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The Chernobyl accident happened on 26 April 1986
and large releases of radionuclides occurred until
5 May 1986 (Chernobyl — Ten Years on, 1996). In
total about 1,760 PBq (50¢ 10° Ci) of ¥' were emit-
ted in the atmosphere. Thyroid doses among the
population in contaminated areas were mainly due
to incorporation of I with milk.

A large increase of the thyroid cancer incidence
among those who were children at the time of the
accident was observed in Belarus and in Ukraine
(Kazakov VS. et al,, 1992; Likhtarev LA. et al,, 1995).
The increase in Belarus among those who were
younger than 18 years at the time of the accident
started in 1989 with a linear rise to about 140 cases
per year in 1994 and then staying up to 1996 (the
last date of published data) on a constant level (Bu-
glovaE.etal, 1997). A case-control study indicated
a strong relationship between thyroid cancer and
estimated radiation dose from the Chernobyl acci-
dent (Astakova LN. et al, 1998). An aggregate study
of the thyroid cancer after Chernobyl has shown the
large potential of such studies for deriving quanti-
tative information on the cancer risk due to 3!l in-
corporation (Jacob P. et al.,, 1998).

The atmospheric transport and deposition of the
radionuclides released during the accident resulted
in two contamination spots, one of them around the
nuclear power plant (NPP) and extending 100 km
to the north and west. The second spot is due to the
more intensive deposition during rain. It is located
200 km north-north-east from the NPP and has an
extension of 100 km (Atlas, 1998).In the present re-
port results of a study of the thyroid cancer risk in
the Belarussian and Russian area of these two spots
(Jacob P et al,, 1998) are summarised.

In the study area 751,000 children (born in the pe-
riod from 01.01.1971 to 31.05.1986) lived at the
time of exposure. In the period 1991-1995 surgery
of 243 thyroid cancer cases was performed.

3HAYUTEIBHBIN BBIOPOC PAJUOHYKINJOB BCIECTBHE
YepHOOBUTLCKOLT KATACTPOdBI 26 atipestst 1986 1. mpoioI-
sKascst 1o 5 mast 1986 1. (Chernobyl — Ten Years on, 1996).
B riestom okosto 1760 I1Bk (50 10° Ku) 31 66ut0 BEIGPO-
IECHO B arMOcdepy. Ob6aydyeHUE NUTOBHHOM JKEJIE3bl Y
HACEJIEHUSI TPOUCXO/IUIIO BOCHOBHOM 32 CYET MHKOPIIO-
pupoBaHuA ] ¢ MOTTOKOM.

B bemapycu u YKpanHe OTMEYEHO 3HAYNUTEILHOE YBEIN -
JeHHE 3200JIEBAEMOCTUA PAKOM IMIUTOBUIHOM KEJIE3BI
Cpeay JIUL, KOTOPBIE HA MOMEHT aBAPUU ObUIM JETbMHU
(Kazakov VS. et al,, 1992; Likhtarev LA. et al,, 1995). 910
yBeJIM4YeHUE B benapycu Hagyanock B 1989 r. cpeau iy
MOJIOKE 18 jieT Ha MOMEHT aBapuu. JacTtora cily4aes
paKa JMHENHO JJOCTUIJIA OKOJIO 140 ciiyyaes B IOf B
1994 1. 1 He u3MeHsIaCh 10 1996 1. (To/1a TOCIETHE
yoIuKau JaHHbIX) (Buglova E. et al., 1997). Ilpu uc-
CJIEIOBAHUH CJTy4ai-KOHTPOJIb BBIIBIICHO TECHYIO B3AU-
MOCBS3b 32460I€EBAEMOCTU PAKOM HTUTOBUIHOI KEIE3BI
U 10361 O6srydeHus (Astakova LN. et al,, 1998). Pesyinbra-
ThI KOMIUIEKCHOI'O UCCJIEJOBAHUSA CBU/IETENBCTBYET O e~
JIECOOOPA3HOCTU NPOBEACHMSA TAKUX UCCIIETOBAHNN JIJIS
MOJIyYEHUA KOTUYECTBEHHOM MHMOPMAUNA O PUCKE
Pa3BUTHA PaKa BCIECTBUE MHKOPIIOPUPOBAHUA 311
(Jacob P. et al,, 1998).

B pesynsrare nepeMenicHus B aTMOC(EPE U BBITA/ICHUS
PaMOHYKIN/IOB, BHIOPOIIEHHBIX IIPH ABAPHUH, OOPA30Ba-
JIOCB JIBA PAIMOAKTUBHBIX IIATHA. OgHO — BOKPYT ADC,
nporanysmeecs Ha 100 KM HA ceBEP U 3a11a/; APYTOE IIAT-
HO, OOPA30BABIIECECs BCJIEACTBHUE OOJIEE MHTCHCUBHbBIX
BBIIIAJICHUI C JOXAEM, — B 200 KM Ha CEBEPO-CEBEPO-34-
naj or ADC npoTspKeHHOCTBIO 100 kM (Atlas, 1998). B
HacTosAmEed paboTe 0OOOIIEHBI PE3YIBTAThl U3YICHUS
PHCKA Pa3BUTHS PaKa MIUTOBUIHOM JKEJIE3bl Y )KUTEICH
obuacrert benapycu u Poccuu, paclioOKEHHBIX B 30HE
TUX 1s1TeH (Jacob P. et al., 1998).

B uccnenyemon o61actv Ha MOMEHT aBAPUH ITPOKHUBAIIO
751 000 nerert (popuBniuxcsic 01.01.1971 o 31.05.19806).
B 1991-1995 1T. onepupoBaHbl 243 pebeHKa IO ITOBOY
PAaKa MU TOBUIHOM JKEJIE3DL
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Age-specific thyroid doses due to !*'I from Cherno-
byl were reconstructed for the cities Bryansk, Go-
mel and Minsk and for 2,729 villages and towns in
the oblasts (regions) Bryansk, Gomel and Mogilev.
The dose reconstruction in Belarus based on a radio-
ecological model with parameters derived from
measurements of ¥'Tand '*’Cs contents in soil, grass
and milk, which were performed in May/June 1986
(Drozdovitch V.V. et al,, 1997). In the study area the
model was validated by measurements of 3T activi-
ties in human thyroids. In the Russian part of the
study area the dose reconstruction based on an in-
terpolation of measurement results of 13! activities
in human thyroids (Zvonova LA, Balonov M.L,
1993). Average age-specific thyroid doses in the vil-
lages and towns in the study area ranged from 0.03
to 4 Gy.

The risk R is defined as the number of thyroid can-
cer cases per person-years in the observation peri-
od and cohort. Excess risk is the risk minus the back-
ground risk R, Increased thyroid surveillance in the
study area will have influenced the background in-
cidence. Two observations on thyroid cancer inci-
dence which were expected to be not directly in-
fluenced by the exposure due to the Chernobyl ac-
cident were used to assess Ry, In the period 1987—
1997 nine thyroid cancer cases were observed in
Belarus among those who were born after 1 Janu-
ary 1987. This incidence rate is by a factor of four
higher than the thyroid cancer incidence in Belarus
in the period 1983-1987 (Rs;/s7). In the period
1986—-1988 twenty three cancer cases were ob-
served among the birth cohort 1968—1986. This is
by a factor of 1.5 more than Rg;s;. Ry, in the highly
contaminated study area was assumed to be three
times as much as Rg;57. The background risk for
males of the study group in the period 1991-1995
is about a factor of three lower than for females.

A linear model was used to define the excess abso-
lute risk per unit thyroid dose EARPD by

R=R,+EARPD ¢ D,

where D is the average age-specific thyroid dose.
The excess relative risk per unit thyroid dose ERRPD
is defined by

R=R,+R, * ERRPD » D.

A test for linearity (Poisson regression over the three
cities and 2,729 villages and towns) showed no sig-
nificant non-linear term. Poisson regression does not
take into account uncertainties of dose estimates. A
Monte Carlo calculation showed that an assumed
95% confidence range of the dose estimates by a fac-
tor of four dominates the uncertainty of the results
for the excess risks. Therefore, the risk analysis was
performed with Monte Carlo calculations.

For the birth cohort 1971-1985 (0.4-15.4 years at
time of exposure) the EARPD was 2.1 (95% confi-

Bospacr-crienpraecKue 103b OOIydEHUS IATOBUIHOM
skesne3nl P ObUTH PEKOHCTPYUPOBAHBI [T JKUTEICH Bpsan-
cKa, [omesrs 1 MHUHCKa, 4 TAKKE ULt s)KuTesiei 2729 nepe-
BEHb U TOPOAOB BpsHCKOI, [OMe/IbCKOM 1 MOTUIEBCKOM
obmacren. PEKOHCTPyYKITHA 103 B benapycu OCHOBBIBATIACh
Ha PaIMO3KOJIOTMYECKON MOJIENU C UCIIOIb30BAHUEM Pe-
3YJIBTATOB U3MEPEHUN cojiepkanusa Pl u ¥Cs B TIOUBE,
TPAaBE U MOJIOKE, IIPOBCCHHBIX B Maec-uioHe 1986T.
(Drozdovitch V\V. et al, 1997). B uccnegyeMort o61acTu
MO/IEJIb BUINIM3UPOBATIUM U3MEPEHUEM AKTUBHOCTU 21 B
U TOBUIHOI JKeJe3e JyesioBeKa. B Poccun josnmerpudec-
Kasg PEKOHCTPYKIIUSA OCHOBBIBAIACHh HA UHTEPHONALINN
PE3YABTATOB U3MEPEHUS AKTUBHOCTH 12! B ITUTOBHAHOM
JKernese yuesnoBeka (Zvonova LA, Balonov M1, 1993). Cpen-
HHE BO3PACTHO-CIE(PUIECKUE JO3bI OOJIyYCHUS IUTO-
BU/THOM JKEJIE3BI Y KUTEJICH IEPEBEHD U TOPO/IOB UCCIIETY-
eMor1 ob1actu cocrasim ot 0,03 1o 4 I'p.

Puck (R) onpenensaercs Kak 4nuciIo CJIy4aeB PaKa MUuTo-
BHU/IHOM JK€JIE3bI HA YETIOBEKO-JIET B IIEPHUO]T HAOIIOAEHUA
B KOropre. JOTIOMHUTEIBHBIN PUCK PACCYNUTHIBAINA KAK
PHCK MUHYC (POHOBBIH PUCK (R,). [TOBBIIIEHUE KAUECTBA
06CIEIOBAHUS U TOBHU/THOM JKEJIE3bI B 3TUX OOJIACTIX
BIMAAET HA (POHOBYIO 3200JIEBAEMOCTD PAKOM LIUTOBH/I-
HOM »Kee3bl. 11 OLleHKU Ry UCITOJIb30BA/IU JAHHBIC JBYX
UCCIEIOBAHUN 3200I€EBAEMOCTH PAKOM U TOBU/THOL JKE-
JIe3bl. Panee cyuTany, 4TO HA 3TOT ITOKA3aTeab YepHO-
OBUIbCKAS ABAPHA HE OKA3aJ1a HEMOCPEACTBEHHO BIIMSA-
HUA. B 1987-1997 rr. B benapycu 6bU10 3apETUCTPUPO-
BAHO 9 CJIy4aeB PaKa MIUTOBHHOM JKEJIE3bl CPEIM JIMLI,
poauBIIMXCA 1TOcsIe 1 aHBaps 1987 1, 4TO B 4 pasa BhILIIE,
4yeM B 1983—-1987 . (Rgs 7). B 1986—1988 1T B KOropTe
JINTT, POUBITTUXCS B 1968—1986 1T, 3apErucTPUPOBAHO
23 ciydast paka IUTOBUHOM JKejie3bl, 4To B 1,5 pasa
BBIIIE R 57. Ry, B HAMOGO IEE 3arPA3HEHHON OOIACTH MCCIIE-
JIOBaHMS OBUI IPUHAT B TPU pa3a 60JIe€ BLICOKUM, YEM
Rg3/57. POHOBBIM PUCK PAKA IIUTOBUAHOM JKEJIE3bI [1JIs
MY>KYMH HCCIEIyeMOU Ipynnsl B 1991-1995 1T. 6611 B
3 pa3a HUXKE, YEM TS JKEHIITIH.

JIOTIOJTHUTENBHBIN A6COTIOTHBIN PHCK HA €IMHUITY TUPEO-
nHoM 1036l (EARPD) onpenesisiv 1o JIMHEMHOM MOJIEIN:

R=R,+EARPD » D,

rae D — cpennsasa BO3pacT-CrennupuiecKas TAPEOHUJHAS
J1034. JIOTIOTHUTENBHBIN OTHOCUTENBHBIN PUCK HA €TUHH-
ny TupeongHo 103bl (ERRPD) onpeaessuii Kak:

R=R,+R, * ERRPD * D.

ITo pesynsraram Tecra Ha JIMHEMHOCTD (perpeccus Ilyac-
COHA JIIA JKUTEJIEN 3 TOPOJIOB U 2729 HACENEHHDIX ITyHK-
TOB) HE BbISIBJICHO 3HAYMMbIX HEJIMHEHHBIX 3JIEMCHTOB. B
perpeccun IyaccoHa HE YIUTBIBAIN HEOIPEACIEHHOCTH
OIIEHOK J103. ITo MeToxy MoHTe-Kapsio ycTaHOBJIEHO, Y4TO
95% OBEPUTEIIbHASI OOIACTb OIICHOK 103 C KOA(M(OHUITHEH-
TOM 4 IPEOOIIAAAET HAZl HEOIPEIETIEHHOCTBIO PE3YIIBTATOB
JU1s1 OLICHKU JIOTIOJIHUTEIBHOTO PUCKA. TAKUM 06pa30M, aHa-
JIN3 PHUCKA OBUI BBIITOJIHEH IO METO/Ty MOHTE-Kapiio.

i1 koroprtel poguBmuxcs B 1971-1985 1t (0,4-154 ner
HaMoMmeHT aBapun) EARPD cocrasu 2,1 (95% noBepureis-
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dence interval (CI): 1.0;4.5) cases per 101 PY *Gy. No
significant differences were found between diffe-
rent countries nor between cities and rural areas.
The result is in a good agreement with the EARPD
of 4.4 (95% CI: 1.9; 10) cases per 10* PY e Gy, which
was observed in a period of 5 to 50 years after ex-
ternal exposures (Ron E. et al., 1995). It can be ex-
pected that for a longer observation period the re-
sult for the Chernobyl exposure will increase, be-
cause the period 1991-1995 was a period of a
strong increase of the thyroid cancer incidence.

The cohort was subdivided in five dose groups. A
very strong correlation between average dose and
excess risk was found. The lowest dose group had
anaverage thyroid dose of 0.05 Gy and with 2.5 (95%
CI: 0.5; 6.6) cases per 10* PY ¢Gy an EARPD which
was significantly different from zero.

For the birth cohort 1971-1985 the ERRPD was 24
(95% CIL: 9; 89) Gy~ There is no significant differ-
ence from the ERRPD of 7.7 (95% CI: 2.1; 28) Gy},
which was observed in a period of 5 to 50 years af-
ter external exposures (Ron E. et al,, 1995). Alonger
observation period will show whether the result for
the Chernobyl exposure will decrease when the
observed birth cohort becomes older.

Dependencies of the excess risk on gender and on
age at exposure were very similar to those observed
after external exposures. The EARPD of males was
by a factor of two smaller than for females, the ER-
RPD for males by a factor of 1.7 larger than for fe-
males. The EARPD for age of exposure 0.4—9.4 years
was a factor of 2 higher than the EARPD for 94—
184 years at time of exposure. For the ERRPD the
ratio was a factor of 7.

The presented study gave a lot of results on the thy-
roid cancer risk after Chernobyl. However, systema-
tic studies are needed to explore whether the results
hold to be true even if there is a strong correlation
between thyroid surveillance and thyroid dose. The
assumed uncertainty of reconstructed thyroid dose
was shown to dominate the uncertainty of the re-
sults on the excess risk per unit dose. Further re-
search is needed to improve the estimates of thy-
roid doses and their uncertainties.
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HbII nHTEepBI (JM): 1,0; 4,5) ciaygait Ha 10% yen—nereIp.
He 06HapyKEHO CYILIECTBEHHbBIX PA3INYHH II0KA3ATEIICH
HU MEXJy CTPAHAMM, HU MEXAY F'OPOACKHUMH 1 CEJIbC-
KHMM OOIACTAMH. DTH PE3YIBTATHI COITIACYIOTCS C JaH-
neiMu 0 EARPD, pasnoMm 4,4 (95% 1Y: 1,9; 10) caygas na
10*4gen—nerI'p, KOTOPBIA HAGIIOAAIN CITYCTS 5—50 JIeT
nocsie BHenHero oonydenus (Ron E. et al,, 1995). Mox-
HO OXXH/IATh, YTO B JAJILHEHUIIIEM PHUCKHU [ TIOCTPA/IaB-
MIUX BCJIEACTBHE YEPHOOBIIBCKOM aBAPUH BO3PACTYT,
YUYUTBIBASA 3HAYUTEIBHOE YBEJIMUEHUE 3A00JIEBAEMOCTH
PAKOM U TOBUTHOM JKeJIe3bl B 1991—-1995 1T.

Koropra nogpaszeiieHa Ha 5 IPyIIl B 3aBUCUMOCTH OT
JIO3BbI OOJIy4€HUS. YCTAHOBIEHA OYEHD CUJIBHASI KOPPEJIS-
U MEXKTY CPEHEL TO30M U IOITOTHUTEIBHBIM PUCKOM.
B rpyrne ¢ HaMuMEHBITUMH 03AMU CPEHSISI TUPEOUTHAS
no3a 6612 0,05 I'p, 2 EARPD — 2,5 (95% J111: 0,5; 6,6) ciy-
yari Ha 10* uenm.—nereI'p.

151 KoropTsl vy, poauBIInxcs B 1971-1985 rr, ERRPD
cocrasui 24 (95% JW: 9; 89) I'p~!, 4TO CyIIECTBEHHO HE
otmmaaetcs ot ERRPD, pasaoro 7,7 (95% [11: 2,1, 28) I'p™},
KOTOPBIA HAOTIONAIH CITYCTs 5—50 JIET ITOCJIE BHENTHETO
obnryuenus (Ron E. et al,, 1995). [Ipu 6onee JyIiTeEIbHOM
HaOJIIOEHUH OY/IET YCTAHOBJICHO, YMEHBIIIATCS JIUL PUC-
KH JJIS1 TOCTPA/IaBIINX, KOI/A MAITUEHTHI U3 KOTOPTHI Ha-
OJIIO/ICHUS CTAHYT CTAPIIIE.

3aBHUCHUMOCTb JIONOJHUTEIBHOI'O PUCKA OT 11014 U BO3-
pacTa Ha MOMEHT OOJIydeHUs 6bUIA TOZOOHA TAKOBOM
npu BHeEmHeM 06ydyeHuu. EARPD 119 My>K4HH ObLI B
2 pasa menblue, 4yeM Ay xKeHmud, ERRPD jqi1a myx-
4uH — B 1,7 paza 6osblie, ueM Jyist skeHIuH. EARPD jy1s1
su1 B Bogpacre 0,4-9,4 roga Ha MOMEHT aBApUU ObUI B
2 pasa BplllIE, Y€M B BO3pacTe 9,4—-18,4 roga HAa MOMEHT
asapun. i1 ERRPD 9T0 cOOTHOIIEHHE UMEIO KOIPDH-
LIUEHT 7.

[Tony4eHbI JAHHBIE O PUCKAX BO3ZHUKHOBCHUS THPCOU/I-
HOI'O paka nodiie aapuu. OJJHAKO HEOOXOIUMBI CUCTE-
MATHYECKUE UCCIICTOBAHMS JIJISI BBIICHEHMSI, OCTAIOTCS JIN
JIOCTOBEPHBIMU PE3YJIBTATHI IIPH KOPPEIIAITUU TUPECOH]I-
HOI'O MOHUTOPUHIA U TUPEOUIHOM /1035l JJonyCcTUMas
HEONPEJEJIEHHOCTh BOCCTAHOBIEHHON THUPEOUTHOU
JIO3bI IPEOOIAAACT HAJ] HEOIPEICTICHHOCTBIO JIOTIOJIHU-
TEJIBHOI'O PUCKA HA €IMHUILY J103bl. HCOOXOAMMBI 1a/Tb-
HEHIINE UCCIICIOBAHUS 11 COBEPIICHCTBOBAHUS METO-
JIOB OILICHOK TUPCOW/IHBIX /O3 M UX HEOIIPEICIICHHOCTHU.
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