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Leukemia and thyroid cancer in emergency workers
of the Chernobyl accident: estimation of radiation risks

(1986-1995)
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Konogorov A.P., Korelo A.M., Biryukov A.P., Matyash V.A.

Medical Radiological Research Centre of RAMS, Obninsk

The work makes a direct epidemiological assessment of radiation
risks in induction of leukemia and thyroid cancer in emergency
workers after the Chernobyl accident. The Russian National
Medical Dosimetric Registry has a compilation of data for 168
thousand emergency workers as of 01.01.1996. Analysis was per-
formed of 48 leukemias and 47 thyroid cancers diagnosed and
verified in emergency workers. The estimated radiation risks
are: for leukemia - excess relative risk per Gy (ERR/Gy) is
4.30 (95% CI = 0.83, 7.75), excess absolute risk per 10 4 PY Gy
(EAR/10 4 PY Gy) is 1.31 (95% CI = 0.23, 2.39); and for thyroid
cancer - ERR/Gy is 5.31 (95% CI = 0.04, 10.58), EAR/10 4 PY Gy
is 1.15 (95% CI = 0.08, 2.22).

Introduction

It is common knowledge that for low
doses of ionizing radiation (0.2-0.3 Sv)
estimates of radiation risks based on
direct epidemiological studies are prac-
tically non-existent. Prediction of in-
duction of malignant tumours by radia-
tion in this range of doses is normally
made by extrapolation of risk coeffi-
cients from the region of relatively
high doses (1-2 Sv) to the region of low
doses. Therefore, it is particularly
important to establish radiation risk
coefficients at low doses: the recom-
mended coefficients and prediction mod-
els can then be tested for this range of
doses.

In this sense, the data accumulated
since the Chernobyl accident are of
unique value. Indeed, during the first
ten years of follow-up large amounts of
epidemiological data have been collected
characterizing health status of hundreds
of thousands of people who received low
doses. At the same time, there is lim-
ited number of studies in the literature
on the estimation of the Chernobyl ra-
diation risks and the question arises
whether it is feasible to assess radia-
tion risks by direct epidemiological
studies at all.

In our earlier studies estimates were
first made of excess relative risk for
morbidity and mortality of emergency
workers from malignant tumours and thy-
roid cancer incidence in children on the
contaminated territory of the Bryansk
region [1, 2]. It should be noted that
the radiation risk coefficients obtained
by direct epidemiological studies are in
good agreement with the recommended mod-
els.

One of the first manifestations of
the long term consequences of exposure
to ionizing radiation for the health of

the irradiated people is an increasing
leukemia and thyroid cancer incidence
rate. It is know that among radiation-
induced malignant tumours leukemia and
thyroid cancer have a  short latent pe-
riod (about 2-3 years for leukemia and
4-5 years for thyroid cancer). The time
passed since the accident is enough for
their induction.

This study deals with radiation-
epidemiological analysis of thyroid can-
cer and leukemia incidence in emergency
workers. The paper first presents esti-
mates of radiation risks completed in
1986-1995 and compares them with predic-
tions of models universally adopted in
the world.

In our earlier studies, the cohort of
emergency workers was described more
than once [3-5]. We, therefore, dwell
briefly on the cohort followed up in the
framework of Russian National Medical
Dosimetric Registry (RNMDR).

Materials and methods

As of 01.01.1996 the RNMDR database
comprises medical and dosimetric infor-
mation for 168 thousand emergency work-
ers. In 1986, 77.7 thousand people were
involved in remediation works, 58.7
thousand - in 1987 and 31.6 thousand -
in 1988-1990. As is known more than 200
thousand of emergency workers from Rus-
sia took part in remediation activities
in the 30-km zone of the Chernobyl NPP
in 1986-1990. Therefore, ten years after
the disaster unaccounted emergency work-
ers continue to be entered in RNMDR. At
present, RNMDR has a rigid hierarchy (in
line with the Decree of the Russian Gov-
ernment): the national level of the reg-
istry is realized in Medical Radiologi-
cal Research Centre in Obninsk, and 20
regional centres of the Registry are
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responsible for collection of data from
annual check-ups across Russia which are
then provided to the national level.

From the standpoint of dosimetric in-
formation about the emergency workers
cohort, the Registry includes only offi-
cial doses of external irradiation. The
accuracy of determination of the exter-
nal irradiation doses in emergency work-
ers remains a very complicated issue. We
estimate that the degree of uncertainty
in calculating individual doses may be
as high as a factor of 2.5-3.0.

Of 168 thousand emergency workers
registered in RNMDR to date, 119 thou-
sand (71%) have individual doses of ex-
ternal exposure. As is seen from Table 1
the highest radiation exposures for
emergency workers occurred in 1986: more
than 4.5% of 46575 people received the
officially reported doses that exceeded
the limit of 250 mGy.

For prediction of distant stochastic
radiation effects it is necessary to
account for age distribution of subjects
(Table 2). It should be underlined that
the mean age of emergency workers at the
time when they worked in the 30-km zone
was 33.5 years, which means that the
average life span at radiation risk (af-
ter exposure) exceeds 25 years. Today
(by 1 January 1996) the majority of
emergency workers (31.7%) are between
the ages of 40 to 44 years.

The primary goal of this study was to
determine radiation risks of leukemia
and thyroid cancer in the cohort of
emergency workers. This was done based
on the methods widely used in epidemio-
logy. The derived coefficients of radia-
tion risks were compared with the recom-
mended values .

Table 1
Dose distribution for liquidators by year of arrival in zone

Year of Number of Dose, mGy

Arrival persons 0 - 49 50 - 99 100 - 149 150 - 199 200 - 249 > 250

1986 46575 18.2% 10.2% 10.1% 20.7% 36.3% 4.5%

1987 48077 24.0% 51.9% 9.7% 8.1% 5.8% 0.6%

1988-1990 24764 87.3% 9.7% 1.3% 0.7% 0.6% 0.4%

1986-1990 119416 34.5% 25.9% 8.1% 11.8% 17.5% 2.2%

Table 2
Age distribution for liquidators with an established external dose

by year of arrival in zone

Year of Age on 1 th  January 1996

Arrival < 30 30 - 34 35 - 39 40 - 44 45 - 49 50 - 54 55 - 59 60 - 64 > 65

1986 4.7% 13.8% 17.9% 22.0% 26.9% 8.6% 4.8% 0.9% 0.4%

1987 1.8% 7.9% 19.5% 36.6% 27.6% 4.9% 1.2% 0.3% 0.1%

1988-1990 1.6% 2.8% 29.1% 42.2% 20.7% 2.6% 0.7% 0.2% 0.1%

1986-1990 2.9% 9.3% 20.8% 31.7% 25.9% 5.9% 2.6% 0.5% 0.3%

Results and discussion

Leukemia incidence

The present analysis considers 48
cases of leukemia in emergency workers
verified by the Medical Radiological
Research Centre of RAMS and local health
care establishments by 1 January 1994.
Verification of leukemia is a compli-
cated and lengthy procedure and, there-
fore, the study contains the analysis of
incidence from 1986 to 1993 inclusive.
By 1 January 1994 the RNMDR database
contained medical and dosimetric infor-
mation for 142 thousand emergency work-
ers, among which 48 leukemias were re-
ported.

Tables 3-6 show distribution of iden-
tified leukemias by some characteris-
tics.

Our analysis of radiation risks ac-
counts for all leukemia types (ICD-9
204.0-208.9). At the same time, it is
common knowledge that chronic lympho-
cytic leukemia is not a radiation in-
duced disease. The reason why all leuke-
mia types were included in the study is
because their number in 1986-1993 was
few. Another important point to mention
is comparison of observed and expected
(including radiogenic) leukemias. The
expected number of all leukemia types
was calculated using a multiplicative
prediction model in which coefficients
were derived based on the Japanese co-
hort of atomic bomb survivors [6].
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Table 3
Distribution of leukemia cases among EWs by date of entry in the Chernobyl zone

Date of entry (year) Number of cases
1986  25    (52.1%)
1987  16    (33.3%)
1988   5    (10.4%)
1989                  1     (2.1%)
1990                  1     (2.1%)

Total                 48     (100%)

Table 4
Distribution of leukemia cases among EWs by duration of stay in the Chernobyl zone

Duration of stay (months) Number of cases
< 1                 9     (18.8%)

1 - < 2                12     (25.0%)
2 - < 3 12     (25.0%)
3 - < 6                10     (20.8%)

6 - < 12                 2      (4.2%)
12 +                 3      (6.2%)

Total                48      (100%)

Table 5
Distribution of leukemia cases among EWs by external irradiation dose

Dose (mGy) Number of cases
< 50 12     (25.0%)

50 - 99                 8     (16.7%)
100 - 149                 6     (12.5%)
150 - 199  3      (6.2%)
200 - 249                 7     (14.6%)

250 +                 1      (2.1%)
No data                11     (22.9%)

Total                48      (100%)

Table 6
Distribution of leukemia cases among EWs by date of diagnosis

Date of diagnosis (year) Number of cases
1986 1
1987 5
1988 5
1989 3
1990 6
1991 11
1992 9
1993 8

Total 48

As is seen in Table 3, 41 leukemias
(83.4%) were observed in emergency work-
ers of 1986-1987. Yet, the RNMDR data-
base contains 116 thousand emergency
workers of 1986-1987 which makes 81.7%
of the whole database. That is why data
of Table 3 do not permit drawing any
unequivocal conclusions about 1986-1987
as risk factors. A deeper analysis is
required to assess the relation of inci-
dence in the irradiated cohort to that
in a reference unexposed group. For this
purpose, we calculated leukemia inci-
dence for the male population of Russia
standardized to the age distribution of
emergency workers. This value accounts
for expected number of cases. In the
study we use the indicator widely used

in epidemiological studies: SIR - ratio
of observed and expected incidence * .

Table 7 summarizes SIR estimates for
leukemias in emergency workers for two
time intervals: 1986-1989 and 1990-1993.
It should be emphasized that in both
cases SIR is more than 100%, i.e. inci-
dence of emergency workers is higher
that of the control reference group. At
the same time, this difference from the
reference with the confidence level of
95% is statistically significant only in
the 1990-1993 interval. It is also worth
noting another point: the absence of
                                             
* Standardized incidence ratio (SIR) in

the time interval [0, T] means the ra-
tio of the number of newly detected
cases in this interval (observed) to
the number of expected ones in per-
cent.
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demonstrated radiation risk in the 1986-
1989 period suggests that the assump-
tions in the prediction models regarding
the latent period of 2-3 years in induc-
tion of radiogenic leukemia were cor-
rect.

As was mentioned above, the study of
leukemia (all types) in the Japanese
cohort of atomic bomb survivors was de-
veloped from a dynamic model of radia-
tion risk and we used this model for our
predictions [6]. Besides the predictions
of the model, the main characteristics
of the cohort of emergency workers were
used: age and dose distribution and leu-
kemia spontaneous incidence for Russia.
Figure 1 shows data of the Chernobyl
Registry on leukemia incidence in emer-

gency workers and the corresponding pre-
diction curve. What can be inferred from
Figure 1? First, the prediction and ac-
tual data are in good agreement within
error limits. Secondly, as follows from
the prediction and can be clearly seen
from the Registry data, the peak of ra-
diogenic leukemia occurred 4-5 years
after the accident with the attributable
risk (AR) of 45-60% (AR = 1-1/SIR). This
suggests that each second leukemia de-
tected in emergency workers today is
radiation induced. Though the proportion
of radiogenic leukemias in emergency
workers is expected to decrease steadily
with time, continuation of studies this
area is one of the priority tasks of
RNMDR.

Table 7
SIR incidence of leukemia among EWs

Observation

period years

Observed

number of

cases

Expected

number of

cases

SIR
95%

confidence

interval

1986-1989 14 12.3 113 62, 190

1990-1993 34 19.2 177 122, 247
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Fig. 1.  Actual data and prediction of the dynamics of standard (leukemia) incidence
ratio (SIR) in the emergency workers cohort.

Thyroid cancer incidence

By 1 January 1995 RNMDR included 47
thyroid cancers in emergency workers.
These were diagnosed at various times
since exposure: the time interval be-
tween entry into the 30-km zone and de-
tection ranged from 1 to 8 years.

The hystologic types of the tumour
were: 42.8% of patients had follicular

cancer, 33.3% - papillar cancer, in
14.3% cases the tumour was some kind of
carcinoma. Table 8 presents main epide-
miological data on incidence. Overall,
28 thyroid cancers were detected in the
emergency workers of 1986, 15 - in emer-
gency workers of 1987 and 4 - those of
1988-1990.

Table 8 shows the standardized inci-
dence ratios (SIR) for the observation
period of 1986-1990 which is within the
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latent period for thyroid cancer and
those for the post-latent period of
1991-1994. It should be noted that dur-
ing 1986-1990 SIR does not differ sig-
nificantly from 100% for all groups of
emergency workers of 1986, 1987, 1988-
1990. At the same time, in the post-
latent period SIR by far exceeds 100%
(except 1988-1990 emergency workers) and
hence it reflects increased incidence,
as compared to the control group. As a
control group we took the male popula-
tion of Russia standardized by age.

As is seen from Table 8, the groups
of increased radiation risk are emer-
gency workers of 1986 (SIR = 670%) and
1987 (SIR = 590%). Of the 1986 emergency
workers, the highest risk is observed in
those who worked in the 30-km zone in
April-July.

To confirm the hypothesis about pos-
sible additional exposure of the emer-
gency workers of April-May 1986 to io-
dine radionuclides we estimated accumu-
lated SIR by months (Figure 2). It can
be seen that the risk of thyroid cancer
is the highest for the emergency workers
involved in the recovery operations in
June 1986. The risk for those working in
April-May and July appeared to be almost
identical. Therefore, at this point no
definitive conclusion can be made about
the effect of iodine radionuclides. On
the other hand, though the external ra-
diation doses in April-December 1986
were approximately the same (see Table
8), the risk of thyroid cancer increased
noticeably by the end of 1986 (Figure
2).

Let us now move to prediction of oc-
currence of thyroid cancer in emergency
workers. Figure 3 shows the observed
incidence rate for emergency workers per
100 thousand people and the expected
incidence rate (radiogenic plus sponta-
neous cancers). For calculation of spon-
taneous incidence we used statistical
data for the Russian Federation [7]. As
was said above, a considerable discrep-
ancy between the observed and expected
values is observed 4-5 years since the
disaster.

Figure 4 presents the dynamics of SIR
in 8 observation years for the 1986-1987
emergency workers. As is seen from Fig-
ure 4, the value of SIR for the time
period corresponding to the latent pe-
riod of 4 years remains practically con-
stant: 220-260%. If we assume that dur-
ing this period no induction of radio-
genic cancers occurs, then the differ-
ence of the observed SIR from 100% ac-
counts for the screening effect (better
medical examination). This plot also
gives an estimate of the expected input
of radiogenic cancers to SIR under the
assumption that the thyroid dose is only

due to external exposure. It may be seen
that the calculation model and risk co-
efficients [8, 9] account for only half
of the real effect of the SIR increase
after the latent period. If we exclude
internal exposure of thyroid to iodine
radionuclides, it can be inferred that
either the model is not perfect or the
external radiation dose is underesti-
mated. Of course, it may be a combina-
tion of these, or other, factors.

Figure 5 shows SIR for the emergency
workers of 1986 and 1987 separately de-
pending on time since exposure. It is
interesting to note that while for the
emergency workers of 1986 SIR increases
with statistical significance 4 years
after the disaster, for the emergency
workers of 1987 the SIR differs from
100% 5 years after the accident. This
reaffirms the existence of the latent
period in the induction of radiogenic
thyroid cancers. In both cases (inde-
pendent samples of 1986, 1987 emergency
workers) it equals 4 years.

Estimation of radiation risks

As was stated above, the main goal of
this study is not just an epidemiologi-
cal analysis in terms of SIR, but also
determination of radiation risk coeffi-
cients for leukemia and thyroid inci-
dence in emergency workers. By this the
following coefficients are meant: excess
relative risk per Gy (ERR/Gy), excess
absolute risk per 10 4 PY Gy (EAR/10 4 PY
Gy) and attributable risk percent (AR%)
at 1 Gy.

In estimation of radiation risk coef-
ficients it has to be assumed that the
increase in leukemia and thyroid cancer
incidence is due to the dose factor
only. At the same time, our calculations
suggest that certain estimates of the
dose relationship (using the epidemiol-
ogical method of internal comparisons
within cohorts) can be obtained only in
the next 10-15 years. This requires
about 2 ⋅106 PY of observations of the
cohort (today this quantity is about 10 6

PY).
In a large-scale epidemiological

study conducted some time ago to evalu-
ate the radiation risk of thyroid inci-
dence in children exposed to external
radiation these coefficients were esti-
mated to be: ERR/Gy = 7.7; EAR/10 4 PY Gy
= 4.4; AR = 88% [10].

At the same time, there is only a
limited number of works in literature
dealing with estimation of radiation
risks in induction of thyroid cancer
after exposure to iodine radionuclides
[11].
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Fig. 2.  Thyroid cancer incidence SIR among the emergency workers as a function
of time of spent in the radiation exposure zone.
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Fig. 3.  Thyroid cancer incidence rate among emergency workers as a function
of time since the accident.
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Fig. 4.  Dynamics of thyroid cancer incidence SIR among emergency workers
(who worked in 1986 or 1987).
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Fig. 5.  Dynamics of thyroid cancer incidence SIR among emergency workers
(1986 and 1987 workers separately).

As leukemia and thyroid cancer is a
rare diseases and the time of follow-up
of the emergency workers cohort is rela-
tively short, an external control group

was used for estimation of radiation
risks as an unexposed group.

To estimate excess absolute risk nor-
malized to unit dose the ratio was used:
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EAR
O E

PY D
= − ×

×
αα

,

where
O is observed number of cases;
E is expected number of cases ob-

tained with data of national medical
statistics;

αα is coefficient allowing for the
screening effect;

PY is person-years of observation;
D is external radiation dose [Gy].
Excess relative risk per 1 Gy is cal-

culated with the formula:

ERR
EAR PY

E
=

×
× αα

.

The attributable risk at 1 Gy dose
was obtained from the ratio:

AR
ERR

ERR
=

+
⋅

1
100% .

The confidence interval were calcu-
lated using the method of linearization
of the function of random variables.

Estimates of radiation risk coeffi-
cients were made for the cohort of the
1986-1987 emergency workers. This was
because the latent period in leukemia
and thyroid cancer induction have paired
for the indicated cohort.

In estimation of radiation risk coef-
ficients in the present study we intro-
duced a parameter αα accounting for the
effect of in-depth screening of emer-
gency workers. In line with the regula
tions of the Ministry of Health Care of
Russia the emergency workers are to un-

dergo an in-depth medical examination on
a yearly basis. This fact should be
taken into account because as a control
comparison group we used the male popu-
lation of Russia standardized by age to
the cohort of emergency workers.

For leukemia incidence the coeffi-
cient α = 1. Indeed, as is seen from
Table 7, during the latent period (1986-
1989) SIR = 113% and it does not differ
with statistical significance from 100%.

For thyroid cancer incidence (Table
8) α = 2.6. This is because during the
latent period (1986-1990) SIR = 260%
(when no radiation induced cancers are
expected), differs from 100% with sta-
tistical significance and reflects the
effect of in-depth screening.

The indicated screening effect is
well known from the literature. For ex-
ample, the in-depth screening coeffi-
cient for the cohort of atomic bomb sur-
vivors (LSS) is: 2.4 for female and 3.5
for male population [10].

Tables 9, 10 present radiation risk
estimates for the emergency workers co-
hort and their comparison with litera-
ture data by other cohorts.

As is seen from the tables, there is
good agreement between the risk values
obtained by us and coefficients pub-
lished earlier in the literature. Fur-
ther epidemiological study of the emer-
gency workers cohort would permit deriv-
ing radiation risks from basic parame-
ters: radiation dose, age at exposure
and time since exposure.
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Table 9
Radiation risk of leukemia incidence among EWs

(1986-1993 observation period)

Data source EAR/10 4  PY Gy
(95% CI)

ERR/Gy AR (at 1 Gy) %

EWs 1.31 (0.23, 2.39) 4.30 (0.83, 7.75) 81

LSS cohort 2.38 7.8 88

Table 10
Radiation risk of thyroid cancer incidence among EWs

(1986-1994 observation period)

Data source EAR/10 4 PY Gy
(95% CI)

ERR/Gy AR (at 1 Gy) %

EWs 1.15 (0.08, 2.22) 5.31 (0.04, 10.58) 84

BEIR V 1.25 5.8 85

Conclusion

The results of the radiation-
epidemiological studies on leukemia and
thyroid incidence in the emergency work-
ers of the Chernobyl accident are impor-
tant from two aspects.

First, they provide objective evi-
dence to the medical consequences of the
Chernobyl disaster. Indeed, dozens and
hundreds of Chernobyl studies have been
published recently whose results are
conflicting and groundless. In some
works the consequences of the disaster
are globally overestimated, which re-
sults in further spreading of the
“ Chernobyl syndrome” . Others, on the
contrary, are biased to minimize both
direct stochastic radiation effects and
indirect effects related to psychoemo-
tional aspects of the Chernobyl acci-
dent. For objective estimation it is
necessary to rank all adverse factors
and, primarily, estimate the number of
radiation-induced diseases.

The second issue of importance is the
application of the Chernobyl experience
to determine radiation risk coefficients
based on the analysis of medical conse-
quences of the disaster. It should be
emphasized that there is a unique possi-
bility of epidemiological analysis of
the first 10 years since the accident.
As a result of many-years studies of the
Japanese cohort of atomic bomb survi-
vors, epidemiological material of sev-
eral million person-years is available.
The currently used models and radiation
risk coefficients are mostly based on
those studies. On the other hand, the
amount of epidemiological data on the
Chernobyl accident is comparable to the
Japanese data even today (10 years after
the disaster). Therefore, today’s task
is to adjust existing models and coeffi-
cients and create new ones based on the
Chernobyl epidemiology. This is particu-

larly important considering the range of
low doses (to 0.5 Sv) and difficulty of
obtaining reliable risk coefficients for
these dose range. This is, in fact, the
goal we pursued in this study, though
the presented results are only prelimi-
nary and can be corrected in future
based on information provided to the
National Chernobyl Registry.
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The authors express their apprecia-
tion to Prof. A.Kellerer, Drs. E.Cardis,
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