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INTRODUCTION
The population groups exposed following the
Chernobyl accident can be divided into the follow-
ing four categories: reactor staff and firemen, work-
ers who participated in the post-accident recovery
operations (known as liquidators), residents evacu-
ated from Pripyat and the 30-km exclusion zone
and inhabitants of contaminated areas in Belarus,
the Russian Federation and Ukraine.

CONCEPT OF DETRIMENT
To measure the total harm eventually experienced
by an exposed group and its descendants as a re-
sult of radiation exposure, the International Com-
mission for Radiological Protection (ICRP) Pub-
lication 60 recommended a multiplicative risk
projection model and adopted an aggregate rep-
resentation of detriment which includes four
components which are, the probability of attribu-
table fatal-cancer, the weighed probability of at-
tributable non-fatal cancer, the weighted proba-
bility of severe hereditary effects and the length
of life lost if the harm occurs.

This model is a convenient description of the man-
ner in which the probability of an attributable can-

ÂÂÅÄÅÍÈÅ
Ïîñòðàäàâøèå âñëåäñòâèå ×åðíîáûëüñêîé êàòàñòðî-
ôû ìîãóò áûòü ðàñïðåäåëåíû íà ÷åòûðå êàòåãîðèè:
ïåðñîíàë ýíåðãîáëîêà è ïîæàðíûå; ëèöà, ïðèíèìàâ-
øèå ó÷àñòèå â âîññòàíîâèòåëüíûõ ðàáîòàõ ïîñëå àâà-
ðèè, � ëèêâèäàòîðû, íàñåëåíèå, ýâàêóèðîâàííîå èç
ã. Ïðèïÿòü è 30-êèëîìåòðîâîé çîíû îò÷óæäåíèÿ; æè-
òåëè ðàäèîàêòèâíî çàãðÿçíåííûõ ðàéîíîâ Áåëàðóñè,
Ðîññèéñêîé Ôåäåðàöèè è Óêðàèíû.

ÊÎÍÖÅÏÖÈß ÓÙÅÐÁÀ
Äëÿ îïðåäåëåíèÿ îáùåãî óõóäøåíèÿ ñîñòîÿíèÿ çäî-
ðîâüÿ êîíêðåòíîé ãðóïïû íàñåëåíèÿ è åãî ïîòîìêîâ
âñëåäñòâèå âîçäåéñòâèÿ èîíèçèðóþùèõ èçëó÷åíèé
Ìåæäóíàðîäíîé êîìèññèè ïî ðàäèîëîãè÷åñêîé çà-
ùèòå (ÌÊÐÇ), Ïóáëèêàöèÿ 60, ðåêîìåíäîâàíà ìîäåëü
ïðîãíîçà ìóëüòèïëèêàòèâíîãî ðèñêà è ïðèíÿòî ñóì-
ìàðíîå âûðàæåíèå óùåðáà, âêëþ÷àþùåå ÷åòûðå êîì-
ïîíåíòà, à èìåííî: âåðîÿòíîñòü àòðèáóòèâíûõ ôà-
òàëüíûõ ôîðì ðàêà, âçâåøåííàÿ âåðîÿòíîñòü àòðè-
áóòèâíûõ íåôàòàëüíûõ ôîðì ðàêà, âçâåøåííàÿ
âåðîÿòíîñòü òÿæåëûõ íàñëåäñòâåííûõ ýôôåêòîâ è
âåëè÷èíà óìåíüøåíèÿ ïðîäîëæèòåëüíîñòè æèçíè.

Äàííàÿ ìîäåëü èëëþñòðèðóåò, êàêèì îáðàçîì âàðüè-
ðóåò âî âðåìåíè âåðîÿòíîñòü ðàçâèòèÿ àòðèáóòèâíî-
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Abstract
During the 1st International Conference �Mental Health Consequences of the Chernobyl Disaster: Current State
and Future Prospects� (Kyiv, 1995) and also during the International Conference �One decade after Chernobyl:
Summing-up the Consequences of the Accident� (Vienna: IAEA, 1996), the data regarding the delayed health
consequences were mainly related to thyroid cancer, hereditary disorders, general morbidity, mortality and psy-
chological disturbances. Contrary to expectations, the incidences of leukemia and soft tissue tumors were simi-
lar to the spontaneous incidence before the accident. The expected delayed effects, however, among the acci-
dent survivors, liquidators and populations resident in contaminated areas would show higher incidence prob-
ability to leukemia. These population groups have been continuously exposed to low level radiation both
externally and internally. Application of the new International Commission for Radiological Protection concept
of radiation-induced detriment, and the nominal probability coefficient for cancer and hereditary effects for
both workers and populations are used as the rationale to calculate the incidence probability of occurrence of
delayed health effects of the Chernobyl accident.
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cer varies with time. The distribution of the aggre-
gate detriment among organs and tissues is assessed
by considering the probability of fatal-cancer in
each tissue or organ, multiplying by an appropriate
factor for non-fatal cancer which is determined by
the lethality factor for that cancer, adding the proba-
bility of severe hereditary effects and adjusting the
probability, severity and time expression of the
harm.

The distribution of aggregate detriment among or-
gans is represented after appropriate rounding by
the tissue weighting factor.

NOMINAL PROBABILITY
COEFFICIENTS FOR STOCHASTIC
EFFECTS
The average value for several calculations us-
ing the multiplicative risk projection model
was taken as 10�10�2�Sv�1. This value is issued
as the nominal risk for acute high dose exposure.
Applying the dose and dose rate effectiveness
factor (DDREF) of 2 adopted by the ICRP for the
probability of induced-fatal cancer in a popula-
tion of all ages at low dose and low dose rate ex-
posures, yields a nominal value of 5�10�2�Sv�1.
For a working group of age from 20 to 65 years
another value 4�10 �2�Sv �1 was obtained
(table 1).

ãî ðàêà. Îöåíêó ðàñïðåäåëåíèÿ ñóììàðíîãî óùåðáà
îñóùåñòâëÿþò ïóòåì ó÷åòà âåðîÿòíîñòè ðàçâèòèÿ ôà-
òàëüíûõ ôîðì ðàêà â ðàçëè÷íûõ òêàíÿõ èëè îðãàíàõ,
óìíîæåíèÿ åå íà âåëè÷èíó ñîîòâåòñòâóþùåãî ôàêòî-
ðà äëÿ íåôàòàëüíûõ ôîðì ðàêà, îïðåäåëÿåìîãî êàê
ôàêòîð ëåòàëüíîñòè äëÿ äàííîé íîçîëîãèè, è ïðèáàâ-
ëåíèÿ âåðîÿòíîñòè ðàçâèòèÿ òÿæåëûõ íàñëåäñòâåí-
íûõ ýôôåêòîâ, ó÷èòûâàåòñÿ òàêæå âåðîÿòíîñòü, òÿ-
æåñòü è âðåìÿ ïðîÿâëåíèÿ óùåðáà.

Ðàñïðåäåëåíèå ñóììàðíîãî óùåðáà ñðåäè îðãàíîâ
îïðåäåëÿåòñÿ ñ ó÷åòîì âçâåøèâàþùåãî êîýôôèöèåí-
òà òêàíè.

ÍÎÌÈÍÀËÜÍÛÅ ÊÎÝÔÔÈÖÈÅÍÒÛ
ÂÅÐÎßÒÍÎÑÒÈ ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ
ÝÔÔÅÊÒÎÂ
Â ðÿäå ðàñ÷åòîâ ñ èñïîëüçîâàíèåì ìîäåëè ïðîãíîçà
ìóëüòèïëèêàòèâíîãî ðèñêà ñðåäíåå çíà÷åíèå ïðèíè-
ìàëè ðàâíûì 10�10�2�Çâ�1. Ýòó âåëè÷èíó èñïîëüçóþò
êàê íîìèíàëüíîå çíà÷åíèå ðèñêà ïðè îñòðîì îáëó÷å-
íèè â áîëüøèõ äîçàõ. Ïðèìåíåíèå êîýôôèöèåíòà âëè-
ÿíèÿ ìîùíîñòè äîçû (DDREF), ðàâíîãî 2, ïðèíÿòîãî
ÌÊÐÇ äëÿ âåðîÿòíîñòè èíäóöèðîâàííûõ ôàòàëüíûõ
ôîðì ðàêà ñðåäè íàñåëåíèÿ âñåõ âîçðàñòîâ ïðè ìàëûõ
äîçàõ è íèçêèõ ìîùíîñòÿõ äîçû, ïîçâîëÿåò îïðåäåëèòü
íîìèíàëüíîå çíà÷åíèå ðèñêà � 5�10�2�Çâ�1. Äëÿ íàñå-
ëåíèÿ òðóäîñïîñîáíîãî âîçðàñòà (20�65 ëåò) áûëà ïî-
ëó÷åíà èíàÿ âåëè÷èíà � 4�10�2�Çâ�1 (òàáëèöà 1).

TABLE 1

NOMINAL PROBABILITY COEFFICIENTS FOR STOCHASTIC EFFECTS DETRIMENT, �10-2�Sv-1

ÒÀÁËÈÖÀ 1

ÍÎÌÈÍÀËÜÍÛÅ ÊÎÝÔÔÈÖÈÅÍÒÛ ÂÅÐÎßÒÍÎÑÒÈ ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ ÝÔÔÅÊÒÎÂ (ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß), �10-2�Sv-1

Exposed population Fatal cancer Non-fatal cancer Severe hereditary effects Total
Adult workers 4 0.8 0.8 5.6

Whole population 5 1 1.3 7.3

NOMINAL PROBABILITY COEFFICIENTS FOR THE THYROID

ÍÎÌÈÍÀËÜÍÛÅ ÊÎÝÔÔÈÖÈÅÍÒÛ ÂÅÐÎßÒÍÎÑÒÈ ÄËß ÏÀÒÎËÎÃÈÈ ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ

Probability of fatal cancer (�10-2�Sv-1) Aggregate detriment (�10-2�Sv-1)

Whole population Workers Whole population Workers
0.08 0.06 0.15 0.12

Note. Reference: ICRP Publication 60 (1990).

Ïðèìå÷àíèå. Ïðèâåäåíî ïî: Ïóáëèêàöèÿ 60 ÌÊÐÇ (1990).

ÌÅÒÎÄÎËÎÃÈß ÈÑÑËÅÄÎÂÀÍÈÉ È
ÎÖÅÍÊÀ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß
Îöåíêó âåëè÷èíû óùåðáà ñîñòîÿíèþ çäîðîâüÿ îñóùå-
ñòâëÿëè ñ èñïîëüçîâàíèåì ðåçóëüòàòîâ îöåíîê âåëè-
÷èí äîç îáëó÷åíèÿ äëÿ êàæäîé èç êàòåãîðèé ïîñòðà-
äàâøèõ è íîìèíàëüíûõ êîýôôèöèåíòîâ âåðîÿòíîñ-
òè äëÿ ñòîõàñòè÷åñêèõ ýôôåêòîâ è ïàòîëîãèè ùèòî-
âèäíîé æåëåçû, ðåêîìåíäîâàííûõ Ïóáëèêàöèåé 60
ÌÊÐÇ. Âåëè÷èíû äîç îáëó÷åíèÿ ïîñòðàäàâøèõ êàæäîé
ãðóïïû áûëè âçÿòû èç ìàòåðèàëîâ 1-é Ìåæäóíàðîä-
íîé êîíôåðåíöèè �Àêòóàëüíûå è ïðîãíîçèðóåìûå íà-
ðóøåíèÿ ïñèõè÷åñêîãî çäîðîâüÿ ïîñëå ÿäåðíîé êàòà-
ñòðîôû â ×åðíîáûëå� (Êèåâ, 1995), Ìåæäóíàðîäíîé
êîíôåðåíöèè �Äåñÿòèëåòèå ïîñëå ×åðíîáûëÿ: ïîäâå-
äåíèå èòîãîâ ïîñëåäñòâèé àâàðèè� (Âåíà, 1996) è Áþë-
ëåòåíÿ ÌÀÃÀÒÝ (1996). Íà îñíîâàíèè ãðàíè÷íûõ çíà-

METHODOLOGY AND ESTIMATION
OF DETRIMENT
Estimation of detriment was carried out using the
estimated exposure doses for each exposed catego-
ry and applying to these doses the nominal proba-
bility coefficients for stochastic effects and for the
thyroid, recommended by the ICRP Publication 60.
The estimated exposure doses for each exposed
population were extracted from the Proceedings of
the 1st International Conference �Mental Health
Consequences of the Chernobyl Disaster: Current
State and Future Prospects� (Kyiv, 1995) and the
International Conference �One decade after Cher-
nobyl: Summing up the Consequences of the Acci-
dent� (Vienna: IAEA, 1996) and the International
Atomic Energy Agency (IAEA) Bulletin (1996). The
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doses were recorded with an upper and a lower va-
lue and consequently the detriment is calculated
with an upper and lower value.

The total value resulting from the calculations of
detriment using the nominal probability coeffi-
cients for workers or for populations indicates the
incidence probability of delayed stochastic effects
in that particular group.

REACTOR STAFF AND FIREMEN
A total of 400 persons were acutely exposed to sub-
stantial doses from external γ- and β-radiation and
from inhalation of radioactive particles. They were
hospitalized for observation and triage. From these
only 237 were suffering from acute radiation sick-
ness and 134 were verified to the diagnosis (108 in
Moscow and 26 in Kyiv). The remaining 103 cases
did not require special medical care and were placed
in regional hospitals. 21 persons had received do-
ses from 6 to 16 Gy, 20 of them died and 7 persons
also died in the group that received doses from 4 to
6 Gy (tables 2, 3).

÷åíèé âåëè÷èíû äîçû îáëó÷åíèÿ áûëè ïîëó÷åíû ãðà-
íè÷íûå ïîêàçàòåëè âåëè÷èíû óùåðáà ñîñòîÿíèþ çäî-
ðîâüÿ.

Êîíå÷íîå çíà÷åíèå, ïîëó÷åííîå â õîäå ðàñ÷åòîâ óùåðáà ñ
èñïîëüçîâàíèåì íîìèíàëüíûõ êîýôôèöèåíòîâ âåðîÿò-
íîñòè äëÿ ëèêâèäàòîðîâ è íàñåëåíèÿ, ïðåäñòàâëÿåò ñîáîé
âåðîÿòíîñòü ÷àñòîòû âîçíèêíîâåíèÿ îòäàëåííûõ ñòîõà-
ñòè÷åñêèõ ýôôåêòîâ â êîíêðåòíîé ãðóïïå ïîñòðàäàâøèõ.

ÏÅÐÑÎÍÀË ÝÍÅÐÃÎÁËÎÊÀ È ÏÎÆÀÐÍÛÅ
Îñòðîìó âîçäåéñòâèþ çíà÷èòåëüíûõ äîç âíåøíåãî γ-
è β-îáëó÷åíèÿ, à òàêæå âíóòðåííåãî îáëó÷åíèÿ âñëåä-
ñòâèå èíãàëÿöèîííîãî ïîñòóïëåíèÿ ðàäèîàêòèâíûõ
÷àñòèö ïîäâåðãëèñü 400 ÷åëîâåê. Âñå îíè áûëè ãîñïè-
òàëèçèðîâàíû äëÿ íàáëþäåíèÿ. Òîëüêî ó 237 èç íèõ äè-
àãíîñòèðîâàëè îñòðóþ ëó÷åâóþ áîëåçíü, íî äèàãíîç
âåðèôèöèðîâàëè ó 134 (ó 108 � â Ìîñêâå è 26 � â Êè-
åâå); 103 ïîñòðàäàâøèì ñïåöèàëèçèðîâàííàÿ ìåäè-
öèíñêàÿ ïîìîùü íå òðåáîâàëàñü è îíè áûëè ïåðåâå-
äåíû â ðåãèîíàëüíûå êëèíèêè. Èç 21 ÷åëîâåêà, ïîëó-
÷èâøåãî äîçû îò 6 äî 16 Ãð, 20 óìåðëè. Â ãðóïïå ëèö,
ïîëó÷èâøèõ äîçó îò 4 äî 6 Ãð, óìåðëè 7 (òàáëèöû 2, 3).

TABLE 2

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR STOCHASTIC EFFECTS RESULTING
FROM WHOLE BODY EXTERNAL IRRADIATION

ÒÀÁËÈÖÀ 2

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2) ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ ÝÔÔÅÊÒÎÂ
ÂÑËÅÄÑÒÂÈÅ ÎÁÙÅÃÎ ÂÍÅØÍÅÃÎ ÎÁËÓ×ÅÍÈß

Number of persons Estimated doses (Gy) Fatal cancer Non-fatal cancer Hereditary effects Total
103 >1 >4 >0.8 >0.8 >5.6
37 1�2 4�8 0.8�1.6 0.8�1.6 5.6�11.2

55* 2�4 8�16 1.6�3.2 1.6�3.2 11.2�22.4
21** 4�6 16�24 3.2�4.8 3.2�4.8 22.4�33.6

Note. *  � one person died; **  � 7 persons died. Dose reference: UNSCEAR (1988).

Ïðèìå÷àíèå. * � óìåð 1; ** � óìåðëè 7. Âåëè÷èíû äîç ïðèâåäåíû ïî: ÍÊÄÀÐ ÎÎÍ (1988).

TABLE 3

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR THE THYROID DOSE DUE TO INHALATION

ÒÀÁËÈÖÀ 3

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2)
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÏÐÈ ÈÍÃÀËßÖÈÎÍÍÎÌ ÏÎÑÒÓÏËÅÍÈÈ ÐÀÄÈÎÀÊÒÈÂÍÛÕ ÂÅÙÅÑÒÂ

Number of persons Estimated dose (Sv) Fatal cancer Aggregate detriment
137 1.5 0.09 0.15
5 11 066 1.32

Note. Dose reference: UNSCEAR (1988).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: ÍÊÄÀÐ ÎÎÍ (1988).

ËÈÊÂÈÄÀÒÎÐÛ
Ê êàòåãîðèè ëèêâèäàòîðîâ îòíîñÿò ëèö, ïðèíèìàâøèõ
ó÷àñòèå â âîññòàíîâèòåëüíûõ ðàáîòàõ ïîñëå àâàðèè,
ìåðîïðèÿòèÿõ ïî äåêîíòàìèíàöèè, â òðàíñïîðòèðîâ-
êå, îêàçàíèè ïîñòðàäàâøèì ïåðâîé ïîìîùè è ïð. Âñå
îíè ó÷àñòâîâàëè â ðàáîòàõ íà ðàçðóøåííîì ðåàêòîðå
èëè æå â ïðåäåëàõ 30-êèëîìåòðîâîé çîíû. Îáùåå êîëè-
÷åñòâî ëèêâèäàòîðîâ â 1986�1990 ãã. ñîñòàâèëî îò
600 000 äî 800 000 ÷åëîâåê. Ïðè ðàñ÷åòàõ âåëè÷èíû
óùåðáà ñîñòîÿíèþ çäîðîâüÿ äàííóþ ãðóïïó ðàññìàòðè-
âàþò â öåëîì êàê ðàáîòàþùèõ â 30-êèëîìåòðîâîé çîíå.

LIQUIDATORS
These are workers  who were involved in
post-accident recovery operations, decon-
tamination, transport, first aid, construction
workers ,  mil itary servicemen and others .
They were working at the destroyed reactor
or within the 30-km zone. The total number
o f  t h e s e  l i q i d a t o r s  w a s  e s t i m a t e d  t o  b e
600,000 to 800,000 during 1986�1990. For
the calculation of detriment these will be
considered as workers.



Abdel-Ghani et al. / International Journal of Radiation Medicine 1999, 2 (2): 51�59

54

Soon after the accident the All-Union Dose Registry
(AUDR) was set up by the Soviet Government in 1986
to record medical and dosimetric data on popula-
tion groups most exposed. In 1991 the AUDR con-
tained data on 659,292 persons. Starting from 1992
the National Registers of Belarus, the Russian Federa-
tion and Ukraine replaced the AUDR (table 4).

Ïîñëå àâàðèè â 1986 ã. Ñîâåòñêîå ïðàâèòåëüñòâî ó÷-
ðåäèëî Âñåñîþçíûé äîçèìåòðè÷åñêèé ðåãèñòð (ÂÄÐ)
äëÿ ó÷åòà ìåäèöèíñêèõ è äîçèìåòðè÷åñêèõ äàííûõ î
íàèáîëåå òÿæåëî ïîñòðàäàâøèõ ãðóïïàõ íàñåëåíèÿ. Â
1991 ã. ÂÄÐ ñîäåðæàë äàííûå î 659 292 ëèöàõ. Ñ 1992 ã.
ÂÄÐ çàìåíèëè Íàöèîíàëüíûå ðåãèñòðû Áåëàðóñè, Ðîñ-
ñèéñêîé Ôåäåðàöèè è Óêðàèíû (òàáëèöà 4).

TABLE 4

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR STOCHASTIC EFFECTS FROM DOSES RECEIVED BY THE LIQUIDATORS

ÒÀÁËÈÖÀ 4

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2) ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ ÝÔÔÅÊÒÎÂ
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß Ó ËÈÊÂÈÄÀÒÎÐÎÂ

Year Estimated dose (mSv) Fatal cancer Non-fatal cancer Hereditary effects Total
1986 150�250 0.6�1.0 0.12�0.2 0.12�0.2 0.48�1.4
1987 130 0.52 0.104 0.104 0.728
1988 30 0.12 0.024 0.024 0.168
1989 15 0.06 0.012 0.012 0.084

Note. Dose reference: AUDR (1991).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: ÂÄÐ (1991).

TABLE 5

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR STOCHASTIC EFFECTS DUE TO DOSES RECEIVED
BY EVACUEES FROM PRIPYAT AND THE 30-km ZONE

ÒÀÁËÈÖÀ 5

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2) ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ ÝÔÔÅÊÒÎÂ
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß Ó ÍÀÑÅËÅÍÈß, ÝÂÀÊÓÈÐÎÂÀÍÍÎÃÎ ÈÇ ã. ÏÐÈÏßÒÜ È 30-ÊÈËÎÌÅÒÐÎÂÎÉ ÇÎÍÛ

Number of persons Estimated dose (mSv) Fatal cancer Non-fatal cancer Hereditary effects Total
6,750 100�300 0.5�1.5 0.1�0.3 0.13�0.39 0.75�2.19

13,500 50 0.25 0.05 0.665 0.365
114,750 15�25 0.075�0.125 0.015�0.025 0.02�0.03 0.11�0.2

Note. Dose Reference: 1st International Conference �Mental Health Consequences of the Chernobyl Disaster: Current State and Future Prospects�
(Kyiv, 1995).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: 1-ÿ Ìåæäóíàðîäíàÿ êîíôåðåíöèÿ �Àêòóàëüíûå è ïðîãíîçèðóåìûå íàðóøåíèÿ ïñèõè÷åñêîãî
çäîðîâüÿ ïîñëå ÿäåðíîé êàòàñòðîôû â ×åðíîáûëå� (Êèåâ, 1995).

ÍÀÑÅËÅÍÈÅ, ÝÂÀÊÓÈÐÎÂÀÍÍÎÅ ÈÇ
ã. ÏÐÈÏßÒÜ È 30-ÊÈËÎÌÅÒÐÎÂÎÉ ÇÎÍÛ
Â ïåðèîä, ïðåäøåñòâîâàâøèé ýâàêóàöèè, íàñåëåíèå
äàííîé êàòåãîðèè ïîäâåðãëîñü âíåøíåìó γ-îáëó÷åíèþ
132Te, 132I, 134,137Cs, 103Ru, 140Ba, 140La, èìåþùèìèñÿ â àòìîñ-
ôåðíûõ âûáðîñàõ è âûïàäåíèÿõ íà ïî÷âó. Âíóòðåííåå
îáëó÷åíèå ïðîèñõîäèëî çà ñ÷åò èíãàëÿöèîííîãî è ïå-
ðîðàëüíîãî ïîñòóïëåíèÿ ðàäèîàêòèâíîãî éîäà (ôîð-
ìèðóÿ äîçû îáëó÷åíèÿ ùèòîâèäíîé æåëåçû), à â äàëü-
íåéøåì � çà ñ÷åò 134,137Cs è, â íåêîòîðîé ìåðå, � 90Sr.
Ñðåäíèå äîçû îáëó÷åíèÿ ó áîëüøåé ÷àñòè ýòîãî íàñå-
ëåíèÿ ñîñòàâèëè îò 15 äî 25 ìÇâ, ó 10% � ñâûøå 50 ìÇâ,
ó 5% � 100�300 ìÇâ (òàáëèöû 5, 6).

ÆÈÒÅËÈ ÐÀÄÈÎÀÊÒÈÂÍÎ
ÇÀÃÐßÇÍÅÍÍÛÕ ÒÅÐÐÈÒÎÐÈÉ
Íàñåëåíèå äàííîé êàòåãîðèè ïîäâåðãëîñü âíåøíåìó
îáëó÷åíèþ âûïàâøèìè ðàäèîíóêëèäàìè è âíóòðåí-
íåìó çà ñ÷åò èíêîðïîðèðîâàíûõ ðàäèîíóêëèäîâ, ïî-
ñòóïèâøèõ ýíòåðàëüíî. Â Èíñòèòóòå áèîôèçèêè (Ìîñ-
êâà) èçó÷èëè ðàñïðåäåëåíèå âåëè÷èí äîç âíåøíåãî è
êîìáèíèðîâàííîãî îáëó÷åíèÿ íà ïðîòÿæåíèè 1986�
1989 ãã. ñðåäè æèòåëåé çàãðÿçíåííûõ ðåãèîíîâ (ïëîò-
íîñòü çàãðÿçíåíèÿ ïî÷âû 137Cs áîëåå 550 êÁê�ì�2) (òàá-
ëèöà 7). Â ñðåäíåì ýôôåêòèâíàÿ äîçà çà 4 ãîäà ñîñòà-
âèëà 35 ìÇâ.

EVACUEES FROM PRIPYAT
AND 30-km ZONE
Prior to evacuation these people were exposed to
external γ-irradiation from 132Te, 132I, 134,137Cs, 103Ru,
140Ba, 140La, present in the cloud and deposited on
ground. The relative contribution to the internal
irradiation from inhalation and ingestion from
iodine was present resulting in thyroid doses and
subsequently from 134,137Cs and to some extent
from 90Sr. Most people received an average dose
of 15 to 25 mSv. 10% received more than 50 mSv
and 5% received an average dose of 100�300 mSv
(tables 5, 6).

INHABITANTS OF CONTAMINATED
AREAS
These people were exposed to external irradiation
from deposited radionuclides and internal expo-
sure by radionuclide incorporation into the body
from contaminated food. The Institute of Biophy-
sics in Moscow studied the distribution of external
and total whole body doses during the four years
(1986�1989) to inhabitants of contaminated
areas (137Cs deposition density over 550 kBq�m�2)
(table 7). The average 4-years total effective dose
was 35 mSv.
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THYROID DOSE IN BELARUS

The total number of individuals from both Gomel and
Mogilev districts (Belarus) for whom the Institute of
Biophysics in Moscow had estimated the thyroid dose
was 466,600 of whom 46,660 were children 0�7 years
(table 8) and 419,940 were above 7 years.

THYROID DOSE
IN RUSSIAN FEDERATION
The thyroid dose was estimated for a total popula-
tion of more than 5 million inhabitants with a mean
thyroid dose of 26 mGy. In a controlled area in
Bryansk district a population of 112,000 was sub-

ÄÎÇÛ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ
ÆÅËÅÇÛ Ó ÆÈÒÅËÅÉ ÁÅËÀÐÓÑÈ
Â Èíñòèòóòå áèîôèçèêè (Ìîñêâà) áûëè âûïîëíåíû
îöåíêè âåëè÷èí äîç îáëó÷åíèÿ ùèòîâèäíîé æåëåçû
äëÿ 466 600 æèòåëåé Ãîìåëüñêîé è Ìîãèëåâñêîé îá-
ëàñòåé Áåëàðóñè, èç íèõ 46 660 � äåòè â âîçðàñòå îò 0
äî 7 ëåò (òàáëèöà 8), 419 940 � ñòàðøå 7 ëåò.

ÄÎÇÛ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ
Ó ÆÈÒÅËÅÉ ÐÎÑÑÈÉÑÊÎÉ ÔÅÄÅÐÀÖÈÈ
Äîçû îáëó÷åíèÿ ùèòîâèäíîé æåëåçû ðàññ÷èòàíû äëÿ
áîëåå 5 ìëí æèòåëåé ïðè ñðåäíåé âåëè÷èíå äîçû
26 ìÃð. Â ðàéîíàõ ðàäèàöèîííîãî êîíòðîëÿ Áðÿíñêîé
îáëàñòè îöåíêè äîç îáëó÷åíèÿ ùèòîâèäíîé æåëåçû

TABLE 6

AVERAGE ESTIMATED DOSE AND DETRIMENT CALCULATION (�10-2) FOR THE THYROID DUE TO INHALATION
FOR PRIPYAT AND 30-km ZONE EVACUEES

ÒÀÁËÈÖÀ 6

ÑÐÅÄÍÈÅ ÂÅËÈ×ÈÍÛ ÄÎÇ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2)
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ ÏÐÈ ÈÍÃÀËßÖÈÎÍÍÎÌ ÏÎÑÒÓÏËÅÍÈÈ ÐÀÄÈÎÍÓÊËÈÄÎÂ

Ó ÝÂÀÊÓÈÐÎÂÀÍÍÛÕ ÈÇ ã. ÏÐÈÏßÒÜ È 30-ÊÈËÎÌÅÒÐÎÂÎÉ ÇÎÍÛ

Age (years) Number of persons Average dose (mSv) Fatal cancer Aggregate detriment

for Pripyat evacuees
Months�5 2,400 1,400 0.112 0.12

5�15 8,100 300 0.024 0.045
Above 15 38,900 70 0.0056 0.0105

for 30-km zone evacuees
5�15 � 1,000 0.08 0.15

Above 15 � 700 0.056 0.105

Note. Dose Ref.: Gulko G.M. et al., submitted for publication Radiat. Environ. Biophysics (1995).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: Ãóëüêî Ã.Ì. è ñîàâòîðû, ïðåäîñòàâëåíî ê ïóáëèêàöèè Radiat. Environ. Biophysics (1995).

TABLE 7

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR STOCHASTIC EFFECTS DUE TO TOTAL EXPOSURE
OF INHABITANTS OF CONTAMINATED AREAS

ÒÀÁËÈÖÀ 7

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2) ÄËß ÑÒÎÕÀÑÒÈ×ÅÑÊÈÕ ÝÔÔÅÊÒÎÂ
ÂÑËÅÄÑÒÂÈÅ ÊÎÌÁÈÍÈÐÎÂÀÍÍÎÃÎ ÎÁËÓ×ÅÍÈß Ó ÆÈÒÅËÅÉ ÇÀÃÐßÇÍÅÍÍÛÕ ÒÅÐÐÈÒÎÐÈÉ

Number of persons Average dose (mSv) Fatal cancer Non-fatal cancer Hereditary effects Total
88,000 13.6 0.068 0.0136 0.0177 0.0993

132,000 31.8 0.159 0.0318 0.0413 0.2321
44,000 68.2 0.341 0.0682 0.0887 0.4980
6,900 119 0.595 0.119 0.155 0.869
1,500 167 0.835 0.167 0.217 1.219
670 239 1.195 0.239 0.311 1.745

Note. Dose Ref.: Barkhudarov R.M. et al., Institute of Biophysics, Moscow (1994).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: Áàðõóäàðîâ Ð.Ì. è ñîàâòîðû, Èíñòèòóò áèîôèçèêè, Ìîñêâà (1994).

TABLE 8

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR THE THYROID DOSE IN BELARUS FOR CHILDREN 0�7 YEARS

ÒÀÁËÈÖÀ 8

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2)
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ Ó ÄÅÒÑÊÎÃÎ ÍÀÑÅËÅÍÈß ÁÅËÀÐÓÑÈ Â ÂÎÇÐÀÑÒÅ 0�7 ËÅÒ

Absorbed dose (Gy) Total number of children Percentage of the total
number

Fatal cancer Aggregate detriment

0�0.3 24,765 53 0�0.024 0�0.045
0.3�2 18,195 39 0.024�0.16 0.045�0.3
2�5 2,679 5.7 0.16�0.4 0.3�0.75

5�10 721 1.6 0.4�0.8 0.75�1.5
10�20 278 0.6 0.8�1.6 1.5�3
20�40 22 0.044 1.6�3.2 3�6

Note. Dose Ref.: Barkhudarov R.M. et al., Institute of Biophysics, Moscow (1994).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: Áàðõóäàðîâ Ð.Ì. è ñîàâòîðû, Èíñòèòóò áèîôèçèêè, Ìîñêâà (1994).
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jected to thyroid dose estimates. This was consid-
ered the area with highest thyroid dose, and there-
fore the highest risk (table 9).

áûëè âûïîëíåíû ó 112 000 íàñåëåíèÿ. Îòìå÷åíû íàè-
áîëüøèå äîçû îáëó÷åíèÿ ùèòîâèäíîé æåëåçû è ðèñ-
êè óùåðáà ñîñòîÿíèþ çäîðîâüÿ (òàáëèöà 9).

TABLE 9

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR THE THYROID DOSE IN RUSSIAN FEDERATION

ÒÀÁËÈÖÀ 9

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2)
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ Ó ÆÈÒÅËÅÉ ÐÎÑÑÈÉÑÊÎÉ ÔÅÄÅÐÀÖÈÈ

Age group (years) Number of population Mean thyroid dose (mGy) Fatal cancer Aggregate detriment
<1 1,600 750 0.06 0.113

1�2 3,100 680 0.054 0.102
3�6 6,600 500 0.04 0.075

7�11 8,300 350 0.028 0.053
12�17 10,800 230 0.018 0.035

>18 81,600 130 0.01 0.02

Note. Dose Ref.: The Chernobyl Papers, vol. 1 (Eds. Merwin and Balonov), Research Enterprise Inc. (1993).

Ïðèìå÷àíèå. Âåëè÷èíû äîç ïðèâåäåíû ïî: The Chernobyl Papers, vol. 1 (Eds. Merwin and Balonov), Research Enterprise Inc. (1993).

ÄÎÇÛ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ
ÆÅËÅÇÛ Ó ÆÈÒÅËÅÉ ÓÊÐÀÈÍÛ
È.À. Ëèõòàðåâ è ñîàâòîðû (1993) èññëåäîâàëè ðàñïðå-
äåëåíèå âåëè÷èí ïîãëîùåííûõ è êîëëåêòèâíûõ äîç
îáëó÷åíèÿ ùèòîâèäíîé æåëåçû ñðåäè íàñåëåíèÿ Óê-
ðàèíû. Íàèáîëüøèå ïîãëîùåííûå äîçû (1,5�2,7 Ãð)
ïîëó÷èëî äåòñêîå íàñåëåíèå Æèòîìèðñêîé îáëàñòè
è ã. Ïðèïÿòü. Âåëè÷èíû äîç îáëó÷åíèÿ ó äåòåé â âîçðà-
ñòå 7�15 ëåò áûëè íèæå â 2,5 ðàçà, ó âçðîñëûõ � â 2�
8 ðàç. Â òàáëèöå 10 ïðåäñòàâëåíî ðàñïðåäåëåíèå çíà-
÷åíèé âåëè÷èí äîç îáëó÷åíèÿ è ñîîòâåòñòâóþùåãî
óùåðáà ñîñòîÿíèþ çäîðîâüÿ.

THYROID DOSE IN UKRAINE

I.A. Likhtarev et al. (1993) studied the distribution
of absorbed doses to the thyroid and the collec-
tive thyroid doses of Ukrainian population. The re-
sults indicated that the highest absorbed doses
(1.5�2.7 Gy) was received by children of Zhitomir
and Pripyat. Children of 7�15 years received lo-
wer doses by factor of 2.5 and the adults received
lower doses by a factor of 2�8. Table 10 shows the
dose distribution and the corresponding detri-
ment.

TABLE 10

ESTIMATED DOSES AND DETRIMENT CALCULATION (�10-2) FOR THE THYROID DOSE IN UKRAINE

ÒÀÁËÈÖÀ 10

ÄÎÇÛ ÎÁËÓ×ÅÍÈß È ÐÀÑ×ÅÒ ÂÅËÈ×ÈÍÛ ÓÙÅÐÁÀ ÑÎÑÒÎßÍÈÞ ÇÄÎÐÎÂÜß (�10-2)
ÂÑËÅÄÑÒÂÈÅ ÎÁËÓ×ÅÍÈß ÙÈÒÎÂÈÄÍÎÉ ÆÅËÅÇÛ Ó ÆÈÒÅËÅÉ ÓÊÐÀÈÍÛ

Number of persons Mean thyroid dose (mGy) Fatal cancer Aggregated detriment

7,325,000 5 0.0004 0.00075
3,400,000 30 0.0024 0.0045
1,312,000 75 0.006 0.01125
228,000 200 0.016 0.03
131,000 400 0.032 0.06
26,000 750 0.06 0.1125
28,000 1169.4 0.094 0.175

Note. Ref.: Likhtarev I.A. et al., Health Physics, 64 (6), 1993.

Ïðèìå÷àíèå. Ïðèâåäåíî ïî: Likhtarev I.A. et al., Health Physics, 64 (6), 1993.

ÐÅÇÓËÜÒÀÒÛ
Âåðîÿòíîñòü ðàçâèòèÿ îòäàëåííûõ ìåäèöèíñêèõ ïî-
ñëåäñòâèé àâàðèè ïðåäñòàâëåíà â âèäå ðàññ÷èòàííî-
ãî ïîêàçàòåëÿ óùåðáà ñîñòîÿíèþ çäîðîâüÿ.

Ðàñ÷åòû âåëè÷èíû óùåðáà äëÿ ðàçëè÷íûõ ãðóïï ïî-
ñòðàäàâøèõ ïîêàçàëè, ÷òî âåðîÿòíîñòü ðàçâèòèÿ îò-
äàëåííûõ ìåäèöèíñêèõ ïîñëåäñòâèé íàèáîëåå âûñî-
êà ó ïåðñîíàëà ýíåðãîáëîêà è ïîæàðíûõ, äîçû îáëó-
÷åíèÿ êîòîðûõ � îò 1 äî 16 Ãð; 28 èç íèõ óìåðëè.
Ñîîòâåòñòâåííî, îòìå÷åíû è íàèáîëåå âûñîêèå âåëè-
÷èíû óùåðáà: 5,6�43,8�10�2 (ñì. òàáëèöó 2). Â òàáëèöå
3 ïðèâåäåíû ðåçóëüòàòû îöåíêè äîç îáëó÷åíèÿ ùèòî-

RESULTS
The incidence probability of occurrence of delayed
health effects of the Chernobyl accident is repre-
sented by the estimated Detriment calculated.

Detriment calculation of the various exposed
groups shows that the highest incidence proba-
bility of occurrence of delayed health effects is
among the reactor staff and firemen who were
exposed to high doses (ranging from 1 to 16 Gy)
which results in 28 fatalities, consequently this
group gives high detriment values (5.6 to
43.8�10�2) as shown in table 2. Table 3 presents
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the thyroid estimate dose due to inhalation of 131I
and the corresponding detriment values for this
group.

Concerning the liquidators the maximum esti-
mated dose in 1986 was 20 mSv. This estimated
dose decreased with time and reached 15 mSv
in 1989, the corresponding incidence probabili-
ty ranges from 1.4 to 0.1�10�2 as indicated in
table 4.

Most of the evacuees from Pripyat and the 30-km
zone received an average dose of 15�25 mSv which
gives rise to detriment values ranging from 0.08 to
0.14�10�2, only 5% of this population received much
higher doses up to 300 mSv which leads to a detri-
ment value of 2.19�10�2, the results are summarized
in table 5.

The evacuees of Pripyat were also subjected to
thyroid doses due to inhalation. The doses
were estimated in several age groups. The
highest doses (1.4 Sv) was received by children
from a few months to 5 years, the correspon-
ding detriment value is 0.21�10�2. The majori-
ty of this population received an average dose
of 70 mSv which yields a detriment value of
0.01�10�2.

The evacuees from the 30-km zone received an
average dose of 0.1 Sv (age group 5�15 years) and
70 mSv (age group above 15 years). The corre-
sponding detriment values are 0.15�10 �2 and
0.1�10�2 respectively as seen in table 6.

Detriment calculation results for the inhabitants of con-
taminated areas shows that the average effective dose
was 35 mSv and the majority of this population re-
ceived a dose of the order of 32 mSv, the correspon-
ding detriment value is 0.2�10�2. A small part of this pop-
ulation received a much higher dose � 239 mSv, which
yields a higher detriment value of 1.7�10�2 (table 7).

The thyroid dose was estimated in Belarus, the
Russian Federation and Ukraine. The highest thy-
roid dose was estimated among the Russian
Federation population primarily due to intake of
131I with milk and food (137Cs deposition density
>555 kBq�m�2).

In Belarus estimates of thyroid doses were carried
out for children (0�7 years). 53% of this population
received doses up to 0�0.3 Gy corresponding to a
detriment value of 0.045�10�2, 39% received doses
between 0.3 to 2 Gy giving up a detriment value be-
tween 0.045 and 0.3�10�2 (table 8).

The thyroid dose for the inhabitants of districts of
the Russian Federation was estimated for a total
population of more than 5 million inhabitants, with
a mean thyroid dose of 26 mGy. Table 9 presents the
age distribution of the mean thyroid dose for a popu-
lation of 112,000 in Bryansk � the district of the

âèäíîé æåëåçû âñëåäñòâèå èíãàëÿöèîííîãî ïîñòóïëå-
íèÿ 131I è ñîîòâåòñòâóþùèå âåëè÷èíû ñóììàðíîãî
óùåðáà ñîñòîÿíèþ çäîðîâüÿ äëÿ äàííîé ãðóïïû.

Ó ëèêâèäàòîðîâ íàèáîëüøàÿ îöåíèâàåìàÿ äîçà îáëó-
÷åíèÿ â 1986 ã. ñîñòàâèëà 20 ìÇâ; îíà óìåíüøèëàñü ñî
âðåìåíåì è ñîñòàâèëà â 1989 ã. 15 ìÇâ. Ñîîòâåòñòâóþ-
ùèå çíà÷åíèÿ âåëè÷èíû âåðîÿòíîñòè ðàçâèòèÿ îòäà-
ëåííûõ ïîñëåäñòâèé áûëè â ïðåäåëàõ 1,4�0,1�10�2

(òàáëèöà 4).

Áîëüøèíñòâî ýâàêóèðîâàííûõ èç ã. Ïðèïÿòü è 30-êè-
ëîìåòðîâîé çîíû ïîëó÷èëè äîçû îáëó÷åíèÿ â ñðåä-
íåì 15�25 ìÇâ, ÷òî îáóñëîâèëî âîçðàñòàíèå âåëè÷è-
íû óùåðáà äî 0,08�0,14�10�2; 5% íàñåëåíèÿ äàííîé
êàòåãîðèè ïîëó÷èëè ñóùåñòâåííî áîëüøèå äîçû (äî
300 ìÇâ), âåëè÷èíà óùåðáà ñîñòàâèëà 2,19�10�2 (òàá-
ëèöà 5).

Ó ýâàêóèðîâàííûõ èç ã. Ïðèïÿòè òàêæå ôîðìèðîâà-
ëèñü äîçû îáëó÷åíèÿ ùèòîâèäíîé æåëåçû âñëåäñòâèå
èíãàëÿöèîííîãî ïîñòóïëåíèÿ ðàäèîíóêëèäîâ. Îöåí-
êà äîç áûëà âûïîëíåíà â âîçðàñòíûõ ãðóïïàõ. Íàè-
áîëüøèå äîçû (1,4 Çâ) ïîëó÷èëè äåòè â âîçðàñòå äî
5 ëåò, âåëè÷èíà óùåðáà ñîñòàâèëà 0,21�10�2. Áîëüøàÿ
÷àñòü íàñåëåíèÿ äàííîé êàòåãîðèè ïîëó÷èëè â ñðåä-
íåì äîçó 70 ìÇâ, â ðåçóëüòàòå îòìå÷åíà âåëè÷èíà óùåð-
áà ñîñòîÿíèþ çäîðîâüÿ 0,01�10�2.

Ñðåäíèå çíà÷åíèÿ äîç îáëó÷åíèÿ ó ýâàêóèðîâàííûõ èç
30-êèëîìåòðîâîé çîíû â âîçðàñòå 5�15 ëåò ñîñòàâëÿ-
þò 0,1 Çâ, ñòàðøå 15 ëåò �  70 ìÇâ; ñîîòâåòñòâåííî
çíà÷åíèÿ âåëè÷èí óùåðáà ñîñòîÿíèþ çäîðîâüÿ �
0,15�10�2 è 0,1�10�2 (òàáëèöà 6).

Ñðåäíÿÿ ýôôåêòèâíàÿ äîçà îáëó÷åíèÿ ó æèòåëåé çàã-
ðÿçíåííûõ òåððèòîðèé ñîñòàâëÿåò 35 ìÇâ, ó áîëüøèí-
ñòâà � 32 ìÇâ; ñîîòâåòñòâåííî âåëè÷èíà óùåðáà ñî-
ñòîÿíèþ çäîðîâüÿ � 0,2�10�2. Íåáîëüøàÿ ÷àñòü íàñå-
ëåíèÿ ïîëó÷èëà çíà÷èòåëüíî áîëüøóþ äîçó � 239 ìÇâ,
÷òî îáóñëîâèëî âîçðàñòàíèå âåëè÷èíû óùåðáà ñîñòî-
ÿíèþ çäîðîâüÿ äî 1,7�10�2 (òàáëèöà 7).

Îöåíêà äîç îáëó÷åíèÿ ùèòîâèäíîé æåëåçû ïðîâåäå-
íà ó æèòåëåé Áåëàðóñè, Ðîññèéñêîé Ôåäåðàöèè è Óê-
ðàèíû. Íàèáîëåå âûñîêèå ïîêàçàòåëè ïîëó÷åíû äëÿ
íàñåëåíèÿ Ðîññèéñêîé Ôåäåðàöèè, â îñíîâíîì çà ñ÷åò
ïîñòóïëåíèÿ 131I ñ ìîëîêîì è ïèùåé (ïðè ïëîòíîñòè
çàãðÿçíåíèÿ ïî÷âû 137Cs áîëåå 555 êÁê�ì�2).

Â Áåëàðóñè îöåíêà âåëè÷èí äîç îáëó÷åíèÿ ùèòîâèä-
íîé æåëåçû áûëà âûïîëíåíà äëÿ äåòñêîãî íàñåëåíèÿ
(0�7 ëåò): 53% äåòåé ïîëó÷èëè äîçû 0�0,3 Ãð, 39% �
îò 0,3 äî 2 Ãð; âåëè÷èíà óùåðáà ñîñòîÿíèþ çäîðîâüÿ
ñîñòàâèëà ñîîòâåòñòâåííî 0,045�10�2 è 0,045�0,3�10�2

(òàáëèöà 8).

Â ðÿäå ðàéîíîâ Ðîññèéñêîé Ôåäåðàöèè áûëè îöåíåíû
äîçû îáëó÷åíèÿ ùèòîâèäíîé æåëåçû ó áîëåå 5 ìëí ÷å-
ëîâåê: ñðåäíÿÿ äîçà ðàâíà 26 ìÃð. Â òàáëèöå 9 ïðåäñòàâ-
ëåíû ñðåäíèå çíà÷åíèÿ äîç îáëó÷åíèÿ ùèòîâèäíîé
æåëåçû ó 112 000 æèòåëåé Áðÿíñêîé îáëàñòè. Áðÿíñêàÿ
îáëàñòü ðàñöåíèâàåòñÿ êàê ðåãèîí ñ íàèáîëåå âûñîêè-



Abdel-Ghani et al. / International Journal of Radiation Medicine 1999, 2 (2): 51�59

58

ìè äîçàìè îáëó÷åíèÿ ùèòîâèäíîé æåëåçû è, ñëåäîâà-
òåëüíî, íàèáîëåå âûñîêîé âåëè÷èíîé ðèñêà óùåðáà
ñîñòîÿíèþ çäîðîâüÿ.

Â Óêðàèíå ñðåäíÿÿ âåëè÷èíà äîçû îáëó÷åíèÿ ùèòîâèä-
íîé æåëåçû ñîñòàâèëà 31,3 ìÃð, íàèáîëüøàÿ � 1,5 Ãð,
íàèìåíüøàÿ � 5 ìÃð; âåëè÷èíà óùåðáà ñîñòîÿíèþ
çäîðîâüÿ � 0,175�10�2 è 0,75�10�2 (òàáëèöà 10).

ÎÁÑÓÆÄÅÍÈÅ È ÂÛÂÎÄÛ

Ìîäåëü ïðîãíîçà ìóëüòèïëèêàòèâíîãî ðèñêà áûëà èñ-
ïîëüçîâàíà äëÿ îöåíêè ðèñêà èíäóêöèè ðàêà íà ïðî-
òÿæåíèè æèçíè. Ìîäåëü ïðåäïîëàãàåò, ÷òî èçáûòîê çà-
áîëåâàåìîñòè ïî èñòå÷åíèè ëàòåíòíîãî ïåðèîäà ïðåä-
ñòàâëåí ôàêòîðîì, ñâÿçàííûì ñ âîçðàñòçàâèñèìîé
çàáîëåâàåìîñòüþ çëîêà÷åñòâåííûìè íîâîîáðàçîâàíè-
ÿìè â äàííîé ïîïóëÿöèè. Ýòîò ôàêòîð ìîæåò áûòü âå-
ëè÷èíîé ïîñòîÿííîé, èëè æå âàðüèðîâàòü âî âðåìåíè.
Ìîäåëü íå îáÿçàòåëüíî ïðåäïîëàãàåò ïðîãðåññèðóþ-
ùèé áèîëîãè÷åñêèé ïðîöåññ. Îíà îïèñûâàåò, êàêèì
îáðàçîì âåðîÿòíîñòü âûçâàííîé îíêîëîãè÷åñêîé çà-
áîëåâàåìîñòè èçìåíÿåòñÿ íà ïðîòÿæåíèè âðåìåíè.

Ìîäåëü áûëà èñïîëüçîâàíà äëÿ ñëó÷àåâ âîçäåéñòâèÿ
áîëüøèõ äîç è âûñîêèõ ìîùíîñòåé äîçû â öåëÿõ óñòà-
íîâëåíèÿ äîçîâîé çàâèñèìîñòè â îòíîøåíèè ìàëûõ äîç
è íèçêèõ ìîùíîñòåé äîçû. Ïîëó÷åíà ëèíåéíî-êâàäðà-
òè÷íàÿ çàâèñèìîñòü äëÿ èçëó÷åíèé ñ íèçêîé ëèíåéíîé
ïåðåäà÷åé ýíåðãèè (ËÏÝ). Ëèíåéíûé êîýôôèöèåíò äëÿ
ìàëûõ äîç è íèçêèõ ìîùíîñòåé äîçû áûë ðàññ÷èòàí ïî
äàííûì îöåíîê, âûïîëíåííûõ äëÿ áîëüøèõ äîç è âûñî-
êèõ ìîùíîñòåé äîçû, ïóòåì äåëåíèÿ íà DDREF.

Íà îñíîâàíèè ýòèõ äàííûõ ÌÊÐÇ îöåíèâàåò íîìèíàëü-
íûå êîýôôèöèåíòû âåðîÿòíîñòè äëÿ ñòîõàñòè÷åñêèõ
ýôôåêòîâ (ðàê è íàñëåäñòâåííûå ýôôåêòû) äëÿ ðàáî-
òàþùèõ ëèö è íàñåëåíèÿ âñåõ âîçðàñòíûõ êàòåãîðèé.

Ñ ïîìîùüþ íîìèíàëüíîãî êîýôôèöèåíòà âåðîÿòíî-
ñòè áóäóùèé óùåðá ñîñòîÿíèþ çäîðîâüÿ âñëåäñòâèå
âíóòðåííåãî è âíåøíåãî îáëó÷åíèÿ â ðåçóëüòàòå ×åð-
íîáûëüñêîé êàòàñòðîôû áûë ðàññ÷èòàí äëÿ ðàçëè÷-
íûõ ãðóïï ïîñòðàäàâøèõ. Êîíå÷íîé öåëüþ ÿâëÿåòñÿ
ïðîãíîçèðîâàíèå âîçíèêíîâåíèÿ ñòîõàñòè÷åñêèõ
ýôôåêòîâ â äàëüíåéøåì â ðàçëè÷íûõ ãðóïïàõ íàñåëå-
íèÿ, ïîäâåðãøåãîñÿ âîçäåéñòâèþ èîíèçèðóþùèõ èç-
ëó÷åíèé. Âåðîÿòíîñòü ðàçâèòèÿ ñòîõàñòè÷åñêèõ ýô-
ôåêòîâ äîëæíà ðàññìàòðèâàòüñÿ èñêëþ÷èòåëüíî êàê
ïîêàçàòåëü âåðîÿòíîñòè âîçíèêíîâåíèÿ îòäàëåííûõ
ñòîõàñòè÷åñêèõ ýôôåêòîâ.

Ïîëó÷åííûå âåëè÷èíû êàñàþòñÿ âñåõ òèïîâ îòäàëåí-
íûõ ýôôåêòîâ, â ÷àñòíîñòè � èíäóêöèè êàê ôàòàëü-
íûõ, òàê è íåôàòàëüíûõ ôîðì îïóõîëåé.

Âåðîÿòíîñòü ðàçâèòèÿ íàñëåäñòâåííûõ ýôôåêòîâ ó
ïîñòðàäàâøèõ íàçâàííûõ ãðóïï âêëþ÷åíà â ðàñ÷åòû
è ôèãóðèðóåò â èíòåãðàëüíûõ îöåíêàõ è îöåíêàõ íà-
ñëåäñòâåííûõ ýôôåêòîâ. Â òî æå âðåìÿ ñëåäóåò îòìå-
òèòü, ÷òî øèðîêàÿ âàðèàáåëüíîñòü ïàðàìåòðîâ îòíî-
ñèòåëüíî âîçíèêíîâåíèÿ íàñëåäñòâåííûõ ýôôåêòîâ
(îñîáåííî â ïîïóëÿöèè ÷åëîâåêà) îáóñëîâëèâàåò íå-

Russian Federation which is considered the area
with highest thyroid dose and therefore the highest
risk.

In Ukraine the average thyroid dose is 31.3 mGy, the
highest dose was 1.5 Gy and the lowest was 5 mGy.
The corresponding detriment values are 0.175�10�2

and 0.75�10�2. Data are represented in table 10.

DISCUSSIONS AND CONCLUSIONS

The multiplicative risk projection model is used
to provide assessment of the lifetime risk for
cancer induction. This model postulates that the
excess of incidence after a latent period is
given by a factor applied to the age-dependent
incidence of natural cancer in the population.
This factor may be constant or varying in time.
The multiplicative risk projection model does
not necessarily imply multiplicative biological
processes. It describes the manner in which the
probability of attributable cancer varies with
time.

The multiplicative model was used for high dose
and high dose rate exposures to indicate the
form of the dose response relation for low dose
and low dose rate which was found to be linear
quadratic for low linear energy transfer (LET) ra-
diation. The linear coefficient for low doses and
low dose rate was obtained from high dose and
high dose rate estimates by dividing by the
DDREF.

Based on this data, the ICRP estimated the nominal
probability coefficients for stochastic effects (can-
cer and hereditary effects) for working groups and
the general population of all ages.

The application of the nominal probability coeffi-
cient to evaluate the future detriment after inter-
nal and external exposure resulting from the Cher-
nobyl disaster have been calculated for the various
exposure groups. The aim is to provide foresight
for the occurrence of stochastic effects during the
coming decades among the various exposure
groups. The incidence probability for stochastic
effects obtained by the calculation carried out
should only be considered as an indication of the
incidence probability of the delayed stochastic ef-
fects.

The values obtained as indicated in the calculations
undertaken include all types of delayed effects in par-
ticular induction of either fatal or non-fatal cancer.

The incidence probability of the occurrence of he-
reditary effects in these groups is included in the
calculations and appears in the total estimates and
in the estimate of hereditary effects. However, it
should be pointed out that the multiple variables
involved in the occurrence of hereditary effects
(specially in human populations) makes the values
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êîòîðóþ íåîïðåäåëåííîñòü âåëè÷èí, ðàññ÷èòàííûõ
äëÿ ýôôåêòîâ òàêîãî ðîäà.

Âåëè÷èíà âåðîÿòíîñòè ðàçâèòèÿ ôàòàëüíûõ è íåôà-
òàëüíûõ ôîðì ðàêà çíà÷èòåëüíî âàðüèðóåò â çàâè-
ñèìîñòè îò íîçîëîãèè. Çíà÷èòåëüíîå óâåëè÷åíèå
÷àñòîòû âîçíèêíîâåíèÿ ãåìîáëàñòîçîâ è îïóõîëåé
ìÿãêèõ òêàíåé ïðåäïîëàãàþò â áëèæàéøèå ãîäû, ñî-
ëèäíûõ îïóõîëåé � ïî îêîí÷àíèè áîëåå ïðîäîëæè-
òåëüíîãî ëàòåíòíîãî ïåðèîäà.

Öåëåñîîáðàçíî îñóùåñòâëåíèå ìîíèòîðèíãà âî âñåõ
ãðóïïàõ íàñåëåíèÿ â öåëÿõ ðåãèñòðàöèè òèïîâ îíêî-
ëîãè÷åñêîé ïàòîëîãèè ñ ó÷åòîì âîçðàñòà, ïîëà, óñëî-
âèé æèçíè ïîñòðàäàâøèõ, à òàêæå äîçû îáëó÷åíèÿ è
òèïà ðàäèàöèîííîãî âîçäåéñòâèÿ.
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calculated for hereditary effects subject to some
uncertainty.

The incidence probability of fatal and non-fa-
tal cancer varies greatly between sanguineous
tumors (blood), soft tissue tumors and solid tu-
mors. The former two are expected to appear
in substantial case numbers during the coming
few years. However, solid tumors are expected
to appear after a longer latent period.

It is important to carry out monitoring programs
for all exposure groups to register all types of
cancer occurrences, as related to age, sex and ra-
diation dose, types of exposure and living con-
ditions.


