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Abstract

We analyzed 62 cases of thyroid cancer in children and adolescents of Bryansk and Kaluga
regions, the most contaminated as a result of the Chernobyl accident. The data on specified
radiation situation as well as probable radiation doses to the thyroid are given. It is noted
that the development of thyroid cancer depends on the age of children at the time of accident
(0-3, 7-9, 12-15 years). They arc the most critical periods for the formation and functioning
of the thyroid, in particular, in girls. It is suggested that thyroid cancer develops in children
and teenagers residing in areas with higher Cs-137 contamination level at younger age than
in those residing in less contaminated regions. It is shown that the minimal latent period in
the development of thyroid cancer makes up to 5 years. The results of ESR method on tooth
enamel specimen indicate that over postaccident period the sufficient share of children has
collected such individual radiation dose which are able to affect on their health stale and
development of thyroid pathology.

For a long period of time Russia unlike Belarus and Ukraine was considered to
be "favourable" by the development of thyroid cancer in children and adolescents after
the Chernobyl accident. Such a fact appeared to be a dissonance in the common concept
on the possible radiation induction of thyroid tissues to malignancy when received
relatively low doses of iodine radionuclide. In addition, it was incomprehensible why
Briansk region directly adjacent to Gomel region in Belarus, which had practically the
same soil contamination, showed no increase in thyroid cancers in children. To settle this
problem in 1991 a systematic medical examination of population residing in south-west
districts of Bryansk region started under the concept of 3-stage prophylactic examination.

At the same time specification of radiation situation in Bryansk and Kaluga
regions as well as probable radiation doses to the thyroid was performed.

The total area in Bryansk region contaminated by Cs-137 over 37 kBq/sq.m makes
up about 12.000 sq.km. 1.392 settlements with 470.000 population are located in this
area. Among this population children and adolescents total 120.000. More than 93.000
individuals reside in the areas with Cs-137 contamination over 555 kBq/sq.m.

Mean doses of thyroid irradiation by iodine radionuclides ranges from 120 mGy
for adults to 500 mGy in children aged under 7. In settlements with contamination level
over 555 kBq/sq.m, the mean doses to the thyroid in children under 7 achieve 2200 mGy
and individual doses several thousand cGy.



In Kaluga region the total area contaminated by Cs-137 over 37 kBq/sq.m is equal
to 5.000 Sq.km. 424 settlements with 94.000 population including about 24.000 children
and adolescents are located on this area. Kaluga region has no settlements with
contamination density over 555 kBq/sq.m. The mean doses of thyroid irradiation by
iodine radionuclides ranges from 50 mGy for adults to 250 mGy in children aged under
7. In settlements with contamination density over 185 kBq/sq.m the mean doses in
children under 7 are equal to 500 mGy and individual doses in some children achieve
10.000 mGy.

The estimation of collective doses of thyroid irradiation by iodine radionuclides
in children and teenagers residing in the regions with soil Cs-137 contamination density
over 37 kBq/sq.m shows that during the whole life period one may expect about 240
cases of radiogenic thyroid cancer in Bryansk region and 30 in Kaluga region. In addition
to this rate 30% increase in thyroid cancers may be expected due to external and internal
Cs irradiation.

To date, thyroid cancer has been verified morphologically in 62 patients who were
children and adolescents at the time of the accident (Fig. 1).
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Fig. 1 Number of thyroid cancers in children and adolescents of Bryansk
and Kaluga regions depending on the age at the time of accident
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This figure shows that thyroid cancer developed in 19 children who were irradiated in-
utero and at the age of 4, in 14 children at the prepubertal age and 17 at the pubertal age.

In fact, thyroid cancer development depends on children's age at the time of accident
(0-3, 7-9, 12-15). They are the most critical ages for the development and functioning of the
thyroid, in particular, girls. Of 62 registered thyroid cancers 42 cases occurred in females and
20 in males.

The standardized rate of thyroid cancer incidence in residents of Bryansk region, who
were at the age of 24 at the end of 1994, is much higher than the same rate in Russia on the
whole (Fig. 2). The data presented indicate that the highest risk of thyroid cancer occurs in
girls aged 5-9 and boys aged 10-14. By 15-19 and especially 20-24 the rate of thyroid cancer
incidence is practically similar in groups of both sexes.

To our mind, it is interesting that thyroid cancer develops in children and teenagers
residing in the regions with soil Cs-137 contamination density over 185 kBq/sq.m at younger age
(Fig. 3, 4). Figure 3 shows that the average age rate at the time of accident and diagnosis
makes up 4.8 and 12.3 years, respectively, whereas this rate is equal to 10.6 and 18.1 years (Fig.
4) for individuals residing in less contaminated territories (up to 185 kbq/sq.m).

The medical and dosimetric investigations of the verified cases of cancer showed that
the most probable reconstructed thyroid doses of 1-131 irradiation ranges from 20 to 2400 mGy,
these values being in the direct dependence on the residence (Table 1).

Estimating the obtained results one may suggest that a basic etiological factor in the
development of thyroid cancer appears to be radioactive iodine. It is quite possible that low
doses (20-200 mGy) to thyroid tissues only provoke the disease available and, on the contrary,
higher doses result in the development of malignant tumors de novo.

Currently, it is impossible to answer the question on the contribution of other radiation
sources (external and internal Cs-137) to the development of malignant tumors although our
results and the results of other researchers indicate their participation in the development of
thyroid cancer. It is difficult to estimate the significance of other sources due to their long-term
exposure (years) at low dose rate.

Children residing in the regions where soil contamination density is equal to or over 555
kBq/sq.m have the whole body average collective dose of external and internal irradiation much
higher for the period of 1986-94 (90-140 mGy) than those residing in the territories with lower
soil contamination (20-90 mGy).

The results obtained using ESR method for tooth enamel specimen show that for the
period of time after the accident a sufficient part of children have such individual collective
doses of radiation which are able to affect on their health state including the development
thyroid pathology and thyroid cancer. In 41% of cases this collective dose makes up 120-150
mGy and in 12% of cases even more than 250 mGy.

One may suggest that the aggressive course of thyroid cancer especially in children of
younger age group is associated with the suppression of immunity which occurs in the examined
groups. Moreover, the humoral link is more suppressed in children residing in the areas with
soil Cs-137 contamination density over 555 kBq/sq.m. the most number of thyroid cancer has
been found just in these regions.

The clinical manifestation of thyroid cancer is known to have a latent period which may
range from 5 to 20 years [1, 2]. Our results indicate that in fact the minimal latent period
makes up 5 years having no dependence on the age and, probably, dose of thyroid radiation
(Table 2). The table shows that the pathological process takes practically the same time in all
age groups. On the basis of these results one may conclude that if this tendency is observed
in adults, the same increase in thyroid radiogenic cancers should be expected in them.
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Fig. 3 Age-specific distribution of thyroid cancer cases in children and adolescents residing in
the territory of Bryansk regon with Cs-137 surface soil contamination over 185 kBq/m2

( at the moment of the accident - a; at the moment of diagnosis establishment - b )
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Valid N Mean Minimum Maximum Std.Dev.
a) 35 10.57143 2 18 4.160640
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Fig.4 Age-specific distribution of thyroid cancer cases in children and adolescents residing in
the territory of Bryansk regon with Cs-137 surface soil contamination before 185 kBq/m2

( at the moment of the accident - a; at the moment of diagnosis estabtishment - b )
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The availability of the prolonged latent period of clinical manifestation of thyroid cancer
shifts "children's cancer" to teenager and adult groups. Without taking into account this factor,
the problem of child's thyroid cancer would be artificially avoided during next 5 years. In this
connection it is necessary to focus a great attention on the study of thyroid pathology in
individuals born in 1968-86. This cohort of persons should be studied as those who received
external and internal thyroid irradiation as child and adolescent. Control for them should be
individuals selected by the same age and sex from the "clear" areas.

The analysis of thyroid cancers in children and adolescents taking into account sex and
age at the time of accident and diagnosis, time and clinical manifestation and frequency of the
disease depending on soil contamination density by Cs-137 and radioactive iodine enables to
come to the conclusion that most revealed thyroid cancers could be considered as radiation-
induced ones.

Table 1
Results of medical and dosimetric investigation of thyroid cancer in children and adolescents

of Bryansk Region

Range of Cs-137
contamination,

Ci/km2

0.1-1.0

1.0-5.0

5.0-15.0
and over 15.0

Plase of residence at the
moment of the accident

Bryansk, Dyatkovo,
Karachev, Seltso, Unecha,

Trubchevsk,
Vygonichckiy,

Kamarichsky and
Suzemsky districts

Klintsy, Navlya,
Klimovsky, Starodubsky
and Trubchevsky districts

Novozybkov,
Novozybkovsky,

Klintsovsky, Klimovsky
and Krasnogorsky districts

Number of
cases

14

10

11

The most
probable dose to

the thyroid,
mGy

15.0 ± 2.9
(10-50)

229.0 ± 74.4
(15-700)

1290.9 + 210.4
(400 - 2700)
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Table 2

Time of klinikal manifestation of thyroid cancer in children and adolescents after the
Chernobyl accident (Russia, 1995 )

Age at
the
moment
of the
accident

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
Total

T i m e o f t h e t h y r o i d c a n c e r
d e t e c t i o n ( y e a r s )

1986 1987

1

1888

I

1

1889 1990
1

1

1

1991

2
1

1 1

4 | 4

1992
3

1

1
2

1

8

1993
3

1
1

1
1
1
1

2

1994
2
2
2

1
5
1
2
1
1

1

1

1995
1
1
3
2

2

2 1

13 21
1
11

Number

of

cases

10
3
6
3

1
7
2

s
2
2
6
2
3
6

3
1
62
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