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SUMMARY

Children from areas affected by the Chernobyl accident have been receiving medical care in
Cuba since 1990. The assessment of the radiological impact includes: measurement of 137Cs body
burden; internal, external, thyroids and total dose estimation; evaluation of the overall health
condition and behavior of hematological, endocrinological, and cytogenetic indicators.

Measurements of body activity and dose estimation have been performed on 4506 children
from Ukraine (69.3%), Russia (22.5%) and Belorrus (8.1%). Assessments of overall health
conditions hematological and thyroid indicators have been made in five groups (1...5) established
according to the surface contamination levels (137Cs) of the children's local origins. Groups cover a
total of 3033 children from Ukrainian townships. Surface contamination increase from group 1 to 3
and is unknown in group 5, group 4 include evacuated children. Chromosome and micronuclei
aberration rates were established in 28 children evacuated from Pripyat, 21 living in Kiev and 20 in
Ovruch.

In 69% of the children, contents of I37Cs activity was detected in the body. Specific activity
fluctuated from 1.5 to 565 Bq/kg. Of the children measured, 90% showed a specific activity under
20Bq/kg.

For the study year estimated doses were: external, 0.04-31 mSv (90% of children with
values under 2 mSv), internal (137Cs), 2 nSv - 5 mSv; in thyroids, 0-2.Gy (44 % of the children
with values under 40 mGy) totals, 0.2-84 mSv (80% of the children with values under 5 mSv).
Thyroid hyperplasia increased from group 1 (51%) to group 4 (69%). All other diseases and
indicators examined showed no variations between groups 1-5. Dicentric and micronuclei rates per
one hundred cells were 0.02 and 0.56 in Pripyat, 0.04 and 0.6 in Kiev and 0.03 and 0.6 in Ovruch.
All individual rates were normal.

I - INTRODUCTION.

There were social organizations of the former Soviet Union that by the end of the 1980's
requested effective co-operation in medical care for the people linked to the accident from the world
scientific community. Responding to the appeal, the Government of the Republic of Cuba set up a
comprehensive medical care program for children of these areas that started operating on March
1990.

The program began by selecting and classifying the children from affected areas that would
travel to the island. This process was implemented by a Cuban medical team, in co-ordination with
local health authorities and the support of the social organizations sponsoring this endeavor. The
main selection criteria was health status and possible health rehabilitation. Surface contamination of
children's living location, body burden or other radiological parameters were not taking into account
and were not know by a medical team.
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Those selected were divided into four groups, according to ailments and required level of
medical care. Group I included children with onco-hematological disorders , some 3% of all selected
cases , and are cared for in specialized hospitals. Group II had the children with chronic or acute
intercurrent diseases that required hospitalization at arrival to Cuba and represented some 17% of
the selected cases. Group III included children with diseases that could be treated through out-
patient services and represented approximately 60% of all cases. Group IV was made up by
relatively healthy children, representing 20% of the total [1]. Children from groups III and IV were
selected for the studies. The main stage of the studies were:

• The measurement of I37Cs body burden.
• The doses estimation trough different pathway.
• The biomedical evaluation.

A computerized system was developed, which allows automated processing and analyses of
the studies results.

2 - MEASUREMENTS OF I37CS BODY BURDEN.

Of the gamma emitters radionuclides released during the Chernobyl accident, l37Cs has the
longest half-life and for that reason it contributes significantly to the doses for a long period of
time, hi people living in areas affected by the accident it is possible to detect the presence of mis
radionuclide in the body and make an estimate of the doses due to internal contamination.

2.1.- Materials and methods

Table I shown general characteristic of the group of children studied.

Table I - General characteristics of the group of children studied.

Republic

Belorrus

Ukraine

Russia

Total

Number

of towns

82

421

156

659

Amount of

children

367

3121

1018

4506

Age

(years)

7-16

1-17

3-16

1-17

Sex (%)

M

49

54

56

53

F

51

46

44

47

Two whole-body counters with partial shadow shield (5 cm led) and stretcher geometry,
were installed. A 150*100 mm NaI(Tl) detector and an AMC-01 domestic-made multi-channel
analyzer were used in each facility.

A set of phantoms made up of plastic containers were used to calibrate the system. They
cover from a 5 kg child to the 70 kg Reference Man [1]. The radionuclides used in the calibration
were gamma emitters with 511-1460 keV energies: 85Sr, ^Mn, 137Cs and ^K. The phantom used to
measure background has an amount of potassium and calcium corresponding to each weight [2,3],
which makes I37Cs determination more precise since the contribution of the *° K present in each child
is well known.
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In the case of the I37Cs, detection efficiency for each phantom was adjusted through the
minimal square method, depending on its ratio (weight/high) [1]. Minimum detectable amount
(MDA) was established according to the ratio others have recommended [3].

Detection efficiency and minimum detectable amount values are shown in Table II.
Measurement error of an activity for a 90% confidence interval was estimated at 32%.

Table II.- Whole Body Counters Characteristics

Radionuclide

I 3 7Cs

40J,

Counter-1

e (cps/Bq)*

3,09 E-3

1,63 E-3

MDA (Bq)**

105

1036

Counter-2

e (cps/Bq)

2,66 E-3

1,69 E-3

MDA(Bq)

126

804

* Phantom of Reference Man
** Measurement Time 25 min.

The behavior of activity distributions measured in the children of each region was studied.
Equality hypothesis of distributions found with respect to log-normal distribution was subjected to
the Kolgomorov-Smirnov bond adjustment test.

2.2.- Results and discussion

Table III shows the general results of the measurements made in the three republics.

In 69% of the children, contents of 137Cs activity was detected in the body with values that
were higher than minimum detectable amount. Specific activity fluctuated from 1.5 to 565 Bq/kg.
Of the children measured, 90% showed a specific activity under 20 Bq/kg. Activity distribution had
a log-normal character in each region studied. Adjustment bond test was accepted.

Table III. - General Results of I37Cs Measurement in the Body of the children for the
Three Republics Studied.

Republic

Belorrus

Ukraine

Russia

Totals

Number of
children

measured

367

3121

1018

4506

Measurement with

total activity higher

than MDA

Amount

324

2239

548

3111

%

88,3

71,7

54,1

69,1

Total
activity
interval

(kBq)

0,1-8,5

0,1-31,8

0,1-11,5

0,1-31,8

Specific activity
interval

(Bq/kg)

1,5-363

1,5-565

1,5-195

1,5-565
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Figure 1 shows values of activity measured for different age groups in the region of Kiev. It
is noted that the larger number of measurements were made on children of 8 to 14 years of age. The
activity 's value interval is similar for each age, which may confirm that measured activity values
have no direct relationship to the age of the children. There was no relation found between levels of
internal contamination and eating habits either.

Relations between mean values of specific activity of the children from different regions and
levels of surface contamination reported by others [4,5] are shown in Figure 2. An increased
contamination was noted in the body as surface contamination increased, although it is not possible
to establish a defined functional character with appropriate statistical rigor.
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Fig. 1 Values of Mean Activity for Different Age Groups in the Region of Kiev.
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Fig. 2 Relation Between Mean Values of Specific Activity and Levels of Surface
Contamination
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3- DOSES ESTIMATION THROUGH DIFFERENT PATHWAYS

To make an approximate evaluation of the accident's radiological impact in children
assisted in Cuba and to advice local health authority, several doses estimates were made, including:
external radiation doses; 131I doses in thyroid; ^Sr contamination doses and integrated effective
doses in 70 years due to 137Cs incorporation to the body of the children, assuming a chronic
incorporation model. Of these estimations, only 137Cs internal doses are based on direct
measurements. The others doses were estimated by modeling and are not of the same level of
accuracy.

3.1.- External Radiation Doses

The preliminary data to estimate the doses equivalent due to external radiation was obtained
through a survey made with each child to learn about their geographic origin and location after the
accident, and life and eating habits during and after the accident. Doses were estimated from
Ukraine official data and from other international agencies where values of doses rates and surface
contamination of the regions of origin of the children had been published [4,5].

Radionuclides I03Ru, 131I, 134Cs and l37Cs were used to estimate external radiation doses for
the first year after the accident.

Distribution of children per external radiation doses intervals for the fourth year shows that
90% of the children received radiation doses under 2 mSv while only 5% received doses higher than
5 mSv. The highest estimate for that period was 31 mSv. The behavior of doses values for the study
year and forecast in 70 years is linear.

3.2.- Internal Doses

The estimate of effective doses produced by the ^Sr was limited to a small group of 1314
children from areas where surface contamination values with this radionuclide are known. Transfer
factors recommended by UNSCEAR were applied [6].

The thyroid-absorbed doses produced by 13II were hypothetically estimated, knowing the
ratio of this radionuclide with 137Cs on the ground. Transfer factors [6] were applied to the areas, in
line with 137Cs surface contamination presented in other papers [4,5].

To estimate internal contamination doses, the methodology used was the one recommended
by ICRP publication 30 [7], with some modifications for children.

The 137Cs integrated effective doses was estimated for the study year and for 70 years since
intake began, assuming a chronic incorporation model. The distribution of children per doses
intervals show that 76% of children received doses under 0.1 mSv. Maximum estimated values have
mSv unit values.

The distribution of the effective doses due to ^Sr shows that 25% of the children receive
higher doses than the mSv unit. Maximum doses are not higher than 5 mSv.

The hypothetical estimation of thyroid-absorbed doses in some regions showed values of up
to 2 Gy. It should be noted that it is a conservative estimate since a l31I/137Cs quotient in the
environment is assumed, something not well known by specific locations. It is estimated that 44% of
the children received doses in thyroid higher than 40 mGy.
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3.3.- Total Doses

The contribution of all doses components are outlined in Table IV. The highest contributors
in the first time interval are external radiation and l3II hypothetical contribution. As a whole,
external radiation is the main contributor. Children distribution per total doses intervals show that
90% received total doses under 5 mSv. Maximum values are not higher than 0,2 Sv.

Table IV - General Results for the Group of Children Studied.

Doses
component

External Doses

Internal

Doses

Doses intervals (mSv)

I J 7 Cs*

^Sr

Total doses

For 4 years

< 1 -31

«1- 5

< 1- 4

2-84

<1 -84

For 70 years

4-87

<1 -7

< l - 4

2-61

8-171

* Assuming chronic intake up to the fourth year.
** Effective doses.

4 - BIOMEDICAL EVALUATIONS.

The medical diagnoses and laboratory tests results done on 3033 children from 421
townships of the Republic of Ukraine were used for the evaluation of the overall health condition
and behavior of hematological and thyroid indicators.

Bearing in mind the many townships and the small number of children per township, 5
groups were set up for the study (Table V).

Table V.- Groups Set Up for Biomedical Studies.

Group

1

2

3

4

5

Contamination

[kBq/m2]

<37

(37-185)

>185

evacuated

unknown

Number

of towns

33

63

19

13

293

Number of

children (%)

831 (27.4)

512(16.9)

192(6.3)

719 (23.7)

779 (25.7)

Age (years)

Average

10.8

11.1

11.4

11.2

11.4

Interval

2-17

1-16

4-17

5-20

1-17

Sex((

M

54

59

42

57

59

Vo)

F

46

41

58

43

41

The main dosimetric characteristics of these groups are observed in Table VI.
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Table VI- Main Dosimetric Characteristics of the Groups Studied. Mean Values.

Group

1

2

3

4

5

Cases
>MDA

%

65

85

97

70

74

Sp. Act.

(Bq/kg)

6

14

21

6

10

External Doses(mSv)

study
year

<1

1

7

<1

70
years

1

5

29

1

I37-Cs Int. Doses (uSv)

study years

40

90

140

40

70

70
years

60

140

210

60

110

Thyroid
Doses

(mGy)

43

148

890

Total Doses (mSv)

study years

2

6

35

<1

< < 1

70
years

3

11

57

1

0,1

In the valuation of obtained results the characteristics of the Cuban Program must be take
into account.

4.1.- Morbility

The most common diseases, according to the World Health Organization's International
Classification of Diseases [8] were: Endocrine-Metabolic 62%, Hematological 37%, Respiratory
26%

Thyroid hyperplasia represent 99% of endocrine-metabolic diseases. Grades IA and IB
hyperplasia predominate among them.

Non-specific chronic limphaadenitis represent 99% of cases diagnosed with hematology
pathologies. The cases diagnosed and treated as anaemia, with hemoglobin values under 100 g/L,
represent less than 1%.

In respiratory diseases, chronic infectious processes of the upper respiratory tract, mainly
the oropharynx and nasopharynx (88%), predominated.

4.2.- Hematology Indicators

The hematological indicators examined in the study were haemoglobin, haematocrites
and leucocytes, eosinophils, monocytes, polymorphs and lymphocytes count. All indicators
showed not variation between groups. In the total of the cases studied the most significant
results were: fifteen percent (15%) of cases have hemoglobin levels under values considered
normal. Lymphocitosis was present in 59% of cases, supposedly linked to parashary infectious
diseases. Leucopenia levels varied from 4% (group 4) to 2% (group 3). Eosinophilia, that
fluctuates between 19% (group 4) and 27% (group 5), seems to be related to immunoallergic
(29%) and parasitary (39%) diseases.

4.3.- Thyroid Indicators

The indicators taken into account to assess the condition of the thyroids were tiroxine
hormone levels (T4), thyroid stimulant hormone(TSH) and clinical thyroid hyperplasia diagnosis.

Hormones T4 and TSH were determined with the ultra-micro-analytic system (SUMA)
that uses an automated detection system based on immune-enzymatic processes. Hyperplasia
presence and level were determined through palpation by a team of endocrinologists.
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The percentage of cases with high TSH levels goes from 0 (group 2) to 1 (group 1).

The main anomaly in thyroid function in the groups studied is associated to an increased
T4 with respect to normal values. This increase, fluctuating between 13 %(group_3) and 23%
(group 2).

Analysis of the simultaneous behavior of both hormones shows that normal TSH values
are accompanied by normal T4 values in 82% of cases. Reduction of T4 with normal TSH
values under normality only takes place in 0.6% of cases. Some 17% show a high T4 with a
normal TSH.

Thyroid hyperplasia increased from group 1 (51%) to group 4 (69%).

Hyperplasia is present in 61% of the cases in this study, 90% of which are degree 1A
(60%) or IB (30%).

4.4 - Cytogenetic Indicators

The indicators used were: frequency of chromosome aberrations and micronuclei on
peripheral blood lymphocytes.

Chromosome and micronuclei aberration rates were established in 28 children evacuated
from Pripyat, 21 living in Kiev and 20 in Ovruch.

Dicentric and micronuclei rates per one hundred cells were 0.02± 0.01 and 0.56± 0.06 in
Pripyat, 0.04 ± 0.03 and 0.6 ± 0.06 in Kiev and 0.03± 0.03 and 0.87± 0.09 in Ovruch. All
individuals rate were normal.

5.- CONCLUSIONS

• The I37Cs body burden in 4500 children from areas affected by the Chernobyl accident was
established. Levels of internal contamination in the universe studied fluctuate between 1.5 and
565 Bq/kg, 90% showing activities under 20 Bq/kg

• Estimated doses shown that the doses component due to external radiation was the most
important contributor to total doses which fluctuate between 8-170 mSv.

• The frequency of diseases and the behavior of hematology , thyroid and cytogenetic indicators
was similar in groups formed according to the surface contamination of children living location.
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