
Chernobyl Ten Years After - Sum-up of the Radiological and
Health Effects as Reported by IAEA and WHO

J. Koch D. Uberg

Applied Physics Division Licensing Division
Soreq Nuclear Research Center Israel Atomic Energy Commission
81800 - Yavne, Israel 61070 - Tel-Aviv, Israel

Introduction

This paper will summarize the main findings presented by the scientific community at
international conferences convened to sum-up the consequences of the Chernobyl
accident at its tenth anniversary. It will only deal with the radiological and health
consequences, as they were presented at the EC/IAEA/WHO International Conference
"One Decade after Chernobyl" (Vienna, 8-12 April 1996) and the WHO International
Conference on Health Consequences of the Chernobyl and Other Radiological
Accidents (Geneva, 20-23 November 1995).

The release

It is today estimated that the total activity of radioactive material released is much
higher than the 1986 estimate of 1-2 x 1018 Bq, which was based only on the activity
deposited within the former USSR. Around 12 x 1018 Bq were released, amounting to
3-4% of the used fuel present in the core, as well as close to 100% of the rare gases
(6-7 x 1018 Bq) and 20-60% of the volatile radionuclides. The radioactive isotopes of
iodine and cesium are of special radiological significance, in the short term and in the
long term respectively: the release included 50-60% of the radioiodine (about 2 x 1018

Bq of 131I) and 20-40% of the radiocesium (about 0.09 x 1018 Bq of 137Cs and about
0.06 x 1018Bqof134Cs)

Radiation doses

Although the material released into the atmosphere deposited and was measurable over
the whole northern hemisphere, the largest part deposited in regions around the plant
site in northern Ukraine, southern Belarus and the southwestern part of the Russian
Federation. Fig. 1 shows the most contaminated districts of the three countries and the
areas where the deposition density of 137Cs is higher than 185 kflq/m2 (5 Ci/km2).

Different population groups of interest were defined according to the deposition
density of 137Cs:
• The "evacuees": those who were permanently evacuated in April-May 1986 from

the town of Pripyat and from the 30-km "exclusion zone" around the plant (l37Cs
deposition density above 1,480 kBq/m2).

• The residents of the "strict control zones" (I37Cs deposition density above 555
kBq/m2). In these areas, typically within a few hundred km of the plant, radiation
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Fig. 1. The contaminated districts in Belarus, Ukraine and the Russian Federation
(Source: WHO).

monitoring and preventive measures have been taken to maintain doses within
permissible levels.

• The general population of the "contaminated territories" (137Cs deposition density
above 37 kBq/m2) in the three countries.

Table 1 presents the number of persons exposed in each group, as well as the average
individual effective dose and the collective effective dose.

Table 1. The radiation doses received by the different population groups of interest.

Deposition density of Cs Area Population Average Collective

kBq/m2 Ci/km2 km2
size effective dose effective dose

mSv person x Sv
>37 >1

"contaminated territories"
131,000 6,800,000 6-20 40,000-110,000

>555
"strict control zones"

10,300 270,000 50-60 10,000-20,000

>l,480 >40
"exclusion zone"

3,100 135,000 Prypiat:12
others: 18

1,300

Another group of interest includes the workers which took part in activities to
"liquidate" the consequences of the accident (the "liquidators"). They include plant
operators and emergency personnel (firefighters, soldiers), workers in the clean-up
around the reactor, in construction of the "sarcophagus" to cover the damaged core,
in decontamination, in building of roads and in destruction and burial of contaminated
buildings, forests and equipment. They also include many others who worked in the
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contaminated territories and were much less exposed, such as physicians, teachers,
cooks and interpreters. About 200,000 liquidators worked in the Chernobyl region
during the period 1986-87 and were the most exposed. They received an average dose
of about 100 mSv, while 10% received doses of the order of 250 mSv and a few
percent doses higher than 500 mSv.

Clinicallyjobseryed earl^ effects

Exposure to high doses of radiation affect acutely and severely blood cell production,
resistance against infections and intestinal function and may result in severe damage to
the skin. The complex disease is known as Acute Radiation Sickness (ARS). Its
common symptoms are initially nausea, vomiting and diarrhea and later on, bleeding
and generalized infections. If untreated, ARS is lethal.
Among the plant staff, the firefighters and the emergency workers who initially
responded to the accident, 237 people were hospitalized as suspected of suffering from
ARS. 28 of these died within the first three months after exposure. Three more people
died immediately due to other causes (the explosion, thermal burns and a coronary
thrombosis), bringing the total to 31.
The distribution of the 237 patients according to the severity of ARS (related to the
received dose) is shown in Fig.2, together with the numbers of lethal outcome in the
acute phase and in the following years.
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Fig.2. Numbers of ARS patients and mortality as a function of dose (NC: diagnosis of
ARS not confirmed) (Source: Guskova A.K., State Scientific Centre of the Russian
Federation, Moscow).

It can be seen that the diagnosis of ARS was confirmed in 134 cases and that the acute
lethality is strictly related to dose. Of the 134 cases, 41 had mild (Grade I) ARS and all
survived. 50 patients had Grade II ARS, of which one died. 7 patients died out of 22
with Grade III ARS. 21 patients suffered of Grade IV ARS following a whole-body
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exposure larger than 6 Gy. All but one died despite intensive treatment. Among the
latter, the gastrointestinal damage was a most severe problem in 11 patients who
received doses higher than 10 Gy. Deaths in 26 of the 28 patients who died in the first
3 months were associated with radiation skin burns involving over 50% of the total
body surface area
After the acute phase, 14 additional patients have died over the last 10 years.
However, their deaths may not be attributable to the radiation exposure, since they are
not correlated with the original ARS severity.
The therapy of bone marrow transplantation, recommended at the time, was of little
benefit From today's knowledge this is well understandable, in view of the intrinsic
immunological risks of the procedure, the heterogeneous irradiation during the
accident (causing part of the lymphocytes to survive and the subsequent rejection) and
the complicating factors (gastrointestinal damage and skin lesions). Rapid
administration of haemopoietic growth factors will probably be recommended in future
cases of bone marrow damage, in order to stimulate the recovery of the blood and
immune system However, research is still needed to develop pharmaceutical products
and to establish the optimal combination.

Thyroid cancers

During the first few weeks after the accident 131I was the most important radionuclide,
since it accumulates in the thyroid when absorbed through inhalation or ingestion of
food. Many people in the affected areas had a shortage of iodine in their diet and were
expected to absorb radioiodine readily. More than five million people are reported to
have received stable iodine tablets to block absorption of radioiodine, but large
numbers of children did not receive these tablets. Thus some people, especially
children, received large radiation doses to the thyroid.
There has been a substantial increase in reported cases of thyroid cancer in those
exposed as children in Belarus and Ukraine, and to a lesser extent in some parts of the
Russian Federation.
The numbers of cases of childhood thyroid cancer in the three countries, as well as the
incidence rates, are shown in Table 2 for each year since 1986.

Table 2. Childhood thyroid cancer 1986-1994 in Belarus, the Russian Federation
(Bryank and Kaluga districts) and Ukraine (Source: WHO).

Belarus
Russian
Ukraine

Belarus
Russian
Ukraine

Federation

Federation

1986

2
0
8

1986

0.9
0.0
0.7

1987

4
1
7

Number of cases per year
1988

5
0
8

1989

7
0

11

Incidence (rounded)
1987

1.7
2.0
0.6

1988

2.2
0.0
0.7

1989

3.0
0.0
0.9

1990

29
2

26

1991

59
0

22

1992

66
4

47

per million children
1990

13
40
2.2

1991

26
0.0
1.8

1992

28
8.0
39

1993

79
6

42

1993

34
12
3.5

1994

82
11
37-

1994

36
22
3.1"

Total

333
24

208*

Note: ' = ir.comoieie number
Belarus has 2.3 million children, Ukraine has 12 million and the Bryansk and Kan-ga oDiasis of (he Russ.an Federation
nave 50C CCO.
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Up to the end of 1995, a total of about 800 cases (including 400 in Belarus alone) have
been reported in children who were under age 15 at the time of diagnosis.
There is strong evidence that the increased incidence of childhood thyroid cancer is
due to exposure to radioiodine following the accident, based on the geographical and
temporal distribution of the cases. Most cases are concentrated in areas that have been
heavily contaminated and they are observed only in children who were born before the
accident or less than 6 months thereafter.
Over the next decades, there will most probably be an increase in the incidence of
thyroid cancer among those who were children in 1986, those exposed as very young
children being at the greatest risk. The estimated number of cases is in the range of a
few thousand, but there is considerable uncertainty about this. The group at risk should
be closely monitored throughout their lives.
The latency period between the exposure and the diagnosis is a little shorter than
expected on the basis of previous experience. It ranges at present between 4 and 10
years, with a mean of about 6 years.
More than 95% of the reported cases are papillary carcinomas. They are also highly
invasive, spreading both within the thyroid gland and into surrounding soft tissues,
lymph nodes, blood vessels and the lungs. In spite of their aggressiveness, the cancers
appear to respond favorably to standard therapeutic procedures and so far, a very small
number of children (three) have died of their disease.

Long-term radHation heajth.effects

Apart from thyroid cancer, there has been no statistically significant deviation in the
incidence rates of other cancers attributable to radiation exposure due to the accident.
In particular, no consistent attributable increase has been detected to date in the rate of
leukemia, one of the major concerns after radiation exposure.
The predicted lifetime excess over normal mortality from solid cancers and leukemia is
presented in Table 3 for the four above-mentioned exposed population groups.

Table 3. Predicted background and excess deaths from solid cancers and leukemia in
the population groups of interest (Source: Cardis E., IARC, Lyon, France).

Population

Liquidators
(1986-87)

Evacuees from
"exclusion
zone"
Residents of
"strict control
zones"
Residents of
"contaminated
territories"

Population
size

200,000

135,000

270,000

6,800,000

Cancer type

Solid cancers

Leukemia
Solid cancers

Leukemia
Solid cancers

Leukemia
Solid cancers

Leukemia

Background
number of

cancer deaths
41,500

800
21,500

500
43,500

1,000
1,100,000

24,000

Predicted lifetime
excess

Number Percent.
2,000

200
150

10
1,500

100
5,000

400

5%

20%
0.7%

2%
3%

9%
0.5%

1.5%
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If the experience of survivors of the atomic bombing and of other exposed populations
is applicable, the greatest numbers of excess cancer deaths should be observed among
the 200,000 liquidators and among the 6,800,000 residents of the contaminated
territories, 2,000 and 5,000 respectively. However, these increases would be difficult
to detect epidemiologically against the expected background (41,500 and 1,100,000
deaths respectively).
It can also be seen that leukemia among liquidators is the significant health effect most
likely to be detected (200 excess deaths against a background of 800). It is therefore
important to carry on large scale studies among the liquidators, which should also
provide information on the effect of exposure rate and exposure type in the relatively
low dose range (0-500 mSv).

Psychological consequences

There are significant non-radiation-related health disorders and symptoms, such as
anxiety, depression and various psychosomatic disorders attributable to mental stress
among the population in the region. The psychosocial effects result from the following
factors:
• the lack of information immediately after the accident.
• the mistrust of authorities and official statements.
• a poor understanding by the public of radiation and the effects of radiation

exposure.
• the stress and trauma of compulsory evacuation and relocation.
• the social disruption following relocation.
• the fear for one's health and his children's health following radiation exposure.

The effects are widespread and long-lasting and have been intensified by the
appearance of the radiation-related thyroid cancers. Severe conditions are
characterized by a sense of helplessness and despair, leading to social withdrawal, and
little hope for a positive future. On the other hand, it is very difficult to dissociate these
effects from those attributable to the breakup of the centralized political and economic
systems of the Soviet Union.
It is known that stress can be alleviated in a number of ways. Although the original
stressor cannot be removed in the present case, it is possible to provide people with a
sense of control over the stressor, for instance by voluntary food controls, resettlement
or community action. It is also possible to change the way in which the source of stress
is perceived by diffusing trustworthy knowledge. These tasks are being performed by
UNESCO, which established a few community centers ("Centers of Trust") to provide
psychological support, information seminars and social activities.
The importance of a correct diagnosis was emphasized and the term "Chronic
Environmental Stress Disorder" was suggested.
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Summary

The health effects of the Chernobyl accident can be summarized ten years later as
follows:

• Early effects
134 workers exposed to high doses of radiation at the early stage of the accident
suffered of acute radiation sickness and 28 of them died within the first three months. 3
more people died during the accident due to other causes.

• Late effects
There is a very significant increase in the number of childhood thyroid cancers, which
is attributable to the exposure to radioiodine released by the accident. Up to the end of
1995, about 800 cases (including 400 in Belarus alone) have been reported in children
who were less than 15 years old at diagnosis. The thyroid cancers are aggressive in
nature, but they appear to respond favorably to standard therapy. Their incidence is
still increasing.
Apart from thyroid cancer, there has been to date no significant deviation in the
incidence rates of leukemia and other cancers attributable to radiation exposure due to
the accident. The health effect most likely to be detected in the future is an increased
rate of incidence of leukemia among the 200,000 liquidators exposed during 1986-87.

• Psychological effects
Extensive effects are apparent in the affected regions, manifested as anxiety,
depression and various psychosomatic disorders linked to mental stress. Their
treatment involves providing psychological support and restoring trust.
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