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PAIIALIIVHI PU3UKUA PAKY IIIUTOIIOAIEHOI 3AJI03U B
YYACHUMKIB JIIKBIJALIII ABAPII HA YAEC 3 YPAXYBAHHAM
AJIBTEPHATUBHHUX OLITHOK 103 30BHIIITHBOI'O
OITPOMIHEHHA

MeTa: ouiHuTK pagiauiiiHi pusukmn paky wutonoaioHoi 3ano3u (LU3) Bnpogosx nepiogy 1986—2012 pp. (3a 6inbl Hix
25 pokiB nicnsa aBapii Ha YopHo6unbebkiit AEC): Hapnuwkosuii abcontotHmit (EAR), Hapnuwkosuit BigHocHuii (ERR)
Ta aTpubyTMBHUI (AR) pu3nku B yKpaiHcbKii koropti 150813 niksigaTopis 4on0Bivoi cTati 3 YkpaiHu.
Marepianu 1a metoau. locnigxkyBaHa koropTta yucenbHictio 150 813 oci6 rpomagsaH YkpaiHu, 4onoBiyoi cTari, fKi B
nepion 1986-1990 pp. 6panu yyacTb y nikBigauii Hacnigkis asapii Ha YopHobunbscbkint AEC (YTHA Ha YAEC, «nikBiga-
TOpiB»), chopMoBaHa Ha 6a3i faHux [epxaBHoro peectpy YkpaiHu ocib, ki noctpaxaanu BHacnifok YopHobUnbChb-
Koi katactpodu ([LPY). IneHTudikauis Bunaakis 3axBopioBaHHA Ha pak L3 (216 BunagkiB) 3aiNCHIOBaNach WasXom
3icTaBneHHsa (NiHKigxXy) 6a3 paHux OPY Ta HauioHanbHoro kaHuep-peectpy YkpaiHu. Ha ocHOBi NopiBHAHHA Nokas-
HWKiB 3aXBOPIOBAHOCTI Ha pak L3 B gocnigxyBaHiin KOropTi 3 HALiOHANbHMMM MOKA3HWUKAMM YacTOTKM Li€i naTonorii
Oyno po3paxoBaHO CTaHAAPTU30BaHi PiBHi 3aXBOPIOBAHOCTI. [MOKa3HWKM HAAAMLWIKOBOrO abCONOTHOrO pU3mnKy Ha 10
noauHo-pokis-Tpeit (EAR/10% PY-Gy), HagnuwkoBoro BigHOCHOrO pu3unky Ha 1 lpeit onpomineHHs (ERR/Gy) Ta atpu-
OyTUBHOT YacTku pusuky Ha 1 [peit onpomiHeHHs (AR/ Gy) Gynu BU3HAueHi 3 ypaxyBaHHAM IMOBipHOi fO3M on-
pomiHeHHs Ha LL3. 3a ocHoBY B3aTi 0iLiHi OLiHKM 103 30BHiWHbOro onpoMiHeHHs YJTHA Ha YAEC, onybnikoBaHi B
ponogigi UNSCEAR 2008, Ta pe3ynbTaT peKoHCTPYKLiT 031 Ha YepBOHMIA KiCTKOBUI MO30K [/1f KOTOPTHOT BUOipKM
metofom RADRUE. [Ins po3paxyHKy pagiauiiiHuX pu3nKiB Ui 3Ha4eHHA 403 3BefeHi O MMOBIPHOT 03U 30BHILIHbOMO
onpomiHeHHs LU3.
Pesynbratu. lpepctaBneHi pesynstaTu AOBrOCTPOKOBOrO eTany pocnigxeHHs (1986-2012 pp.) vactotu Ta
papiauinHux pusukis paky LU3 B gocnigkysaHiit koropti (150 813) nikBigatopiB 4onosiyoi crati. B koropti 3a
AocniakyBaHuit nepiog 1986-2012 pp. 6yno iaeHTudikoBaHo 216 Bunaakie paky L3 i3 3aranbHUM NOKa3HMKOM 3ax-
BoptoBaHocTi — SIR 3,35 (95 % posipumit iHTepBan (CI): 2,51-3,80). YnpopoBx ycCiX POKiB CNOCTEPEXEHHs Y
JOCNIIKYBAHIN KOropTi Masn Miclie CyTTEBO MiBMLLEHT MOKA3HWKM 3aXBOPIOBAHOCTI B NOPiBHAHHI 3 HALiOHANbHUMU.
JocnigxeHHA BHECKY 30BHilUIHBOTO ONPOMiHEHHSA NOKa3anu NifBULLEHT NOKa3HUKK pu3mnky paky L3 B Wil yncneHHii
rpyni HaceneHHs pns 06ox fo3osux ouiHok — EAR/10* PY-Gy 1,86 (95 % CI 0,47-3,24) 1a 2,07 (95 % CI 0,53-3,62),
(ERR/Gy) 2,38 (95 % CI 0,60-4,15) Ta 2,66 (95 % CI 0,68-4,64); Ta (AR/ Gy) 70,4 % T1a 72,7 %.
BucHoBKU. Pe3ynbtati focnigxeHb cBifyath Npo 3poCTaHHsA YacToTu paky W3 cepen yyacHukiB nikeigauii Hacnigkis
aBapii Ha YopHobunbckiit AEC 3 YkpaiHu y 38'83Ky 3 OTPMMaHOI0 [030t0 ONpoMiHeHHS. Lli BUCHOBKM y3romKyoThCs 3
BUCHOBKaMM, OTpUMaHUMK ans o6’eaHaHoi koroptu nikeigatopis 3 binopyci, Pociiicbkoi ®epepauii Ta kpaiH banTii.
KniouoBi cnoBa: pak L3, nikBigatopu, YopHobunbcbka aBapis, [O3M ONPOMiHEHHS, pagiaLliiHi pusnku.
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RADIATION RISKS OF THYROID CANCER IN CHORNOBYL
CLEAN-UP WORKERS USING THE ALTERNATIVE ESTIMATES
OF DOSES OF EXTERNAL EXPOSURE

Objective. The objective of this study was to estimate the thyroid cancer radiation risks — excess absolute risk
(EAR), excess relative risk (ERR) and attributable fraction of risk (AR) in the cohort of 150,813 Ukrainian male clean-
up workers during the 1986-2012 period (more than 25 years after the Chornobyl accident).
Materials and methods. The cohort under study of 150,813 Ukrainian men who participated emergency and clean-
up work in 1986-1990 was formed based on the data of the Ukrainian State Register of persons affected due to
Chornobyl accident (SRU). The identification of thyroid cancer cases (216) was carried out by linking the SRU data-
base with the National Cancer Registry of Ukraine (NCRU) data. Standardised incidence ratios (SIR) were estimated
comparing thyroid cancer incidence in the cohort with the corresponding national indices. Excess absolute risk
(EAR), excess relative risk (ERR) and attributable fraction of risk (AR) were calculated accounting for the alterna-
tive dose estimates. The following sources of the average dose values for Ukrainian liquidators were used: official
total external dose records according to UNSCEAR 2008 report and results of external red bone marrow dose recon-
struction by the RADRUE method for the cohort sample. For the radiation risk evaluation, these estimates were con-
versed to the average external thyroid dose.
Results. Results of the long term study (1986-2012) of thyroid cancer risks in a cohort of 150813 Chornobyl clean-
up workers («liquidators») from Ukraine are presented. Two options for the average thyroid dose estimates were used
for radiation risks evaluation. According to the SRU and NCRU 216 incident thyroid cancers were diagnosed in 1986-
2012 within the studied cohort with an overall SIR of 3.35 (95 % confidence interval (CI) 2.51-3.80). The SIR esti-
mates were elevated throughout the entire follow-up period. Investigation of a contribution of the external expo-
sure (according to the alternative values) showed the elevated dose associated thyroid cancer rates in the studied
cohort. Alternatively estimated EAR/10* PY-Gy were of 1.86 (95 % CI 0.47-3.24) and 2.07 (95 % CI 0.53-3.62);
ERR/Gy — 2.38 (95 % CI 0.60—4.15) and 2.66 (95 % CI 0.68-4.64) and AR % (Gy) 70.4 % and 72.7 % Gy.
Conclusions. Obtained results prove the dose dependent increase of thyroid cancer incidence among Ukrainian
Chornobyl clean-up workers. These conclusions are consistent with those received for combined cohort of Belarus,
Russia and Baltic States liquidators.
Key words: thyroid cancer, clean-up workers, Chornobyl accident, radiation doses, radiation risk analysis.
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BCTVYII INTRODUCTION

YopHoOUIbChKa aBapisl, sika Tpanwiach 26 kBitHsg 1986 p.,  The Chornobyl accident occurred on April 26,
Mnpu3Beia 10 IIMPOKOMACIITAOHOro pamiauiiiHoro orm- 1986 and led to a large-scaled radiation exposure
POMIHEHHS pi3HMX KOHTMHIEHTIB HaceiaeHHs. Haibimeim  of different contingents. The most exposed group
orpoMiHeHa rpyra Bkiouae rmoHan 500 tucsa oci6 (mepe-  of population includes over 500,000 individuals
BaXKHO YOJIOBIKiB) YYaCHMKIB JIiKBimallil HaciuiakiB aBapii  (predominantly males) who participated in the
(YJIHA) na YAEC y nepion 1986—1990 pp. [1]. Bonu  emergency works and clean-up activities in 1986—
TN I Aif0 30BHIIIHBOTO onpoMiHeHH: Big uncieH- 1990 [1]. The clean-up workers (so called «lig-
HUX palliocaKTMBHUX MaTepiaiiB, 1110 BUIIAIM Ha TPyHT, o-  uidators») were subjected to high doses of external
BEpXHIO OymiBelIbHUX criopyad Toimo. HaiiBuiii go3u or-  exposure from numerous radioactive sources
pOMiHEHHS Oyu oTpuMaHi rpotsarom 1986—1987 pp. [1].  (materials) deposited on the ground and building
Ho3u 30BHIIIHBOTO OorpoMiHeHHsT 06m3bKko 100 M3B Oy surfaces. The highest doses were received during
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3apeecTpoBaHi y coTeHb Tucsad YJIHA, Bkioyarouu
JIeKiJIbKa TUCSIY OCi0 3 jo3aMu, OibIMu Hixk 250 M3B [2].
Kpim Toro, 3HauHi 7031 Ha mmTOoNnomioHy 3amo3y (I13)
mormu oytu orpuMani YJIHA nHa YAEC y mepini TvkHi
TicJIs1 aBapii Yepe3 BHYTPILIIHE ONTPOMiHEHHSI i30TOIOM io-
ny . bimseko nonosunu YJIHA na YAEC, odiwiiio 3a-
peectpoBaHux y mepion 1986—1990 pp., € rpomamssHaMu
VYkpainu [1], BKiIoYarounm THUX, XTO OYB 3aaydeHUI 11O
HalOiLIbII cKIamHuX paHHiX pobit Ha YAEC ta B Mexkax
30-kM 30HM HaBKoJ10 HAEC i3 BUCOKMM 1030BMM HaBaH-
TaxkeHHsIM. JlikBinaropu YKpaiHU MalOTh HalBUILII TOKA3-
HUKU CepeIHiX 30BHIIIHIX J03 MOPIiBHSIHO 3 YYaCHUKAMU
POOIT, 3aTy4eHUMH 3 IHIIMX KpaiH [1].

Hanmok BuHrkHeHHs paky 1113 y nikBinatopis 3 Ykpa-
inm, bimopyci, Pociiicekoi @enepartii, Ectonii Ta JIaTsii Oy-
JIO KOHCTAaTOBAaHO B PaHHIX JOCTIIKEHHSIX, 110 0a3yBallCh
Ha aHaJli3i CTAHIAPTU30BAHOIO CIHiBBiAHOILIEHHS 3aXBOPIO-
BaHocTi (Standardized incidence ratio — SIR) [3—7]. Hewo-
JABHO, Y CIIJTGHOMY JTOCITIIKEHHi (TUITy <«BUIIAIOK-KOHT-
ponb») cepen ikBinaTopiB binopyci, Pociiicbkoi Denepariii
Ta KpaiH bairii 0yJ10 BCTaHOBIEHO MiABUILIEHUIA PU3UK BU-
HUKHeHHs1 paky 113, mop’s3aHuii i3 3arajJbHUM paiia-
LIHAM OITpOMiHeHHsIM i go3010 Ha 1113 3a paxyHok “'1 [8].

Ha nomnepenniii onucoBiii ¢a3i BUSIBACHO 3HAYHUM
ekcuec 3axBoproBaHocTi Ha pak I3 cepen YJIHA Ha
YAEC y nopiBHSIHHI 3 HallioHaIbHUM piBHeM [4, 6]. Ha
JJaHOMY eTalli AOCJiIXXEHHSI MU OLIHIOEMO padialiiiHi
PU3UKHU 3 TIOJOBXKEHUM I€PioJoM CITOCTEPEXKEHHS 1 3a-
JIyYEHHSIM CepeHiX OIiHOK /103 ONPOMiHEHHS JIiKBiTa-
TOPIB Pi3HUX POKiB Y4YacCTi, JOCTYITHUX Y BIIKPUTUX JIKE-
penax iHdopmariii.

ABTOpHU LILOTO JOCiIKEHHS YCBIIOMITIOIOTh, 1110 OCTa-
TOYHi pe3yJIbTaTH aHaJIITUYHUX NOCHIIKEeHb MOXYThb
BiIPi3HITUCH Bil MOTOYHUX PO3PAXYHKIB i3 BUKOPHUC-
TaHHSIM YCepEeIHEHUX 103.

META TOCIII2KEHHSA

MerToro nocaimkeHHs Oyia olliHKa paaialiiHUX pU3UKiB
paKky LIMTONOMIOHOI 3a7031 BIIPOAOBXK mepiomy 1986—
2012 pp. (3a 6iabII HixXX 25 poOKiB Mmicisa aBapii Ha YopHo-
ounbebKiit AEC), B TOMY YKCITi TOKa3HUKIB HAUTUIIKO-
Bux adbcomotHoro (EAR), BinHocHoro (ERR) Ta atpu-
oyruBHOrO (AR) pr3MKiB B yKpaiHChKiit Koropti 150 813
JIIKBiZaTOPiB YOJIOBIYOI CTaTi 3 YKpaiHU.

MATEPIAJIA 1 METOJIN

Jocaioncysana koeopma. I1oTOuHE OOCIIIKEHHS € IIPO-
JIOBXXEHHSIM TOTePEHbOT0, SIKe BUKOHYBAJIOCh Y paMKax
VKpaiHO-AMEpUKaHCHKOTO MPOTOKOY [6]. AHami3 mist
JlaHO1 poOOTH OYJ1I0 BUKOHAHO 3 ypaxyBaHHSM iH(popMaliil
3a JIBa JOJATKOBI poKM criocTepeskeHHs — 2011-2012 pp.

1986—1987 by various organs in the body including
thyroid [1]. The external doses of average level
about 100 mSv were registered among hundreds of
thousands of clean-up workers [2]. Besides, signif-
icant doses to thyroid could be received by clean-
up workers during the first weeks after the accident
due to internal exposure to *'I. Nearly half of the
officially registered Chornobyl workers are
Ukrainian ones [1] including those who were
involved in the most difficult early operations at
the Chornobyl site with the highest mean external
doses comparing to the clean-up workers from the
other countries involved [1].

Excess of thyroid cancer in clean-up workers
from Ukraine, Belarus, Russian Federation,
Estonia and Latvia was noted in early studies based
on standardized incidence ratio analysis [3—7].
More recently, a significantly increased risk of thy-
roid cancer associated with total radiation expo-
sure and "'l thyroid doses was reported in a col-
laborative case-control study of clean-up workers
from Belarus, Russian Federation and Baltic
countries [8].

In our previous descriptive study phase a signifi-
cant excess of thyroid cancer incidence among
clean-up workers from Ukraine was found as com-
pared with the national level [4, 6]. In the current
report, we present the estimates of thyroid cancer
risk during the amended study period accounting
for the available alternative estimates of average
doses of external exposure by year of clean-up.

We are aware of the point that overall results of
the onward analytical studies may differ from these
preliminary estimates based on averaged dose val-
ues.

OBJECTIVE

The aim of this study was to estimate the thyroid
cancer radiation risks — excess absolute risk
(EAR), excess relative risk (ERR) and attributable
fraction of risk (AR) in the cohort of 150,813
Ukrainian male clean-up workers during the
1986—2012 period (more than 25 years after the
Chornobyl accident).

MATERIAL AND METHODS

Studied cohort. The current study is a continuation
of the previous one, which was carried out under
the Ukrainian-American Protocol [6]. Current

analysis was conducted with two additional years
of follow up — 2011 and 2012.
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HocnimxyBaHa koropta — 150 813 4oJioBiKiB-JiKBigaTO-
piB cpopMoBaHa Ha 0a3i naHux JlepkaBHOIrO peecTpy YK-
paiHu 0ci0, sIKi mocTpakaanu BHacainoK YopHOOMIbCHKOT
karactpodu (APY). Leit odiuifinuii peectp OyB 3acHOBa-
HUiA y 1986 polii, 3 METOIO TIPOCTEKEHHSI CTAHY 340POB’S
TPYIT MOCTPaXKIAJIOTO HACEJIeHHsI, BKJIIOYAIOUM YYaCHUKIB
aBapiiHMX 1 BIZHOBIIOBAJILHUX POOIT, $IKi 3a3Halu
pamiawiiitHoro BIUMBY [1, 6]. Y Koropry mociimKeHHs
BKJTIOUEHI JIIKBITATOPY — KUTEJTi IECTH 001acTel YKpaiH!
(KuiBcbkoi, HdoHenpkoi, JHimponeTpoBcbKoi, XapKiBCh-
koi, Yepkacwkoi ta YepHiriBcpKkoi) i Micra KuiB, ToOTO
npubam3Ho 60 % ycix JMKBimaToOpiB, 3apeecTpPOBAHUX Y
APY. IHdopmaltis nmpo pik yyacTi y JIiKBimallii HacJiIKiB
apapii Ha YAEC, orpuMana 3 6a3u ganux JIPY, Oyna HasB-
Ha g 139 649 ocib 3a3HaueHOI KOropTu. Y IOC/iIKyBa-
HUX 00J1aCTsIX BiMiyeHa BUCOKA SIKiCTh OHKOJIOTIYHOI J0-
MOMOTY, B TOMY YMCJIi PEECTpallil BUIAAKIB 3/10SIKICHUX
HOBOYTBOPEHbD i 30epekeHHsT MOP(MOJIOTiYHUX MaTepiaiB.

Ingopmalriss og0 XWUTTEBOTO CTAaTyCy Ta IMOTOYHOIL
agpecu ocib, 3apeectpoBaHux B JAPY, mopiuHo oHOB-
JIIOETHCS Yepe3 MOBITOMIIEHHST MiCIIeBUX MEINYHUX 3aK-
JIamiB (JikapeHb, MOJIKIiHIK), SKi OTpOBOASITh MEIUYHi
OINISIAN yJacHUKIB sikBiganii aBapii Ha YAEC. I1pu0-
Ju3HO 80 % 3 HUX MPOXOAITH IIOPIYHI MEANYHI OTJISAN.
Y BUITagKax HAOXOMKEHHS CYIIepeYwIMBOI UM HEITOBHOI
iH(dopMalil BUKOPUCTOBYIOTbCS J0JATKOBi iHpOP-
MaliiiHi gxepena.

Iliomeepoicenns 3axeoprosannsa na pak. I nentudikartis
BUIAIKiB 3axBopioBaHHsA Ha pak II[3 3milicHioBasacek
LUIIXOM JIiHKigXy ©6a3u panux JAPY i3 maHumMu
HamionanpHoro kKaHuep-peectpy Ykpainnm (HKPY).
HKPY — ue nonynsuiiiHuii KOMIT' IOTEpU30BaHUI pe-
€CTP 3JI0SIKICHUX HOBOYTBOPEHb YChOTO HAcCeJIeHHS YK-
painu [8]. 97,5 % Bunankis paky 1113, 3apeecTpoBaHuX y
HKPY, ricronoriuno minrBepmxkeHi [9]. Komm’torepn-
30BaHa Mpoleaypa JiHKiIKY 3aluciB Oy/1a BUKOpUCTaHA
IUIST TOCSITHEHHSI TTOBHOTHM Ta YHUKHEHHS IyOJIFOBAHHS
iHpopmauii [10]. ¥V pospaxyHkax OyJu BUKOPHUCTaHi
JaHi TAIIe mpo BeprudikoBaHi BuTtagku paky L13.

ITouaTtkoMm Tepiogy crocTepeXeHHs IJsT KOXXHOTO
yjeHa JOOCJiIKyBaHOI KOTOpTM OyJia JaTa peecTpallii
ocobu B IPY, mounHatouu 3 1986 p. KiHIIeBOIO TOUKOIO
cTIoCcTepeKeHHs OyyIn: maTa giarHocTuku paky L3, maTta
CMEpTi, OCTaHHS JaTa BiZOMOTO XXWUTTEBOrO crartycy, 31
rpyaHs 2012 poky (KiHelb JOCIiIKyBaHOTO Mepiony),
3aJIe>KHO BiJl TOTO, IO CTAJIOCS paHillle.

JlromnmHo-poxm (PYs) 11ig pr3nkom OyJin po3paxoBaHi 3a
pPOKOM TIepIIOil y4yacTi B aBapiitHux pobotax y YopHo-
OwibchKiin 30Hi (1986/1987/1988—1990/HeBinoma), Ka-
neHpapHuMu riepiogamu (1986,/1990/1995/2000/2005—
2010/2011—2012 poku) Ta TOCATHYTHAM BiKOM 3a 5-piuHU-

The investigated cohort of 150,813 male liquida-
tors was formed based on the State Register of
Ukraine of people who affected by the Chornobyl
catastrophe. This official register was established
in 1986 to monitor the health status of populations
affected by radiation accident, including emer-
gency workers and participants of clean-up works
[1, 6]. The cohort clean-up workers resided in six
regions — 6 oblasts (Kyiv, Donetsk, Dnipro-
petrovsk, Kharkiv, Cherkassy, and Chernihiv) and
Kyiv city that is totalling about 60 % of all clean-
up workers registered in the SRU. Data on the year
of clean-up activities was available for 139,649 of
150,813 cohort members and was obtained from
the database of the SRU. In the regions mentioned
above a high quality of health care, cancer registra-
tion, and storage of morphological samples is
noted.

Information on vital status and current address
of individuals registered in the SRU is annually
updated through reporting from the local health
care institutions (hospitals, outpatient clinics) per-
forming medical follow-up of clean-up workers.
About 80 % of clean-up workers undergo the
annual medical examination. Controversial or
incomplete information (on death, for instance) is
being checked using the additional data sources.

Confirmation of cancer cases. The verification of
thyroid cancer cases was carried out by linking of
the SRU data with database of the National
Chancery Register of Ukraine (NCRU). The
NCRU is a population-based computerized cancer
registry [8]. The majority of the thyroid cancer diag-
noses reported to the NCRU (97.5 %) have histo-
logical verification [9]. The computerized linkage
procedure was used to achieve a higher complete-
ness of the data, and to eliminate the duplicated
records [10]. Only thyroid cancer cases with con-
firmed identity were included into the study:.

The starting point of the follow-up for every sub-
ject in a study cohort was the date of an individ-
ual’s registration in the SRU (starting from the
1986). The ending point was the date of thyroid
cancer diagnosis, date of death, date of the last
known vital status, or December 31, 2012 (end of
follow-up), whichever came first.

Person-years (PYs) at risk and incident thyroid
cancer cases were tabulated over year of first clean-
up mission in the Chornobyl zone (1986/1987/
1988—1990/unknown), attained age in 5-year cat-
egories from 18 through 82 years, calendar period
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MM iHTepBajamMu Bif 18 10 82 pokiB. 3a TAKMMU X KaTe-
ropisiMu Oy posnomiieHi 216 crioctepexXyBaHUX BU-
nankiB paky 3. IIporpamue 3abe3neuenns Epicure 2.0
[11] BUKOpMCTOBYBaJIOCH IJISI OLIIHKU JIIOIUMHO-POKIB
CIIOCTEPEXEHHSI 1 CTaHAAPTU30BAHOIO CIiBBiZHOLIEHHS
3axBOpIOBaHOCTI. KilbKiCTh O4YiKyBaHMX BMITQAKiB 3aXBO-
proBanHs Ha pak L3 omiHioBamacd i3 3acTOCYBaHHSIM
BIKOBMX TTOKA3HUKIB 3aXBOPIOBAHOCTI Ha IO IATOJOTiIO
BCHOTO HacesJeHHS YKpaiHM YOJIOBiYOi CTaTTi, MPOTSTOM
BIiIMOBIAHOIO KaJeHAAPHOIO Iepioay Ta JIIOAMHO-POKiB
CIHOCTEPEXEHHS, CIELM(MIYHUX 111 JOCiI)KyBaHOI KOTOp-
™. PospaxyHok SIR Ta ixHix 95 % noBipumx iHTEpBajiB
MPOBOIUBCS 3 YpaXyBaHHSIM KPUTEPIiB CTATUCTUYHOI 3Ha-
YYILIOCTi ISl ABOCTOPOHHIX TeCTiB 3 BeJnurHoo0 p <0,05.

Josumempis. Yepes 30 poxiB micist YopHOOMIBCHKOI Ka-
TacTpodu iHGopMallisd TTpo iHAWBIAyaIbHI 103U 3aJIAIlIa-
€ThCsI HEBM3HAYEHO10: 0dilliitHi 1o30Bi 3amucu (ODR) no-
crynHi e g 42,5 % 3 229 219 niksigatopis, 3ape-
ectpoBanux B JIPY [1]. 3a3Haunmo, 1110 cepen JTiKBinaTopiB
1986 p. yuacri (141 340 oci0) 3amucu npo 1034 30BHIlIIHb-
Oro ONpOMiHEeHHs HasBHI Jmiie mist 28,9 % ocid, cepen
niksimaropis 1987 poky yuacti (49 365) — s 60,1 %, s
YYaCHUKIB MoJgaiblinX pokiB (37 736) — mist mpuOIU3HO
65 % oci6. J1031 ONpoMiHEHHS IIKipH 1 KpUILITAIMKA OKa,
JTO3W BHYTPIILIHBOTO OMIPOMiHEeHHS Bchboro Tia Ta 113, 3y-
MOBJIEHi OeTa-BUITPOMiHIOBAHHSM, — HE BUMipIOBAIUCH
B3arajii. 3a3HauyeHo, 1o a103u Ha 113 Oy BuMmipstHi mist
JIy>Ke HEBEJIMKOI KiJIbKOCTI JIIKBiIaTOPiB; TOMY HEMOXKJIMBO
OLIIHUTU CepeaHE 3HAYEHHS [JIsI BCi€T TPYIIN.

CepenHe 3HaUYeHHS 0QilliliHO 3apeecTPOBaHOI 103U Ha
BC€ TiJIO, OTPUMMAaHOI yJyaCHUKaMWU JIiKBigalii aBapii B
nepiox Bix 1986 no 1990 poky (roJJloBHMM YMHOM 3a pa-
XYHOK 30BHIillIHHOTO raMMa-BUIIPOMiHIOBaHHS), 3MEH-
LIYBAJIOCh 3 POKY B piK mpubau3Ho tak: 0,186 Ip — 1986
p., 0,127 Ip — 1987 p., 0,057 Ip — 1988 p., 0,049 Ip —
1989 p. 12 0,051 Ip — 1990 p. CepenHe 3HaUEHHSI 3a BECh
nepioa 1986—1990 pp. ctanoswio 0,151 Ip [1].

Heo6xigHo 3a3HaunTH, 1110 ODiLliiiHI 103U CIIiJ TPaKTy-
Bath 3 oOepexHicTio. CripaBa B TOMY, IO IIXOIN J0
OLIIHKM 1031 Ha Yac MPOBEICHHS aBapiitHUX 3aX0MdiB OyJIn
Jy>ke TPUOIM3HUMU i MaJIM CXUJIBbHICTh A0 MEPEOLliHKU
(pakTMYHOI eKCIO3Mlii yepe3 IMpUTaMaHHMI KOHCepBa-
TA3M METOHOJIOTII (TaK 3BaHMI «pamialiitHO-TIpodiTak-
TUYHUI MiaXia»), KOJIW J03U, SIK TIPaBUIIO, OyJIM 3aBUIIICHI
JUTS 3a0e3MeYeHHs] Kpallloro 3axvcTy TpauiBHMKiB. Llei
TIOCTYJIAT Y3TOMKYEThCS 3 TaHUMU Pe3yJIbIaTiB PETPOCIICK-
TUBHOTO peKaTiOpyBaHHS OQILIIHAX 03 3a TOITOMOTOIO
EPR (enextponHuii mapamarditHuii pezoHaHc — EITP)
Jo3uMeTpii 3yoHoi emarti [12], a TakoxX MiATBEPIKEHO pe-
KOHCTPYKIIi€ iHauBiayanbHux 103 MeronoM RADRUE
(PearmictyHa aHaTiTHYHA PEKOHCTPYKIIiS JO3U 3 OLIIHKOIO

(1986,/1990/1995/2000/2005—2010/2011-2012).
Epicure 2.0 software [11] was used to estimate PYs
and ratios of observed to expected number of thy-
roid cancer cases (standardized incidence ratios —
SIRs). The number of expected incident thyroid
cancer cases was estimated by applying calendar-
time and age-specific thyroid cancer incidence
rates for the entire male population of Ukraine to
the respective cohort-specific PYR. Calculation of
SIRs and their 95 % confidence intervals was per-
formed assuming Poisson distribution of grouped
incidence data with two-sided significance tests
with a p value of < 0,05 considered statistically sig-
nificant.

Dosimetry. 30 years after the Chornobyl accident
the situation with individual dose records remains
uncertain: the dosimetry data (official dose
records — ODR) were available for only 42.5 % of
229,219 clean-up workers registered in the SRU
[1] including 28.9 % of 141,340 participants of
1986, 60.1 % of 49365 participants of 1987 and
65 % of 37,736 participants of the other years of a
clean-up. Doses caused by beta radiation (skin and
eye lens doses) and intakes (internal whole-body
exposure and specifically thyroid doses) were not
monitored at all. It was pointed out that thyroid
doses were measured for a very small number of
workers; it is not possible to estimate the average
value for the whole group.

The average officially registered whole-body
dose received by the clean-up workers between
1986 and 1990 (mainly due to external gamma
radiation), decreased from year to year being about
0.186 Gy — 1986, 0.127 Gy — 1987, 0.057 Gy —
1988, 0.049 Gy — 1989, and 0.051 Gy — 1990. The
average value for the whole period 1986—1990 is
0.151 Gy [1].

However, one should treat officially recorded
doses with caution. The matter is that the
approaches to dose evaluation at the time of clean-
up activities were very imprecise and tended to
overestimate the actual exposure due to inherent
conservatism of the methodologies (so called
«radiation protection approach») when doses
tended to be rather overestimated to secure better
protection of workers. This judgment is supported
by the results of retrospective recalibration of offi-
cial doses by means of EPR dosimetry with tooth
enamel [12] and confirmed by the reconstruction
of individual doses using RADRUE (Realistic
Analytical Dose Reconstruction with Uncertainty
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HeBU3HaueHocTi) [13], 1m0 npoBoauaach Ha Cy0’ €KTaxX YK-
paiHChbKO-aMePHKAHChKOro AOCIIIKEHHS JIeMKeMil Ta Ccy-
MYTHIX 3aXBOpIOBaHb [ 14]. 1 IeBHUX TIPEICTaBHUIILKITX
npodeciiHUX KaTeropiii peKOHCTPYioBaHi 103U 30BHIIlI-
HBOTO OITPOMiHEHHSI Ha YePBOHMI KiCTKOBUIA MO30K OYyJI1
HACTYITHUMM: BiliICbKOBOCTY>KO0OBLi (KaapoBi Ta pe-
3epBicTi) —y 1986 p. — 0,103 Ip, y 1987 p. — 0,073 Ip, y
1988 p. — 0,037 Ip; mpodeciitHi poOITHUKK aTOMHOI IIPO-
mucaoBocTi — 0,317 Ip; BinpsiakeHi Ha KOPOTKOCTPOKOBY
micito — 0,040 Ip [13, 15]. Cnin 3a3HaUUTH, 11O B TaK 3Ba-
HUX «€KOJOTTYHUX» TOCTIIKEHHSIX 1031 BU3HAYAIOThCS HE
JIIs1 KOXKHOTO iHAMBINA, a AJIsl yeix ocid BUOipKu (Tak 3BaHi
«TPYIOBi 103W»), SIKi B CEPETHBOMY PENPE3CHTYIOTh 103U,
OTpUMaHi WieHaMM JOCJIiIXKyBaHOI TPYITN.

Ouinka padiauitinoeo pusuxy. MeTOI0 TaHOTO TOCIIIKEH-
HSI € He TiJTbKY eMTiAeMioIoTiYHe BUBUSHHS 3aXBOPIOBAHOCTI
Ha pak I3 yepe3 SIR aHaini3, ajge TakoxX BU3HAYEHHSI Be-
JIMUMHU KOeilliEHTIB PU3MKY LIbOrO 3aXBOPIOBAHHS B
VJIHA na YAEC. Po3paxoBaHo KiJlbKa KOe(illiEHTIB prU3H-
KY: HaJUIMILIKOBUIT abcomoTHU pu3uk Ha 10 000 moauHo-
pokiB Ip (EAR/10* PY-Gy), HaIMIIIKOBUI BITHOCHUI -
3uk Ha 1 Ip (ERR/Gy) Ta atpubyTriBHA (DpaKilist pu3nKy
(AR%) Ha 1 Ip. 3a3HaueHi KoehilliEeHTU PU3KKY SIBISIOTH
€00010 HAMOIBII MOIIMPEHi MOJIEi, 1110 BUKOPUCTOBYIOTh-
cd B papiauiiiHiit emimemiosorii [4]. Ilpy owiHii Ko-
ediuieHTiB pagiallifHOro pU3MUKYy POOUTHCS MPUITYLLIEHHS],
1110 CIIOCTepeXyBaHe 30UIbIIESHHSI 3aXBOPIOBAHOCTI HAa pak
I3 3ymoBieHe BUKITIOUHO pafiallifHUM OIIPOMiHEHHSIM.

HannmumkoBuit abconotHuil pusuk — EAR Ha
10 000 PY-Gy oLiHIOETbCS BiIMOBIIHO 10 PiBHSIHHSI:

EAR = (O-E x

ne O — KiJAbKiCThb BUMNAAKIB, 110 criocTepiraeTecs, £ —
OYiKyBaHa KiJIbKiCTb BUIAJKiB, pO3paxoBaHa HA OCHOBIi
HalliOHaJbHUX ITOKa3HUKIB YaCTOTU 3aXBOPIOBAaHHS, ¢ —
Koe(illieHT, 3yMOBJIEHUI e(heKTOM CKpUHiHTY, Npy —
YUCJIO JIOAUHO-POKIB cHOCTepexXeHHs1, D — no3a, 3y-
MOBJIEHA 30BHIILIHIM OIPOMiHEHHSIM Y IpesiX.

Hapnumkosuii BinHocHuit pu3uk — ERR Ha 1 Ip 00-
YUCTIOETHCS 3TiIHO 3 PiBHSIHHSIM:

Estimation) method [13] which was undertaken
for the subjects of the Ukrainian-American study
of leukemia and related disorders [14]. For some
representative professional categories the recon-
structed doses were following: military (cadre and
reserve) —in 1986 — 0.103 Gy, in 1987 — 0.073 Gy,
in 1988 — 0.037 Gy, professional atomic workers —
0.317 Gy, staff of Ministry of Internal Affairs
(MIA) — 0.203 Gy, sent on short term mission —
0.040 Gy [13, 15]. It should be noted that in so
called «ecological» studies it is sufficient to know
doses to unspecified individuals (called «group
doses»), who are representative of the average dose
received by the members of the studied group.

Estimation of radiation risk. The objective of this
study is not only epidemiological analysis in term
of SIR, but also the derivation of risk coefficients
for thyroid incidence in recovery operation work-
ers. Several risk coefficients are considered:
excess absolute risk per 10* person-years Gy
(EAR/10* PY-Gy), excess relative risk per Gy
(ERR/Gy) and attributable fraction of risk (AR %)
at 1 Gy. The mentioned risk coefficients represent
the most common models used in radiation epi-
demiology [3]. In the estimation of coefficients of
radiation risk, it is assumed that the observed
increase in thyroid cancer incidence is solely due
to radiation exposure.

The excess absolute risk — EAR per 10,000 PY-Gy
was estimated from the expression:

¢)/(Npy x D)

where O — observed number of cases, £ — expect-
ed number of cases according to the national rates,
¢ — the coefficient determined by the effect of
screening, Npy — number of person-years under
observation, D — dose due to external irradiation
in Gy.

The excess relative risk — ERR per Gy was cal-
culated according to the equation:

ERR = FEAR x Npy /(E % ¢)

ATpuOyTuBHUIT pu3uk Ha 1 Ip OyB oTpuMmaHUl 3a
PIBHSIHHSIM:

The AR at 1 Gy was obtained from the ratio:

AR = ERR /(1 + ERR) x 100 %

95 % nmoBipuuii iHTepBaJ IJIsI CIIOCTEPEKYBAHOTO YHC-
na O 6a3yeThcsd Ha HOPMATLHOMY PO3ITIOIiji, HAOIIKe -

95 % confidence interval around the observed
number O is based on normal distribution approx-
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HoMy 110 posnoniny IlyaccoHa, i po3paxoBy€EThCS 3 BU-
KOPUCTaHHSIM (DOPMYJIN:

imation of the Poisson distribution and is calculat-
ed as:

O+ 1,960

Buxonasuu 3 MiHiMabHOIO Ta MAaKCMMAaJIbHOTO 3HAYEHb
CIIOCTEPEXYBAaHOIO YMCJIa BUIIAIKiB, PO3PaxOBYBaJIMCh
95 % noBipui iHTepBaIM HALJIUIIKOBOIO aOCOIIOTHOTO,
HaJIJTMIIKOBOTO BiTHOCHOIO Ta aTpUOYTUBHOIO PU3KKIB.

IIo crocyeTbesa mapamMeTpa «C», TO 1 BeJIWIMHA Bil-
I3epKamioe e(eKT CKPUHIHTY MPH TTPOBEICHHI IOPIYHIX
MeIUYHMX 00CTeKeHb («IUCITaHCEPHUX CITOCTEPEXKEHDb» )
VJIHA. Li oOGcTexXeHHS MOXYTh 3yMOBUTHU 301TbIIIEHHS
KiJIBKOCTI JiaTHOCTOBaHUX BunaakiB paky I3 3a paxy-
HOK BHSIBJICHHSI paHHIX (DOpPM 3aXBOPIOBAaHHS Y ITOPiB-
HSIHHI 3 YMCJIOM, SIKE PO3PaXOBYETHCS 3 BUKOPUCTAHHSIM
TMOKAa3HMKIiB yChOT'0 YOJIOBIYOro HaceneHHs Ykpainu. ITo-
Ka3HuK 3axBoproBaHOCTi SIR Ha pak 1113 BnpoaoB:x paH-
HBOTO TicnsiaBapiitHoro nepiomy (1986—1989 pp.), saxwuit
BBaXKa€ThLCS JJaTeHTHUM |[3], ckiiagae — 2,61. Bennunna
LIbOTO TTOKa3HUKa BpaxoBye eeKT CKPUHIHTY i Oysia OT-
pyUMaHa B HalllOMy MOIEePeIHbOMY AOCTiIKEeHHI [4].
Edexktr ckpuHiHIY AOCUTH IIMPOKO BigoOpaxkeHuit y
crieliayiibHi JiTeparypi. Hanpukian, aHanoriyHuii Ko-
ediienT ¢ = 2,6 oyso ouineHo misg YJIHA Pocii [3].

PE3VIJIBTATU JOCIIIZKEHHA
Cepen YVJIHA, y axux OyB BCTAaHOBIIEHMI IiaTHO3 paKy
1113, 69 % Briepiiie Oyau BinpsimkeHi y YHopHOOUILCHKY 30-
Hy B 1986 p. B Toii ke yac, cepen WieHiB KOropTy 6e3 1b0-
IO JiarHO3Y TaKUX 0cib 6yJ10 62 %. 3a mepio CriocTepeXKeH-
HSI TIPOTSITOM ITic/siaBapiiiHoro riepiony 1o 31 rpyans 2012
p. BKIIIOUHO B KOTOPTi BUSIBJICHO 216 BMITA/KiB 3aXBOpIO-
BaHH Ha pak II13. 15 KiJIbKiCTh BUMAIKiB 3HAYHO MEPEBU-
LIyE po3paxoBaHe O4YiKyBaHe 4uciao — 64,4 BUMAIKY.
3icTaBlIeHHS CITOCTEPEXKYBAaHOTO Ta OUYiKyBaHOTO 4YMCEN
3YMOBUWJIO TIABUILEHY BEJWYMHY CTAHIAPTU30BAHOTO
CITiBBiTHOILLIEHHS 3aXBOpOBaHOCTI y KoropTi — SIR = 3,35
(95 % CI 2,91—-3,80). 3axBoproBaHicTh cepen 139 649 ocib 3
BiIOMMMM pOKaMU YJacTi y TiKBigaliiHMX poOOTaX B LIiJIO-
MY BUSIBUJIACh TPOXH HIDKYOI0 — 3,21 (95 % CI 2,76—3,66).
Haii6inb1ii 3HaueHHs: BU3HaveHi 1151 Tux YJIHA, pik yyacTi
SIKMX B aBapiiiHMX poOOTaxX HEBiIOMMIA, 1110 MOXKE CBIIUUTU
Mpo MPUHANIEKHICTh OCTAHHIX J0 I'PYIM JIIKBIZATOPIB IO-
YaTKOBOTO Mepiofy JIiKBimalii aBapii Ha YopHOOMIBCHKI
AEC (1986 p.), 3axBOpIOBaHICTb IKMX OyJia HABUIIOIO Ce-
pen ocid 3 BiTOMUM NEPiogoM ydyacTi B poOoTax.

Tabnuus 1 MiCTUTh OCHOBHY iH(bOpMaLIito PO AOCTiI-
KyBaHy Koropty YJIHA na YAEC i npoBelieHy OLiHKY
3aXBOPIOBAHOCTI Ha pak 1113 3a rpynamu.

Lower and upper limits of 95 % confidence
intervals were calculated for EAR, ERR and
attributable risks based on these minimal and max-
imal values of observed thyroid cancer cases.

The parameter «c» reflected the effect of screen-
ing in recovery operation workers resulted from
annual medical examinations, so cold «dispansery
supervision». This can lead to increasing of num-
ber of diagnosed thyroid cancers due to cases
detected at earlier stage of disease in comparison
with the entire male Ukrainian population, which
need to be taken into account. For thyroid cancer
incidence ¢ = 2.61, which corresponds to an
increased value SIR = 2.61 during the latency
period (1986—1989) [3], reflect the effect of in-
depth screening and was obtained in our previous
study [4]. This screening effect is documented in
the scientific literature. For example, similar coef-
ficient ¢ = 2.6 was observed in Russian emergency
workers [3].

RESULTS

Among clean-up workers with thyroid cancer, 69
% had their first mission in the Chornobyl zone in
1986 compared with 62 % of clean-up workers
with no thyroid cancer disgnosis in the cohort.
During the total follow-up period up to and
including December 31, 2012, the 216 thyroid
cancer cases were observed in the cohort. This
number was significantly higher than the expected
number of 64.4 providing an elevated SIR estimate
of 3.35 (95 % CI 2.91-3.80), SIRs did not differ
significantly by age. Among the 139,649 persons
with known years of participation in the emer-
gency work, the incidence rate is slightly lower —
3.21 (95 % CI: 2.76—3.66). Notably, the highest
index of morbidity is marked in the group of clean-
up workers, the year of participation of that in
emergency works is unknown. By implication, it
can testify to the initial period of liquidation of
Chornobyl accident, when doses of irradiation
were the highest.

In Table 1 the information about main charac-
teristic of studied clean-up worker cohort is pre-
sented.

It should be noted that due to the lack of reliable
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Taoauusa 1

Yucno Bunaakie paky L3, nioanHo-poKiB cnocTepekeHHA Ta CTaHAAPTU30BaHe CNiBBiAHOWEHHA 3aXBOPIOBa-
HOCTi y KOropTi yKpaiHCbKUX NiKBifaTopiB 3a pokamu neploro nepe6yBaHHA B YopHOOMNIbCbKiN 30Hi

Table 1

Number of thyroid cancer, person-years and SIR in cohort of Ukrainian clean-up workers by years of first mis-

sion in the Chornobyl zone

Pik nepworo Yucno JlioguHo-poKK Bunapku paky L3
nepeOyBaHHS B 30Hi niksiparopis CNoCTepeXeHHs Thyroid cancer cases SIR (95 % CI)
Years of first Number of Person-years crnocrepexyBaHi OuiKyBaHi
mission clean-up workers observed expected
1986 93 819 1337478 148 40,5 3,65 (3,07-4,24)
1987 24 818 393 025 31 11 2,79 (1,81-3,78)
1988-1990 21012 310685 17 9,4 1,81 (0,95-2,67)
Cyma 3a 1986—1990 pp. 139 649 2041188 196 61,0 3,21 (2,76-3,66)
Subtotal 1986—1990
Pik yyacti Heigomuii 11 164 95 220 20 3,4 5,88 (3,30-8,46)
Unknown
3aranbHa cyma 150 813 2136 409 216 64,4 3,35 (2,91-3,80)
Total

Yepes BiACYyTHICTb JOCTOBipHOI iH(popMalii Tpo pik
y4acTi B aBapiiiHuX po6oTtax st 11 164 nikBimaTopiB Bo-
HU OyJIM BUKJTIOYEH] 3 MOJAIbIINX PO3PAXYHKIiB.

VY 1abi. 2 HaBeneHi po3paxyHKW MMOBIpHOI 30BHIIII-
HBOI KOJIEKTUBHOI Ta per capita no3u Ha 1113 3 Bukopuc-
TaHHSM aJbTePHATUBHMUX HaHUX: OMILliIHHUX ITO30BUX
3anuciB 3rigHo 3i 3siToM UNSCEAR 2008 [1] Ta oLiHKK
3a RADRUE [13, 14] mia Bubipku 31 139 649 niksiga-
TOPiB KOTOPTHU, Y SIKUX PiK Y4acTi B aBapiliHUX poOoTax
Bizomuii. Ciig 3a3HAYUTH, 11O iCHYIOUI JO30Bi OLIIHKU
BUKOPUCTOBYIOTH Pi3Hi JO3MMETPUYHI BEJIUYMHU (E€KC-

gency works for

work is known. It

Ta6nuusa 2

information on the year of participation in emer-

11,164 liquidators, they were

excluded from the subsequent calculations.

Table 2 provides assessments of both the collec-
tive and average external dose based on alterna-
tive data: the official dose records (ODR) accord-
ing to UNSCEAR 2008 report [1] and the
RADRUE [13, 15] estimate for the 139649 lig-
uidators, whose year of involvement in emergency

should be stressed that existing

dose estimates use different dosimetric quantities

OuiHka BapiaHTiB 30BHilLHbOT KONEKTMBHOT Ta per capita po3u Ha W3 B Koropti 139 649 nikBigaTopis rpoma-

AAH YKpaiHu
Table 2

Estimation of collective and mean external per capita dose for cohort of 139,649 Ukrainian clean-up workers

CepepHs 0032 30BHILUHLOTO ONPOMiHEHHS, I'p
Mean external dose, Gy

Pik Yucno = OUiHKN KOJIEKTUBHOI 103U KOropTy
nepmo'|'_y:|_acri niKBiAaTop_iB = g; Et o EL o g o (moauno-Ip) Ha L3 sianosigHo no
y Micii y Koropri 2 £8 z 8= €T o e
=22 88 3 853 2252 3 £ ollective Mean thyroid external
Years Number of 5 § f @ g E "::nzg g § 5 § 5 5 %osec(Persoi-Gy) ‘;cco:ﬁn‘; to
f first | K 2 28 3 £ S0 8w £ 8
of first  clean-up workers ;§ .:: =5 8% § $§ & S
mission in the cohort S B3 3=k 4= § z S Je &= UNSCEAR 2008 RADRUE
s8 29 s8 55 gd = g5 53 Report
s 2= s oo a3 e3 sk oXx
g5fs 328 3222 2 gd:=2
1986 93819 0,186 0,105 0,104 0,116 9757,18 10883,004
1987 24818 0,127 0,066 0,071 0,073 1762,08 1811,71
1988—1990 21012 0,054 0,035 0,030 0,039 630,4 819,468
1986-1990 139649 0,156 0,088 0,087 0,097 12149,46 13514,18

Mpumitka. 1Mlosa Ha L3, oTpuMaHa nicns nepexoay Bin no3u ODR.
Note. '/lo3a Ha LL|3, otpumana nicnst nepexoay Bi, 4031 Ha YKM.
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Mo3uliifiHa J03a, TMOBITPsIHA KepMa, J03a Ha OKpeMi op-
raHu, J03a yChOoro TiJla — eeKTUBHA A03a). Tomy s
MPOBEACHHSI 3MICTOBHOTO aHalli3y BEJIWYMH PU3UKY 1ii
JIBi aJIbTepHATUBHI OLIIHKU 103 ONIPOMiHEHHS OyJIM 3Be-
JIeHi 10 TOPiBHIOBAHUX BEJIMYUH, TOOTO OO0 MMOBIPHUX
CepellHiX MOrJMHYTUX 103 30BHIlIHBOIO OMPOMiHEHHS
Ha 113. I1pu upoMy OyJ10 BUKOPHCTaHO HIDKUCHABEACHY

npouenypy (puc. 1).

(exposure, air kerma, absorbed dose by different
organs, whole-body dose — effective dose). That is
why for meaningful analysis, planning to compare
risk analysis based on these two sets of data we con-
sider bringing them to comparable values. The fol-
lowing steps were taken to transform them to thy-
roid gland doses according to the procedure
described further (Fig. 1).

Odiuivimii sososwii 3anmc UNSCEAR 2008 ODR Ha
yce Tino
Official dose records UNSCEAR 2008 ODR

i

EgextnsHa nosa (Ed) nicns Bepudikavii ETTP
Ed = ODR/2
Effective dose after EPR verification
Ed = ODR/2

[Mepexin [0 MOBITPSHOI KEPMU
(EHeprisa goronis 300 keB, 1S0)

Jo3a RADRUE Ha 4epBoHuii KicTkoBuii Mo30k (YKM)
RADRUE red bone marrow dose

[Mepexig A0 NOBITPSHOI KEpMU
(Exepris goronis 300 keB, 1S0)

Ka = Ed/0,664 Ka = YKM/0,669
Conversion to air kerma (Photon energy 300keV, 1SO) Conversion to air kerma (Photon energy 300keV, 1SO)
Ka = Ed/0,664 Ka = RBM/0,669
Mepexig no no3u Ha L3
(EHepris ¢oronis 300 keB, 1S0).
DT = Ka*0,739
Conversion to thyroid dose (Photon energy 300keV, 1SO)
DT = Ka*0,739

PucyHoK 1. Metoauka nepexopy 3 odiuiitHoro pososoro 3anucy UNSCEAR 2008 po3u Ha Bce Tino (ODR) i
po3paxoBaHoi fo3un RADRUE Ha yepBoHwmii KicTkoBui Mo30ok (YKM) o po3u Ha L3

Figure 1. Procedure of a conversion of official dose records (whole-body doses from UNSCEAR 2008 report)
and reconstructed red bone marrow doses (RADRUE) to external thyroid dose

OdiuiiiHi 1030Bi 3amucu, SIK 3a3HAYe€HO Yy 3BiTi
UNSCEAR 2008, € ¢pakTU4HO €KCIO3ULiAHUMU A0-
3aMM, NOJAaHUMU Y BUIJISIAI MTOTJIMHEHUX 103 Ha BCE Ti-
JIO i BUpaXKeHUMU Y MiJIirpesix (3a yMOBU HaOIMKEHHS
1 P =10 mIp). fx yxe 3a3Havanocs, odiuiiiHi 1031 Oy-
JIV 3aBMILEHI Yyepe3 MpUTaMaHHUA METOMO0JOTisIM KOH-
cepBaTU3M, NPUUOMY Y MOMEPEAHIX JOCTIIKEeHHIX [13]
MoKa3aHo, 1110 3aBUIICHHS BiI0YBaIOCs IPUOIU3HO Y 2
pa3u. OTXKe, SKIIO MOIUIMTU J03U Ha lieil KoeillieHT,
oTpuMaeMoO e(eKTUBHI J03u. [Hai, 3rifHO 3 aJaropuTt-
MOM, MepeadayeHi po3paxyHKU MOBITPSHOI KepMHU 3a
JOTIOMOTOIO TIepeXiZHOTro KoedillieHTa Bin e(peKTUBHOIL

Official doses, as noted in the UNSCEAR 2008
report, are in fact exposure doses, presented in
the form of whole-body absorbed doses and
expressed in mGy (assuming an approximation of
1 P =10 mGy). As it was already noted, that offi-
cial doses were overestimated due to conservatism
inherent in the methodology, and in previous stud-
ies [12] it was shown that this overestimation is
approximately twofold. So, if we divide the dose by
a factor of 2, we will receive effective doses. To
convert received effective doses to air kerma we
have to divide them by the coefficients from the
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JIO3U 10 TMOBITPSHOI KEPMU TSI CEPEAHBOI eHeprii (o-
TOHIB YopHOOUIbCHKOTO criekTpy 300 xkeB [16] Ta i30T-
ponHoi reometpii (ISO) — 0,664, HaBeaeHOIo Yy
nyo6aikauii MKP3 74 [17]. [Ticas yoro, ciig mepeiT 10
po3paxyHKiB 031 Ha II[3, MOMHOXMBIIM OTpPUMaHE
3HAUYEHHS TMOBITPSAHOI KEpMU Ha KOHBEpPCiAHUN
KpedillieHT mepexoay Bi KepMH IO ITOTIMHEHOI T03M
I3 g THUX ke 3HaYeHb e€Heprii AJIs i30TPOMHOI I'eo-
MeTpii 3 myoaikamii MKP3 [17] — 0,739.

Hpyruii BapiaHT — 1031 Ha YEPBOHMI KiCTKOBUI1 MO3OK,
BimHOBIEHiI 3a gonoMorow Merony RADRUE, siki Oyiu Bu-
KOPHMCTaHi B eIigeMioJOriYHOMY TOCTiIKEeHHI PU3MKIB
JIeliKeMii, 1110 BUKOHYBAJIOCh B L1il1 3ke KOTOPTi JIiIKBiIaTOpiB.
106 orpumatu no3u Ha I3, 11i 1031 HeOOXiTHO MOAIIUTH
Ha cepenHiil KoHBepciitamii koedimieHT 0,669, 1110 3acTOCO-
BYBaBCsI TIpU TIEPEXO/i Bil MOBITPSIHOI KEPMU JO O3 Ha
YEPBOHUI KiCTKOBUIA MO30K, i TOMHOXUTU Ha 0,739 — ce-
penHe 3HaYeHHST KOHBEPCiitHOTro KoedillieHTa 15 Iepexo-
Iy BiIT TIOBITpsTHO1 KepMU 10 1o3u Ha 113 (puc. 1).

Jo3u, oTpuMaHi JiKBigaTopamMM 3a paxyHOK 30B-
HILTHBOTO OMIPOMIHEHHS 3 ypaXyBaHHSIM POKIiB yJacTi y
JIKBigauiiHUX poboTax, MICTATbCI B JOIOBIiAL
UNSCEAR 2008 p. CepenHs mo3a 30BHIITHBOTO OII-
POMIHEHHSI, 3riIHO 3 LIMM 3BiToM, mid 139 649 nikBina-
TOpIB 3 BiloMUM poKoM ydacti ckianae 0,156 Ip. ITicis
3aCTOCYBaHHSI KOHBEPCITHOI METOAMKH OLIiIHOYHA CePeI-
H$1 103a 30BHILLIHBOrO orpomideHHs Ha 113 miasg 139 649
yonoBik ckiagae — 0,087 Ip. Taki oliHku 6a3yloThes Ha
peIpe3eHTaTUBHUX JAaHWX II0J0 BiliCBKOBHUX JIiKBiga-
TOpPiB, TOMY OOI'PYHTOBAHIiCTb IX MPSIMOI €KCTPAIOJISILIil
Ha BCIO CYKYITHICTb IOCJiIXYyBaHOI KOIOPTU € AUC-
KyCiiiHO10. AJTBTEpHATUBHMIA TTiaXiJ 0a3yEThCS HA BU3HA-
YEHHi 103, 00YMCIEHUX 3a JOTIOMOIOI0 PEKOHCTPYKTUB-
HOI 103uMeTpii. SIKIO MPUMYCTUTH, 11O B TPYIIi 3 00C-
texkeHnx 1000 nmikBimaTopiB KOropTh 3a METOIOM
RADRUIE [13] BcTaHOB/IeHI KOPEKTHi 103U 0€3 iCTOTHO1
MOXUOKU, TO JIOTIYHO, 110 iX BUKOPUCTAHHS MOXKe JaTh
OisblI 00 €KTUBHY OLIIHKY CepelHbOI 30BHIllIHbOI JO3U
Ha L3 — 0,097 Ip n1s1 BCix wieHiB DOCTiIKyBaHOI KOTOp-
™. Iligkpecanmo, OAM3bKICTh OTPUMAHUX OILIHOK, iX
pi3HuULg cTaHOBUTH — 11,5 %. Pa3oM 3 TUM, pUPOIHO,
1110 BUKOPUCTAHHS YyCepeaHEHOI BeIMUMHU HO3U € JIKe-
peJIoM HeBU3HAUYEHOCTI Y MOPIBHSIHHI 3 OLIiHKAMU iHIM-
BilyaJIbHUX 103, sIKi OEpyThCsl 10 yBaru B aHAJITUUHUX
JTOCTiIKEHHSIX, 1 MOXKe TIPU3BECTH A0 IIEBHOTO 3MIILIEHHST
olLiHKM go3a-edekTy. [IpoTe, HaBiTh y LIMPOKO BUBHAHO-
MY JOCIiIXKEHHi 0ci0, sIKi MepexXKuin aToMHi 00MOyBaH-
H4 B S noHii [ 18], 3a3Ha4a€ThCsI MOKIIMBICTh HEOOLITHKM
nokazHuka ERR/Gy anst 3axBoproBaHOCTI Ha pak y wiil
koroprti 10 10—15 % 3a paxyHOK IMOXUOKU B OL[IHIOBAaHHI
J031, BeJIMYMHA SIKOI MOKe cKianatu 10 35%.

publication of ICRP 74, using the value for the
average energy of photons of the Chornobyl spec-
trum of 300 keV [16] and the isotropic geometry
(ISO) — 0.664 [17]. After that, to convert air
kerma to thyroid absorbed doses we have to multi-
ply the result by the thyroid dose per air kerma
conversion coefficient for the same photon energy
and isotropic geometry from the proper table of
the ICRP publication [17] — 0.739.

Another option is to use the red bone marrow
doses reconstructed in the epidemiological study of
the risk of leukemia which has been performed on
the same cohort of clean-up workers [13]. To get
doses to the thyroid gland, the dose of RADRUE
should be divided by an average conversion factor
of 0.669 used during the transition from the air
kerma to red bone marrow dose and multiplied by
0.739 — the average conversion value from air
kerma to the absorbed thyroid dose (Fig. 1).

UNSCEAR report, 2008 contains records of
the total external dose received by liquidators
by year of clean-up activities. Estimated aver-
age external exposure dose of 13,9649 people
with known year of clean-up works is 0.156 Gy.
After applying the conversion procedure the
average external thyroid dose was estimated to
be 0.087 Gy. It should be noted that it is based
on representative data on military liquidators,
and the reasonableness of their direct extrapo-
lation to the entire cohort is controversial. The
alternative approach was based on the doses
calculated by reconstructive dosimetry.
Assuming that for the group of 1000 clean-up
workers, doses were estimated by RADRUE
[13] with no bias, it is possible to consider the
average external thyroid dose (0.097 Gy)
received by the all members of studied cohort
with known year of clean-up as more realis-
tic(?). The received alternative values are simi-
lar (estimated difference is about 11.5 %).
Certainly, the used approach to a mean dose
attribution is a source of uncertainties in com-
parison with the individual doses used in ana-
lytical studies and could lead to a bias in dose-
effect estimates. However, even in a widely
accepted study of the atomic bomb survivors
[18] it is pointed out that there might be as
much as 35 % error in dose estimation and it
could result in a 10—15 % underestimate of the
ERR/Gy for cancer incidence in that cohort.
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Anaaiz modearosanna pusuxie. Pi3Hi BeTUUMHU CEpeTHIX
30BHIILIHIX 103, HABEACHUX Y Ta0J. 2, BUBHAYAIOTh ajbTep-
HATUBHI OLIIHKY HAJJIUIIIKOBOT'O a0COJIIOTHOTO, BiTHOCHOTO
Ta aTpuOYTMBHOI YacTKM pu3uKiB paky I3 B mocmimky-
BaHiil koropti YJIHA Ha YAEC. AHajtiz oTpumMaHux 3Ha-
YeHb PU3MKY ITOKA3aB Y3TOMKCHHS HAIIIOTO Pe3Y/BTaTy 3
pe3yabTataMi JOCHITHUKIB 3 iHImImMX KpaiHd (taom. 3). Ilo-
Ka3HUKU HAJUTMIIIKOBOIO aOCOIIOTHOIO PU3MKY 3a JaHUMU
aJIbTEpPHATUBHUX BapiaHTIB PO3pPaxyHKIB y IOTOYHOMY
JOCITIIKEHHI B KOTOPTi YKpaiHChKUX JIIKBIIATOPiB BIIPO-
noBx 1986—2012 pp. konuBaloThest B Mexkax Bin 1,86 (95 %
Cl10,47—3,24) 102,07 (95 % CI1 0,53—3,62). Lleit mokasHUK
puimii 3a 1,15 (95 % CI: 0,08—2,22), otpumanuii B. IsaHo-
BUM Ta iH. [3] y JOCHimKeHHi pOCiAChKUX JIIKBIAATOPIiB Y
Habmkennit 1o natu aBapii Ha YAEC niepion yacy (1986—
1994 pp.), ajie 1OCTOBipHA 3HAYYIIA Pi3HULIS BiICYTHSI.

Ille onuH moka3HuK paniaiiiitHoro pusuky — ERR/Gy,
3a HalllMMU PO3paxyHKaMu JJIsI KOTOPTU JiKBiZaTopiB
VKpainu, KonuBaeTbes y Mexax Big 2,38 (95 % CI
0,60—4,15) mo 2,66 (95 % CI 0,68—4,64). Bin 0yB HIX-
yuM 3a nokasHuk 5,31 (95 % CI 0,04—10,58), HaBene-
Huit y nybmaikauisgx B. IBaHoBa Ta cmiBaBT. [3, 5] mis
pociiicbkoi Koroptu 3a 1986—1994 pp. ciocTepekeHHsI,
a TakoxX 3a piBeHb 3,47 (95 % CI 2,80—4,25) npoTsirom
1986—2003 pp. OgHak, ocKiabku 95 % moBipui iHTepBa-
Jiu HaBeneHuX 3HadueHb ERR y nikBigatopiB YkpaiHu Ta
Pocii nepekpuBaroTbCsl, CTATUCTUYHA Pi3HULISI MiXK HU-
mu BigcyTHs (p > 0,05). Cnig 3a3HauuTH, 11O Y POCii-
CBKUX JIiKBimaTopiB y mepiox 1986—1998 pp. craTuc-
TUYHO 3HAYYIIOI0 3B 13Ky 3aXBOPIOBaHOCTI Ha pak 1113
i3 103010 30BHIIIHbOIO OMPOMiIHEHHSI He OyJIO BU3HA-
yeHo. lleii moka3HUK MaB Bij’€MHe 3HauyeHHS -2.23
(95 % CI -4,54—0,08) [3].

ERR paky 1113 y gociaKeHHSIX «BUMAad0K-KOHTPOJIb»
B 00’emHaHiN Koroprti JikBigaTopiB bimopyci, Pocii Ta
Kpain baurii [8] ouiHoeTbes sk 0,38 Ha 100 mIp (95 %
CI 0,10—1,09). Leil moka3HUK ayxKe OJU3bKUI 10
OTPUMMAHOTO B JOCJiIXEHHI KOTOpTU mnpodeciiHux
MpaliBHUKIB siIepHUX KommaHii Benukoi bputanii —
3,236 Ha 1 Ip (90 % CI -0,19—13,9) [19].

OBI'OBOPEHHA

B morouHoMy nmocligkeHHi, B yMOBaX ajlkTepHATUBHMX
OLIIHOK J103, OyB BMSBJCHMI CYTTEBUI 3B’SI30K MiX
BapiaHTaMM OLiHOK 1031 Ha I113 i pu3ukoM 3aXBOpIOBa-
HOCTi JIIKBiZATOpiB Ha pak L€l JoKadi3alil yrmpoaoBxX
OinbI, HiX 25 pokiB miciast YopHoOMILCEKOI aBapii. Bus-
yeHo Koropty 150 813 ykpaiHChbKUX yJaCHUKIB JiKBigarlii
HachiakiB YopHoOWJIbChKOI KaTacTpodu. Brpomosxk
nepioay croctepexxeHHs (1986—2012 pp.) 3apeecTpoBaHO
216 BunankiB 3axBopioBaHHs Ha pak I3 mporu 64,4

Risk modelling analysis. Different mean values
of the external doses given in Table 2 determine
the alternative estimates of EAR, ERR and AR of
thyroid cancer risk in the investigated cohort of
Ukrainian liquidators. Review of the obtained risk
values indicated to a good compliance of our
results with the findings of other researchers
(Table 3). The excess absolute risk (EAR) values
according to alternative calculations in the cur-
rent study of Ukrainian clean-up workers for
1986—2012 are 1.86 (95 % CI1 0.47—3.24) and 2.07
(95 % C10.53—3.62). This is higher than the result
of 1.15 (95 % CI: 0.08—2.22) obtained by V. Iva-
nov and others [3] in the study of Russian liquida-
tors in 1986—1994, but the difference is not signif-
icant.

Another measure of radiation risk — the excess
relative risk ERR/Gy according to our estimates
was between 2.38 (95 % CI 0.60—4.15) and — 2.66
(95 % CI 0.68—4.64) for Ukrainian cohort which
was lower than 5.31 (95 % CI 0.04—10.58) stated
in publications of V. Ivanov et al. [3, 5] for the
Russian cohort in the period of 1986—1994 and
also lower that 3,47 (95 % CI 2,80—4,25) in
1986—2003. However since the 95 % confidence
intervals of the given ERR values in Ukrainian and
Russian clean-up workers overlap, there is no sta-
tistical difference between them (p > 0.05). It
should be noted that among Russian liquidators
for the period 1986—1998 no statistically signifi-
cant dose dependent thyroid cancer risk was
observed. There was a negative value of the esti-
mated ERR of -2.23 (95 % CI -4.54—0.08) [3].

ERR of'thyroid cancer in case-control studies with-
in the pooled cohort of clean-up workers of Belarus,
Russia and the Baltic countries [8] was estimated to be
0.38 per 100 mGy (95 % CI 0.10—1.09). This value is
very close to that obtained in the study in a cohort of
professional workers of UK nuclear companies —
3.236 per Gy (90 % CI1 -0.19—13.9) [19].

DISCUSSION

In the current study, a significant relationship
between the options for external dose estimates
and the risk of thyroid cancer incidence during
more than 25 post-accidental years was found.
This study was carried out in the absence of infor-
mation on internal exposure due to radioactive
iodine. Cohort of 150,813 Ukrainian clean-up
workers of the Chornobyl accident was studied.
During the study period (1986—2012), 216 cases of
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MokasHuKku pagiauinHux pusukie paky L3 y pisHux onpomiHeHUx Koroprtax

Table 3

Indicators of the radiation thyroid cancer risk in various exposed cohorts

Hapnuwkosui
abCconIoTHUIA pU3MK

bxepeno paHux

HapnuwikoBuii
BiAHOCHUWA PU3UNK

ATpuOYTMBHMIA PU3MK
AR (Ha 1 Tp), %

Data sources

Excess absolute risk

Excess relative risk Attributive risk

EAR/10* PYGy (95 % ClI) ERR/Gy (95 %Cl) AR (at 1 Gy) %
MotouHe pocnimkeHHs 139 649 ykpaiHCbKux UNSCEAR 2,07 (0,53-3,62) 2,66 (0,68—4,64) 72,7
nikeipatopis, 1986—2012 pp. BianoBiaHO 2008 [1] Report
[0 OLHKM CepeaHboi 103n Ha L3 3ano3y
3rifHO 3: PO3paxyHKiB 1,86 (0,47-3,24) 2,38 (0,60—4,15) 70,4
Current study of 139649 Ukrainian clean-up RADRUE [13]
workers, 1986—2012 according to evaluation | RADRUE calculation [2]
of mean external dose by
V. Ivanov et al. [3] pocnimxeHHs poCilicbkux nikBinaTopis
V. Ivanov et al.[3] study of Russian clean-up workers
1986—1994 pp. / 1986—1994 1,15 (0,08-2,22) 5,31 (0,04-10,58) 84,2
1986—1998 pp. / 1986—1998 -2,23 (-4,54-0,08)

V. Ivanov at al. [5] pocnimxenHs pocilicbkux niksinaropis, 1986—2003 pp.
V. Ivanov at al. [5] study of Russian clean-up workers, 1986—2003

3,47 (2,80-4,25) -

C. Muirhead et al. [19] TpeTe aocnimxeHHs pobiTHUKIB
anepHux nignpuemcts Benukoi bputanii (NRRW)
C. Muirhead et al. [19] of third follow up of UK NRRW study

3,236 (90 % Cl 0,19-13,9) -

A. Kesminiene et al. [8] mocnimkeHHs niksigatopis
Binopyci, Pocii Ta kpaiH Banrii, 1986—2000 pp.
A.Kesminiene et al. [8] study of Belarusian, Russian
and Baltic clean-up workers, 1986—2000

0,38 Ha 100 MIp (0,101,09) -

OUiKyBaHUX, 1110 1aJ0 3MOTY po3paxyBaTH Moka3HUK SIR
3,35 (95 % CI 2,91-3,80). 3nauenns SIR HecyTTeBO
3MEHILMJIOCH TTOPIBHSIHO 3 PO3paxOBaHUM IS LII€T KOTOp-
™ 3a nepion 1986-2010 pp. — 3,50 (95 % CI 3,04—4,03)
[6], i € GAM3BKUMM [0 BEJIWYMHHU, PO3PAXOBAHOI I
pociiicbkux JikBigaTopiB y nepion 1986—2003 pp. — SIR
3,47 (95 % CI 2,80—4,25) [5]. [ToTouHe AOCTIIKEHHS,
iH(opMalIiifHO TOIOBHIOE pe3y/ibraTi YKpaiHO-AMepu-
KaHCBKOTO ITPOEKTY i Ma€ TMeBHi IepeBaru y JeKiabKoX ac-
MeKTax MOPiBHSIHO 3 THUM, IO OIYOJiKOBAaHO paHillle
[4, 6]. CriocTepexXeHHsI KOrOpTH OYJIO ITPOJOBXKEHO [0
2012 poky. IlpoBeneHO OLIHKY pamialliliHUX PU3MKIB 3
ypaxyBaHHSIM MMOBipHOi q03u orpoMiHeHHs Ha 113, 006-
paxoBaHOI aJIBTepHATUBHUMU MeTomaMu. Benmmunau pu-
3MKy 3 ypaxyBaHHSM BigkopuroBanux ODR 3rimHo 3
UNSCEAR 2008 [1] i orinHok RADRUE [13] nmpakTuyHO
Ou3bKi. IX pi3sHMLS cTaHOBUTB 61M3bKo 12 %. Hammim-
KoBuii abcomoTHuit pusnk EAR/10* PYGy 3Haxoautbcs y
mexax Bin 1,86 (95 % C10,47—3,24) no 2,07 (95 % CI1 0,53—
3,62), HammukoBuii BinHocHUi pu3nk ERR/Gy — Bin
2,38 (95 % C10,60—4,15) mo 2,66 (95 % C10,68—4,64), at-
pubytuBHuUit pu3uk AR — Bin 70,4 % nmo 72,7 % na 1 Ip.
OTpuMaHi pe3ylbraTd CBimJaTh MPO HEOOXiTHICTL TIpo-

thyroid cancer were observed versus 64.4 expected.
SIR calculated in current study is found to be 3.35
(95 % CI 2.91-3.80) which is slightly lower than
the values obtained previously (1986—2010) — 3.50
(95 % CI 3.04—4.03) [6] and similar in magnitude
to SIR reported [5] for Russian clean-up workers
followed from 1986 to 2003 3.47 (95 % CI 2.80—
4.25). The current evaluations, that amended the
Ukrainian-American project data, have certain
advantages in several aspects comparing with pre-
vious publications [4, 6]. The follow-up of the
cohort was extended through 2012. Our results are
based on the alternative thyroid gland dose esti-
mates. Received alternative values of thyroid can-
cer radiation risks are close in magnitude. The dif-
ference is about 12 %. Our results of EAR/10*
PYGy variation from 1.86 (95 % CI 0.47—3.24) to
2.07 (95 % CI 0.53—3.62), ERR variation from
2.38 (95 % CI 0.60—4.15) to 2.66 (95 % CI 0.68—
4.64), AR between 70.4 % and 72.7 % per 1 Gy
suggest necessity to use analytical approach with
individual dose estimates to get highly significant
values. As it was pointed out in UNSCEAR 2008
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JTIOBXXEHHS JOCIIIKEHb 3 BUKOPUCTAHHSIM aHAJITUIHUX
METOIB ISl YTOUYHEHHST BeJIMIMH J0303aJICXKHIX PU3HUKIB
BMHUKHeHHS paky 11I3. Tum Oinmblre, mo omyomiKoBaHi
pe3ynbTaTy €KOJIOTIUHUX Ta aHATITUIHUX JOCTiIKEHb 0~
Ka3yloTh CYTTEBiI PO30iXKHOCTI B oLliHKax. JlaHi morosiai
UNSCEAR 2008 cBimuath NMpo BeIMKi KOJIMBAHHS B
OLiHLI Be1nuynHU nokadHuka ERR y giTeid Ta migiiTKiB Ha
MOMEHT aBapii 3a pes3yJbraTamMu reorpaciyHux (eKo-
Joriunux) (4,4—37,7/Ip) i 3pa3ka BUMAIOK-KOHTPOJIb
(1,65—48,7/Ip) mocnimkens [19, 20].

besnepeuHo, oTpuMaHi HaMU pe3yJIbTaTu MaloThb OOMe-
>KeHHs1. HaliBaxkiuBill 3 HUX IIOB’sI3aHi 3 MOXJIMBUM
3MILLIEHHSIM OLIIHOK 4ucia 3axBopiiux Ha pak I3 yepes
CKPHMHIHTOBUI e(heKT, 100pe BiTOMUI MpU AOCIIIKEHHSIX
wiel marosorii, i BigcyTHicTio B JIPY iHauBimyanbHUX
OLIIHOK JTO3U 30BHILIIHLOTO Ta BHYTPIIlTHBOTO OMPOMiHEH-
HsI LIBOTO OpraHy, 0co0JMBo 3a paxyHoK "*'I. HeoOxinHicTh
TaKMX JaHUX OYyJI0 MPOJAEMOHCTPOBAHO B JOCTIIKEHHI A.
Kesminiene Ta criiBaBT. [8]. Pesynbraty boro JoCITimKeH-
HSI 3pa3Ka «BUIAAOK-KOHTPOJIb» CBimyaTh, 110 cepen YJI-
HA 6mm3bko 85 % Bin 3aranbHOi 1031 onpoMiHeHHs 1113
OTpUMAITU LLJISIXOM crioxkuBaHHs ' y 3a6pyaHeHUX TIPpo-
JIyKTaxX XapyyBaHHSI B JIOMalllHiX ymoBax. BpaxoByrwouu
MPUHIIMITOBY BiIMiHHICTh MiX YKpaiHCBKMMU JiKBigaTO-
pamu (poboTa B 6e3rocepeHiil 6IM3bKOCTI 0 TTpOMMaii-
naHurika YopHoounbebkoi AEC, 3MeHIIeHHsT 103U OI-
POMiHEHHSI yepe3 HEBXXMBAHHS B 1Ky 3a0pyIHEHUX IpO-
JIYKTIiB XapuyyBaHHS) i OiIOpyCbKMMM JliKBimatopamu (po-
0oTa i MpOXXWBaHHS B cejlax IMiBHIYHOI YacTUHM 30-KijTo-
METPOBOI 30HM, HEOOMEXKEeHE CIIOKMBAHHSI MIiCIIEBUX Xap-
YOBUX ITPOIYKTIB), € MACTaBM BBAXKATH, 1110 BUIIIe3a3HAYE-
Ha o1liHKa BHecKy "'l B 1o3y Ha 1113 He Moxe OyTH BU3HA-
yaJbHOIO U1 oOcTexkeHoi Hamu Koroptu. IIpoTe He-
OOXiIHICTh B OLIIHKAX iHAWBiTyaTbHUX 103 OIPOMiHEHHS €
BUPILLIAJIIBHOIO [JISI OCTATOYHOTO OOpaxyHKY J[10303aJIeX-
HUX KOEDILIIEHTIB PU3UKY 3 HEOOXiTHUM CTYyTIEHEM JIOBipH.

IIlono BpaxyBaHHSI CKPUMHIHTOBOIO e(eKTy, HEOOXiZHO
HaroJIOCUTH, 110 BCi JiKBigaTopy YKpaiHU KOPUCTYIOThCS
AQHAJIOTIYHMMU MEIUYHHUMU MOCIyraMH, HE3aJIeXHO Bil
yacy yJacTi B JIIKBiallii HACHiAKIB aBapii UM iHIIO1 islTb-
HocCTi B 30Hi. [IpoTe mpucKiruMBa MeIMYHa yBara Moxke
30iJIBILIMTY 1IAHC [iarHOCTUKM OHKOJIOTIYHMX 3aXBOPIO-
BaHb Ha paHHiX cTanisix. Lle BinnoBigae 30i1bllIeHOMY 3Ha-
yeHHI0 SIR = 2,61 mpoTsIroM JIaTEHTHOTO Iepiomy
(1986—1989 pp.) y HaloMy AOCTIIXKEHHI [6], Ta y JOCia-
skeHHi B. IBanosa [3] (SIR = 260 % BIpoaoB:K TOro X Jja-
TeHTHoro nepioay (1986—1990 pp.). [Toni6Huit 1o LBOro
MOKa3HUK e(peKTy CKpuHiHTy — 2,5 [20] BCTaHOBIIEHO Y
TOCJTIIXKEHHI 0Ci0, BKIIIOYEHMX IO OMPOMiIHEHOI SITTOHCh-
KOi KOTOpPTM MO BHMBYEHHIO 310poB’s gopociaux (AHS).
Kopurytounit koeillieHT CKpUHIiHTY OyJ10 BUKOPHUCTAHO

report, the ERR shows large variation in the geo-
graphical (ecological) studies (4.4—37.7/Gy) as
well as case-control studies (1.65—48.7/Gy). This
variation probably reflects large dose uncertainties
and attained age difference in the population con-
sidered. Moreover, epidemiological data on the
risk of thyroid cancer following adult exposure are
still limited and there is diversity in estimates of the
radiation-related risk of thyroid cancer mentioned
researchers [19, 20].

Obviously, the present data have limitations.
The most important ones relate to possible
detection bias for thyroid cancer due to a screen-
ing effect, which is well known for that disease,
as well as due to the lack of individual external
and internal dose estimates, especially due to "'I.
The necessity of individual dose values for clean-
up workers was demonstrated in the case-control
study by A. Kesminiene et al. [8]. It was shown
that *'I doses comprised about 85 % of the total
thyroid dose, mostly due to consumption of
BIT-contaminated food while the clean-up work-
ers were at their home residence. Taking into
account the fundamental difference between the
Ukrainian clean-up workers (work in closer vicin-
ity of the Chornobyl NPP site, no dose due to
ingestion of contaminated foodstuffs) and the
Belorussian clean-up workers (work and residence
in the villages of the northern part of the 30-km
zone, unrestricted consumption of local food-
stuffs), we can conclude that the 'I contribution
into the thyroid dose can not be decisive for our
cohort. Nevertheless, the need in individual radi-
ation dose values is crucial for the final calculation
of dose-dependent risk with the required degree of
confidence.

As of screening effect evaluation, one should
take into consideration that all clean-up workers
in Ukraine are provided with similar medical
care benefits regardless of when they participat-
ed in clean-up activities or what activities they
performed in the zone. However, closer medical
attention may increase a chance of diagnosing
cancer in the early stages. This corresponds to
an increased value SIR 2.61 during the latency
period (1986—1989) in our study [6] and SIR
260 % during latency period (1986—1990) in V.
Ivanov’s study [3]. Similar value of the coeffi-
cient (2.5) was estimated in the irradiated
Japanese cohort for Adults Health Study [20].
The coefficient used in the current study risk
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B HaIlIMX MOTOYHUX PO3paxyHKaX pamialliiHUX PU3MKIB,
IO MiABUIILYE JOBipY IO OTPUMAHUX PE3YJIBTaTiB.
INokaszuuku SIR 3rimHO 3 MOTOYHMMM Ta iHIIMMM
JOCTiIKeHHSIMU CBiTYaTh PO iCTOTHE 30iIbIIEHHS Yac-
toth paky I3 cepen onpoMiHEHUX YOPHOOMIBLCHKUX
JikBimaTopis [3—6, 21]. He3Baxkaioun Ha TieBHi OOMEXEH-
Hs, TIOB’sI3aHi 3 XapaKTepOM EKOJOTIYHWX HOCIiIKEHb,
BHCHOBOK I1I0JIO pafialliifHOro e(eKTy Ta Horo KilbKicHOL
ouinku Ha ocHoBi JaHuX SIR, EAR, ERR € oueBuaHum.

BUCHOBKU

PesynsraTil HalMX AOC/IIKEHD Y3TOIKYIOTHCS 3 BUCHOB-
KaMU iHIIWX JOCTiIKeHb i CBimYaTh IMPOo 3POCTaHHS YacTO-
™ paky I3 cepen yyacHUMKIB JIiKBigalLiii HacaiAKiB aBapii
Ha YopHoounbebkiit AEC. HaiiBuii piBHI pM3MKy BU3HA-
YeHO cepell YYACHUKIB aBapiiiHMX i BiIHOBIIOBAJIbHUX
poGiT 1986 poky ydyacrTi, 10 MOXKe CBiIYWTH IIPO BHUi-
LIAJBHY POJIb OMPOMiHEHHsS 3a paxyHokK “'I, sgke mayo
Miclie y KBiTHi-4epBHi 1986 p. Joc/imKeHHS TOTEHLIIMHO-
IO BHECKY pajialliiiHOl €KCMO3ullii 10 PU3MKY BUHMKHEH-
Hs paky I3 cepen ykpaiHChKUX JiKBiTaTOPIB Y HAOIMK-
YoMy nepioi 6a3yBaTMMEThCsI HA BUCHOBKAX aHAJIITUUHO-
o eriIeMio0riYHOro JOCiIXKEHHSI, SIKe BKIIOUaTUME pe-
KOHCTPYKILilO iHAUBIAyaJbHUX 103 Ha 1Ieii OpraH.

BucJioBoBaHHS BASYHOCTI

Lle nocnigkeHHs Ha MOIepeaHii cTaaii OyJio miaTpuMa-
Ho IIporpaMoto BHYTpilHiX mociimkeHb HaiioHanb-
HOro iHCTUTYTY oxopoHHu 300poB’s (NIH) Hauionanb-
Horo iHcTuTyTy paky (CIITA). Mu Bu3Haemo 6e3UiHHUI
BHecok Kiitoxiko Mabyui, Mopin Xatu, AniHu bpeH-
Hep, Bonogumupa dpo3nouua (HamioHanbHMIA iHCTH-
TyT paky, CIIIA), €srenii OctpoymMoBoi (MixHapoaHe
areHTCTBO BUMBYEHHS paky — MABP) y miaHyBaHHi Ta
BUKOHAHHI JOCJIiIXKEHHSI Ha MepLIOMY eTarli.
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estimates increased reliability of the received
results.

The SIR values from current and other studies indi-
cate a significant increase in the incidence of thyroid
cancer among the irradiated Chernobyl liquidators
[3—6, 21]. In spite of the some limitations associated
with ecological studies, one should try to draw con-
clusion about the radiation effect or quantifying esti-
mates of radiation risk using SIR, EAR, ERR data.

CONCLUSIONS

In summary, we believe that our findings, together
with findings by others, provide evidence of
increased rates of thyroid cancer among
Chornobyl clean-up workers. The highest levels of
risk were identified among the participants of
emergency and recovery operations in 1986, which
may indicate a decisive role of irradiation by "“'I,
which took place in April-June that year. A well-
designed epidemiological study with individually
reconstructed thyroid doses is justified in order to
investigate a potential contribution of radiation
exposure to the excess of thyroid cancer among
Ukrainian clean-up workers.

Acknowledgements

This research on the previous stage was supported by
the Intramural Research Program of the NIH,
National Cancer Institute (USA). We acknowledge
the contribution of Kiyohiko Mabuchi, Maureen
Hatch, Alina Brenner, Vladimir Drozdovitch (Natio-
nal Cancer Institute, USA), Evgenia Ostroumova
(International Agency for Research on Cancer,
IARC) in planning and progress on the first stage of
study:.

REFERENCES

1. United Nations Scientific Committee on the Effects of Atomic
Radiation (UNSCEAR). Sources and effects of ionizing radiation:
United Nations Scientific Committee on the Effects of Atomic
Radiation: UNSCEAR report to the general assembly, with scientif-
ic annexes. New York: United Nations; 2008. p. 2010.

2. Cardis E, Hatch M. The Chernobyl accident - an epidemiologi-
cal perspective. Clin Oncol. 2011;23(4)251-60.

3. Ivanov V, Tsyb A, Pokrovsky V. Medical radiological conse-
quences of the Chernobyl catastrophe in Russia: Estimation of
radiation risks. St. Petersburg: Nauka; 2004. 387 p.

4. Prysyazhnyuk A, Gristchenko V, Fedorenko Z, Gulak L, Fuzik M,
Slipenyuk K, Tirmarche M. Twenty years after the Chernobyl acci-
dent: solid cancer incidence in various groups of the Ukrainian
population. Radiat Environ Biophys. 2007;46(1)43-51.

213 &



ENIAEMIONIOrNIA

TA AOSUMETPIA

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

5. Risk of thyroid cancer among Chernobyl emergency workers of Russia /
V. K. Ivanov, S. Y. Chekin, V. V. Kashcheev, M. A. Maksioutov, K. A.
Tumanov. Environ. Biophys. 2008. Vol. 47, no. 4. P. 463-467. doi: 10.1007/
s00411-008-0177-9.

6. Thyroid cancer incidence in Chornobyl liquidators in Ukraine: SIR analy-
sis, 1986-2010 / E. Ostroumova, N. Gudzenko, A. Brenner, Y. Gorokh, M.
Hatch, A. Prysyazhnyuk, K. Mabuchi, D. Bazyka. Eur. J. Epidemiol. 2014.
Vol. 29, no. 5. P. 337-342. doi: 10.1007/s10654-014-9896-1.

7. Cancer risk among Chernobyl clean-up workers in Estonia and Latvia,
1986-1998 / M. Rahu, K. Rahu, A. Auvinen et al. Int. J. Cancer. 2006. Vol.
119, no. 1. P. 162—168.

8. Risk of thyroid cancer among Chernobyl liquidators / A. Kesminiene,
A.S.Evrard, V.K.lvanov et al. Radiat. Res. 2012. Vol. 178, no. 5. P. 425-436.
doi: 10.1667/RR2975.1.

9. Cancer incidence in five Continents. Vol. X / ed. by D. Forman et al. /ARC
Scientific Public. No. 164. Lyon, France, 2014. P. 856—858.

10. Howe G. R. Use of computerized record linkage in cohort studies.
Epidemiol. Rev. 1998. Vol. 20, no. 1. P. 112—121.

11. Epicure user’s guide / D. L. Preston, J. H. Lubin, D. A. Pierce, M. E.
McConney. Seattle, WA: Hirosoft International Corp, 1993. 186 p.

12. Dosimetry for a study of low-dose radiation cataracts among Chernobyl
clean-up workers / V. V. Chumak, B. V. Worgul, Y. I. Kundiyev et al. Radiat
Res. 2007. Vol. 167, no. 5. P. 606—614.

13. RADRUE method for reconstruction of external doses to Chernobyl
clean-up workers in epidemiologic studies / V. Kryuchkov, V. Chumak, E.
Maceika et al. Health Phys. 2009. Vol. 97, no. 4. P. 275-298. doi:
10.1097/HP.0b013e3181ac9306.

14. The Ukranian-American study of leukemia and related disorders among
Chornobyl cleanup workers from Ukraine: Estimation bone marrow doses /
V. V. Chumak, A. Y. Romanenko, P. G. Volleque et al. Radiat. Res. 2008.
Vol. 170, no. 6. P. 698-710. doi: 10.1667/RR1403.1.

15. Thirty years of Chornobyl catastrophe: radiological and health effects:
National Report of Ukraine / ed. by D. A. Bazyka, M. D. Tronko, Yu. G.
Antypkin, A. M. Serdiuk, V. O. Sushko. Kyiv, 2016. 172 p.

16. Belovodsky L., Panfilov A. Ensuring Radiation Safety During
Construction of the Facility «Ukrytie» and restoration of Unit 3 of the
Chernobyl Nuclear Power Station. One decade after Chernobyl: Summing
up the consequences of the accident: Poster presentations. Vol. 2.
International Conference held in Vienna, 8-12 April 1996. Vienna: IAEA,
1997. P. 574-590.

17. Conversion coefficients for use in radiological protection against exter-
nal radiation. ICRP Publication 74. Ann. ICRP. 1996. Vol. 26 (3—4).

18. Pierce D. A., Strain D. 0., Vaeth M. Allowing for random errors in radi-
ation exposure estimates for the atomic bomb survivor data. Radiat. Res.
1990. Vol. 123, no. 3. P. 275-284.

19. Muirhead CR, O’Hagan JA, Haylock RGE, Phillipson MA, Willcock T,
Berridge GLC, et al. Third analysis of the National Registry for Radiation
Workers: occupational exposure to ionising radiation in relation to mortality
and cancer incidence. Report No. HPA-RPD-062. Chilton, Didcot,
Oxfordshire: 2009. 2009. 150 p.

5. Ivanov VK, Chekin SY, Kashcheev W, Maksioutov MA, Tumanov
KA. Risk of thyroid cancer among Chernobyl emergency workers
of Russia. Environ Biophys. 2008;47(4)463-7. doi: 10.1007/
s00411-008-0177-9.

6. Ostroumova E, Gudzenko N, Brenner A, Gorokh Y, Hatch M,
Prysyazhnyuk A, Mabuchi K, Bazyka D. Thyroid cancer incidence
in Chornobyl liquidators in Ukraine: SIR analysis, 1986-2010 Eur
J Epidemiol. 2014;29(5):337-42. doi: 10.1007/s10654-014-
9896-1.

7. Rahu M, Rahu K, Auvinen A, Tekkel M, Stengrevics A, Hakulinen
T, et al. Cancer risk among Chernobyl clean-up workers in Estonia
and Latvia, 1986-1998. Int J Cancer. 2006;119(1):162-8.

8. Kesminiene A, Evrard AS, Ivanov VK, Malakhova IV, Kurtinaitise
J, Stengrevics A, et al. Risk of thyroid cancer among Chernobyl lig-
uidators. Radiat Res. 2012;178(5)425-36. doi: 10.1667/
RR2975.1.

9. Forman D, et al., editors. Cancer incidence in five Continents.
Vol. X. IARC Scientific Public. No. 164. Lyon, France; 2014.
P. 856-8.

10. Howe GR. Use of computerized record linkage in cohort stud-
ies. Epidemiol Rev. 1998;20(1):112-21.

11. Preston DL, Lubin JH, Pierce DA, McConney ME. Epicure
user’s guide. Seattle, WA: Hirosoft International Corporation;
1993. 186 p.

12. Chumak W, Worgul BV, Kundiyev YI, Sergiyenko NM, Vitte
PM, Medvedovsky C, et al. Dosimetry for a study of low-dose radi-
ation cataracts among Chernobyl clean-up workers. Radiat Res.
2007;167(5):606-14.

13. Kryuchkov V, Chumak V, Maceika E, Anspaugh LR, Cardis E,
Bakhanova E, et al. RADRUE method for reconstruction of external
doses to Chernobyl clean-up workers in epidemiologic studies.
Health ~ Phys.  2009;97(4):275-98.  doi: 10.1097/
HP.0b013e3181ac9306.

14. Chumak W, Romanenko AY, Volleque PG, Bakhanova EV,
Gudzenko N, Hatch M, et al.The Ukranian-American study of
leukemia and related disorders among Chornobyl cleanup workers
from Ukraine: Estimation bone marrow doses. Radiat Res.
2008;170(6):698-710. doi: 10.1667/RR1403.1.

15. Bazyka DA, Tronko MD, Antypkin YuG, Serdiuk AM, Sushko
VO, editors. Thirty years of Chornobyl catastrophe: radiological and
health effects: National Report of Ukraine. Kyiv; 2016. 172 p.

16. Belovodsky L., Panfilov A. Ensuring Radiation Safety During
Construction of the Facility «Ukrytie» and restoration of Unit 3 of
the Chernobyl Nuclear Power Station. In: One decade after
Chernobyl: Summing up the consequences of the accident: Poster
presentations. Vol. 2. International Conference held in Vienna, 8-
12 April 1996. Vienna: IAEA; 1997. p. 574-90.

17. Conversion coefficients for use in radiological protection
against external radiation. ICRP Publication 74. Ann ICRP.
1996;26(3-4).

) 214



EPIDEMIOLOGY

AND DOSIMETRY

ISSN 2304-8336. lpobnemn paniauiiivoi Meauunkn Ta pagiobionorii = Problems of radiation medicine and radiobiology. 2018. Bun. 23.

20. Long-term trend of thyroid cancer risk among Japanese atomic-bomb ~ 18. Pierce DA, Strain DO, Vaeth M. Allowing for random errors in
survivors: 60 years after exposure / K. Furukawa, D. Preston, S. Funamoto  radiation exposure estimates for the atomic bomb survivor data.
et al. Int. J. Cancer. 2013. Vol. 132, no. 50. P. 1222-1226. doi: 10.1002/  Radiat Res. 1990;123(3):275-84.
ijc.27749. 19. Muirhead CR, O’Hagan JA, Haylock RGE, Phillipson MA,
21. Site-specific cancer risk in the Baltic cohort of Chernobyl clean-up ~ Willcock T, Berridge GLC, et al. Third analysis of the National
workers, 1986-2007 / K. Rahu, T. Hakulinen, G. Smailyte et al. Euro. J  Registry for Radiation Workers: occupational exposure to ionising
Cancer. 2013. Vol. 49, no. 13. P. 2926-2933. doi: 10.1016/  radiation in relation to mortality and cancer incidence. Report No.
j-€jca.2013.04.014. HPA-RPD-062. Chilton, Didcot, Oxfordshire; 2009. 150 p.
20. Furukawa K, Preston D, Funamoto S, Yonehara S, Ito M,
Tokuoka S, Sugiyama H, et al. Long-term trend of thyroid cancer
risk among Japanese atomic-bomb survivors: 60 years after expo-
sure / Int J Cancer. 2013;132(50):1222-6. doi: 10.1002/ijc.27749.
21. Rahu K, Hakulinen T, Smailyte G, Stengrevics A, Auvinen A,
Inskip PD, et al. Site-specific cancer risk in the Baltic cohort of
Chernobyl clean-up workers, 1986-2007.Eur J Cancer.
2013;49(13)2926-33.

Cmamms Hadiituina do pedaxuii 20.08.2018 Received: 20.08.2018

215 &





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


