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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�106 Ci) of 131I were emit-
ted in the atmosphere. Thyroid doses among the
population in contaminated areas were mainly due
to incorporation of 131I 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 V.S. et al., 1992; Likhtarev I.A. 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-
glova E. et al., 1997). A case-control study indicated
a strong relationship between thyroid cancer and
estimated radiation dose from the Chernobyl acci-
dent (Astakova L.N. 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 131I 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.

Çíà÷èòåëüíûé âûáðîñ ðàäèîíóêëèäîâ âñëåäñòâèå
×åðíîáûëüñêîé êàòàñòðîôû 26 àïðåëÿ 1986 ã. ïðîäîë-
æàëñÿ äî 5 ìàÿ 1986 ã. (Chernobyl � Ten Years on, 1996).
Â öåëîì îêîëî 1760 ÏÁê (50�106 Êè) 131I áûëî âûáðî-
øåíî â àòìîñôåðó. Îáëó÷åíèå ùèòîâèäíîé æåëåçû ó
íàñåëåíèÿ ïðîèñõîäèëî â îñíîâíîì çà ñ÷åò èíêîðïî-
ðèðîâàíèÿ 131I ñ ìîëîêîì.

Â Áåëàðóñè è Óêðàèíå îòìå÷åíî çíà÷èòåëüíîå óâåëè-
÷åíèå çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû
ñðåäè ëèö, êîòîðûå íà ìîìåíò àâàðèè áûëè äåòüìè
(Kazakov V.S. et al., 1992; Likhtarev I.A. et al., 1995). Ýòî
óâåëè÷åíèå â Áåëàðóñè íà÷àëîñü â 1989 ã. ñðåäè ëèö
ìîëîæå 18 ëåò íà ìîìåíò àâàðèè. ×àñòîòà ñëó÷àåâ
ðàêà ëèíåéíî äîñòèãëà îêîëî 140 ñëó÷àåâ â ãîä â
1994 ã. è íå èçìåíÿëàñü äî 1996 ã. (ãîäà ïîñëåäíåé
ïóáëèêàöèè äàííûõ) (Buglova E. et al., 1997). Ïðè èñ-
ñëåäîâàíèè ñëó÷àé-êîíòðîëü âûÿâëåíî òåñíóþ âçàè-
ìîñâÿçü çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æåëåçû
è äîçû îáëó÷åíèÿ (Astakova L.N. et al., 1998). Ðåçóëüòà-
òû êîìïëåêñíîãî èññëåäîâàíèÿ ñâèäåòåëüñòâóåò î öå-
ëåñîîáðàçíîñòè ïðîâåäåíèÿ òàêèõ èññëåäîâàíèé äëÿ
ïîëó÷åíèÿ êîëè÷åñòâåííîé èíôîðìàöèè î ðèñêå
ðàçâèòèÿ ðàêà âñëåäñòâèå èíêîðïîðèðîâàíèÿ 131I
(Jacob P. et al., 1998).

Â ðåçóëüòàòå ïåðåìåùåíèÿ â àòìîñôåðå è âûïàäåíèÿ
ðàäèîíóêëèäîâ, âûáðîøåííûõ ïðè àâàðèè, îáðàçîâà-
ëîñü äâà ðàäèîàêòèâíûõ ïÿòíà. Îäíî � âîêðóã ÀÝÑ,
ïðîòÿíóâøååñÿ íà 100 êì íà ñåâåð è çàïàä; äðóãîå ïÿò-
íî, îáðàçîâàâøååñÿ âñëåäñòâèå áîëåå èíòåíñèâíûõ
âûïàäåíèé ñ äîæäåì, � â 200 êì íà ñåâåðî-ñåâåðî-çà-
ïàä îò ÀÝÑ ïðîòÿæåííîñòüþ 100 êì (Atlas, 1998). Â
íàñòîÿùåé ðàáîòå îáîáùåíû ðåçóëüòàòû èçó÷åíèÿ
ðèñêà ðàçâèòèÿ ðàêà ùèòîâèäíîé æåëåçû ó æèòåëåé
îáëàñòåé Áåëàðóñè è Ðîññèè, ðàñïîëîæåííûõ â çîíå
ýòèõ ïÿòåí (Jacob P. et al., 1998).

Â èññëåäóåìîé îáëàñòè íà ìîìåíò àâàðèè ïðîæèâàëî
751 000 äåòåé (ðîäèâøèõñÿ ñ 01.01.1971 ïî 31.05.1986).
Â 1991�1995 ãã. îïåðèðîâàíû 243 ðåáåíêà ïî ïîâîäó
ðàêà ùèòîâèäíîé æåëåçû.
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Âîçðàñò-ñïåöèôè÷åñêèå äîçû îáëó÷åíèÿ ùèòîâèäíîé
æåëåçû 131I áûëè  ðåêîíñòðóèðîâàíû äëÿ æèòåëåé Áðÿí-
ñêà, Ãîìåëÿ è Ìèíñêà, à òàêæå äëÿ æèòåëåé 2729 äåðå-
âåíü è ãîðîäîâ Áðÿíñêîé, Ãîìåëüñêîé è Ìîãèëåâñêîé
îáëàñòåé. Ðåêîíñòðóêöèÿ äîç â Áåëàðóñè îñíîâûâàëàñü
íà ðàäèîýêîëîãè÷åñêîé ìîäåëè ñ èñïîëüçîâàíèåì ðå-
çóëüòàòîâ èçìåðåíèé ñîäåðæàíèÿ 131I è 137Ñs â ïî÷âå,
òðàâå è ìîëîêå, ïðîâåäåííûõ â ìàå-èþíå 1986 ã.
(Drozdovitch V.V. et al., 1997). Â èññëåäóåìîé îáëàñòè
ìîäåëü âàëèäèçèðîâàëè èçìåðåíèåì àêòèâíîñòè 131I â
ùèòîâèäíîé æåëåçå ÷åëîâåêà. Â Ðîññèè äîçèìåòðè÷åñ-
êàÿ ðåêîíñòðóêöèÿ îñíîâûâàëàñü íà èíòåðïîëÿöèè
ðåçóëüòàòîâ èçìåðåíèÿ àêòèâíîñòè 131I â ùèòîâèäíîé
æåëåçå ó ÷åëîâåêà (Zvonova I.A., Balonov M.I., 1993). Ñðåä-
íèå âîçðàñòíî-ñïåöèôè÷åñêèå äîçû îáëó÷åíèÿ ùèòî-
âèäíîé æåëåçû ó æèòåëåé äåðåâåíü è ãîðîäîâ èññëåäó-
åìîé îáëàñòè ñîñòàâëÿëè îò 0,03 äî 4 Ãð.

Ðèñê (R) îïðåäåëÿåòñÿ êàê ÷èñëî ñëó÷àåâ ðàêà ùèòî-
âèäíîé æåëåçû íà ÷åëîâåêî-ëåò â ïåðèîä íàáëþäåíèÿ
â êîãîðòå. Äîïîëíèòåëüíûé ðèñê ðàññ÷èòûâàëè êàê
ðèñê ìèíóñ ôîíîâûé ðèñê (Rb). Ïîâûøåíèå êà÷åñòâà
îáñëåäîâàíèÿ ùèòîâèäíîé æåëåçû â ýòèõ îáëàñòÿõ
âëèÿåò íà ôîíîâóþ çàáîëåâàåìîñòü ðàêîì ùèòîâèä-
íîé æåëåçû. Äëÿ îöåíêè Rb èñïîëüçîâàëè äàííûå äâóõ
èññëåäîâàíèé çàáîëåâàåìîñòè ðàêîì ùèòîâèäíîé æå-
ëåçû. Ðàíåå ñ÷èòàëè, ÷òî íà ýòîò ïîêàçàòåëü ×åðíî-
áûëüñêàÿ àâàðèÿ íå îêàçàëà íåïîñðåäñòâåííî âëèÿ-
íèÿ. Â 1987�1997 ãã. â Áåëàðóñè áûëî çàðåãèñòðèðî-
âàíî 9 ñëó÷àåâ ðàêà ùèòîâèäíîé æåëåçû ñðåäè ëèö,
ðîäèâøèõñÿ ïîñëå 1 ÿíâàðÿ 1987 ã., ÷òî â 4 ðàçà âûøå,
÷åì â 1983�1987 ãã. (R83/87). Â 1986�1988 ãã. â êîãîðòå
ëèö, ðîäèâøèõñÿ â 1968�1986 ãã., çàðåãèñòðèðîâàíî
23 ñëó÷àÿ ðàêà ùèòîâèäíîé æåëåçû, ÷òî â 1,5 ðàçà
âûøå R83/87. Rb â íàèáîëåå çàãðÿçíåííîé îáëàñòè èññëå-
äîâàíèÿ áûë ïðèíÿò â òðè ðàçà áîëåå âûñîêèì, ÷åì
R83/87. Ôîíîâûé ðèñê ðàêà ùèòîâèäíîé æåëåçû äëÿ
ìóæ÷èí èññëåäóåìîé ãðóïïû â 1991�1995 ãã. áûë â
3 ðàçà íèæå, ÷åì äëÿ æåíùèí.

Äîïîëíèòåëüíûé àáñîëþòíûé ðèñê íà åäèíèöó òèðåî-
èäíîé äîçû (EARPD) îïðåäåëÿëè ïî ëèíåéíîé ìîäåëè:

R = Rb + EARPD � D,

ãäå D � ñðåäíÿÿ âîçðàñò-ñïåöèôè÷åñêàÿ òèðåîèäíàÿ
äîçà. Äîïîëíèòåëüíûé îòíîñèòåëüíûé ðèñê íà åäèíè-
öó òèðåîèäíîé äîçû (ERRPD) îïðåäåëÿëè êàê:

R = Rb + Rb � ERRPD � D.

Ïî ðåçóëüòàòàì òåñòà íà ëèíåéíîñòü (ðåãðåññèÿ Ïóàñ-
ñîíà äëÿ æèòåëåé 3 ãîðîäîâ è 2729 íàñåëåííûõ ïóíê-
òîâ) íå âûÿâëåíî çíà÷èìûõ íåëèíåéíûõ ýëåìåíòîâ. Â
ðåãðåññèè Ïóàññîíà íå ó÷èòûâàëè íåîïðåäåëåííîñòè
îöåíîê äîç. Ïî ìåòîäó Ìîíòå-Êàðëî óñòàíîâëåíî, ÷òî
95% äîâåðèòåëüíàÿ îáëàñòü îöåíîê äîç ñ êîýôôèöèåí-
òîì 4 ïðåîáëàäàåò íàä íåîïðåäåëåííîñòüþ ðåçóëüòàòîâ
äëÿ îöåíêè äîïîëíèòåëüíîãî ðèñêà. Òàêèì îáðàçîì, àíà-
ëèç ðèñêà áûë âûïîëíåí ïî ìåòîäó Ìîíòå-Êàðëî.

Äëÿ êîãîðòû ðîäèâøèõñÿ â 1971�1985 ãã. (0,4�15,4 ëåò
íà ìîìåíò àâàðèè) EARPD ñîñòàâèë 2,1 (95% äîâåðèòåëü-

Age-specific thyroid doses due to 131I 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 131I and 137Cs 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 131I 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 131I activities
in human thyroids (Zvonova I.A., Balonov M.I.,
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 Rb. 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 Rb. 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 (R83/87). 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 R83/87. Rb in the highly
contaminated study area was assumed to be three
times as much as R83/87. 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 = Rb + EARPD � D,

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

R = Rb + Rb � 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-
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íûé èíòåðâàë (ÄÈ): 1,0; 4,5) ñëó÷àé íà  104 ÷åë.�ëåò�Ãð.
Íå îáíàðóæåíî ñóùåñòâåííûõ ðàçëè÷èé ïîêàçàòåëåé
íè ìåæäó ñòðàíàìè, íè ìåæäó ãîðîäñêèìè è ñåëüñ-
êèìè îáëàñòÿìè. Ýòè ðåçóëüòàòû ñîãëàñóþòñÿ ñ äàí-
íûìè î EARPD, ðàâíîì 4,4 (95% ÄÈ: 1,9; 10) ñëó÷àÿ íà
104 ÷åë.�ëåò�Ãð, êîòîðûé íàáëþäàëè ñïóñòÿ 5�50 ëåò
ïîñëå âíåøíåãî îáëó÷åíèÿ (Ron E. et al., 1995). Ìîæ-
íî îæèäàòü, ÷òî â äàëüíåéøåì ðèñêè äëÿ ïîñòðàäàâ-
øèõ âñëåäñòâèå ×åðíîáûëüñêîé àâàðèè âîçðàñòóò,
ó÷èòûâàÿ çíà÷èòåëüíîå óâåëè÷åíèå çàáîëåâàåìîñòè
ðàêîì ùèòîâèäíîé æåëåçû â 1991�1995 ãã.

Êîãîðòà ïîäðàçäåëåíà íà 5 ãðóïï â çàâèñèìîñòè îò
äîçû îáëó÷åíèÿ. Óñòàíîâëåíà î÷åíü ñèëüíàÿ êîððåëÿ-
öèÿ ìåæäó ñðåäíåé äîçîé è äîïîëíèòåëüíûì ðèñêîì.
Â ãðóïïå ñ íàèìåíüøèìè äîçàìè ñðåäíÿÿ òèðåîèäíàÿ
äîçà áûëà 0,05 Ãð, à EARPD � 2,5 (95% ÄÈ: 0,5; 6,6) ñëó-
÷àé íà 104 ÷åë.�ëåò�Ãð.

Äëÿ êîãîðòû ëèö, ðîäèâøèõñÿ â 1971�1985 ãã., ERRPD
ñîñòàâèë 24 (95% ÄÈ: 9; 89) Ãð�1, ÷òî ñóùåñòâåííî íå
îòëè÷àåòñÿ îò ERRPD, ðàâíîãî 7,7 (95% ÄÈ: 2,1; 28) Ãð�1,
êîòîðûé íàáëþäàëè ñïóñòÿ 5�50 ëåò ïîñëå âíåøíåãî
îáëó÷åíèÿ (Ron E. et al., 1995). Ïðè áîëåå äëèòåëüíîì
íàáëþäåíèè áóäåò óñòàíîâëåíî, óìåíüøàòñÿ ëè ðèñ-
êè äëÿ ïîñòðàäàâøèõ, êîãäà ïàöèåíòû èç êîãîðòû íà-
áëþäåíèÿ ñòàíóò ñòàðøå.

Çàâèñèìîñòü äîïîëíèòåëüíîãî ðèñêà îò ïîëà è âîç-
ðàñòà íà ìîìåíò îáëó÷åíèÿ áûëà ïîäîáíà òàêîâîé
ïðè âíåøíåì îáëó÷åíèè. EARPD äëÿ ìóæ÷èí áûë â
2 ðàçà ìåíüøå, ÷åì äëÿ æåíùèí, ERRPD äëÿ ìóæ-
÷èí � â 1,7 ðàçà áîëüøå, ÷åì äëÿ æåíùèí. EARPD äëÿ
ëèö â âîçðàñòå 0,4�9,4 ãîäà íà ìîìåíò àâàðèè áûë â
2 ðàçà âûøå, ÷åì â âîçðàñòå 9,4�18,4 ãîäà íà ìîìåíò
àâàðèè. Äëÿ ERRPD ýòî ñîîòíîøåíèå èìåëî êîýôôè-
öèåíò 7.

Ïîëó÷åíû äàííûå î ðèñêàõ âîçíèêíîâåíèÿ òèðåîèä-
íîãî ðàêà ïîñëå àâàðèè. Îäíàêî íåîáõîäèìû ñèñòå-
ìàòè÷åñêèå èññëåäîâàíèÿ äëÿ âûÿñíåíèÿ, îñòàþòñÿ ëè
äîñòîâåðíûìè ðåçóëüòàòû ïðè êîððåëÿöèè òèðåîèä-
íîãî ìîíèòîðèíãà è òèðåîèäíîé äîçû. Äîïóñòèìàÿ
íåîïðåäåëåííîñòü âîññòàíîâëåííîé òèðåîèäíîé
äîçû ïðåîáëàäàåò íàä íåîïðåäåëåííîñòüþ äîïîëíè-
òåëüíîãî ðèñêà íà åäèíèöó äîçû. Íåîáõîäèìû äàëü-
íåéøèå èññëåäîâàíèÿ äëÿ ñîâåðøåíñòâîâàíèÿ ìåòî-
äîâ îöåíîê òèðåîèäíûõ äîç è èõ íåîïðåäåëåííîñòè.

dence interval (CI): 1.0; 4.5) cases per 104 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 104 PY�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
an average thyroid dose of 0.05 Gy and with 2.5 (95%
CI: 0.5; 6.6) cases per 104 PY�Gy an EARPD which
was significantly different from zero.

For the birth cohort 1971�1985 the ERRPD was 24
(95% CI: 9; 89) Gy�1. There is no significant differ-
ence from the ERRPD of 7.7 (95% CI: 2.1; 28)  Gy�1,
which was observed in a period of 5 to 50 years af-
ter external exposures (Ron E. et al., 1995). A longer
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 9.4�
18.4 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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