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Since the 195O's, tho Atomic Energy Control Board (AECB) has
made use of advisory committees of independent experts to assist
it in its decision-making process. In 1979, tho Board restructured
tho organization of those consultative groups, resulting in the
creation of two senior-level scientific committees, the Advisory
Committee on Radiological Protection (ACRP), and the Advisory
Committee on Nuclear Safety (ACNS). A third body of advisers,
known as the Group of Medical Advisors (GMA), is composed of
medical practitioners licensed under the laws of the province in
which regulated nuclear activities are situated. Medical Advisers
arc nominated by the appropriate department or agency and
appointed by the Board pursuant to the Atomic Energy Control
Regulations. They make recommendations to the Board respecting,
inter alia, the medical examination of atomic radiation workers,
medical surveillance required as a result of ovcrexposurcs, and
medical aspects of emergency plans.

Depuis les années cinquante, la Commission de contrôle de
l'éncrgieatomique (CCEA) fait appel d dos comités consultatifs
composés d'experts indépendants pour l'aider dans ses prises de
décisions. En 1979, la CCEA a restructuré l'organisation de cos
groupes do consultation pour former deux comités scientifiques
supérieurs, le Comité consultatif de la radioprotection (CCRP) et
le Comité consultatif de la sûreté nucléaire (CCSN). Un troisième
groupe, le Groupe des conseillers médicaux (GCM), est formé de
médecins agréés pour la pratique de la médecine en vertu des lois
de la province dans laquelle se tiennent des activités nucléaires
réglementées. Le ministère ou l'organisme compétents proposent
le nom de conseillers médicaux qui sont ensuite nommés par la
CCEA en vertu du Règlement surle contrôle de l'énergie atomique.
Ces conseillers font des recommandations à la CCEA concernant,
entre autres, l'examen médical des travailleurs sous
rayonnements, la surveillance médicale nécessaire en cas de
surexposition et les aspects médicaux des plans d'urgence.

From time to time the GMA issues rcporls which are normally
published by the AECB and catalogued within the AECB's public
document system. These reports, bound with a distinctive cover,
carry both a group-designated reference number, e.g. GMA-1, and
an AECB reference number in the "INPO" scries. The reports
generally fall into two broad categories: (i) recommendations to
the AECB on a particular medical topic, and (ii) background
studies. Unless specifically stated otherwise, publication by the
AECB of a report prepared by the Group of Medical Advisers
does not imply endorsement by the Board of the content, nor
acceptance of any recommendations made therein.

Le GCM rédige à l'occasion des rapports qui sont normalement
publiés par la CCEA et catalogués dans sa collection des
documents publics. Ces rapports se présentent sous une
couverture distincte et portent un numéro de référence propre au
comité (GCM-1, par exemple), ainsi qu'un numéro de référence de
la CCEA dans la série «INFO». Ils se divisent habituellement en
deux catégories générales : i) les recommandations présentées à la
CCEA au sujet d'une question médicale particulière; ii) les études
générales. À moins d'indication contraire, la publication par la
CCEA d'un rapport du Groupe des conseillers médicaux ne
signifie pas qu'elle en approuve le contenu, ni qu'elle en accepte
les recommandations.
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ABSTRACT
Due to poor design, operator error and the absence of an established "Safety
Culture", the worst accident in the history of nuclear power involving the Unit
4 RBMK reactor occurred at Chernobyl in the Ukraine in the early morning of 26
April 1986.
This accident led to the contamination of large tracts of forest and agricultural
land (in the former Soviet Union) and the evacuation of a large number of people.
Thirty-one people died at the time of the accident or shortly afterwards, and 203
people were treated for the Acute Radiation Syndroœs.
From about 1990 a
significant increase in the number of childhood thyroid cancers has been noted
in Belarus and Ukraine. Because of the social, political and economic situation
in the Soviet Union soon after the accident, the anxiety and stress induced in
the general population has been enhanced to the point where it may well be the
single most important indirect health effect of the accident.
Contamination outside the former Soviet Union was largely confined to Europe,
where it was extremely patchy and variable. Contamination in the rest of the
Northern Hemisphere was insignificant.
The health effects in the General
Population in the Contaminated Regions in the former USSR and Europe, are
predicted to be low and not discernible. However, there may be subgroups within,
for example, the Liquidators, which if they can be identified and followed, may
show adverse health effects.
Health effects in the rest of the Northern Hemisphere will be inconsequential.
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THE OBSERVED AND PREDICTED HEALTH EFFECTS OF THE CHERNOBYL ACCIDENT
INTRODUCTION
After nearly ten years since the world's worst nuclear power reactor accident at
Chernobyl, Ukraine, on 26 April 1986, the Group of Medical Advisers felt that it
would be appropriate to review the events of the accident and assess its actual
and potential adverse health effects. This document is intended to summarize what
is known at this time and what might be expected in the future. Its publication
is timed to coincide with the tenth anniversary of the accident when public
interest will be stimulated, and to counteract any unsubstantiated claims of
health effects that may be postulated.
I.

THE CHERNOBYL COMPLEX

1.

The Site

The Chernobyl Nuclear Power Complex is situated about 130 km north of Kiev beside
the river Pripyat, a tributary of the Dniepr. This area of the Ukraine is
described as woodland with a low population density. Within a 30 km radius of
the power plant, the population was approximately 115,000 to 135,000, with 49,000
in the town of Pripyat about 3 kin away, and 12,500 in Chernobyl situated about
15 km to the south-east of the plant. The power plant consists of four nuclear
reactors of the RBMK 1000 design. Units One and Two were constructed between
1970 and 1977, and Units Three and Four using the same RBMK 1000 design were
completed in 1983. To the south-east of the plant, an artificial lake of some
22 square kilometres was constructed to provide cooling water for the reactors.
2.

The RBMK 1000 Reactor

The RBMK 1000 (see diagram) is a Soviet designed and built nuclear reactor using
slightly enriched uranium dioxide fuel. It is a boiling light water type reactor,
with direct steam feed to the turbines. In this type of reactor, the light water
used as coolant is converted into steam and fed directly to power the turbines,
without the secondary steam conversion by a heat exchanger. The vertical working
channels (pressure tubes) contain the fuel and the coolant. The moderator, whose
function is to slow down neutrons to make them more efficient in producing
fission, is made of graphite blocks. A mixture of nitrogen and helium is circulated between the graphite blocks largely to prevent oxidation of the graphite
by improving the transmission of heat from the graphite to the fuel channel. It
also increases thermal efficiency. The core itself is about 7 m high and about
12 m in diameter. There are four main coolant circulating pumps, one of which
is always on standby. The power of the reactor is controlled by raising or
lowering 211 "control rods", which when lowered, absorb neutrons and reduce the
rate of fission. About 160 of these rods are manually operated, whereas others
such as the regulation of power based on sensor readings of steam pressure and
water levels in the steam separator are under automatic control. The reactor
output is 3200 megawatt thermal [MW(t) ] or 1000 megawatt electrical [MW(e)]. The
differences between the RBMK reactor and the CANDU 600 are described in Sn87,
where it is concluded that these design differences ensure that a similar
accident could not occur in the CANDU system. Various safety systems, such as
the reactor shutdown system, the emergency core cooling system (ECCS) and the
requirement for an absolute minimal insertion of 30 control rods were an integral
part of the RBMK reactor design and operation. As will be seen, these systems
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did not fail but it was their circumvention by the operators and the unforgiving
design of the reactor which caused the accident.
3.

Events Leading to the Accident

The Unit 4 reactor was to be shutdown for routine maintenance on 25 April 1986,
and it was decided to conduct a test to determine whether the slowing turbine
could provide enough electrical power (during the initial phase of the shutdown)
to run emergency equipment until the diesel emergency power supply came on line.
The electrical engineer in charge of this test felt that this was a strictly
electrical test, unrelated to reactor safety, and did not obtain the requisite
clearance from those responsible for reactor safety and radiation protection.
The result was that safety was only a minor consideration in the test program.
The reactor had been provided with an ECCS which would flood the reactor with
cold water early in a loss of coolant accident. The planned test program called
for shutting off the reactor's ECCS, which was not in itself contrary to accepted
procedure. However, disabling it for long periods of time could reduce the
operational margin of safety, and the test continued for considerably longer than
the planned four hours. Although this had no effect on the course of the
accident, it was indicative of the absence of a "safety culture".
The reactor was operating at about half power when the grid controller refused
to allow further shutdown, as the power was needed for the grid. In accordance
with the planned shutdown program, about an hour later the ECCS was switched off
while the reactor continued to operate at half power. It was not until about
2300 hours on 25 April that the grid controller agreed to a further reduction in
power. At about 1000 MW(t), the reactor should have been shutdown, but the steam
sensors had not been synchronized with the power level, and it fell to less than
30 MW(t) . One of the design faults of the RBMK reactor is that, at low power it
becomes very difficult to maintain its stability, and is subject to power surges.
For this reason the operator then tried to raise the power to 700-1000 MW(t) by
disabling the automatically controlled rods that shut down the reactor and
freeing them to manual control. It was only at about 0100 hours on 26 April that
the operator succeeded in stabilizing reactor at about 200 MW(t) . If the test had
not been carried out at this time, it would have had to have been postponed for
a year. This appears to have been the deciding factor to continue with the test,
and probably influenced circumventing safety procedures and operating safety.
There was a standard operating order that a minimum insertion of 30 control rods
was required to retain reactor control, but in the test only 6-8 control rods
were actually inserted into the reactor core. Almost all of the control rods
were withdrawn largely to compensate for the build up of xenon (13 Xe) and other
fission products, which act as absorbers of neutrons and reduces power. If there
were a power surge, between 15 and 20 seconds would be required to lower the
control rods and shut the reactor down. Nevertheless, it was decided to continue
the test program and the standby coolant circulation pumps were brought into
operation, leading to increased coolant flow and a drop in steam pressure.
Furthermore, the dominance of the positive void coefficient effect and possibly
cavitation in the coolant led to the reactor becoming very unstable and the
operators had to make adjustments every few seconds to maintain constant power.
As mentioned, the protective system which would have automatically stopped the
reactor much earlier than this, had been blocked by the operators. It was during
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this stage of marked instability that the operator tripped the reactor. The
design of the control rods limited the rate of their descent into the core so
that they could not be completely inserted in time to prevent an excessive power
surge which resulted in the explosion that destroyed the reactor.
II.

THE ACCIDENT

These events led to severe overheating of the fuel components, and at 0123 hr on
Saturday, 26 April 1986, two explosions destroyed the core of unit 4, the roof
of the reactor building, and started about thirty fires at the site. The graphite
moderator was also ignited and burned for severeal days. While the cause of the
explosions is not known for certain, it has been suggested that the first was
caused by a hot fuel/steam reaction, and the second involved hydrogen gas.
Fire fighters worked to control the fires and to prevent explosions and fires
among the stores of oil, diesel fuel and other flammable material. It was this
group that received the highest radiation exposures and suffered the greatest
losses in personnel. Most of these fires were under control by 0500 hours, but
the graphite fire continued.
The Windscale accident in 1957 had shown how
vulnerable a graphite moderated reactor was to overheating and to a fire within
the graphite itself, but few of these accident details were revealed until very
much later, and had no demonstrable influence on the development of reactor
design in the Soviet Union.
The initial release of radionuclides did not contaminate Pripyat, but subsequent
releases associated with the graphite fire did. At about 2100 hours on 26 April,
it was decided to evacuate the town. Transport was mobilized and arrangements
made to accommodate the evacuees, and the announcement of evacuation was made at
1100 hours the following day. Starting at about 1400 hrs, Pripyat was evacuated
in about two and one half hours. As the pattern of deposition of radionuclides
became apparent and it was possible to make dose assessments, the remainder of
people in a 30 kilometre zone around the reactor complex were evacuated, bringing
the total evacuees to about 135,000. The intense graphite fire continued for
about ten days and was responsible for the dispersion of radionuclides and
fission fragments high into the atmosphere. The plume itself reached a height
of 1500 metres, where it was subject to dispersion by the prevailing winds at the
time.
About 3% (± 1.5%) of the core inventory were thought to have been released
[IA86], However, these estimates were based on the early measurements made in
the contaminated Republics of the former Soviet Union. More recent studies have
largely confirmed the initial estimates, but suggest that as much as 30% of the
radioactive caesium and 50% of the radioactive iodine in the core was released
in the 1986 accident [Bu93] . The UNSCEAR estimate, based on worldwide deposition,
calculated that about 70 PBq of 137Cs was released, compared with the original
estimate of deposition in the former Soviet Union of 39 PBq ± 50%.
The main radionuclides measured in the plume 5 to 10 kilometres from the site
were those of iodine and cesium giving doses in the early part of the accident
of about ten milligray (mGy) per hour.
III.

PASSAGE OF THE PLUME

The radioactive plume was tracked as it moved over European Russia and Europe,
and its general passage is depicted in the Figure [UN88] . Initially the wind was
blowing northwards, so that the deposition of radionuclides occurred where the
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Plume A
Plume B
Plume C

Figure
Descriptive plume behaviour and reported Initial arrival times of detectable activity In air.
Plumes A, B, and C correspond to air mass movements originating from Chernobyl on 26 April,
27-28 April, and 29-30 April, respectively. The numbers 1 to 8 fndfcatt initial arrival times: 1 (26 April),
2 (27 April), 3 (28 April), 4 (29 April), 5 (30 April), 8 (1 May), 7 (2 May), 8 (3 May).
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passage of the plume coincided with rainfall in Belarus, Russia and the Baltic
Republics. This initial northern plume would also be responsible for much of the
deposition in Scandinavia, tho Low Countries and Great Britain. As indicated in
the Figure, the changes in wind direction ensured that much of Central Europe as
well as the northern Mediterranean and the Balkans received at least some
deposition. As mentioned, the actual severity of deposition in the Far-Field
depended on the amount of rainfall that occurred during the passage of the plume.
This resulted in a patchy distribution of deposition and explains the low levels
of deposition in France where little rain fell.
While the cloud initially contained a large number of different fission products
and actinides*, only trace quantities of these radionuclides were detected in
most European countries, and only a few were found in quantities that were considered radiologically significant.
This reduction in fission products was largely due to the fact that the larger
and heavier particulates tended to be deposited closer to the accident site
rather than further away. The three most important radionuclides were iodine-131,
cesium-137 and cesium-134, which after deposition are incorporated into food
chains, giving rise to doses from internal ingestion. Deposited radiocesium,
especially n'Cs, is also a long term source of external gamma exposure. In
addition to its potential for ingested dose, radioiodine can give rise to doses
mainly to the thyroid gland through inhalation when immersed in the plume. All
three radionuclides were important in assessing the dose in the early phase of
the accident, but the longer half-life of cesium-137 (30 y) gives it prominence
in the long-term dose assessment.
Much of Europe experienced similar levels of deposition of cesium-137 from the
Chernobyl accident as they did from nuclear weapons test fallout, but in Austria
and Scandinavia the total deposition from the Chernobyl release was three to four
times that from weapons' fallout, while Spain and Portugal suffered very much
less deposition than other European countries. While radionuclides from the
accident were detectable in countries of the Northern hemisphere outside Europe,
much less deposition of total cesium radionuclides occurred, giving rise to inconsequential doses [An88]. No deposition was detected in the southern hemisphere, due to minimal mixing of the atmosphere between the two hemispheres.

IV.

HEALTH EFFECTS

1.

Acute (Early) Health Effects

Acute health effects are those which occur within days or weeks of exposure, and
are indicative of high absorbed doses, above approximately one gray. These are
known as "deterministic effects" and have a threshold of dose below which they
do not occur. Lower doses are not life threatening in the short-term.
All the acute health effects occurred in the personnel on-site, either in the
routine operating personnel, or in those persons brought in for fire fighting and
clean-up operations. There were two immediate deaths associated with the accident

Actinides are a series of elements with atomic numbers from 90 to 103.
There are fifteen in all, and include thorium, uranium and plutonium.

- 7and another worker died from thermal burns early in the morning of the accident.
These three deaths, combined with the 28 which occurred in the treatment centres,
account for the total 31 acute fatalities. The account which follows is based
on the 1988 UNSCEAR Report [UN88] and the IAEA Post-Accident Assessment Meeting
in August 1986 [IA86], Young [Yo88] has also written a summary review.
All symptomatic patients were placed in hospitals. The severity and speed of
onset of their symptoms were dependent on the level of dose to which they had
been subject. The initial symptoms of radiation sickness, which appeared quickly
included diarrhea, vomiting, fever and erythema (reddening of the skin). Within
the first twelve hours over 200 patients were placed in regional hospitals and
specialized centres.
Patients were placed in four categories of radiation
sickness severity according to their symptoms, signs and dose estimates. The
differential white blood cell count disclosed reduced circulating lymphocytes
(lymphocytopenia) which was the initial indicator of the severity of the exposure
and became evident in the first 24-36 hours for those most severely irradiated
(Category IV).
The classification of the patients treated in the specialized centres and the
outcome of their treatment is shown below:

Table 1.

Classification of Patients Treated in Specialized Centres

Degree of
Radiation Sickness

Kiev
Treated

Moscow
Treated

Deaths

Estimated
Dose
(gray)

6 - 16

IV

2

20

20

III

2

21

7

4 -6

II

10

43

1

2 -4

I

74

31

0

1 -2

In all, 203 persons were found to be suffering from acute radiation sickness, but
no members of the general public received such high whole body doses [IA86],

Characteristics of Groups
Group IV
The primary reaction, usually vomiting, occurred within 15-30 minutes following
exposure. In the first week the lymphocytes fell to less than 100 per fxl (microlitre) . After 8-9 days, a thrombocytopenia, i.e. a reduction in platelets in the
peripheral blood, developed, with platelet counts of less than 500 per /il (normal
range : 150,000 to 400,000 per fil). These laboratory results indicated a very
high dose which had severely compromised blood constituent production in the bone
marrow, making it virtually impossible to combat infection and reducing the
clotting capability of blood. These patients were mortally ill; fever and intoxication as well as diarrhea and fluid and electrolyte imbalance were prominent
features. Mucous membranes were particularly sensitive, resulting in lack of
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lubrication and ulcération which interfered with breathing and swallowing.
Extensive burns due to beta radiation were an added complication requiring treatment. In addition, two patients had thermal burns. Virtually all the patienta
in this group died in spite of the specialized medical treatment provided.
Group III
The initial radiation sickness symptoms of nausea and vomiting occurred within
an hour of exposure. Lymphocyte counts fell to about 200 per /il (normal range:
1,000 to 3,000 per /il), and leucocytes (white blood cells) to about 1000 per /JI
(normal range: 4,000 to 11,000 per pi) in the first 8-9 days. Moderate fever and
toxaemia was a feature of this group of patients, and again extensive beta radiation burns to the skin and mucous membrane damage further complicated the acute
radiation syndrome. The patients in this group fared somewhat better than those
in Group IV, with the survival of two thirds. These patients were very seriously
ill and needed to be treated intensively. Furthermore, the survivors also have
a significant risk of developing detrimental health effects in the future.
Group II
The primary reaction in this group occurred about one to two hours after irradiation. Lymphocyte count fell to less than 500 per pi, but a'eyed above 200 per
/il. Severe beta radiation burns to t-he skin were not a feature of this group,
but they still exhibited moderate toxaemia and fever, Thrombocytopenia was
delayed in these patients and occurred about twenty-one days later. The outcome
was much more favourable in this group, with one death out of fifty-three.
Group I
As the dose was lower in this group, the onset of signs and symptoms was further
delayed, and the severity of symptoms was much less than in the other Groups.
Very little internal contamination occurred in this group, except for two
patients with extensive burns who had body burdens of 12 mCi (444 MBq) of iodine131 and 4 mCi (148 Mbq) of cesium-137. Most internal contamination in all groups
resulted from the inhalation of gaseous iodine-131, The iodine contaminated
persons are at risk for the development of thyroid abnormalities in the future
and survivors in all groups bear an increased risk of future detriment.
2.

Treatment of Acute Radiation Sickness

For high external radiation doses, treatment is directed at maintaining fluid and
electrolyte balance, avoiding and treating infection, and treating other complications as they arise. Successful outcomes are dependent on supportive measures
to maintain life until the body recovers its own functions. Where other injuries
are present, such as thermal or beta radiation skin burns, they may tip the
scales against recovery unless vigorous supportive treatment is undertaken. The
hospital treatment following the accident included replacement therapy with blood
constituents, fluids and electrolytes; antibiotics; antifungal agents; barrier
nursing and bone marrow transplantation.
The treatment adopted for the depression of bone marrow function encountered
after the accident was largely supportive. These patients were housed in an
ordinary ward where the air was treated with ultraviolet light to reduce the
airborne bacterial count to less than 500 colonies per metre cubed. Special
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hygienic measures were taken by attendants; patients' clothes were changed at
least twice a day and aseptic techniques used. A normal diet apart from fruit
and tinned products, was allowed. Those patients who received doses above 2 Gy
were given anti-fungal agents after the second week.
Antibiotics and gamma
globulin were also administered, and Acyclovir was used to treat herpetlc
lesions. When it was necessary to transfuse platelets i.e. when the platelet
count was below 1000 per /il, irradiated fresh platelets were used. It was noted
that very little spontaneous bleeding was seen even when thrombocytopenia was
present for 3-4 weeks.
Bone marrow transplantation was performed in 13 patients who were judged to have
irreversible bone marrow damage after doses greater than 4 Gy. All but two of
these patients died, some before the transfused marrow had had a chance to
"take", but others had short-term takes. This was the first time that it had
been possible to assess the efficacy of bone marrow transplantation as a mode of
treatment for severe depression of bone marrow function following accidental
radiation exposure. The results of treatment led to the view that, even after
very high radiation dose';, the bone marrow may well not be completely destroyed
and may recover at least some function. It is this recovery which may lead to
later rejection of the transplant through a "Host versus Graft" reaction, and it
was concluded that bone narrow transplantation has a very limited role to play
in treatment.
Skin damage occurred from beta radiation as well as from thermal burns, and were
treated similarly. Deep burns had to be treated with surgical excision of tissue
that was not viable, and any fluid and electrolyte loss compensated for by the
parenteral feeding set up to treat the gastro-intestinal syndrome which is a
prominent feature of acute radiation sickness.
The organizational aspects of treating relatively large numbers of very ill
patients posed significant problems. Intensive nursing care and monitoring had
•to be provided 24 hours a day in small units. Personnel had to be taught new
techniques of care and patient handling, and a large number of diagnostic samples
had to be examined. The logistic requirements of medical handling were the most
important factor in establishing an effective therapy program.
In all, thirty-one people died and of the 237 patients initially hospitalized for
the acute radiation syndrome, 203 were found to need active treatment.
3.

Predicted Late Health Effects in the Three Contaminated Republics

The acute health effects of the accident are accurately documented, but the
prediction of late health effects is much more difficult. Predictions fifty
years into the future not only depend very strongly on the initial basic
assumptions, but are notoriously prone to error in every sphere that they are
undertaken.
The
measurement on which to base these predictions is the
apparently random ground deposition pattern of the radionuclides, and very wideranging assumptions have to be made to convert these measurements to population
doses. Average dose conversion factors need to be assumed for the general population, and average doses need to be converted to population doses to determine
the total detriment. It is not surprising that these estimates often only agree
within a factor of two to five. It should be emphasized that average population
dose estimates and their application to determine cancer risk cannot be used as
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an infallible guide to the actual detriment which will result: from the exposure.
Originally, risk estimates were developed for use in the planning of radiation
protection programs, and in the case of accidents, to identify areas where health
effects would be more likely, so that scarce resources could be utilized more
economically.
Because these estimates were so variable, the Nuclear Energy
Agency of the OECD [NE87] in their review of the accident, deliberately excluded
a calculation of the potential health effects. The only value of such estimates
is to calculate a best estimate which can then be compared with benchmark, such
as the dose received from the unavoidable exposure to background. It should also
be remembered that the models used to make these predictions have built-in
"worst-case" assumptions which tend to produce results which are more pessimistic
than will actually occur. With these caveats in mind, a review of the more
credible dose estimates and an estimate of their future health effects follows
and is presented with emphasis placed upon assessments published in refereed
journals and on the consensus views arrived at during international expert
meetings. These predicted effects are dealt with in more detail in the Appendix.
Effects Within the Contaminated Regions of the former USSR
Pavlovskij [IA88] estimated that the accident would add about 2% to the average
natural background in the former USSR. This is the same prediction that he and
Ilyin made [IA87J, when they estimated that the average per capita dose commitment from the accident would be 1.2 millisievert totalled over 70 years, compared
with the average annual dose from background of 1 millisievert per year.
From the review in the Appendix, it can be seen that there is some variation in
the estimates of long-term cancer effects in the affected areas. However, the
majority of the estimates indicate that the overall health impact will be
extremely small and not detectable when averaged over the population potentially
at risk. This viewpoint is widely held by the competent risk assessors who have
examined the potential effects of the accident. Nevertheless, there are some
groups within this population which may have received significantly higher doses
and/or which may be more sensitive and which merit special consideration if they
can be-identified. Among these are about 70,000 children who received relatively
high doses to their thyroid glands from iodine-131, and the emergency accident
workers, especially those recruited early in the accident, whose doses are more
difficult to quantify, but whose activities suggest that they might have been
subject to higher exposures. It is likely that any future health effects which
might possibly be detected will appear in these two groups rather than the
general population whose average dose is very much lower.
4.

Predicted Late Health Effects in the Northern Hemisphere

As previously mentioned, the radioactive plume followed the movement of the
prevailing winds at the time, and its deposition on the ground coincided with
local rainfall as the cloud passed. As there is very little atmospheric mixing
between the two hemispheres, deposition only occurred in the northern hemisphere.
This led to a mosaic pattern of deposition which was geographically very
variable. This in turn led to individual dose estimates that were also very
variable. A number of attempts have been made to document the deposition and,
with the aid of various models, arrive at dose estimates for the various regions.
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a)
A comparison of different 50 year Chernobyl-related dose estimates for Western
Europe is given in Hull [Hu88]:
US Dept. of Energy
UK Atomic Energy Authority
Comm. of European Communities
UNSCEAR

0.49
0.21
0.17
0.38

milligray
millisievert
millisievert
millisievert

These dose estimates are within a factor of 2-3 of each other and, as such can
be regarded as being in good agreement. It should be emphasized that, even with
this variation, they are all very much smaller than the unavoidable dose from
background and can only be predicted to have a commensurately smaller health
impact. For comparison, a rough estimate of the average individual dose from
background in Europe over the same period would be of the order of 100 milllsieverts.
b)

Individual Countries in Europe

Reizenstein [Re87] estimated that the cancer mortality in Sweden would rise over
fifty years from 1,720,000 to 1,720,140 as a result of the accident.
Crowley et al. [Cr89] investigated reports of an increase in mortality rates in
Ireland following the Chernobyl accident. They found no evidence to support such
an increase.
There is fairly convincing evidence that the potential physical health effects
in the general population, not only in the former Soviet states but Europe as
well, are so minor as to be indiscernible, and in North America are inconsequential.
5.

Psychological Effects

The Chernobyl accident induced anxiety and stress in people not only in the
contaminated areas but all over the world. While this cannot be regarded as a
direct physical health effect of radiation exposure, its impact on the well-being
of people cannot be ignored and may well be the most important single influence
on the health of people who were exposed or thought that they might have been.
The intensity of the anxiety was often unrelated to the actual level of contamination and its attendant risk. Where such concern existed, it resisted official
attempts at reassurance and explanation.
In the contaminated regions of the former USSR, many people were convinced that
they were suffering from radiation induced disease, whereas in the rest of the
world news of the accident appeared to reinforce anti-nuclear perceptions in the
general population.
The accident doubled the number of people who acknowledged opposition to nuclear
power in Sweden [Sj87].
This increase was most marked among women. Media
criticism of the radiation protection authorities in that country was widespread,
especially when the official pronouncements on the one hand said that the risk
in Sweden was negligible, and yet on the other, gave instructions on how it could
be reduced. This sort of advice was not understood by the general population,
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who felt that it was prompted by the need for remedial action which was being
concealed from them.
While the accident did not appear to give rise to
significant psychosomatic effects outside the former Soviet Union, it tended to
reinforce public fear of nuclear power and foster the public's growing mistrust
of official bodies. This mistrust was enhanced by the inability of most of the
public to understand the nature of the accident and to understand the level of
risk involved. This confusion was compounded by the fact that the experts could
not put the science and risk concepts in a form which could be grasped by the
public. In addition, the traditional sources of information to which the public
tended to turn in a crisis, the physicians and teachers, were lamentably ignorant
of the facts and often only repeated the fears that had been expressed to them.
Furthermore, the media, who were only marginally better informed, were motivated
to print "newsworthy" items by publishing some of the more outlandish claims of
so-called radiation effects. It is hardly surprising that the general public was
confused and cynical and responded in predictable but extreme ways such as
seeking induced abortions, postponing travel and not buying food that might conceivably be contaminated. Governments themselves appear to have been influenced
by these fears and many responded by introducing measures such as unnecessarily
stringent levels of contamination for imported food. Thus, in the world as a
whole, while the individual psychological effects due to anxiety and stress were
probably minimal, the distorted collective perception and extreme response had
a significant economic and social impact.
In the contaminated Republics, anxiety and stress were much more prevalent and
were not just confined to the more heavily contaminated regions. Several surveys
conducted by Soviet researchers [IA88] have shown that the anxiety produced by
the accident and the subsequent public reactions have spread far beyond the more
heavily contaminated regions. This was also a time of radical change in the
Communist system which had ruled so rigidly for seventy years. This era of
"Perestroika" and "Glaznost" meant that nationalistic feelings were allowed and
that distrust and hatred of the Communist government and system could be openly
expressed for the first time without too much fear of reprisal. It was commonly
assumed that the Central government had been lying to the population for generations, even about the most inconsequential facts and events. When a cataclysmic
event such as the world's worst nuclear accident occurred, it was universally
believed in the Soviet Union that the government would continue to lie and cover
up its true magnitude. Furthermore, a new breed of politician emerged who played
on these emotions and fears, fanning them for his own purposes. The distrust of
officialdom was so great that, even scientists from the central government were
not believed and more reliance was placed on local "experts" who often had very
little expertise in radiation matters. The Soviet Government recognized this
problem quickly, and tried to counteract the trend by promoting foreign experts
to visit the contaminated areas, assess the problems, meet with local specialists
and publicize their views in open meetings and on television.
These visits
appeared to have a positive effect, at least initially.
Severe economic hardship added to the social unrest and reinforced opposition to
the official system of government.
The dismissive attitude of some Soviet
scientists and government officials in describing the public reaction as
"Radiophobic" tended to alienate the public even further by implying some sort
of mental illness or reaction which was irrational and somehow abnormal. It also
served as a convenient catch-all diagnosis to describe a condition about which
the authorities were not concerned because they could do nothing about its manifestations.
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The awareness of people of their own health and their concern for it, is only
overshadowed by their concern for the health of their children and grandchildren.
Major and minor health problems are attributed to radiation exposure no matter
what their origin, and the impact that the accident has had on their daily lives
has added to the stress. Whole communities are facing or have faced evacuation
or relocation. There are widespread restrictions on daily life affecting schooling, work, diet and recreation. The accident has caused disruption of social
networks and traditional ways of life. As most inhabitants of the contaminated
settlements are native to the area and often have lived there all their lives,
relocation has in many cases destroyed the existing family and community social
networks, transferring groups to new areas where they may. well be resented or
even ostracized. In spite of these drawbacks, about 70% of the people living in
contaminated areas wished to be relocated [IC91]. This may well be influenced
by the economic incentives and improved living standards that result from
relocation by the government.
However, relocation itself carries with it the potential to magnify the social
problems. When a large group of people are injected into an area, already
established with its own community identity, there is the danger that the
newcomers will tend to be resented, especially.if they are apparently treated
more favourably than the established inhabitants. This has in fact occurred in
some cases, and has led to a sense of isolation and rejection, magnifying the
"victim" mentality, and leading to more stress and depression. In summary, it
should be emphasized that the fears and anxiety expressed are natural reactions
to a disaster and that such reactions in the contaminated Republics were strongly
influenced by the then current political and economic climate. However, this was
not an abnormal public reaction, and every effort should be made to understand
and resolve these anxieties, as their continued presence may lead to the most
significant health effects in both contaminated and uncontaminated regions of the
affected states.
The accident demonstrated a clear need for the appropriate authorities to inform
and advise the Public on a continuous basis throughout all phases of a nuclear
accident, so as to avoid any suggestion of cover-up and retain public confidence.

V.

THYROID EXPOSURE

As early as July 1986, it was clear that the radioiodines were contributing
significant thyroid doses, especially to children. Many thousands had had thyroid
dose estimations performed based on environmental measurements, a log of their
activities during the crucial period and direct thyroid measurements.
The
results of this measured and reconstructive dosimetry showed that some groups in
the population received high thyroid doses, and that an increase in thyroid
abnormalities including cancer was a very real possibility in the future. In the
Kiev region for example, about 3,500 children had estimated thyroid doses of
between 0.75 and 2 gray. In Brjansk there were about 1,800, and in Zhitomir,
2,800.
These were very significant thyroid doses and even in 1986, it was
realized that the thyroid would be the target organ most likely to show evidence
of radiation effects, especially an increased incidence of benign and malignant
tumors [IA87]. It was known from previous studies that an increase in thyroid
tumors tended to occur six to eight years following external irradiation, and
continue for more than twenty years after exposure, particularly in children.
The current conventional wisdom was that internal radioiodine exposure was less

carcinogenic than external exposure of the thyroid by x- or gamma rays, For
these reasons, a determined effort was made to estimate doses, record the data,
initiate medical examinations and to follow the cohorts either because of age or
dose, already identified as being most at risk,
In the Ukraine, more than 150,000 examinations were conducted by special dosimetric teams, and a realistic estimate of the collective thyroid dose of 64,000
person.Gy has been made, leading to a projected 300 additional thyroid cancers
[L193].
WHO reported [WH90] that, in the Ukraine, most children received less than one
gray to the thyroid, although several thousand received more than two gray. Of
this last group, a few hundred children received doses of over 10 gray, and more
than two hundred received a dose of 15 gray or more. In Belarus about 1,000
children received over 5 gray and several had doses in the range of 30 to 40
gray.
Prophylactic stable iodine was given to about five and one half million people
in the contaminated regions, but it is impossible to assess the effect of this
intervention measure [Me92].
Thus, soon after the accident the thyroid had been identified as the target
organ, especially for children and the authorities prepared as much as they
could with relatively accurate individual dose records, and by identifying the
most highly exposed sub-groups in the population in preparation for a medical
surveillance and epidemiological program.
The delay in the appearance of
radiation induced thyroid tumors (six or more years) was a sufficient time lag
to organize a comprehensive diagnostic and therapeutic program. It was somewhat
of a surprise when an increase in childhood thyroid cancer in Belarus was
reported to have occurred four years after the accident [CE92].
In Belarus, some 250,000 people had some rudimentary form of thyroid uptake
measurements within three weeks of exposure, and individual doses were reconstructed for 73,000 persons, including 19,000 children. In 1992 a review [CE92]
of the Belarus program to monitor the thyroid status of children stated that
about 30,000 children were enrolled in Minsk in May/June 1986. The highest doses
were reported to have been received by the evacuated inhabitants of the Hoiniki
rayon in the Gomel oblast. In the course of this study, it was noted that the
numbers of thyroid cancers in children were increasing in some areas.
For
Belarus as a whole, there has been a significantly increasing trend in childhood
thyroid cancer incidence since 1990. This increase is confined to regions close
to Gomel, which is thought to have been most contaminated with radioiodine and
no significant increase has been noted in less iodine contaminated areas around
Mogilev, Minsk or Vitebsk. The initial reports indicated that about 57% of all
the cases are from the Gomel oblast, and of these, 70% are children who were in
the age group 0 - 5 years at the time of the accident. Minsk is the primary
centre in Belarus for the diagnosis and treatment of childhood thyroid cancer,
and before 1986, only 13 cases are recorded in the previous twenty years. After
that, the figures are as follows:
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1986
1987
1988
1989
1990
1991
1992
1993
1994

2

4
5
6
29
55
67
79
82

on of the early cases
0
4
7
11

- 3
- 6
- 10
- 14

y
y
y

y

1%
20%
49%
39%

(1 - 4 y at time of accident)

The histology of the cancers in early 1992 showed that virtually all (128 out of
131) were papillary carcinomata, and that they were particularly aggressive, with
local invasion in 55 and distant métastases in 6, usually to the lungs [Ka92].
These features have been characteristic of the subsequent cases. This has made
the treatment of these children less successful than hoped, with three deaths by
the end of 1994.
Other data from the northern part of Ukraine [WH94] show a similar, but not as
dramatic, increase in the incidence of childhood thyroid cancer since 1987. This
was confirmed by the final report of the CEC Expert Panel [EC93] convened in 1992
to verify the reported increase [EC92]. About 150,000 children had thyroid
uptake measurements following the accident, but it is not known if this group has
a greater incidence of thyroid cancer. A WHO meeting in Kiev in October 1993
[WH94] identified 225 cases of childhood thyroid cancer in Belarus and 158 cases
in the?Ukraine. In 1992 the incidence of childhood thyroid cancer in Belarus as
a whole was 2.77 per 100,000, whereas in the Gomel and Brest Oblasts it was 8.8
and 4/76 respectively [WH94] . This increase was not confined to children, as an
increase in cases in adults were registered in Belarus and in the Ukraine.
There is some difficulty in comparing the numbers quoted by the CIS health
authorities with previous incidence statistics, as previous data collection was
not sufficiently rigorous. However, an attempt to do so was made in the CEC
Report [EC93] which showed a marked increase in the childhood thyroid cancer
incidence. These experts confirmed that the incidence of childhood thyroid
cancer (0-14 y) prior to the accident in Belarus (Between 0 and 0.14/100,000/y)
was similar to that reported by other cancer registries in Europe and Scandinavia.
This indicates that the data collection in Belarus was of similar
adequacy. They noted that it jumped to 2.25/100,000/y in 1991, about a twentyfold increase. When this increase was first reported, it was very quickly
pointed out that any medical surveillance program introduced would apparently
increase the incidence by revealing occult disease and rectifying mis-diagnoses
[Be92] . While this may account for a small proportion of the increase, it cannot
possibly be the sole cause, as the increase is so large and many of the children
presented not with occult disease, but with clinical evidence of thyroid and/or
metastatic disease. While there may be disquieting aspects of general data
collection in the former Soviet Union, there is a real, and large, increase in
the incidence of childhood thyroid cancer in Belarus which appears to be related
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to the Chernobyl accident. The clinical features of the disease appear to differ
somewhat from the so-called natural occurrence and its temporal and geographic
distribution suggest the Chernobyl accident as the cause. These points can be
summarized:
1.

The overwhelming majority of the cancers are papillary, very few are
follicular;

2.

While childhood thyroid cancer usually presents at a later stage than the
adult variety, these tumors appear to be more clinically aggressive in
nature than the natural variant, often presenting with local invasion,
cervical lymph node involvement, and even with lung métastases;

3.

It appears that children between the ages of 0 - 5 years at the time of
irradiation are more sensitive;

4.

The concentration of these tumors around Gomel may well be explained by
the higher thyroid doses from exposure to radioiodine in this region
compared with other regions in Belarus. It can be speculated that the
reduced iodine intake in these regions, as well as various public health
measures to provide supplementary stable iodine, could be factors in
determining the characteristics of these thyroid cancers which differ from
the "natural" variant.

While the latent period is shorter than expected from previous data, it must be
assumed until proved otherwise that this increase is due to the Chernobyl
accident. If this is the case, then as the cohort of children in the 0 - 14 yr
age group in 1986 ages, then the incidence of childhood thyroid cancer should
return close to the "normal" incidence soon after the year 2,000.
It has recently been suggested that activation of an RET oncogene by radiation
could be a possible cause [Ta94].
The incidence of childhood and adult carcinoma of the thyroid is still rising and
the peak has not yet been reached either in Belarus or Ukraine. As the childhood
cancers were the first to reveal themselves, one would expect that the childhood
thyroid cancers will peak earlier than the adult. It remains to be seen whether
the histology and the course of the disease in the adult cases will differ from
the more benign course of "natural" adult thyroid carcinoma. The surveillance
programs now in place will need to be continued for the lifetime of the exposed
individuals.

VI.

EMERGENCY ACCIDENT WORKERS

Following the accident large numbers of people were recruited to clean up. Many
came from the Soviet armed forces and worked not only on the site but also in
contaminated towns, agricultural areas and forests in an effort to make them fit
to live and work in. These people were also known as "Liquidators", as this term
was the closest translation of the Russian word used to describe them. Approximately 198,500 Emergency Accident Workers (EAW's) were identified in 1988 for
inclusion in the centralized dose registry set up by the Soviet Union, the AllUnion Dose Registry. Soon after this, special benefits were introduced to reward
the EAW's, with the result that their numbers have been increasing with time by
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Such was the prestige associated with this classification that some outside
persons were granted honourary status in recognition for their contribution in
other areas.
After their period of exposure during clean up operations, most of the workers
returned to their normal occupations with the result that they were dispersed all
over the USSR, making follow-up extremely difficult. According to Ilyin (1190b),
significant increases in the incidence of all diseases among Emergency Accident
Workers occurred between 1987 and 1988. This survey of such wide disease parameters could well be due to an improvement in reporting and recording and should
not be regarded as evidence of a radiation exposure effect.
Tsyb et al. [Ts90] have described the structure of the Ail-Union Dose Registry
of persons exposed during the Chernobyl Accident. This included 226,900 EAW's
and the problems of reconstructing the external dose, predicting the stochastic
effects and assessing the main morbidity incidence rates are discussed. Dosimetric data on 141,300 EAW's have been analyzed and reveal that the absorbed
doses of more than 47% are between 100 and 250 mGy. These data are being used
to reconstruct the doses of those for whom accurate assessments are lacking. The
mean external irradiation dose has been estimated to be 125 mGy. As more information becomes available it may be possible to improve the accuracy of these dose
estimates. Basing their comparison on the Japanese atomic bomb data for adult
males, the authors have concluded that about 3.7% of all predicted leukaemia
deaths in this population might be due to radiation exposure, provided that all
the EAW's doses fall within the 0 - 5 0 cGy range. As far as other diseases are
concerned, they report an increase in malignant tumors in those EAW's from Russia
and in the USSR as a whole, when the statistics for 1987 are compared with those
for 1988. This is attributed to more thorough screening, as it is not reflected
in the Belarus nor Ukrainian statistics. They found no statistically significant
changes in the morbidity statistics of lymphatic and haematopoietic malignancies
for 1987-1989. Where there were apparent increases in the incidence of several
disease classes such as mental disorders and digestive organ diseases, the
authors attributed this change to the psychosocial disturbances induced by the
stress of working in the clean-up operations. No differences were found in
morbidity rates for malignant tumors, thyroid disorders, infectious and parasitic diseases. This is a preliminary assessment carried out during the very
early phase following exposure which would not be expected to show discernible
statistical trends yet, as insufficient time has elapsed for the full effect of
any radiation exposure to be evidenced.
Other preliminary analyses of data, such as that in the International Chernobyl
Project Report [IC91, p. 384], suggest that the death rate among the EAW's is
not higher than that expected for males of the same age in former Soviet Union
countries. Other anecdotal references to an overall increase in death rate among
the Emergency Accident Workers do not stand up to close scrutiny and cannot be
regarded as unequivocal evidence of radiation harm.
Not only are many of the reported health effects unassociated with radiation
exposure, those that are, are not seen at the doses said to have been incurred.
With the breakup of the former Soviet Union, the All-Union Dose Registry was
apportioned between the contaminated Republics. Since the Russian National
Medical Dosimetric Registry (RNMDR) was what was left over after the division of
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the data, it appears to be more organized and will be used as an example (I
He predicts 670 cancer deaths peaking in about 25 years as a result of this
exposure. This is estimated to be about 3.4% of the expected cancer deaths from
other causes. These data also indicate that the crude death rate from respiratory cancer increased significantly between 1990 and 1991, and from all malignant
neoplasms between 1991 and 1992. It is not clear what influence confounding
factors such as smoking has had on this rise, and its relationship to the
reported increase in the crude death rate and mortality rates from lung, breast
and intestinal cancer in the general population is far from clear. When these
considerations are added to the fact that insufficient time has elapsed for the
maximal expression of any potential radiation effects, no firm conclusions can
be drawn. All that can be said is that, if any radiation induced cancers are to
be seen, they are more likely to occur in selected cohorts of this group with the
highest exposures, and for this reason alone every effort should be made to
refine the dose estimates and follow these persons over the long term.
While this group would appear to be one where radiation health effects might be
expected in the long run, extreme difficulty is involved in their complete
follow-up. This includes the continuing addition of workers with absent or low
exposures which would obscure any radiation effects, the logistic problems
associated with the collection of data from such a dispersed group and the degree
of uncertainty associated with some of the dose estimates. Thus any future
epidemiological studies should ideally be directed towards smaller cohorts which
can be clearly identified, closely followed, and which have accurate dose
estimates.
Since the accident, it has been necessary to maintain a cadre of workers,
technicians and scientists at the site. A small group of fifteen or so of these
scientists have needed to enter the Sarcophagus to make measurements and to
monitor the conditions. A recent paper [Se95] which attempted to estimate their
dose by chromosome aberration techniques, revealed that some of these workers
had, over the years, received doses up to 13 Gy. No Deterministic Effects have
been noted in this group due to the intermittent nature of their exposure.
However, it is clear that these people will carry a very significant risk of
developing cancer for the rest of their lives.

VII.

THE INTERNATIONAL CHERNOBYL PROJECT

This Project [IC91] was the most comprehensive review of the accident ever undertaken by an international team, and thus merits more detailed consideration. In
October 1989, the Soviet Government requested the International Atomic Energy
Agency (IAEA) to carry out ".... an international experts' assessment of the
concept which the USSR has evolved to enable the population to live safely in
areas affected by radioactive contamination following the Chernobyl accident, and
an evaluation of the steps taken in these areas to safeguard the health of the
population." The IAEA responded by establishing a multinational team to perform
this assessment in the Ukraine, Byelorussia and the Russian Federation, with the
participation of the Commission of the European Communities (CEC), the Food and
Agriculture Organization (FAO), the International Labour Office (ILO), the United
Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR), the
World Health Organization (WHO) , and the World Meteorological Organization (WMO) .
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The fieldwork for the report of the International Advisory Committee was carried
out in 1990, and should be regarded as a review of the measures taken up till
then and as a snapshot in time of the then current situation. The final conclusions and recommendations were approved by the International Advisory Committee
in March 1991.
The report was concerned with the people living in the contaminated areas and
specifically excluded those approximately 135,000 persons who were evacuated from
the 30 km exclusion zone and the Emergency Accident Workers (Liquidators).
Various teams went to the Soviet Union and conducted their own surveys and
measurements. The main findings, were:.
1.

Environmental Contamination

Measurements and assessments by the team provided general corroboration of the
levels of surface contamination for cesium as reported in the official Soviet
maps. Studies of a limited number of soil samples corresponded to the official
surface contamination estimates for plutonium, but were lower for strontium. The
concentrations of radionuclides measured in drinking water and food were, in most
cases, significantly below guideline levels for radionuclides in food moving in
international trade, and in many cases were below the limit of detection.
2.

Radiation Exposure of the Population

The review team considered that the official Soviet procedures for estimating
dose were scientifically sound and that the methodologies used were intended to
produce results that would not underestimate the dose. Independent measurements
in individual residents monitored for external and for internal exposure from
cesium incorporated into the body, yielded results that would be predicted on the
basis of calculational models.
Independent Project dose estimates for the
surveyed contaminated settlements were lower than the official ones.
3.

Protective Measures

This team found that the initial response of the authorities was generally in
accordance with international guidelines prevailing at the time. The protective
measures taken or planned for the future generally exceed what would be strictly
necessary from a radiation protection point of view. It was felt that factors
other than those of a strictly radiological protective nature influenced the criteria for relocation. The need to restore public confidence, to reduce anxiety
and to gain acceptance of the policy were identified as being particularly
important, and in the appraisals of the relocation policy, these factors have
been assigned a much greater weight than radiation protection principles would
justify.
4.

Health Impact

Field studies were undertaken in the latter half of 1990 of the continuous
residents of the rural settlements with a surface cesium contamination of greater
than 555 kilobequerel per metre squared, and control settlements of 2,000 to
50,000 persons, using an age matched study design. Seven contaminated and six
control settlements were chosen by the medical team. Since all persons could not
be examined, representative samples were taken from various age groups. In all
1356 people were examined, and the aim was to examine about 250 from each of the
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larger settlements. Three medical teams each spent two weeks conducting medical
examinations to provide the data for these assessments.
The medical examinations were quite comprehensive, covering:
Past medical history
General psychological state
General health
Cardiovascular status
Growth parameters
Nutrition
Thyroid structure and function
Haematological and immune system deficiencies
Neoplasms
Cataracts
Biological dosimetry
Fetal and genetic anomalies
The general conclusions reached were that there were no health abnormalities
which could be attributed to radiation exposure, but that there were significant
non-radiation related health disorders which were similar in both contaminated
and control settlements. The accident had also had substantial negative psychological consequences which were compounded by the socio-economic and political
changes occurring in the then USSR. The official data did not indicate a marked
increase in leukaemia or cancers. However, the data were not detailed enough to
exclude the possibility of an increase in the incidence of some tumor types. On
this subject, Prisyazhiuk et al. [Pr91] suggested in 1991 that the incidence of
cancer in the Ukraine showed no large increase even in the most contaminated
areas. However, there was some evidence that the incidence of thyroid cancer
might be increasing in children. This is discussed in section V of this review.
The International Chernobyl Project Report observed that the reported high
thyroid doses in some children were such that there may be a statistically
detectable increase in the incidence of future thyroid tumors.
It was finally concluded that, on the basis of the doses estimated by the Project
Team and the currently accepted radiation risk estimates, future increases over
the natural incidence of cancer or hereditary defects would be difficult, if not
impossible to discern, even with very large and well-designed long term epidemiological studies.

VIII. SUMMARY AND CONCLUSIONS
1.

The Chernobyl accident was the world's worst nuclear power reactor
accident, caused partially by operator error, and compounded by poor
design. Thirty-one persons died as a direct result of the accident, and
two hundred and three people were treated for acute radiation sickness.

2.

Large tracts of land in the Soviet Union were contaminated with radionuclides, and 135,000 people were evacuated from the 30 km zone around the
reactor. Many others living in contaminated areas have been given the
option of relocation.
It should be emphasized that the intervention
criteria adopted by the Soviet authorities for relocation and other protective actions are generally very much lower than that suggested by
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western experts. This has the effect of substantially increasing the size
of the population which is subject to a remedial measure, thereby
increasing the remedial costs and the apparent magnitude of the effects.
3.

The majority of credible estimates of harm arising in the general
tion living in the contaminated areas of the affected Republics of
indicate a very small increase in cancer mortality which will
detectible. These range from an increase of 0.02% to about 0.001%
less.

populathe CIS
not be
or even

4.

There is a large number of children in the former Soviet Union who
sustained high doses to their thyroid glands. In Belarus and Ukraine
there has already been an increase in the incidence of thyroid cancer in
children which has not yet peaked. From 1986 to the end of 1994 (nine
years), 343 cases have been registered in Belarus, where prior to the
accident the rate was less than one case per year. In Ukraine, a similar
but less pronounced increase has been noted in the more contaminated
regions since the accident. The incidence of thyroid cancer in adults is
also rising in these two Republics.

5.

Some of the Emergency Accident Workers may have received significant
doses, and might be expected to reveal a higher cancer incidence in the
future.
Every effort is being made to identify and follow selected
cohorts of this group most at risk.

6.

Psychological effects, accentuated by the changing sociopolitical
situation and the poor economic conditions in the former Soviet Union, are
causing a great deal of distress, and the anxiety and stress induced by
the public perception of the accident are probably the most important
indirect health effects in the general population.
However, it is
impossible to quantify the magnitude of the problem due to the lack of
suitable endpoints to measure. The accident demonstrated a clear need for
the appropriate authorities to inform and advise the Public on a continuous basis throughout all phases of a nuclear accident, so as to avoid any
suggestion of cover-up and retain public confidence.

7.

Most radionuclide contamination outside the Soviet Union occurred in
Western Europe, where the number of fatal cancers in the general population has been projected to increase by 0.003% over the next fifty years.
The increase in lifetime cancers induced in the general European population is calculated to be 0.01%.
These are theoretical calculations
showing a minuscule effect which, if it occurs, will be hidden in the
inherent natural statistical fluctuations of the data.

8.

There iu fairly convincing evidence that the potential health effects in
the general population, not only in the former Soviet states but Europe as
well, are so minor as to be indiscernible, and in North America are inconsequential .
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APPENDIX
Effects Within the Northern Hemisphere.

1.

Former USSR

Ilyin et al. [1190a] estimated that, in the thirty years following the accident,
the percentage of malignant thyroid tumors might increase by 51 among children
and 0.9% in adults living in the more contaminated regions of the ex-USSR as a
result of iodtne-131 exposure. They also projected a percentage increase of
0.003% in congenital abnormalities in the seventy years following the accident.
This represented, in that time frame, an increase in absolute numbers of about
147 in over five million "spontaneous" anomalies. In their consideration of all
genetic effects in the first two generations, the percentage increase attributable to the radiation exposure was estimated to be 0.015% of the "spontaneous"
rate. They also estimated the excess lifetime percentage of all cancers due to
the accident in the strict control zones (provided that a lifetime dose limit of
0.35 sievert was maintained) of 0.5%. It is clear from these estimates that the
extra risk incurred from living in the more contaminated regions,, i.e. the strict
control zones, is unlikely to be detected as it falls within the bounds of
statistical fluctuation.
Anspaugh et al. [An88] estimate that the radiation induced cancer mortality in
the ex-USSR would increase over the spontaneous rate by between 0.0006% and
0.05%, with a central estimate of 0.02%.
Hull [Hu87] predicts a total of 400 deaths in the former Soviet Union over the
next thirty-five years as a result of the Chernobyl accident. This figure should
be compared with the 4.2 million cancer deaths to be expected in the same
population.
2.
Morrey et al. [Mo87] , in a report to the Commission of the European Community,
estimated that the total collective effective dose to the population of the
Community integrated over all time was about 80,000 man.sievert. This may be
compared with the total collective dose from background to the same population
integrated over fifty years which is estimated to be 25 million man.sievert, i.e.
about 0.3% of the background. They point out that, over the next fifty years,
about thirty million people in the Community are expected to die of cancer, and
the additional number of cancer fatalities as a result of the accident will be
approximately one thousand, i.e. an increase of about 0.003%. The number of
"naturally" occurring thyroid cancers predicted is of the order of 300,000, while
the accident could give rise to a further 2,000 over the same period.
Anspaugh et al. [An88] have estimated a total radiation induced incidence of
life-time cancers as 10,450 in the European population, an excess over the
natural occurrence of about 0.01%: a little lower than the 13,000 predicted by
the US Department of Energy Report in 1987 [DE87J.
Hull [Hu87] has tentatively estimated that 1200 Chernobyl related cancer deaths
might be expected outside the former Soviet Union, mainly in Europe.
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Over the next one hundred years, Bengsston [Be87] has estimated that there could
be 4,000 extra fatal cases of cancer and hereditary disease in Europe. Bengsston
also feels that there may be an uncertainty of a factor of three in these
figures.
The EUROCAT Working Group which reviews the incidence of birth abnormalities in
selected European countries, reviewed the teratological impact of the Chernobyl
accident in nine countries and did not discover a general increase in the
frequency of malformations in Western Europe [Eu88].
The European Childhood Leukaemia-Lymphoma Incidence Study (ECLIS), under the
aegis of the International Agency for Research on Cancer (IARC), is collating
leukaemia incidence data in many European countries affected by the accident.
Parkin et al. report this data from 18 countries up until the end of 1988 in a
review published early in 1992 [Pa92]. There was no increase in the observed
over the expected rates In these countries. This was to be expected as the 32
month study period was too short for potential effects to be seen. This study
is continuing. Every effort is being made to include incidence data from the
former Soviet Union States, but the national mechanisms in place for diagnosing,
recording and following up cancer cases are either absent or woefully inadequate,
making the inclusion of unverified data from these countries impossible until the
situation has been improved.
Parmentier and Nénot [Pa89] suggest that the incidence of cancer in the northern
hemisphere may increase by 0.004% over the next fifty years as a result of the
accident, an estimate which is in good agreement with the US DOE Report [DE87].
It can be seen that these estimates vary widely, depending on the population
included, the length of the estimate, the conversion from deposition to dose and
the risk estimates chosen.
It tends to be misleading if figures for cancer
induction are given in isolation, with no comparison with the figures that might
be expected to occur "naturally" in the same population over the same time
period. The same comment applies to dose estimates, where their magnitude can
only be assessed by comparison with doses from background in the same population
over the same period.
3.

Canada and the USA

Broadway et al. [Br88] estimated a total of 100 excess cancers in the US population over the next forty-five years. The dose incurred was estimated from the
ingestion of dietary components contaminated by fallout from the Chernobyl
accident.
In the USA and Canada, Anspaugh et al. [An88] estimate a total of 20 radiation
induced cancers against a background of 48 million in a lifetime. This excess
over the spontaneous is 0.00004%, a figure very similar to that prepared for the
US Dept. of Energy [DE87].
Huda et al. [Hu88] calculated the mean value of the effective dose for an adult
Canadian in the two months following the accident to be 0.28 microsieverts. As
this is a vanishingly small fraction of the dose from natural background in the
same period, they concluded that the resulting radiation detriment was
negligible.
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While these estimates were made before the ICRP revised risk factors were
published in ICRP 60 (1991) , the application of these new risk factors will not
significantly alter the predicted health effects of the absorbed doses. This is
illustrated in the following Summary Table.

Summary Table of the Potential Increase in Fatal Cancers
as a Result of the Chernobyl Exposure

Exposed Group
(Number)
Evacuees
(135,000)
Emergency
Accident
Workers
(RNMDR)
(98,735)
Residents
of most
contaminated
regions
>555 GBq/km2
(240,000)
General Public
in European
part of CIS
(201 million)
Total
Population
of Northern
Hemisphere
(4,300 million)
Total Canadian
Population
(27 million)

N.B.

Average
Lifetime
Dose

Excess Number
of Predicted
Fatal Cancers

120
mSv

810

27,000

it

125
mSv

670

19,700

3.4%

80-160
mSv

Number of
Fatal Cancers
Normally Expected

%
Increase

765-1630

480,000

1.5-3%

1.1
mSv

11,500

40,200,000

0.03%

0.14
mSv

31,000

0.004
mSv

6

1,118,000,000

5,400,000

0,004%

0.0001%

As with other similar predictions, these figures are approximations.
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