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Abstract This paper gives an overview on the total number of thyroid cancers ob-
served in Belarus after the Chernobyl accident among children, discusses possible
sources of the observed increase over expected cases and compares these observations
with predictive calculations using different risk coefficients published in the literature.
To this purpose exposure estimates of the thyroid are made for children living in three
selected areas. Different radioecological, dosimetric and other reasons make it very
difficult to obtain reliable dose estimates for these victims, and the use of published
risk coefficients for the assessment of future developments of the thyroid cancer inci-
dence rates results in predictions which do not agree too well with the observations.

1. Introduction

A significant increase of the incidence of thyroid cancer in the Belorussian population was
registered after the Chernobyl accident, mainly among those exposed in childhood [1,2]. This
has stimulated great scientific interest, because it is well known that ionizing radiation, as it
was received by Belorussian population due to the Chernobyl accident, can induce thyroid
cancer [3,4,5]. The thyroid gland of children is especially sensitive to the biological action of
radiation exposure, and the thyroid doses among children were higher than among adults of
Belarus. These may be two of the main reasons of especially high expression of thyroid
cancer incidence among Belorussian children. There are several other causes that could have
influenced the development of thyroid tumors in Belarus after the Chernobyl accident. To
quantify the contribution of radiation exposure to the increased thyroid cancer incidence rates
it was therefore necessary to study

• the relationships between radiation exposure of the thyroid gland in childhood and
the probability of the subsequent development of a thyroid cancer,

• the role of screening - intensity, - technique, etc. carried out in the territory of
Belarus, in the revealing of the thyroid cancer cases,

• the role of stable iodine deficiency in Belarus, which is an an endemic goiter area, in
the development of radiation-induced cancer,

• the influence of stable iodine application during the acute phase of the accidental
exposure on the development of thyroid cancer.
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The purposes of this paper are a discussion of the possible causes of this increase in thyroid
cancer incidence and a comparison between epidemiological observations of excess cancer
cases in three selected areas in Belarus with calculations of predicted cases using published
risk coefficients.

2. Thyroid Cancer Cases Observed in Belarus

From the time of the accident until the end of 1994 422 thyroid cancer cases were registered
among children exposed under fourteen years of age in different regions of Belarus. 51 % of
these cases were revealed among persons who were living in Gomel region during the
accident, and more than a quarter of these 217 cases were registered among persons who
were exposed in the city of Gomel. On the whole, 25% of all 422 cases registered during
1986-1994 were found among children who were exposed in the cities of Minsk, Gomel,
Mogilev, Brest, Vitebsk and Grodno.

Only 22 % of the thyroid cancers occured in persons who were older than 14 years at the
time of diagnosis. 62 % of all cases were observed among females. The ratio between cancer
cases among females and to those among males is 1.64.

3. Thyroid Exposures in Selected Reference Areas

The analysis of the contribution of the radiation exposure to the increase of the thyroid
cancer incidence requires data about thyroid doses for exposed populations. In this study the
doses to the thyroid are estimated from the results of direct measurements carried out in
May-July 1986 for persons living in the contaminated regions of Gomel, Mogilev and Brest
and in the city of Minsk.This preliminary analysis shows that 2.3% of children exposed
between 6 months and 2 years and 0.03% of adults might have received doses higher than
lOGy. A comparison of average thyroid doses calculated for adults and for persons aged
under 18 years shows that doses received by children and juveniles are likely to have been 3-
10 times higher than those for adults [6].
Unfortunately, the poor quality of the input data for the dose reconstruction is responsible

for a high level of uncertainty in the dose assessment.The derived values of calculated doses
are strongly depending on the method of evaluation and on the assumed parameters. For the
purpose of the present investigation we selected three so-called reference areas for which the

Table 1 Characteristics of the selected reference areas

Area Distance from the Density of iodine Collective dose,
Chernobyl station, 131 in soil, person-Gy

km kBq per m2

Minsk-city

Gomel-city

Hoiniki-district

320

120

<60

185

1850

1850-

-370

-5550

>37000

37140

57900

12210
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values of the average thyroid doses were derived by Gavrilin et al. [6,7] on the basis of direct
measurements (Table 1). These reference areas differ in several characteristics; they represent
settlements at different distances from the nuclear power station and with different levels of
doses received. In addition, they reflect two categories of exposed populations, namely urban
and rural populations.

4. Observed Thyroid Cancer cases in the Reference Areas

After the accident in these reference areas a significant number of thyroid cancer cases were
registered for people exposed in childhood (table 2).

Table 2 Thyroid cancer incidence rate for children exposed under 14 years
of age in the reference areas (cases/105 children)

Region 1986 1987 1988 1989 1990 1991 1992 1993 1994

Minsk-city 0 0 0.27 0 0.81 0.54 1.35 2.15 1.62

Gomel-city 0 1.73 0.86 0.86 2.59 14.68 8.61 7.77 15.5

Hoiniki-district 0 0 0 18.0 0 72.17 54.1 36.0 18.0

It is known that the thyroid cancer incidence rate among children and young adults was
relatively small. According to WHO data, the incidence rate for children under 15 years
before the Chernobyl accident was 0.1/105 per year during 1983-1987, for young adults it
was higher, namely 0.41/ 105 per year.

These data show that a significant increase of the thyroid cancer incidence rate was ob-
served in different regions and in all Belarus earlier in time after exposure than expected on
the basis of some previous studies [3,4,5].

5. Possible Factors of Influence on the Reported Cancer Incidence Rates

As mentioned at the beginning of this report, the role of screening in the observed increase of
the thyroid cancer incidence rate after the accident was evaluated. On the basis of
investigations carried out in Belarus the following conclusions were obtained. Children and
juveniles in the Ushachi district of the Vitebak region (which was almost not contaminated)
and in the Hoiniki district of the Gomel region were examined in 1993 by groups of
physicians with the same qualification of personal, the same equipment and the same method
of investigation. In the Hoiniki district they found 4 thyroid cancer cases and none in the
Ushachi district [9]. The role of screening in the increase of the revealing may therefore be
estimated as small, because if there were no developed cancers, they were not revealed.

Another serious question is the potential influence of the traditional iodine deficiency in
Belarus, particularly, in the Southern regions. Because of this, the uptake can be increased
but the size of an affected gland may also be different, namely bigger than the average
assumed in the dose assessment. As a result,the iodine deficiency may actually lead to small a
decrease of calculated dose values. Besides that, the effectiveness of radioiodine in its
carcinogenic action on the modified gland may be different from the expected level. The
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induction of thyroid cancers by radiation exposure may be changed by prior application of
stable iodine. After the Chernobyl accident the application of stable iodine was not carried
out in necessary terms. The evidence of this fact is confirmed by the differences in levels of
thyroid doses particularly in regions near the nuclear power station. The question about the
influence of stable iodine application after the first week after the accident on the thyroid
cancer appearance is disputable now. 662 evacuated children were investigated, who were
examined in Minsk clinics because of their high dose rate above the thyroid gland. 552 of
these children received stable iodine with an average dosage of 2.89 g (range: 0.02 - 27 g).
During 9 years after exposure no thyroid cancer cases occurred among these children. This
study can be a first part of an evaluation of the influence of stable iodine application on the
development of thyroid cancer. However, no final answer can be given already now.

6. Calculated Thyroid Cancer Incidence Rates

To investigate the ability of well-known published coefficients of radiation-induced thyroid
cancer risk to calculate the observed incidence of thyroid cancer in Belarus, the observed and
calculated thyroid cancer cases were compared for these selected reference areas.

According to the NCRP-model [8] we assumed that the latency period for thyroid cancer is
5 years and that the distribution of the cases during years at risk is practically the same. The
first value of an absolute risk coefficient adopted here is 2.5 cases per 104 PYGy [8]; this
value was derived from a combination of several studies. According to another risk
estimation, which was carried out on the basis of seven previously published studies of
thyroid cancer after acute external irradiation, the absolute risk coefficient might be 4.4 per
104PYGy (95% CI = 1.9, 10.1) in this case [9], These both values were used for comparison
with the observed data; the results are shown in Table 3.

Table 3 Comparison between observed and predicted thyroid cancer cases after
the Chernobyl accident in selected areas of Belarus

Area

Minsk-city

Gomel-city

Hoiniki-district

Collective dose
(person-Gy)

37140

57900

12210

Observed cases
for 1990-1994

21

54

20

Predicted cases for 1991-1994

Absolute risk
2.5 x 104(PYG;

37

58

12

= Absolute risk =
/)'1 4.4 x 104(PYGy)''

65

102

22

The result of this comparison between observed and predicted number of cases using these
two coefficients shows that for the Hoiniki district with high levels of average thyroid doses
the number of observed cases is higher than predicted with the NCRP-risk coefficient and
compares better to the higher value of ref. 9. For the cities of Minsk and Gomel the number
of observed cases are less than predicted. The lack of regularity in the results of this
comparison makes it difficult to draw general conclusions. However, it appears that the
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smaller risk coefficient of 2.5 x 104 (PYGy)"1 leads to results which agree better with the
observed numbers than the higher risk coefficient.

7. Conclusions

In general, it must be admitted that different radioecological, dosimetric and other reasons
cause significant difficulties of correct prognosis for the thyroid cancer incidence rates in
Belarus after the accident. Using published risk coefficients for these predictions leads to
considerable uncertainties (at least about a factor of 2) in this prognosis.
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