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Abstract

The low level dose effects have been studied for a long time within a framework of biological
effects of radiation exposure. The estimation of the dose level of Ukrainian people who have been
exposed in consequence of the Chernobyl accident allowed to consider that one of the critical
populations which had been exposed to the low level radiation were children residing on the areas
contaminated with radionuclides.

The purpose of this work is - to reveal a regularity in morbidity and mortality of the critical
populations having been exposed to long-term chronic exposure of the low level doses of radiation in
consequence of the Chernobyl accident.

The prospective cohort investigation was organised. Total amount of the children was 12000
persons born in 1972-1986 (0-14 years old at the moment of the accident). The cohort consists of four
subcohorts. Each of the samples has specific level of the individual dose accumulated for 10 years and
different character of exposition (chronic or acute exposure). The results of the profound medical
examinations of the selected people were analysed. The accumulated morbidity, frequency of a new
incidents, their weight comparatively to the total amount of the diseases, the risk indexes were
estimated.

It was revealed that:
- There were not any differences in morbidity distributions (by range) of the subcohorts with

different levels of the average accumulated doses.
- The subcohort with the highest level of the average accumulated dose and a subcohort of the

evacuated from 30-km zone had a higher morbidity indexes than another ones.
- The biggest amount of the cases of "Endocrine system diseases" were revealed during several

first year after the accident and then the amount of the newly revealed cases were decreasing
from year to year.

- The frequency of the cases of blood diseases were increasing during the period of the
investigation.

- The subcohort 2 had the highest value of the attributive risk in such classes of the diseases as
"Blood and hemopoietic organs diseases", "Mental disorders".

To make knowledge about health effects of the low level doses of radiation more precise it is
necessary to follow up the selected people and their descendants during 30-50 years and also the
personal doses should be known.

The obtained data will be added to our knowledge about the health status of civil people exposed
to the low level radiation in consequence of their residing in zone of a nuclear accident.
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Existing works on estimation of the population dose level [1-3] allow to consider that those of
Ukrainian child population who are residing on the areas contaminated with radionuclides in
consequence of the Chernobyl accident are being exposed to long-term chronic exposure of the low level
radiation.
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The purpose of this work is - to reveal a regularity in morbidity and mortality of the critical
populations having been exposed to long-term chronic exposure of the low level doses of radiation in
consequence of the Chernobyl accident.

The prospective cohort investigation was organised. Total amount of the children was 12000
persons born in 1972-1986 (0-14 years old at the time of the accident). The cohort was divided into four
subcohorts. The subcohorts 2, 3, 4 correspond to the residents of areas with different level of the
radioactive contamination. The areas is officially named zone 2, 3, 4 in Ukrainian law "About the status
and social protection of citizens suffered in consequence of the accident at the Chernobyl nuclear power
plant" [4, 5]. The subcohort 1 corresponds to the evacuated from 30-km zone (excepting town Prypiat)
because they were exposed to the acute dose of radiation (some of them lived in 30-km zone after the
accident up to 10 days). Average individual doses accumulated for 10 years were calculated by the
Dosimetry department of NCRM for each populated area.

Distribution of the children with corresponding doses inside the cohort is presented in Table I.

Table I. The cohort of person born in 1972-1986 (0-14 years old at the moment of the accident)
in 10 years after the accident and corresponding doses.

Zone (subcohort)

2
3
4
1 (the evacuated
from 30-km zone
excepting town
Prypiat)
Total

Level of
contamination,

kBq/m2

555
185-555

185

<37

Number
children in the

study
1000
5436
3713

1800

11949

Dose range,
mSv

50
10-50

10

2-120

Collective
dose,

person-Sv
55
106
55

The subcohorts are distinguished by levels of the average individual doses and levels of the soil
contamination of the residence and by the character of exposition. Interference were minimised:

- the cohort consists of children 0-14 years old at the moment of the accident;
- the children live in the countryside of the same administrative and ethnic region;
- the cohort is homogeneous in sex distribution 51 -52%% - boys, 48-49%% - girls.
It was noticed that members of the subcohorts having the highest dose of Cs have the highest

thyroid dose. Every year some children achieve age of 14 year old and leave the cohort.
The results of annual profound medical examinations of the cohort members were analysed.
Comparative estimations of the morbidity in the subcohorts were carried out by first revealed

cases of the chronic diseases having occurred after the accident. Some indexes of the morbidity
(absolute increment, rate of increment, rate of growth, weight of first revealed diseases, risks) were
calculated and grouped into time series. Reliable difference was checked with chi-square method.

The accumulated morbidity was estimated in two ways:
- frequency of a newly revealed cases per 100000 person-year;
- morbidity accumulated from the moment of the accident (the moment of exposition) to a

moment of revealing of case per 1000 person-year.
It was revealed that distribution of the somatic morbidity accumulated for 10 years was identical

for all zones, which are different in levels of the soil contamination and levels of the average individual
accumulated doses. And that morbidity distribution didn't differ from all-Ukrainian one. But it should
be pointed that tendency of increasing of morbidity index for class "Neoplasms" among children
evacuated from town Prypiat was revealed in our previous investigation [4, 5].

Figure 1 shows charts of the morbidity indexes calculated by newly revealed cases from the time
of exposition to the moment of revealing per 1000 person-year.
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Figure 1. Charts of the morbidity frequencies of the newly revealed cases from the
moment of the exposition to the moment of revealing (10 year term) for the
cohort of person born in 1972-1986.

It was revealed that the indexes of subcohort 2 were higher than ones in subcohorts 1, 3, 4. Also
endocrine system's pathology had the highest value of the weight of first revealed cases comparatively
to the total amount of the diseases in 1987-88 and then the weight value was decreasing. The weight of
first revealed cases of the blood and hemopoietic organs diseases are increasing from year to year up
to 1993.
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Attributive risk calculations showed that the highest risk for subcohort 2 in comparison with
subcohort 4 corresponded to "Blood and hemopoietic organs diseases" and "Mental disorders".

The absolute mortality values are following. 8 children of the cohort living on the contaminated
areas (the subcohorts 2, 3, 4) died in 1988-1995 (source: data base of National Register of Ukraine of
people who have been exposed in consequence the Chernobyl accident). Distribution of cases of
mortality by causes of death: 3 cases of malignant blood diseases (zone 3); 2 cases of respiratory system
diseases; 1 case of infection; 1 case of innate malformations of heart and blood circulation system;
1 case of traumas and poisonings. In the subcohort of the evacuated 5 children died. 2 cases of nervous
system diseases; 2 cases of traumas and poisonings; 1 case of blood circulation system diseases.

Conclusions:
1. People residing on the areas contaminated with radionuclides in consequence of the Chernobyl

disaster are being exposed to long-term chronic exposure of low level doses of radiation.
2. About a subcohort of children born in 1972-1986, residing on the areas with level of

contamination >555kBq/m2, who has 50mSv of average accumulated individual dose of
external and internal exposure we can say that:
- a reliable increasing of frequency of first revealed cases of "Blood and hemopoietic organs

diseases", "Mental disorders", "Digestive system diseases" was brought out;
- a high level of the weight of endocrine system diseases was in 1987-1988 and it was

decreasing later;
- the weight of newly revealed cases of "Blood and hemopoietic organs diseases" was

growing during first 6 years after the accident;
- during first 10 years after the accident the highest risk (excepting thyroid cancer)

corresponds to non-tumour blood and hemopoietic organs diseases and mental disorders.
3. There are no differences in distribution of the accumulated morbidity between the zones with

different levels of the soil contamination and average age individual accumulated dose.
We can say about an influence of a group of "the Chernobyl factors", including those which are

measures intended to decrease level of radiation effects. For example: It's prohibited to eat a local food-
stuffs for the residents of zone 2 (it corresponds to subcohort 2 of this investigation) because of the
radioactive contamination of the soil. And those mostly peasant people can't use resources produced by
themselves and they are forced to eat bought food. It means that children are limited in fresh natural
food and spend a lot of time indoor in monotony of school or kindergarten collectives. So they are in
stress for a long time and so on.

To make knowledge about health effects of the low level radiation exposure more precise it is
necessary to follow up the selected people and their descendants during 30-50 years and also the
personal doses should be known.

The obtained data will be added to our knowledge about the health status of the civil people
exposed to the long-term chronic exposition of the low level radiation in consequence of their residing in
zone of a nuclear accident.
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