radiological Protection. Doses to the
embryo and fetus from intakes of radionuclides by the mother.
ICRP Publication 88. Ann ICRP. 2001;31(1-3).

Masiuk S, Chepurny M, Buderatska V, Ivanova O, Boiko Z, Zhadan
N, et al. Assessment of internal exposure to 1311 and short-lived
radioiodine isotopes and associated uncertainties in the Ukrainian
cohort of persons exposed in utero. J Radiat Res. 2022;63(3):364-
377. doi: https://doi.org/10.1093/jrr/rrac007

Balonov M, Kaidanovsky G, Zvonova I, Kovtun A, Bouville A, Luckya-
nov N, et al. Contribution of short-lived radioiodines to thyroid doses
received by evacuees from the Chernobyl area estimated using early
in vivo activity measurements. Radiat Prot Dosim. 2003;105(1-4):
593-99. doi: https://doi.org/10.1093/oxfordjournals.rpd.a006309
Gavrilin Y, Khrouch V, Shinkarev S, Drozdovitch V, Minenko V,
Shemiakina E, et al. Individual thyroid dose estimation for a case-
control study of Chernobyl-related thyroid cancer among children of

213 &



ENIAEMIONIOrNIA

TA AOSUMETPIA

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

@

ISSN 2304-8336. [pobnemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

Health Phys. 2004. Vol. 86, no. 6. P. 565-585. DOI: https://doi.
org/10.1097/ 00004032-200406000-00002

Chernobyl accident: retrospective and prospective estimates of ex-
ternal dose of the population of Ukraine /1. A. Likhtarev, L. N. Kov-
gan, P. Jacob, L. R..Anspaugh. Health Phys. 2002. Vol. 82, no. 3.
P. 290-303. DOI: https://doi.org/10.1097/00004032-200203000-
00002

A consistent radionuclide vector after the Chernobyl accident /
K. Muck, G. Prohl, I. Likhtarev et al. Health Phys. 2002. Vol. 82,
no. 2. P. 141-156. DOI: https://doi.org/10.1097/ 00004032-
200202000-00002

Review of Russian language studies on radionuclide behaviour in
agricultural animals: part 2. Transfer to milk / S. Fesenko, B. J. Ho-
ward, N. Isamov et al. J. Environ. Radioact. 2007. Vol. 98, no. 1-
2. P. 104-136. DOI: https://doi.org/10.1016/j.jenvrad.2007.
06.007

Garner R. J. A mathematical analysis of the transfer of fission prod-
ucts to cows’ milk. Health Phys. 1967. Vol. 13, no. 2. P. 205-212.
DOI: https://doi.org/10.1097/00004032-196702000-00010
International Commission on Radiological Protection. Age-depend-
ent doses to members of the public from intake of radionuclides:
Part 2. Ingestion dose coefficients. ICRP Publication 67. Ann.
ICRP. 1993. Vol. 23, no. 3-4. P. 151-154.

International Commission on Radiological Protection. Age-depend-
ent doses to members of the public from intake of radionuclides:
Part 4. Inhalation dose coefficients. ICRP Publication 71. Ann.
ICRP. 1995. Vol. 25, no. 3-4. P. 178-232.

Ivanova O. M., Kovgan L. M., Masiuk S. V. Methodology of recon-
struction of individualized exposure doses for persons residing at
radioactively contaminated territories of Ukraine. Probl. Radiac.
Med. Radiobiol. 2018. Vol. 23. P. 164-87. DOI: https://doi.org/10.
33145/2304-8336-2018-23-164-187

Eckerman K. F., Ryman J. C. External exposures to radionuclides
in air, water, and soil. Federal Guidance Report No 12. EPA US.
Washington DC; 1993.

ICRP Publication 144: Dose coefficients for external exposures to
environmental sources / N. Petoussi-Henss, D. Satoh, A. Endo et
al. Ann. ICRP2020. Vol. 49, no. 2. P. 11-145. DOI: https://doi.org/
10.1177/0146645320906277

Methodology of reconstruction of internal doses from '¥’Cs and
134Cs of residents of radioactively contaminated settlements in Uk-
raine not covered by WBC monitoring / O. M. Ivanova, M. I. Che-
purny, S. V. Masiuk et al. Probl. Radiac. Med. Radiobiol. 2024. Vol.
29. P. 115-151. DOI: https://doi.org/10.33145/2304-8336-2024-
29-115-151

Estimation of radiation risk in presence of classical additive and
Berkson multiplicative errors in exposure doses / S. V. Masiuk,
S. V. Shklyar, A. G. Kukush et al. Biostatistics 2016. Vol. 17:422-
36. DOI: https://doi.org/10.1093/biostatistics/kxv052

Radiation risk estimation: Based on measurement error models /
S. V. Masiuk, A. G. Kukush, S. V. Shklyar et al. De Gruyter Series

214

20.

21.

22.

23.

24,

25.

26.

21.

28.

29.

30.

31.

Belarus-part I: '3'l, short-lived radioiodines (%, %3, 139), and short-
lived radiotelluriums ("*'™Te and '®Te). Health Phys. 2004; 86(6):
565-585. doi: https://doi.org/10.1097/00004032-200406000-00002
Likhtarev 1A, Kovgan LN, Jacob P, Anspaugh LR. Chernobyl accident:
retrospective and prospective estimates of external dose of the pop-
ulation of Ukraine. Health Phys. 2002;82(3):290-303. doi: https://doi.
org/10.1097/00004032-200203000-00002

Muck K, Prohl G, Likhtarev I, Kovgan L, Meckbach R, Golikov V. A
consistent radionuclide vector after the Chernobyl accident. Health
Phys. 2002;82(2):141-156. doi: https://doi.org/ 10.1097/00004032-
200202000-00002

Fesenko S, Howard BJ, Isamov N, Voigt G, Beresford NA, Sanzha-
rova N, Barnett CL. Review of Russian language studies on radionu-
clide behaviour in agricultural animals: part 2. Transfer to milk. J
Environ Radioact. 2007;98(1-2):104-136. doi: https://doi.org/10.
1016/j.jenvrad.2007. 06.007

Garner RJ. A mathematical analysis of the transfer of fission prod-
ucts to cows’ milk. Health Phys. 1967;13(2):205-212. doi: https://doi.
org/10.1097/00004032-196702000-00010

International Commission on Radiological Protection. Age-depend-
ent doses to members of the public from intake of radionuclides:
Part 2. Ingestion dose coefficients. ICRP Publication 67. Ann ICRP.
1993;23(3-4):151-154.

International Commission on Radiological Protection. Age-depend-
ent doses to members of the public from intake of radionuclides:
Part 4. Inhalation dose coefficients. ICRP Publication 71. Ann ICRP.
1995;25(3-4):178-232.

Ivanova OM, Kovgan LM, Masiuk SV. Methodology of reconstruc-
tion of individualized exposure doses for persons residing at radio-
actively contaminated territories of Ukraine. Probl Radiac Med Ra-
diobiol. 2018;23:164-187. doi: https://doi.org/10.33145/2304-
8336-2018-23-164-187

Eckerman KF, Ryman JC. External exposures to radionuclides in air,
water, and soil. Federal Guidance Report No 12. EPA US.
Washington DC; 1993.

Petoussi-Henss N, Satoh D, Endo A, Eckerman KF, Bolch WE, Hunt
J, et al. ICRP Publication 144: Dose coefficients for external expo-
sures to environmental sources. Ann ICRP. 2020;49(2):11-145.
doi: https://doi.org/ 10.1177/0146645320906277

Ivanova OM, Chepurny MI, Masiuk SV, Vasylenko W, Kuriata MS,
Buderatska VB, et al. Methodology of reconstruction of internal
doses from ¥’Cs and '*Cs of residents of radioactively contaminat-
ed settlements in Ukraine not covered by WBC monitoring. Probl
Radiac Med Radiobiol. 2024;29:115-151. doi: https://doi.org/10.
33145/2304-8336-2024-29-115-151

Masiuk SV, Shklyar SV, Kukush AG, Carroll RJ, Kovgan LN, Likhta-
rov IA. Estimation of radiation risk in presence of classical additive
and Berkson multiplicative errors in exposure doses. Biostatistics
2016;17:422-436. doi: https://doi.org/10.1093/biostatistics/kxv052
Masiuk SV, Kukush AG, Shklyar SV, Chepurny MI, Likhtarov IA.
Radiation risk estimation: Based on measurement error models. De




ISSN 2304-8336. pobnemu paniauiiiHoi Meguunkm Ta pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Iss. 30.

EPIDEMIOLOGY

AND DOSIMETRY

in Mathematics and Life Sciences, Vol. 5. Berlin/Boston: Walter de
Gruyter GmbH; 2017.
32. Thyroid dose estimates for a cohort of Belarusian children exposed
to radiation from the Chernobyl accident / V. Drozdovitch, V.
Minenko, V. Khrouch et al. Radiat. Res. 2013. Vol. 179, no. 5. P.
597-609. DOI: https://doi.org/10.1667/RR3153.1
Reliability of questionnaire data in the distant past: relevance for
radiation exposure assessment / V. Drozdovitch, T. Kukhta, V.
Minenko et al. Health Phys. 2016. Vol. 110, no. 1. P. 74-92. DOI:
https://doi.org/10.1097/HP.0000000000000406
Recall of residential history and dietary habits during pregnancy
and lactation in the distant past: reliability of questionnaire-based
radiation doses for persons exposed in utero and early life / V. Droz-
dovitch, T. Kukhta, V. Minenkoet al. Radiat Environ Biophys. 2023.
Vol. 62, no. 4. P. 465-481. DOI: https://doi.org/10.1007/s00411-
023-01040-5

33.

34.

IHOOPMALIA NMPO ABTOPIB

Mactok Ceprinn BonogumupoBuy, kaHamaat disnko-matema-
TUYHUMX HayK, 3aBiayBay nabopatopii pagionoriyHoro 3axucry
Binminy po3umertpii Ta pagiauinHoi ririeHu, IHcTuTyT papia-
LiHoT ririenn Ta enigemionorii HHLPMIO, m. Knis, YkpaiHa
ORCID ID: https://orcid.org/0000-0002-5123-9674
YenypHuit Mukona IBaHOBMY, HayKoBUI CNiBPOBITHUK na-
6opatopii pagionoriyHoro 3axucty, IHCTUTYT papiauiiiHoi
ririedn Ta enigemionorii HHLPMIO, m. Kuis, YkpaiHa

ORCID ID: https://orcid.org/0000-0001-9852-0669
byaepaubka BaneHTuHa BopuciBHa, HaykoBuii cniBpo6iT-
HUK nabopatopii pagionoriyHoro 3axucty, IHCTUTYT pagiauiii-
HOi ririenun Ta enigemionorii HHLPMIO, m. Knis, YkpaiHa
ORCIDID: https://orcid.org/0000-0003-2120-4275

IBaHoBa Onbra MukonaiBHa, kaHauAat GioNoOriyHMX Hayk,
CTaplWuii HayKoBwMiA cniBpobiTHWUK nabopaTopii paaionoriyHo-
ro 3axucty, IHCTUTYT papiauiiiHoi ririeHn Ta enigemionorii
HHLPMTO, m. Knis, YkpaiHa

ORCID ID: https://orcid.org/0000-0003-3652-0836

boiiko 3ynbchipa HabiynniBHa, ctapwuii HaykoBuii cniBpo-
OiTHUK nabopatopii pagionoriyHoro 3axucty, IHCTUTYT pagia-
LinHoi ririenun Ta enigemionorii HHUPMTO, m. Kuis, YkpaiHa
ORCID ID: https://orcid.org/0000-0001-7144-5574

¥apaH Harania CraHicnaBiBHa, MONOAWMIA HayKOBMIA cniB-
pob6iTHUK nabopaTopii pagionoriyHoro 3axucty, IHCTUTYT pa-
niauiiHoi ririeHn Ta enigemionorii HHLUPMIO, m. Kuis, Yk-
paiHa

ORCID ID: https://orcid.org/0009-0002-6776-9482
YopHoBon ManuHa BacuniBHa, kaHanaat hinonoriyHmnx Hayk,
CTapLmnit HAYKOBMI CMiBPOGITHUK BiAAiny KOOpAMHALii, nna-
HyBaHHA Ta aHani3y HaykoBux gocnigkenb HHLPMIO, m. Knis,
YkpaiHa

ORCID ID: https://orcid.org/0000-0002-3599-5154

Gruyter Series in Mathematics and Life Sciences, Vol. 5.
Berlin/Boston: Walter de Gruyter GmbH; 2017.

32. Drozdovitch V, Minenko V, Khrouch V, Leshcheva S, Gavrilin Y, Khru-
tchinsky A, et al. Thyroid dose estimates for a cohort of Belarusian
children exposed to radiation from the Chernobyl accident. Radiat
Res. 2013;179(5):597-609. doi: https://doi.org/10.1667/RR3153.1

33. Drozdovitch V, Kukhta T, Minenko V, Trofimik S, Bouville A, Potisch-
man N. Reliability of questionnaire data in the distant past: relevance
for radiation exposure assessment. Health Phys. 2016;110(1):74-
92. doi: https://doi.org/10.1097/HP.0000000000000406
Drozdovitch V, Kukhta T, Minenko V, Trofimik S, Veyalkin I, Yau-
seyenka V, et al. Recall of residential history and dietary habits dur-
ing pregnancy and lactation in the distant past: reliability of ques-
tionnaire-based radiation doses for persons exposed in utero and
early life. Radiat Environ Biophys. 2023;62(4):465-481. doi:
https://doi.org/10.1007/s00411-023-01040-5

34.

INFORMATION ABOUT AUTHORS

Sergii V. Masiuk, Candidate of Science (Physics and Ma-
thematics), Head of the Radiological Protection Labora-
tory, Dosimetry and Radiation Hygiene Department, Insti-
tute of Radiation Hygiene and Epidemiology, NRCRMHO,
Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0002-5123-9674
Mykola I. Chepurny, Researcher of the Radiological Pro-
tection Laboratory, Institute of Radiation Hygiene and
Epidemiology of the National Center for Medical Re-
search, Kyiv, NRCRMHO, Ukraine

ORCID ID: https://orcid.org/0000-0001-9852-0669
Valentyna B. Buderatska, Researcher of the Radiological
Protection Laboratory, Institute of Radiation Hygiene
and Epidemiology, NRCRMHO, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0003-2120-4275
Olha M. Ivanova, Candidate of Biological Sciences, Senior
Research of the Radiological Protection Laboratory, In-
stitute of Radiation Hygiene and Epidemiology,
NRCRMHO, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0003-3652-0836
Zulfira N. Boiko, Senior Researcher of the Radiological
Protection Laboratory, Institute of Radiation Hygiene
and Epidemiology, NRCRMHO, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0001-7144-5574
Natalia S. Zhadan, Junior Researcher of the Radiological
Protection Laboratory, Institute of Radiation Hygiene
and Epidemiology, NRCRMHO, Kyiv, Ukraine

ORCID ID: https://orcid.org/0009-0002-6776-9482
Halyna V. Chornovol, Candidate of Philological Science,
Senior Researcher of the Department of Research Coor-
dination, Planning and Analysis, NRCRMHO, Kyiv, Ukraine
ORCID ID: https://orcid.org/0000-0002-3599-5154

215 &



ENIAEMIONIOrNIA

TA AO3SUMETPIA

ISSN 2304-8336. [po6nemu pagiauiiHoi meguunxy 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Bun. 30.

Bonros Muxaino KOpiiioBuY, JOKTOP MEANYHMX HAYK, Npode-
cop, 3aBifyBay Bigfiny xipyprii eHAOKpUHHUX 3an03, Jepias-
Ha ycTaHoBa «IHCTUTYT EHJOKPUHONOTIT Ta 0OMiHY PEYOBMUH iM.
B. . KomicapeHka HauioHanbHOT akafeMii MeANYHMUX HayK YK-
painu», M. Knis, YkpaiHa

ORCID ID: https://orcid.org/0000-0002-9011-9982

Winak Biktop MuxainnoBuy, ctaplwimnit HayKoBMiA CNiBpOGITHUK
BifAiNy 3 NuUTaHb MeauYHUX Hacnigkis aBapii Ha YAEC Ta Mix-
HapOAHUX BigHOCKH, [lepkaBHa ycTaHoBa «IHCTUTYT €HAOKPU-
Honorii Ta 06MiHy peyoBuH im. B. M. KomicapeHka HauioHanb-
HOT akajeMii MeanyHuUx Hayk YkpaiHuy, M. Kuis, YkpaiHa

ORCID ID: https://orcid.org/0000-0002-6983-5490

TpoHbKOo MuKona [iIMMTPOBHY, JOKTOP MEAUYHUX HayK, Npode-
cop, uneH-kopecnoHgeHT HAH Ykpainu, akapgemik HAMH Yk-
paiHu, 3aBigyBay Bigginy hbyHAAMeHTaNbHOT Ta NPUKIAAHOT eH-
JOKpuHonorii, gupektop [epxaBHoi ycTaHOBU «IHCTUTYT eH-
LOKpUHonorii Ta 06MiHy peyoBuH im. B. M. KomicapeHka Hauio-
HaNbHOT akageMii MeguyHUX Hayk YkpaiHuy, M. Kuis, YkpaiHa
ORCID ID: https://orcid.org/0000-0001-7421-0981
boraaHoBa TetaHa IBaHiBHa, fokTOp GioNoOriyHMX Hayk, npo-
tecop, 3aBigyBay naboparopii Mopdonorii eHfoKpPUHHOT cuc-
Temu, [lepxaBHa ycTaHoBa «IHCTUTYT eHAOKpPUHONOTiT Ta 06Mi-
Hy peyosuH im. B. M. KomicapeHka HauioHanbHo1 akazemii me-
OMYHMX HAyK YKpaiHuy, M. Knis, YkpaiHa

ORCID ID: https://orcid.org/0000-0001-5119-0236

Kap’api Naniens, foktop dinocodii (MonekynapHa reHeTuka), Ha-
VKOBWIA CMiBpoGiITHUK Nabopatopii reHeTyHOT CnpUHATAMBOCTI,
Bigainy enigemionorii paky Ta reHeTuku, HauioHanbHWit iHCTUTYT
paky, HauioHanbHi iHCTUTYTM OXOpoHM 340poB’s, MiHicTepcTBo
0XO0POHM 370poB'a i couianbHux cnyx6 CLUA, betecaa, Mepinexp
CLUA, ORCID ID: https://orcid.org/0000-0003-4164-5625
Bipxk Bibxa, maricTp rpomMagcskoro 3f0poB’s (enigemionoris), Ha-
VKOBWIi CMiBPOBITHWK BifaineHHs pagiauiiiHoi enigemionorii Big-
Ainy enifemionorii paky Ta reHeTuku, HauioHanbHUI IHCTUTYT pa-
Ky, HawioHanbHuit iHCTUTYT 0XOpOHM 380poB’s, MiHicTepcTBo 0X0-
poHM 300poBs i couianbHux cnyx6 CLUA, betecaa, Mepineng, CLUA
ORCID ID: https://orcid.org/0000-0002-1411-0257

KaxyH Eniza6ert, goktop dinocodii (enigemionoris), gocnia-
HMK 3a nporpamoto Epna LtagTmaHna, Bigain pagiauinHoi eni-
aemionorii, Bipgin enigemionorii paky Ta reHeTuku, HauioHans-
HUW THCTUTYT paky, HauioHanbHMit iHCTUTYT OXOPOHU 300pOB’S,
MiHicTepcTBO 0XOpPOHM 3[,0p0B’s i couianbHux cnyx6 CLUA, be-
Tecaa, Mepineng, CLUA

ORCID ID: https://orcid.org/0000-0002-8028-0588

YaHok CTiBeH, JOKTOp MeUYHUX HayK, AMpeKTop Bigainy eni-
aemionorii paky Ta reHeTuky, HauioHanbHUiA iHCTUTYT paky, Ha-
LiOHaNbHWIA THCTUTYT OXOPOHM 3[80poB’s, MiHicTepcTBO 0X0OpO-
HU 300poB’s i colianbHux cnyx6 CLUA, betecna, Mepinenp, CLLIA
ORCID ID: https://orcid.org/0000-0002-2324-3393

MoproH Jlinaci, noktop dinocodii (enigemionoris), nupekTop
BifAiNeHHs pagiauinHoi enigemionorii sigainy enigemionorii

Mikhail Y. Bolgov, Doctor of Medical Sciences, Profes-
sor, Head of the Department of Endocrine Surgery,
State Institution «V. P. Komissarenko Institute of En-
docrinology and Metabolism of the National Academy
of Medical Sciences of Ukrainey, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0002-9011-9982
Viktor M. Shpak, Senior Researcher of the Department
of Medical Consequences of the Chornobyl Accident
and International Relations, State Institution «V. P. Ko-
missarenko Institute of Endocrinology and Metabolism
of the National Academy of Medical Sciences of Uk-
rainey, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0002-6983-5490
Mykola D. Tronko, Doctor of Medical Sciences, Profes-
sor, Corresponding Member of the NAS of Ukraine, Aca-
demician of the NAMS of Ukraine, Head of the Depart-
ment of Fundamental and Applied Problems of Endocri-
nology, Director of the State Institution «V. P. Komissa-
renko Institute of Endocrinology and Metabolism of
the National Academy of Medical Sciences of Ukrainey,
Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0001-7421-0981
Tetiana I. Bogdanova, Doctor of Biological Sciences, Pro-
fessor, Head of the Laboratory of Morphology of Endocrine
System, State Institution «V. P. Komissarenko Institute of
Endocrinology and Metabolism of the National Academy
of Medical Sciences of Ukraine, Kyiv, Ukraine

ORCID ID: https://orcid.org/0000-0001-5119-0236
Danielle Karyadi, Ph.D. (Molecular Genetics), Staff Sci-
entist, Laboratory of Genetic Susceptibility, Division of
Cancer Epidemiology and Genetics, National Cancer In-
stitute, National Institutes of Health, DHHS, Bethesda,
MD, USA

ORCID ID: https://orcid.org/0000-0003-4164-5625
Vibha Vij, Master of Public Health (Epidemiology), Staff
Scientist, Radiation Epidemiology Branch, Division of
Cancer Epidemiology and Genetics, National Cancer In-
stitute, National Institutes of Health, DHHS, Bethesda,
MD, USA

ORCID ID: https://orcid.org/0000-0002-1411-0257
Elizabeth K. Cahoon, Ph.D. (Epidemiology), Earl Stadt-
man Investigator, Radiation Epidemiology Branch, Di-
vision of Cancer Epidemiology and Genetics, National
Cancer Institute, National Institutes of Health, DHHS,
Bethesda, MD, USA

ORCID ID: https://orcid.org/0000-0002-8028-0588
Stephen J. Chanock, M.D., Director, Division of Cancer
Epidemiology and Genetics, National Cancer Institute,
National Institutes of Health, DHHS, Bethesda, MD,
USA

ORCID ID: https://orcid.org/0000-0002-2324-3393

(1) 216



EPIDEMIOLOGY

AND DOSIMETRY

ISSN 2304-8336. pobnemu pagiauiiivoi Meguunkm 1a pagiobionorii = Problems of Radiation Medicine and Radiobiology. 2025. Iss. 30.

paky Ta reHeTuku, HauioHanbHWi iHCTUTYT paky, HauioHansHuit  Lindsay M. Morton, Ph.D. (Epidemiology), Director, Se-
THCTUTYT 0XOpPOHU 3A0POB's, MiHicTepcTBO 0xOpoHM 300poB's i nior Investigator, Radiation Epidemiology Branch, Di-
couianbHux cnyx6 CWA, betecna, Mepineng, CLUA, ORCID ID:  vision of Cancer Epidemiology and Genetics, National
https://orcid.org/0000-0001-9767-2310 Cancer Institute, National Institutes of Health, DHHS,
Apo3poBuy Bonogumup B'auecnaBoBuy, kaHguaat TexHiyHux — Bethesda, MD, USA

HayK, HayKOBMI cniBpoOGiTHMK BifAineHHa papiauiiiHoi enige-  ORCID ID: https://orcid.org/0000-0001-9767-2310
mionorii, BifAiny enigemionorii paky Ta reHetuku, Hauionans-  Vladimir V. Drozdovitch, Ph.D. (Engineering), Staff
HWit THCTUTYT paky, HauioHanbHUit iHCTUTYT oXopoHM 3p0poB’s,  Scientist, Radiation Epidemiology Branch, Division of
MinicTepcTBO OXOpoHM 300poB'a i couianbHux cayxo6 CLLUA, be-  Cancer Epidemiology and Genetics, National Cancer In-

Te3aa, Mepineng, CLUA stitute, NIH, Bethesda, MD, USA
ORCID ID: https://orcid.org/0000-0002-7952-379X ORCID ID: https://orcid.org/0000-0002-7952-379X
Cmammas Hadiituina do pedaxuii 15.10.2025 Received: 15.10.2025

217 &



