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FOREWORD

On 26 April 1986, an accident occurred at Unit 4 of Chernobyl nuclear power plant resulting in
the destruction of the reactor core. The causes of the accident as well as its consequences and impact
mitigation are the focus of attention of Soviet specialists in radiation protection, nuclear engineering,
radiation medicine and ionizing radiation dosimetry.

Information was presented at special meetings held by the IAEA which have intensified its work
on radiation standardization and medical intervention planning for nuclear accidents. The Chernobyl
accident and its consequences are a matter of interest for research workers from many countries.

National committees on radiation protection are giving special attention to the questions of medi-
cal assistance to the injured during a radiation accident, and to the development of information and
radiation control systems. Throughout the world, considerabled efforts are being made to solve the
problems of further development of nuclear engineering.

From 11 to 13 May 1988, the Ail-Union Scientific Centre of Radiation Medicine convened a Con-
ference on Medical Aspects of the Chernobyl Accident in Kiev. This was the first conference on this
subject with international participation held in the Soviet Union. There were 310 specialists represent-
ing Soviet scientific establishments and over 60 experts from 23 other countries and international
organizations (IAEA, WHO, ICRP) participated in the Conference. The Conference was widely publi-
cized by the mass media. In all, 86 Soviet and 36 foreign journalists, radio and TV correspondents,
including those representing leading scientific journals, were accredited to the Conference.

Participants at the Conference discussed medical aspects of accident mitigation, including ther-
apeutic, psychological, demographic, epidemiological and dosimetric problems. Future research on
these and some other issues was considered in detail.

Participants were given the opportunity to visit the Chernobyl site and the town of Slavutich, and
to get acquainted with the work of some specialized medical establishments in Kiev.

These Proceedings include 29 reports presented by Soviet scientists during the four sessions as
well as summaries of discussions and opening addresses by Mr. E.I. Chazov, Minister of Public Health
of the Soviet Union, Mr. H. Blix, Director General of the International Atomic Energy Agency, and
Mr. V.A. Zgurskij, Chairman of the Executive Committee at the Kiev City Soviet of People's
Deputies.



EDITORIAL NOTE

In preparing this material for the press, staff of the International Atomic Energy Agency have
mounted and paginated the original manuscripts as submitted directly from translators in the Soviet
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Tfie views expressed in the papers, the statements made and the general style adopted are the
responsibility of the named authors. The views do not necessarily reflect those of the government
of the Member State or organizations under whose auspices the manuscripts were produced.

The use in this book of particular designations of countries or territories does not imply any
judgement by the publisher, the IAEA, as to the legal status of such countries or territories, of their
authorities and institutions or of the delimitation of their boundaries.

The mention of specific companies or of their products or brand names does not imply any
endorsement or recommendation on the part of the IAEA.

Authors are themselves responsible for obtaining the necessary permission to reproduce
copyright material from other sources.



CONTENTS

Opening Speech ................................................................................................. 9
E.I. Chazov

Address to the Participants of the Conference ............................................................ 13
H. Blix

Address to the Participants of the Conference ............................................................ 19
V.A. Zgurskij

GENERAL ASPECTS OF HEALTH PROTECTION IN THE EVENT OF
A NUCLEAR ACCIDENT

Medical and sanitary measures taken to deal with the consequences of the
Chernobyl accident .......................................................................................... 23
G. V. Sergeev

Sanitary and health measures taken to deal with the consequences of the
Chernobyl accident .......................................................................................... 39
A. I. Kondrusev

The Chernobyl experience in the context of contemporary radiation protection problems ....... 47
LA. II'in

Protection of health during a large scale accident ........................................................ 65
A.E. Romanenko

RADIATION ENVIRONMENT AND RADIOLOGICAL PROTECTION

Theory and practice of establishing radiation standards before and after the
Chernobyl accident .......................................................................................... 81
L.A. Buldakov, G.M. Avetisov, M.I. Balonov, Yu.O. Konstantinov

Radioactive contamination of water ecosystems and sources of drinking water .................... 91
LA. Likhtarev, R.M. Barkhudarov, O.A. Bobyleva, V.A. Knizhnikov, V.A. Logachev,
P.V. Ramzaev, M.N. Savkin, G.V. Sergeev

Intake of radionuclides through food chains as a factor in the exposure of the
Soviet population after the Chernobyl accident ........................................................ 101
V.A. Knizhnikov, R.M. Barkhudarov, G.Ya. Bruk, A.P. Ermalitskij, A.I. Kondrusev,

I.P. Los', N.Ya. Novikova, Eh.V. Petukhova, A.V. Pechkurov, O.G. Pol'skij,
I.G. Travnikova, V.N. Shutov, V.P. Filonov

Characteristics of radionuclide intake by inhalation ...................................................... 117
V.T. Khrushch, Yu.I. Gavrilin, Yu.O. Konstantinov, O.A. Kochetkov, U.Ya. Margulis,
V.l. Popov, V.S. Repin, V.V. Chumak

Sanitary-dosimetric monitoring of food products ......................................................... 133
V.N. Bur'yak, N.Ya. Novikova, Z.A. Khulap, A.I. Tsvirbut

Radiation monitoring of various objects as part of the Chernobyl accident management
programme .................................................................................................... 139
O.A. Kochetkov, D.S. Gol'dshtejn, O.P. Osanov



Personnel protection during a reactor accident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
V. S. Koshcheev, A. S. Korostin, S.P. Rajkhman

Protective measures to reduce population exposure doses and effectiveness of these
measures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 151
G.M. Avetisov, R.M. Aleksakhin, V.P. Antonov, L.A. Buldakov, K.I. Gordeev,
E.V. Ivanov, L.A. IVin, A.I. Kondrusev, A.N. Liberman, G.S. Perminova,
V.M. Samojlenko

Discussion
G. A. Zubovskij . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
/. Waddingion: Brief summary of the ongoing programme of WHO in relation to

the public health aspects of nuclear accidents and the Chernobyl follow-up . . . . . . . . . . . . . . . . . 165
G.W. Anderson, E.D. Rubery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168

DOSES OF EXTERNAL AND INTERNAL RADIATION EXPOSURE

Methodological principles for calculating levels of external and internal exposure of the
population used in taking strategic decisions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 171
R.M. Barkhudarov, K.I. Gordeev, I.K. Dibobes, I.A. Likhtarev, U.Ya. Margulis,
O.P. Osanov, O.A. Pavlovskij, B.S. Prister, M.N. Savkin, V.P. Shamov

Dynamics of gamma radiation levels and formation of external exposure dose . . . . . . . . . . . . . . . . . . . . 183
V.A. Logachev, I.P. Los', V.I. Parkhomenko, M.N. Savkin, A.V. Titov

Monitoring of internal exposure of the population in regions close to the Chernobyl
nuclear power plant . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 195
I.A. Gusev, I.A. Likhtarev, E.I. Dolgirev, I.G. Zhakov, B.A. Ledoshchuk,
P. V. Ramzaev

Methods for retrospective determination of absorbed doses in the human body resulting
from external and internal exposure . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203
M.I. Balonov, I.B. Keirim-Markus, U.Ya. Margulis, O.P. Osanov

Long term prognosis of individual and collective exposure doses to the population . . . . . . . . . . . . . . 217
O.A. Pavlovskij

Discussion
A. J. Gonzalez . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 229

CLINICAL ASPECTS OF RADIATION EFFECTS

Acute effects of radiation exposure following the Chernobyl accident: immediate results of
radiation sickness and outcome of treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 233
A.K. Gus'kova, N.M. Nadezhina, A.V. Barabanova, A.E. Baranov, I.A. Gusev,
T.G. Protasova, V.B. Boguslavskij, V.N. Pokrovskaya

Transplantation of bone marrow in victims of the Chernobyl accident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257
A.E. Baranov

Rehabilitation of victims of acute radiation sickness . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
V.G. Bebeshko, B.P. Prevarskij, I.G. Khalyavko, I.V. Shimelis, D.A. Belyj



Problems of evaluating public health after an accident at a nuclear power plant .................. 273
O.A. Pyatak, E.M. Luk'yanova, V.N. Bugaev, V.P. Nedel'ko, A.E. Prisyazhnyuk,
P.I. Burenin, V.E. Dashkevich, G.A. Zubovskij, L.I. Ivanyuta, A.G. Kolomijtseva,
S.M. Makeev, A.A. Yakovlev

Pseuchoneurotic disorders associated with the Chernobyl accident ................................... 283
Yu. A. Aleksandrovskij

State of the pituitary and thyroid system in children at various times after exposure
to radiation as a result of the Chernobyl accident .................................................... 293
E.A. Benikova, E.V. Bol'shova, LA. Zvonova, G.A. Zubovskij, F.F. Markov,
E.G. Matvienko, N.G. Makhon'kova, V.A. Olejnik, N.T. Starkova, N.F. Tarasov,
N.D. Tron'ko, A.K. Cheban, E.V. Epshtejn

Medical care during the radiation accident (137Cs) in Brazil, 1987 ................................... 299
G.D. Selidovkin

Discussion
P.V. Ramzaev ................................................................................................ 309
C.E. Brandâo-Mello: Medical aspects of the Goiânia accident ..................................... 310
T. Sharma: Short and long term cytogenetic and genetic studies of the population

after the Chernobyl accident ...........................................................................311

POPULATION STUDIES, PUBLIC HEALTH AND ALL-UNION REGISTER

Medical demographic consequences of the Chernobyl accident .... . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .315
N.I. Omel'yanets, G.I. Miretskij, M.M. Saurov, F.F. Torbin

Organizational, methodological and information aspects of the mass individual dosimetric
surveys carried out in contaminated areas following the Chernobyl accident ................... 327
A.F. Tsyb, F.F. Stepanenko, V.A. Pitkevich, E.A. Ispenkov, V.K. Ivanov,
E.G. Matveenko, M.A. Maksyutov, O.G. Pol'skij, R.N. Turaev, A.E. Romanenko,
N.I. Omel'yanets, B.A. Ledoshchuk

Database for a systems analytical approach to studying the medical aspects of the
Chernobyl accident . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 333
/./. Linge, K.K. Dushutin, LG. Zajtseva, L.N. Kovgan, S.G. Labuzov, A.A. Nigiyan,
F.F. Khokhlov

Preparation of an Ail-Union distribution register of persons exposed to the effects of
radiation as a result of the Chernobyl accident, with a view to evaluating exposure
doses and making a long term public health forecast . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 345
A.F. Tsyb, A.N. Dedenkov, V.K. Ivanov, F.F. Stepanenko, F.F. Pozhidaev,
V.A. Pitkevich, E.G. Matveenko, E.A. Ispenkov, O.E. Stadnik, O.G. Pol'skij,
R.N. Turaev, A.E. Romanenko, N.I. Omel'yanets, B.A. Ledoshchuk, A.S. Sytnik,
V.N. Bur'yak, V.A. Stezhko, G.A. Losev, P.V. Ramzaev, M.I. Balonov,
Yu.O. Konstantinov

Organization and planning of work involved in the long term clinical observation of
children with a high radiation risk . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 351
V.N. Bugaev, E.I. Bomko, E.M. Bruslova, A.I. Avramenko, L.A. Buldakov, N.F. Rubel'



Discussion
S. P. Yarmonenko . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 365

Statement by Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 367
Concluding Speech .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369

A.E. Ramanenko
Organizing Committee ......................................................................................... 373
List of Soviet Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 377
List of Foreign Participants . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 381



OPENING SPEECH

E.I. CHAZOV
USSR Minister of Health

Dear colleagues I
Ladies and gentlemen I Comrades 1

Two years have passed aince the tragic events on the
Chernobyl Nuclear Power Plant, but up to now the pain experien-
ced by our people does not subside and up to now many people
are deeply concerned by the question what are the consequences
of this accident for our country and first of all for the health
of present and coming generations.

When answering these questions one should point out the un-
precedented character and compexity of the situation resulted
from the fire on the nuclear reactor and radioactive contamina-
tion of relatively large territory. Therefore when speaking about
the liquidation of the consequences of Chernobyl accident we ge-
nerally use the terms " unprecedented " , " for the first titre in
the world practice " , etc. A need emerged in the large-scale go-
vernmental measures, as well as in making the new unpracticed de-
cisions, the use of all the medical experience to protect the po-
pulation health in contaminated areas. One should admit that not
everybody was ready to make these decisions, to say nothing of
their realisation. Only efficient and active work of all the sec-
tions of the Government Commission on liquidation of the conse-
quences of the Chernobyl accident made it possible to overcome
the impact of the tragedy and to prevent its negative effects on
population health«

One must say definitely that we can today be certain that
there are no effects of Chernobyl accident on human health, and
to the great extent due to the selfless work of medical specia-



lista ( 399 of them were given the Government awards ). Medical
specialists were in the first ranks of those who came to help the
people in danger, they were at the station during the accident.

Much had been done during the evacuation of the population
from contaminated areas. The scale of these works is unpreceden-
ted. Only in some days after the accident highly qualified exami-
nation of the population within the accident zone was organized and
medical treatment of those with the diagnosis of acute radiation
sickness began. Moreover, the thorough investigations of all the
aspects of the desease permitted to reduce the group of patients
from 237 to 145« World medicine didn t know such a volume of work
before.

During the first few months after the accident the stationary
examination was provided for 37,5 thousand people ( 12,6 thousand
of them - children ). By the end of 1936, 696 thousand people (215
thousand of them - children ) were provided with necessary medical
treatment. The Ail-Union distributed clinical-dosimetric register
of irradiated individuals was created. It includes more than 600
thousand people, who are now under the special dispensary observa-
tion.

With the purpose of scientific and methodical guidance of the
activities and generalization of the unique scientific data the
All-Union Scientific Centre of Radiation Medicine of the USSR
Academy of Medical Sciences and Special Research Institute of Ra-
diation Medicine In Minsk were founded.

The complex of measures undertaken in our country allowed to
protect the health of Soviet people from the possible negative ra-
diation effects. The thorough medical examinations did not reveal
any deflexions in the health of population. Health protection bodi-
es, special scientific centres and dispensaries continue observa-
tion of the population in contaminated areas. Today here, in Kiev
the first scientific Conference on the Medical Aspects of consequ-
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ences of the Chernobyl accident is being opened. More than 150 sci-
entists and specialists of our country, engaged in radiation me -
dicine and radiation protection, and over 60 specialists from 23
countries for the first time will discuss thoroughly all the com-
plex of problems caused by the nuclear reactor accident. The Sovi-
et medical specialists have no reasons to conceal anything on
this subject. All the materials on the Chernobyl accident effects
on human health are submitted to IAEA, and WHO since the first
months after the accident. The materials were discussed several
times at the expert meetings. Taking into consideration the fact
that the Chernobyl accident has cast the light on various global
problems of medical science and practice we are sure that the re-
sults of this discussion which will become available to the broad
public, will be the great contribution to the world medical sci-
ence. Our experience, which the world medical practice did not
know, should become accessible to all the scientists and physici-
ans in the urorld. Today we must also say that the Chernobyl events
manifested the solidarity of medical specialists of the whole
world in front of the danger brought by uncontrolled distractive
force of atom.

We thank everybody who responded to our trouble, who were
with us during the hard months of struggling for life and hea-
lth of Soviet people. We express our gratitude to dozens, and
hundreds of scientists and physicians, representatives of inter-
national organizations and firms who offered their help.

The Soviet Union has sufficient potential to solve without
ssssistance the problems emerging from the Chernobyl accident. But
we were glad to recive the offers that were the manifestation of
natural impulse of the honest people of the globe, the manifes-
tation of sympathy to our people. 400 years ago John Donn wrote:
" ... The death of every man belittles me too, since I%m an en-
tity of all mankind, don*t ever ask: " the bell, for whom it
tolls", it tolls for you".

11



Chernobyl accident has cast the light on another global
problem - the danger of mankind extermination in the case of nu-
clear war.Atomic energy is a two-faced Janus who can bring well-
being and prosperity to all the peoples of the world in connecti-
on with the development of atomic power engineering, but it also
can be a cause of mankind extermination« One should remember that
Chernobyl accident and medical-biological problems connected with
it can in no way be compared with the consequences of modern nuc-
lear war. That is why we all, physicians, people safeguarding
the health and peace of the population of our planet, warmly wel-
come the Soviet-American agreements on nudlear missiles.

Dear colleagues!
Our Conference is held in Kiev, the population of which had

displayed selflessness, high consciousness and organisation in
the complicated situation, connected with the Chernobyl accident.

Today, when the worst is over, let me wish happiness, health
and prosperity to our amiable hosts. I* d like to express deep gra-
titude to the Central Committee of the Communist party of Ukraine,
to the Counsil of Ministers of the Ukrainian SSR, to the Executi-
ve Committee of the City Soviet of People*s Deputies for providing
exellent conditions for our Conference. I would like to express my
gratitude to General Director of the IAEA Mr. H. Blix for his par-
ticipation's well as to the representatives of WHO, all our fore-
ign collègues whose participation will contribute to the success
of our work.

12



ADDRESS TO THE PARTICIPANTS OF THE CONFERENCE

H. BLIX
Director General

International Atomic Energy Agency
Vienna

It is now a little over two years ago that the accident at
Chernobyl occurred. When I was there the first time, in a helicop-
ter, shortly after the accident, Soviet experts were just brin-
ging the situation under control with great effort and great skill«
When I visited Chernobyl a second time in January 1587, the dest-
royed reactor had been embedded in concrete and two undamaged re-
actors had been decontaminated and were again in operation after
technical modifications and changes in rules and procedures. The
third undamaged reactor, adjacent to the destroyed one, has
now been in operation since many months, and I expect to see on
this occasion how normal life is being restored in the larger part
of the area that was closed and evacuated. The accident was very
severe, but the wounds are healing.

No-one can deny that the costs of the Chernobyl accident --
in lives, injury to health, damage to the environment and cost
to society — were high and they were the highest here in the
Soviet Union and in the Ukraine and Byelorussia. Thirty-one
people died, more than 200 suffered radiation injury, over 100,000
were evacuated and large areas of land were contaminated. Radio-
active fallout outside the Soviet Union necessitated protective
measures in many contries.

What lessons is the world drawing- from this accident ? There
are those - and they are not few — who say the lesson is simply
that nuclear power must be abandoned. The psychological fallout
from Chernobyl was considerable and spread all over the world.

13



We may point out, of course, that many people who oppose nuclear

power do not oppose hydro power, despite the many dam catastrophes

with thousands of lives lost. Nor do they oppose coal-fired power,

despite the thousands of lives that are lost in mines and the en-

vironmental pollution and destruction that has been caused by fos-

sil fuels.

1 am not critical of this - our human reactions are not ne-

cessarily scientific. They are human. We have been sadly and gra-

dually accustomed to death in coal mines, polluted industrial areas

and the drowing of people by dams that burst. We have not been acc-

ustomed to death and injury by radiation and pollution by radio-

active fal lout„We must do all in our power to prevent that we get

used to it. But we must also avoid letting the spontaneous reacti-

ons lead us to act in an unwise and irrational manner. Many peop-

le are scared when airplanes take off . But they do fly, because

they want to get to the destination; they know that the risks

are small and that alternative ways of travelling are also not

without risk.

No way of producing electricity is without some risk. It is

meaningless to examine only the risks of nuclear power. We must

compare these risks with those which we run if we produce a given

quantity of electricity by coal or hydro, oil or gas- In a period

when it is becoming evident that the environmental consequences

of the world*s enormous use of fossil fuels are catastrophic regi-

onally and globally - acid rains, dead forests and lakes, and pro-

bably a modification of the temperature of the earth"s atmosphe-

re, it would be paradoxical to abandon nuclear power , which is

not contributing to any of these ills.

The first lesson of Chernobyl is not, therefore, to stop the

nuclear power stations, but to reduce further the rists. The pub-

lic is less tolerant of nuclear accidents than of other accidents.

14



This has to be accepted by the nuclear industry and regulators
everywhere. Safety is never a static concept. Whether in cars,
airplanes or nuclear power plants, it can and must always be stre-
ngthened« These efforts go along two lines: to prevent accidents
and to reduce the size an(j consequences of such accidents as ne-
vertheless occur.

Bach government, of course, is responsible to its own popula-
tion for the safety of its nuclear installations and it has all
the legislative and executive power to exercise that responsibili-
ty. However, each government is interested in the nuclear safety
in other countries as well and is interested in learning as much
as possible from other countries experience. It is for these rea-
sons that governments are making increasing use the International
Atomic Energy Agency. The first requirement is a mutual openness
and helpfulness.

An excellent example was set by the Soviet Union, when after
the Chernobyl accident it produced an extensive report on the cau-
ses and course of the accident and submitted it to international
discussion with some 500 nuclear experts in Vienna in August 1986.
We regret today the untimely death of Valeri Legasov, who stood
with several Soviet colleagues at the centre of this discussion
which enabled the nuclear world to learn from the tragic experien-
ces of Chernobyl.

Many measures have since been taken jointly at the IAEA to
further strengthen nuclear safety. The Incident Reporting System
allows government and nuclear operators to learn from many smal-
ler accidents and incidents that occur. These lessons help to re-
duce the risk of the bigger accidents. Nuclear Safety Standards
( NUSS ) are internationally accepted safety standards, and they
have now been updated in the light of the Chernobyl experience.
A special advisory group consisting of some of the world*s best
expertise in nuclear power safety - including Mr. V.A. Sidorenko
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from the Soviet Union - has worked out a set of b.asic and coherent

safety principles which should gradually help to further strengthen

safety. And a practice has developed under which Member governments

invite the IAEA to send and international team of experts in opera-

tional safety to examine an review the operational safety in nuc-

lear power stations on their territory. We have sent some 25 such

missions ( OSARTs ) around the world, breaking the isolation of

power plant operators, acquainting them with good practices in other

countries, and learning from them as well. I am glad to say that

the Soviet Union has invited such a team to come to a plant in

your country, just and the US, France, Japan, the Federal Republic

of Germany and many other countries have done.

While international efforts to further strengthen operational

safety to prevent accidents was one important cosequence of Cher-

nobyl, o thers were directed at mitigating the size and consequen-

ces of accidents that might nevertheless occur. Two conventions

were elaborated in record time in 1986, one on early not i f icat ion

to other countries in the event of an accident, to enable them to

take precautions against possible transboundary fallout; the other

one on emergency assistance to facilitate outside assistance

in case of nuclear damage.

One of the lessons taught by Chernobyl accident was that

some common standards were desirable regarding the levels of radi-

ation at which different types of food were to be prohibited for

consumption: intervention levels. There were wide and unjustified

variations in the standards adopted by different countries - ma-

ny of them quite unnecessarily restrictive. The Codex Alimentari-

us Commission of the U.R.* s Food and Agriculture Organization

( FAO ) and the World Health Organization ( WHO ) is expected to

come up with recommendations this summer.
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Other important lessons to draw from Chernobyl are those with

which your medical profession is concerned. The IAEA* 3 activities

in these areas did not start with Chernobyl.

In the field of diagnosis of overexposures, the Agency has

had a long-standing activity in biological dosimetry. A report

on chromosomal aberration analysis for dose assessment was publi-

shed immediately after the Ghernobyl accident. A new report is in

preparation, as a result of the advice which the Agency received from

a group that met in Leningrad in December 1987- It will be a jo-

int publication by many authors, including several Soviet scienti-

sts. It will contain all the biological, biophysical, immunolo-

gical, biochemical and haematological methods for dose assessment

which are presently available.

The Agency has also worked very extensively in the field

of medical handling of overexposed persons. A report on the ge-

neral principles of diagnosis, prognosis and treatment of overex-

posed individuals is in print arid guidelines on the handling- of

individuals subject to external irradiation and to internal con-

tamination are in a very advanced stage of preparation« A docu-

ment on skin lesions produced by irradiation is about to be pub-

lished; it includes substantial contributions by Soviet scien-

tists as a result of the Chernobyl experience.

Let me also mention a very widely disseminated Agency pub-

lication, the technical document on " What a General Practitio-

ner ( M.D.) Should Know about Medical Handling of Overexposed

Individuals". This is not a document for a specialist, but is

intended for non-specialized medical practitioners. It has been

up-dated after Chernobyl. This publication has been reprinted fi-

ve times already, and 5,000 copies have been distributed throu-

ghout the world. German, Italian and Japanese translations have

been completed, and other translations are being prepared. It is
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now being supplemented with additional documents directed to spe-

cialists.

Lastly, let me mention the enormously important epidemiolo-

gical study of the radiation e f f e c t s on the populat ion around

Chernobyl which the Soviet authorities have launched, and in

which they have invited international participation and advice.

The IAEA and the WHO have been channels for this international

co-operation and the scientific community around the world will

welcome the results of this study in an area in which we - for-

tunately- have limited information.

We know the enormous work which has been performed by the

Soviet authorities and institutes to treat and check the people

who received or were feared to have been exposed to radiation in

the accident. Almost a million members of the public have had vari-

ous examinations, and the new Ail-Union Centre of Radiation Me-

dicine of the USSR Academy of Medical Sciences has been estab-

lished here in Kiev.

Let me close by expressing my thanks to the Soviet Ministry

of Health for holding this All-Union Conference, and for having

invited more than one hundred scientists from abroad, including

a delegation from the IAEA. This will ensure that the conclusions

you draw will benefit the maximum number of people around the

world. Through the openness you demonstrate, the tragic experi-

ence of Chernobyl will expand our knowledge and help us to redu-

ce harmful consequences of radiation. I wish you a very success-

ful conference.
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ADDRESS TO THE PARTICIPANTS OF THE CONFERENCE

V.A. ZGURSKIJ
Chairman of the Executive Committee

at the Kiev City Soviet of People's Deputies

Dear participants and guests of the Conference !
Ladies and gentlemen !
Comrades !

On behalf of the Kiev Executive Committee at the City

Soviet of People* s Deputies I heartly welcome you here in Kiev at

the Ail-Union Conference on the Medical Aspects of the Chernobyl

Accident.

Our city, which stands on the bank of the Dnieper, has been

chosen for this grand scienbific forum, and, we concider it

both as a high honour and logical consequence too. Due to the

proximity of the Ukrainian capital to the hypocenter of the Che-

rnobyl accident, its large scientific and technical potential,

Kiev has become one of the first lines of overcoming the acciden-

tal consequences. In those hard months of 1986 the leading experts

of our city contributed much to curb the raging atom. Citizens

of Kiev were selflessly working to stabilize the situation and

to safeguard people" s health. All medical staff bore a great re-

sponsibility at that time acting all over accidental and neigh-

bouring areas till the first aid was given to the injured. We

are grateful to our colleagues from Moskow, Leningrad and other

cities of the country for their tireless activity and help. Sci-

entists and public figures from foreign countries have also of-

fered their assistence.

As you know, the All-Union Scientific Center of Radiation

Medicine of the USSR Academy of Medical Sciences is founded for

the development of long-term strategy of medical measures aimed

at the mitigation of the accidental consequences, as well aa at
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the total safety of nuclear engineering. These are the precon-

ditions for the Kiev Conference. In fact, the participation of

representatives of international organizations, prominent fore-

ign and Soviet scientists as well as mass medians attention will

make the present Conference one of the most important scienti-

fic workshops of the final quarter of our century. The public

of Kiev have done their best for the success of your scientific

and social work, so that you can see an ancient and ever-young

Kiev. You arrived here at the days, called by the known writer

Michael Bulgakov " chest-nut trees and May on the boulevard".

You will see the Dnieper " which is marvelous at shiny weather"

as the great Gogol described it. You will see numerous monuments

that are 15 centuries old, among them - Kiev -Pechersk and St.

Sophia museums that are being now, on the eve of the remarkable

historical date, the Millenium of Russian Criatianity, the sym-

bol of centuries-old development of our history and culture.

Success to your Conference, and thank you for your time.
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GENERAL ASPECTS OF HEALTH PROTECTION
IN THE EVENT OF A NUCLEAR ACCIDENT



MEDICAL AND SANITARY MEASURES TAKEN TO DEAL
WITH THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT

G.V. SERGEEV

Abstract

Work was carried out on two fronts: emergency qualified medical aid
was organized for those suffering from thermal burns and radiation injuries,
and wide-scale prophylactic measures were taken to prevent exposure to
radiation and its consequences. More than 600 000 people (including
215 300 children) underwent extensive medical examinations. For prophylactic
purposes and in order to diagnose more accurately various diseases which had
been identified during the medical surveys, 37 500 people (including
12 600 children) were examined in hospital. (This figure also includes people
who made personal requests for such examinations.) No abnormalities
associated with exposure to radiation were found. At the suggestion of the
USSR Ministry of Health, more than 350 000 children and pregnant women were
sent to sanatoriums, rest homes and pioneer camps in 1986-87.

The exposure dose to the population as a result of the Chernobyl
accident during the next 50-70 years will not exceed more than 20-30% of the
dose from natural radiation.

The accident at the Chernobyl Nuclear Power Plant is the most

serious one in nuclear pov/er development. The results of this

really gigantic and effective work to eliminate the consequences

of the accident have no equal. Therefore the experience has great

importance not only for the Soviet, but also for the world science

and practice.

The objective of our conference is to highlight medical as-

pects of the Chernobyl accident. We have to consider thoroughly

the events and features related with the accident, the effects of

exposure and the contamination of environment. We have also to eva-

luate the whole amount and quality of work done by medical person-

nel, the state of health of the exposed group and to consider the

long-term objectives of medicine, bearing in mind the consequen-

ces of the accident.

Government Medical Commission was established to coordinate

the activities of all medical expert groups working on the elimi-

nation of the consequences of the accident at the Chernobyl Nuc-
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lear Power Plant. The leaders of the USSH Ministry of Public
Health and the most prominent scientists in the field of radiolo-
gical medicine, as well as representatives of a number of other
organizations were included in this Commisaion. It was informed
about the number of casualties, their conditions, the amount of
specialized aid provided by medical organizations, the radiation
level in the area around Ghernobyl, at the plant itself, and on
the contaminated territories, about preventive and sanitary-hy-
gienic measures. Thus, the Commission was at the head of all medi-
cal and sanitary work in the afflicted area.

The Commission worked in two main directions: to provide
emergency and adequate medical aid to casualties suffering from
heat burns and radiation injuries, and to monitor large-scale
versatile measures to prevent radiation exposure and its conse-
quences .

Operation groups of the Government Medical Commission were
established to elaborate and pass decisions. These decisions en-
visage:

- the urgent measures to provide first medical aid for the
victims of the accident and preventive measures for the person-
nel of the plant and rescue teams;

- medical aid and preventive measures for the population at
the accident site, i.e. in a 30 kilometer zone;

- mobilization of extra forces and means to provide the ne-
cessary medical aids sanitary-epidemiological and preventive
measures for the evacuated population, as well as for the popula-
tion effected by radioactive fallout;

- the participations of the experts from scientific research
and medical centers of our country in providing aid for the af-
flicted areas and elaboration of sanitary-hygiene, antiepidemic
measures, norms, criteria and rules of radiation protection.
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The Coordination Scheme of the Government Medical Commission
and other boards and establishments is given in Pig« I«

Governmental Commission on the Liquidat ion of Consequences of
the Chernobyl Accident

Ministries,departments,
taking part in the
accident consequences
liquidation.

Ministries of Health
of Union Republics

GOVERNMENTAL MEDICAL COMMISSION
on the liquidation of consequences

Ministry of Health
of the USSR __

Ministry of Health
of Ukraine

Structural institutions of
the Ministry of Health of the USSE

Scientific-research and medical-
prophylaxis establishments,
subordinate to Ministry of Health
of the USSR

Republican
medical

establishments

Ministry or
Health of
Byelorussian SSE

Republican
medical
establishments

Republican
medicalestablishments

FIG.I.

As we can see in the scheme, the Government Medical Commission
coordinated the activities of the Health Ministries of Union re-
publics and medical organizations, being at the head of all medi-
cal measures to provide aid in the aflicted areas and ensured coo-
peration with other ministries and state boards which carried out
their tasks in the contaminated areas.

Various decisions of different significance and meaning were
not taken only on the basis of the received information. Its mem-
bers visited the site to study the situation, to give consultati-
ve and practical aid, to take part in the consideration and solu-
tion of the problems together with the leaders of regional party,
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Soviet and economic boards, However, we have to admit that the
first stage of its activities the solution of the problems was
not always effective and operative, what in a number of cases led
to contradictory opinions and dragged out the solution of some
problems.

One of the first objectives was to estimate the possibility
of the population to live in the most contaminated areas.

In an unprecedented short period of time, taking into consi-
deration the growing level of radioactive contamination and on
the basis of Safety Standards established in 1976 (SRS-76), it was
decided on the criteria for the introduction of emergency measures
to protect the public. According to the Government Commission de-
cision over 100 000 people were evacuated from the accident site.
Further events proved the importance of this measure as well as
iodine prophylaxis. It was necessary to solve many urgent complex;
problems. It should be pointed out that medical personnel at the
plant was informed about the accident 15 minutes after the acci-
dent had occured. First medical aid was given both by medical per-
sonnel at the local surgery and first aid teams which arrived in
30-40 minutes. First of all, the casualties were taken out of the
radiation and destruction zone, then they were sanitized and were
given symptomatic treatment. Those with axonal reaction were imme-
diately evacuated. During the first 12 hours 132 people were taken
to the hospital. Such serious situation demanded urgent involve-
ment of medical experts of high qualification. The Moscow team of
highly-qualified experts began its work in 12 hours after the ac-
cident. They examined and gave aid to 350 casualties on 26 and 2?
April. Casualties were sent for inpatienf; examination and treat-
ment in specially prepared clinics in Kiev and Moscow. The total
number of 499 people were hospitalized with the diagnosis of "acu-
te radiation sickness".
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All casualties got full clinical and radiation examination in
dynamics, cellular composition of. bone marrow was defined. All
these enabled constant and objective estimation of the atate of
the sick and to provide necessary adequate treatment.

At first, on the basis of clinical examination the diagnosis
of acute radiation sickness was confirmed for 237 people. However,
subsequent examinations, the analysis of dose burdens according
to the chromosome aberration rate and the estimation of clinical
symptoms enabled to exclude 92 people from this list.

Clinicians used the modern arsenal of home and foreign-made
medicines.

Foreign scientists took part in treating the patients, hel-
ped us by sending equipment and medicines, sharing their experi-
ence and knowledge in the field of radiation injury treatment
(Hammer, Gale, Champlin, Tarasaky and others).

We failed to save 28 people, who were mostly plant workers
and fire fighters at the accident scene. 16 people from the total
number of casualties do not work jet. This testifies to the fact
that the methods and principles of treatment, elaborated by So-
viet medicine, turned to be rather effective.

Since the first days of the Chernobyl accident the whole net
of the Ukrainian, Byelorussian SSR and several regions of the Rus-
sian Federation worked for medical aid in the most contaminated
areas. There were engaged 2000 health teames, a considerable num-
ber of scientists from scientific-research institutes, as well as
engineers and technicians for dosimetry investigations (see Table I)

The objective of medicine was to introduce public health ra-
diation observation. All evacuees from the accident zone were
subjected to thorough examination and dosimetric tests in order
to define their state of health, possible radioactive contamina-
tion of personal belonging and skin. The content of incorporated
radioactive isotopes was defined. High-sensitive body monitors

27



Table I. The number of specialists involved in medical aid

and examination of the evacuees and the population of the regions

contaminated by radiation fallout

The organization :Health:Doctors:Low-grade:Students:Scientists
:teams : :medical : :and engi-

___________________\________\________^workers ;_______;neers______

Ukrainian SSR 297 2000 4000 1250

Byelorussian SSR 149 25QO 4500

Russian Federation 1518 1913 3695 - 938

The system of the
USSR Ministry of
Public Health 519 504 - 686

Total 1964 6932 12699 1250 1924

(BM) v/ere used for this purpose in June 1986. The USSR Ministry

of Public Health approved the establishment of specialized hos-

pitals in Kiev, Minsk and Moscow. Their main objectives were to

find out, register and observe in dynamics all exposed individu-

als as a result of the Chernobyl accident, aa well as their treat-

ment and public consultations« The All-Union Scientific Centre of

Radiation Medicine of the USSR Academy of Medical Sciences was

established to ensure profound scientific investigations of the

outcomes of the accident, coordinate all measures and observe dif-

ferent contingents of the population.

More than 600 thousand people (including 215*3 th.children)

were thoroughly examined. 37,5 th. people (including 12,6 th.

children) underwent examination at the hospitals as prophylactics,

obtaining more accurate diagnosis of various diseases or because

of their personal initiative. There were no deviations of the

state of health connected with the exposure. This was the result

of large-scale prophylaxis measures, which proved to be rather

effect ive.
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They were carried out by health services in coordination with
other departments. First of all, these were sanitary-hygiene mea-
sures aimed at radiation safety and maximum decrease of outer and
inner public exposure in the vicinity of the Chernobyl Nuclear
Power Plant, as well as in some regions of the Ukrainian SSR,
Beylorussian SSR and Russian Federation and the personnel at the
accident scene.

In the period of radioactive release sanitary-hygiene servi-
ces together with meteorological services conducted monitoring of
radioactive fallout. It enabled to determine the regions with
high level of radiation. Effective control of radiation, radia-
tion-hygiene services, monitoring foodstuffs and drinking water
were introduced in the aflicted areas. On 3 May 1986 the USSR Mi-
nistry of Public Health approved "Temporary Standards of Permis-
sible Content of •'I ±n drinking water and main foodstuffs".

Taking into account the annual consumption of different food-
stuffs, the technology of their production, there were introduced
temporary regulations governing the radionuclide content in all
foodstuffs, fruits and vegetables, herbs and several medicines.

In accordance with the guidelines the sanitary and epidemio-
logical services, the USSR State Commission for the Agricultural
Industry solved the problems of food supply.

All these measures led to the substantial reduction of the
intake of radionuclides with foodstuffs and public exposure.

Tough measures were introduced to control the possible ways
of radiation transfer from the zone of the Chernobyl Nuclear Po-
wer Station and from the territories with relatively high level
of radioactivity. The Ministry of Public Health in coordination
with the Ministry of Home Affairs, the Ministry of Railways and
the Ministry of Civil Aviation established the net of dosimetric
control posts. These posts carried out dosimetric control of the
transportation means (including air and railway transport), vehi-
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clés, footwear, dress according to the permissible levels approved
by the Ministry of Public Health.

Medical personnel supervised decontamination of settlements,
roads, different buildings, premises and means of transport, and
it should be pointed out that it was rather tough and effective.

In addition to the measures, aimed at radiation safety of the
regions near the plant, a special attention was given to better
sanitary and epidemiological conditions.

The problems of psycho-emotional tension and radiophobia
were also in the focus of our attention. They can be explained by
the lack of immediate, adequate and commonly understood informati-
on about real radiological situation. Medical personnel was not
always very well trained in these problems.

Erroneous understanding of real radiological situation and
alleged exceptionally hazardous influence of all radiation doses
was shaped by traditional information about the consequences of
nuclear energy use for military purposes. At the same time the
public had superficial knowledge of the fact, that not only the
appearance of life, but the evolution of biosphere was accompani-
ed by ionizing radiation«

Therefore, the level of explanatory work and sanitary educa-
tion had to be increased« And it is possible to mention, that it
enabled considerable reduction of psycoemotional tension and the
syndrome of radiophobia. It can be judged from the decrease of a
number of letters the USSR Ministry of Public Health receives
from the population of the Ukrainian SSR, Byelorussian SSR, Russi-
an Federation and other republics. This work will be conducted in
the coming years.

The basic knowledge of constant presence of radiation in the
biosphere and its biological influence, methods of its measure-
ments had not been brought to public notice and this is our seri-
ous mistake.
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A special attention was paid to the health of the children.
Their health was thoroughly monitored in that situation. Accord-
ing to the proposed measures of the Ministry of Public Health mo-
re than 350 thousand children and pregnant women were sent to sa-
natoriums, rest homes and pioneer camps in 1986-1987« Prophylac-
tic measures were carried out in schools and kindergartens under
rigorous control.

There were sent the necessary medicines, devices and diffe-
rent medical equipment to increase the quality of medical and sa-
nitary service» In addition 1000 people were employed at diffe-
rent organizations of the Ministry of Public Health. Large-scale,
purposefull and long-term work gave qualitative and quantative
results. Thus, the complex of prophylactic sanitary and hygiene
measures enabled to avert the outbreaks of infectious diseases in
the places of mass gathering of people, to reduce the radiation
dose by 70$5 compared with the predicted one. What is the real an-
nual external exposure dose? The majority of people have got the
dose equal to that which the patients get during plain roentgeno-
graphy.

The analysis of the state of public health, including preg-
nant women and children, confirmed the absence of deviations,
which might be related with the influence of radiation. The num-
ber of diseases and deviations in the state of health is not the
same as that in the regions, which were not contaminated. The in-
crease of the number of general diseases in several regions was
due to better quality of medical examination and psychoemotional
influence.

Since the first days we have solved both the urgent problems
of eliminating the medical consequences of the accident and the
problems of the long-term program of public observation» The All-
Union register of all persons subjected to radiation exposure was
established to ensure the long-term dynamic observation of the
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public state of health. The children and grandchildren of all per-

sona subjected to radiation will be also included in the register.

It also contains information about radiation doses, the eva-

luation of the state of health, its changes and the cases of pro-

viding medical service. The criteria for the All-Union register

and dispeJisary observation of different categories of the popula-

tion are given in Table 2, the scheme of receiving information by

the Ail-Union register and reverse connection with organizations

which provide ou t -peb ien t observat ion is shown in Table 3«

Table 2. Criteria for registration in the All-union register

and the levels of all-round observation of exposed persons as a

result of the Cherriobyl accident

The ca-
thegory
of ob-
serva-
tion

I
I

The character of
the observed

persons

2
Persons after

I-3II thy- The level of or-
roid bur- ganizations for
den du- all-round obser-
ring the vation
first
year af-
ter the
accident
(in rad)

3 4
They are ob-

The level of
register

5
The country

radiation sick-
ness.still sick
or with radia-
tion injuries,
as well as sick-
nesses which are
closely connected
with radiation
injuries as a re-
sult of the acci-
dent or the eli-
mination of the
consequences of
of the accident

served in the
clinical hospi-
tal N6 of the
Ministry of Pub-
lic Health;ALL-
Union Scientific
Center of Radia-
tion Medicine
and other spe-
cialized organi-
zations

level of re-
gister(speci-
al registers
at the Insti-
tute of Bio-
physics of
the Ministry
of Public
Health,Ail-
Union Centre
of Radiation
Medicine of
the USSR Aca-
demy of Medi-
cal Sciences
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Table 2 (cont.)

3 4

Persons involved
at the accident
scene, evacuated
from the radia-
tion zone and
also persons with
the doses of ra-
diation:
adults 25 and

more
pregnant women
(at the time of
the accident) and
their children
born after the
accident 5 and more

They are ob-
served in spe-
cialized organi-
zation of the
republic or Ail-
Union Scientific
Center of Radia-
tion Medicin of
the USSR Academy
of Medical
Sciences

The country
level of re-
gister(Scien-
tific Research
Institute of
Medical Radio-
logy of the
Academy of Me-
dical Scien-
ces) .republi-
can register

new-born child-
ren, children,
teenagers
All other persons
involved at the
accident scene
irrespective of
the radiation
dose.
Evacuees from the
radiation zone,as
well as other
persons with ra-
diation doses:
adults
pregnant (at the
time of the ac-
cident) and their
children born af-
ter the accident
new-born child-
ren, children,
teenagers

5 and more
They are ob-
served at their
local clinics of
Central republic
hospital level
(they are given
consultations at
the specialized
clinics in case
of necessity)

The country
level of regis-
ter(Scientific
Reasearch In-
stitute of
Medical Radio-
logy of the
Academy of Me-
dical Scien-
ces) , republi-
can register

10-25

1-5

1-5
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Table 2 (cont.)

3 4
All other per-
sons, evacuated
from the radia-
tion zone irres-
pective of the
radiation dose.
Persons of the
controlled region
with radiation
doses
All pregnant and
their children
born after the
accident in the
controlled region
irrespective of
their radiation
doses.
New-born child-
ren, children,
teenagers irres-
pective of their
radiation doses
in the controlled
region.
Children "born
from the father,
who received the
radiation dose of
25 rad in the pe-
riod of 3 months
before conception
Other persons in
the controlled
region with ra-
diation dose and
children born
from parents of
1, 2, 3 groups.

5-10

They are ob-
served at their
local clinics of
Central republic
hospital level
(they are given
consultations at
the specialized
clinics in case
of necessity)

Dynamic obser-
vation at the
level of the
region (regio-
nal register),
the data are
sent to the
republican
and Ail-Union
levels of re-
gister in
Scientific
Research In-
stitute of
Medical Ra-
diology °£
the Academy
of Medical
Sciences

They are ob-
served at their
local clinics
(they are given
consultations in
profile hospi-
tals in case of
necessity)

Dynamics ob-
servation of
regional re-
gister

Note: evacuees are persons, who were evacuated from the ra-
diation zone, as well as those who left it on their own since
26- April 1986$ the personnel is observed at the clinics where
they work and after work - at the local hospitals where they live.
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Table 3

SCHEME OF RECEIVING INFORMATION TO THE ALL-UNIÜN
DISTRIBUTED RESISTER AND REVERSE CONNECTION
WITH ORGANIZATIONS WHICH PROVIDE OUT-PATIENT

OBSERVATION

USSR Ministry of Health

I
All-Union Distributed Register
RI of Medical Radiology,, Obninsk

Ministry of Health of RSSFR,
Ukraine, Byelorussia.

RICC *
Republican level of register

Republ ican
Ministry of Health

Enl isted
establ ishment

Regional Hospital

Regional level of
register

Central Region Hospital
Ci ty Hospi fcai

Regional level of register

Central Region Hospital
City Hospital

* Republican Information Computer Centre

It should be stressed that scientific forecast calculated by
scientist about the possible consequences of the accident at the
Nuclear Power Station for the population of this country and other
regions of Europe, which were partially afflicted by radiation
fallout, generally coincided with the forecast of WHO and IAEA,
experts» The predicted increase of oncological and genetic diseases,
which can occur as a result of exposure, will not amount to more
than a few hundredths of one per cent and cannot practically be
distinguished from spontaneously occurring diseases. The radiation
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doses received as a result of the Chernobyl accident in the follo-

wing 50 to 70 years will not exceed the dose caused by natural

radiation background by more than 20-30%»

However, in order to study the possible consequences of the

exposure and to take immediate medical measures long-term "Comp-

lex ecological program to investigate the consequences of the

Chernobyl accident" was approved. The basic clauses of it are gi-

ven in Table 4. More than 100 scientific-research establishments

participate in this program.

Table 4o The main scientific directions elaborated in the

frames of "Complex ecological program to investigate the conse-

quences of the Chernobyl accident"

The study and substantiation of the regularities in the for-

mation of individual and collective absorbed doses as a result of

the Chernobyl accident. The development and substantiation of ra-

diation forecast and dose burden.

The study of epidemiologicalf clinical and functional, gene-

tic and ecological aspects of public health under the influence

of radiation resulted from the Chernobyl accident.

The creation of automated system to process the results of

public examination in the regions which are cloae to the Cherno-

byl Nuclear Power Station. The establishment of Ail-Union Dist-

ributed clinic and dosimetric register of the exposed persons

and its operation.

Experimental atudy of radiation and medical problems caused

by the Chernobyl accident.

The development of hygienic measures to protect the public

from ionizing radiation.

The generalization of the experience of public health orga-

nizations eliminating the consequences of the accident at the

Chernobyl Nuclear Power Station.
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Mass media constantly covered the state and measures to eli-
minate the consequences of the accident. In the first days of the
accident Soviet experts of the Ministry of Public Health met a
number of foreign representatives on their request, answered
their questions and gave necessary information about the problems
they were interested in.

The General director of the World Health Organization
Mr.H.Maler was sent a detailed information about the Chernobyl ac-
cident and its medical consequences.

Soviet scientists submitted the calculations of the collec-
tive absorbed doses especially for the population in the European
part of the country to the IAEA meeting of experts in August 1986.

The experience of the Soviet experts in the elimination of
accidents was highly estimated abroad. The Soviet expert took part
in the liquidation of the consequences of the accident in Brasil,
which was reported by the press.

Speaking about the huge amount of work done by the medical
staff to secure the public in the face of the accident, it is im-
possible to pass over in silence some negative features. The re-
lative prosperity in running nuclear plants before the Chernobyl
accident played the definite role in the appeared complacency of
several leaders of public health and medical organizations. There
was no clear scheme of actions of all medical organizations in
case of large-scale accident. The medical personnel even in hos-
pitals had not adequate training in the field of radiation patho-
logy. They did not know enough the methods of diagnostics and
treatment of radiation injuries, in a number of cases they did
not receive information about the necessary methodological lite-
rature on these problems, which was kept on the shelves of medi-
cal administrators. All this can explain both way flow: the vic-
tims had to be taken, from Chernobyl to Moscow, and the experts
had to go from Moscow and Kiev to Chernobyl.
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Radiological service had not enough of dosimetrical and ra-
diometrical devices in reserve; and in number of cases there were
simply no necessary devices. A lot of them, which were available
in the arsenal of radiological equipment were out-of-date.

Regardless of the existing planned training of experts to
provide radiation control, additional courses of radiation measu-
rement methods for medical personnel had to be organized since
the first days of the accident.

The elimination of these drawbacks in the course of the ac-
cident led to the loss of time and demanded more efforts and ex-
penditures. Till the present time the Ministry of Public Health
has done and continues its work in creating the conditions for
the optium functioning of the public radiation security system.

The measures taken at the Chernobyl Nuclear Power Station
were constantly within eyeshot of the Government commission, Cen-
tral Committee of the CPSU and the Council of Ministers of the
USSR.

The succesful work of medical personnel would have been im-
possible without constant help received from the local party, So-
viet and economic organizations.

In conclusion, it should be mentioned that all sorts of con-
jectures about negative influence of the consequences of the Cher-
nobyl accident on the public health should be disproved by real
data. We have no reasons to hide them. The participants of the
conference - scientists and experts have an opportunity to study
all materials and express their views on all aspects of the Cher-
nobyl accident.
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SANITARY AND HEALTH MEASURES TAKEN TO DEAL
WITH THE CONSEQUENCES OF THE CHERNOBYL ACCIDENT

A.I. KONDRUSEV

Abstract

By the end of the first year after the accident, more than 20 million
gamma background measurements had been made at population centres;
500 000 samples of drinking water and water from open reservoirs, and
30 million different surfaces (transport vehicles, housing, ground,
clothing, e tc . ) , had been tested. Analyses had been made of 700 000 samples
of milk and milk products, 120 000 samples of meat and meat products and more
than a million samples of other food products.

Iodine prophylaxis was administered to 5 400 000 people, including
1 690 000 children.

Temporary whole-body exposure limits of 100 mSv (50 mSv for external
exposure and 50 mSv for internal exposure) were introduced for the first year
after the accident, in the light of scientific data on the effects of various
exposure doses and in view of the actual radiation conditions. The standard
for 1987-88 was reduced to 3 rem (30 millisievert), in view of the actual
reduction in exposure levels achieved as a result of the large-scale clean-up
measures undertaken.

Accident at the Chernobyl nuclear power plant was a se-

rious examination for the physicians of our country»

Hygiene as a branch of science and the practice of sa-

nitary control have accumulated a good experience in prophi-

laxis of hazardous radiation effect on the population as well

as in radiation protection, including the control of construc-

tion and operation of nuclear engineering enterprises. The

schedule for safe operation of nuclear facilities used in medi-

cine, technology and research is developed and put into operation.

The existing system of sanitary legislative and regulating

documents has formed the order of necessary measures on popula-

tion, including radiation protection at nuclear plant and other

nuclear fuel cycle facilities. In 1971 the USSR Ministry of

Public Health has adopted " Criteria for decision making about

population protection in case of a nuclear reactor accident" ,

worked out by the National Committee on radiation protection.
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This document determined the necessity of different measures
including evacuation from the area neighbouring the accidental
site, depending on the actual radiological situation. These Cri-
teria were the basis of sanitary and epidemiol ogical works after
the Chernobyl accident.

However, the unique character of the accident, its scale,
have urged the USSR Ministry of Public Health and its sanitary-
epidemiological services to organize and conduct complex coor-
dinated measures aimed at the prevention of population overdo-
sage. These measures included:

- development, introduction and organization of strict
control of temporarily permissible levels of external and inter-
nal irradiation as well as of content of radionuclides in drin-
king water and food-stuffs, permissible density of radioconta-
mination of ecosystems, houses, transport, different things
used every day, and skin:

- organization of mass iodine prophylaxis;
- introduction of severe regulations in behaviour of

people on the territories were the doses enhancing established
limits could form?

- organization of the system of training courses for the
population for the increase of the knowledge on radiation hy-
giene.

The special role in the whole system of sanitary-epidemio-
logical facilities was that of coordination of activities of
various ministries and departments, which aimed at the realiza-
tion of the above-mentioned measures.

Measures on prophylaxis and sanitary-epidemiological con-
trol were put into action in the first hours after the accident,
for instance, iodine prophylaxis for the NPP personnel. In 12
hours iodine prophylaxis involved the whole population of the
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town of Prip* at. Later the scale of iodine prophylaxis has widened

according to the actual s i tuat ion, the complicated characber of

radionuclide deposition and the duration of radionuclide rele-

ase into the environment. Totally iodine prophylaxis involved

about 5 400 000 persons including I 690 000 children. Already

on the 30 April 1986 the decision was made about the exclusion

from the ration of milk from the cows kept in property on con-
taminated territories.

For the protection of people involved in the clear-up process,
the Ministry of Public Health introduced a derived limit of 250 mSv,
i.e. a level which does not exceed that recommended by the ICRP and

existing in Radiation Safety Standards—76 for people involved in
emergency work» This level was subsequently reduced to 100 mSv per
year and to 50 mSv per year in the third year for particularly
dangerous work» Strict radiological control is established to
ensure the standards are observed.

Since the first days after the accident vast sanitary-hy-

gienic measures were undertaken, they were aimed at the ensuring

of radiation safety for the population of the areas, neighbou-

ring the Chernobyl NPP as well as the reduction of external and

internal irradiation of the population of Ukraine, Byelorussia,

Russia and other republics.

The establishments of sanitary-epidemiologic service had

organized permanent intensive control of radiological situa-

tion on the territories with the enhanced radioactive contamina-

tion- Under control were also food products and drinking water,

This work was conducted together with the State Department of

Hydrometereology, State Department of Agriculture, other Minist-

ries and Departments.

On the basis of scientific data on the effects of various

irradiation doses and actual radiological situation temporary

dose limits for the population were introduced: 100 mSv (50 mSv

for external and 50 mSv for internal irradiation). Taking into
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account real decrease of irradiation levels as a result of
complex measures, radiation standards for 1987-1938 were redu-
ced up to 50 mSv.

These levels as well as the fact that during the first post-
accidental year the determining factor of internal irradiation
were iodine isotopes ( first of all I-I3I due to its uptake with
drinking water, milk amd some other food stuffs ) on the 3 May
1986 the USSR Ministry of Public Health has introduced " Temporary
dose limits of iodine concentration in drinking water and food
products" .

Later, taking into account the annual uptake of various
food stuffs, their production technology as well as cummulative
peculiarities of long-living radioisotopes, on 30 May 1986 were
adopted temporary permissible levels for the whole nomenclature
of food products, medical preparations and drugs.

For the provision of the system of radionuclide control in
food products, the USSR Ministry of Public Health together
with the USSR Ministry of Agriculture has worked out and put
into operation the standards on treatment, processing and pre-
paration for realization of products of cattle-breeding, fowling
forage, forestry on contaminated territories.

Moreover, The USSR Ministry of Agriculture on accordance
with the USSR Ministry of Health has formed the peculiarities of
agriculture on the territories with enhanced radioactive back-
ground .

Enterprises of sanitary-epidemiologic service and contro-
lling organizations of the USSR Ministry of Agriculture follo-
wed the directions of the mentioned documents at making decisi-
ons connected with the realization of food products through sta-
te shops, public catering, markets.
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The basis of this system of radiological control was the

uniform method of immediate determination of volume and speci-

fic activity of beta-emmiters in water, food stuffs, plants and

soil by " direct " measurement of "thick" samples.

Due to the complicated radiological situation, significant

fluctuations of radionuclide content in food stuffs produced on

contaminated territories as well as due to the necessity of pre-

cision measurements, regulations were adopted, according to which

the results of radiological control conducted by departmental

services and organizations were not considered the basis for ma-

king decisions connected with the realization of food products.

These decisions were made only on the basis of data obtained by

sanitary-epidemiological establishments and control services of

the USSR Ministry of Agriculture.

All the mentioned measures allowed to decrease significant-

ly the radionuclide uptake with food stuffs and ensure the ma-

intenance of the established level of internal irradiation.

Reliable covering force was put on the way of anthropogenic

transfer of radioactive substances from the NPP-site and highly

contaminated areas. Strick control of radioactive contamination

of transport, technique, footwear, clothes, linen etc. had been

organized on doaimetry stations and sanitary posts according to

the established by th USSR Ministry of Public Health temporary

permissible ( control ) dose limits. ( That was already mentio-

ned by G.U. Sergeev in his report ).

Enterprises of sanitary-epidemiologic service, research

institutions of the USSR Ministry of Public Health together

with the organizations of the USSR State Committee on Hydromete-

orology and USSR State Atomic Energy Control had performed sys-

tematic control of radioactive contamination of air and soil.

For radiometry and dosimetry 1000 posts and laboratories were

formed, 3 500 specialists enlisted for these works, over 3 250
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dosimetric and radiometric instruments involved as well as 16 mo--

bile laboratories. The scale of works carried out by sanitary-epi-

demiologic service on the accident impact mitigation was really

large: by the end of the first afteraccidental year more than

200 000 000 gamma-background checks were performed in populated

areas, as well as 500 000 examinations of drinking water and wa-

ter from open aquatic basins, 30 000 000 measurements of surface

samples ( transport, apartments, territories, clothes etc.) . Me-

asurements of more than 700 000 samples of milk and milk products,

120 000 - of meat and products , over 1 000 000 - of different food

stuffs were done.

To provide sanitary-hygienic safety of the population additi-

onal e f f o r t s of sanitary-epidemiologic stations, situated on con-

taminated territories were desired. Thus, 3 interregional radiologi-

cal departments, 7 radiological groups, 13 groups of individual

dosimetry were additionally organized. In Bryansk region (Rus-

sian Federation) research laboratory of radiation hygiene was ope-

ned. At 15 sanitary-epidemiological stations the staff of radio-

logical departments was incresed.

Much attention was also paid to the training of specialists

in radiometry and spectrometry. For different ministries and de-

partments over 1 000 specialists were prepared on the basis of

sanitary-epidemiological service. That gave the opportunity to

enhance the identification of radionuclides and control of their

contents in agricultural products on all the stages of their pro-

duction, laying-in and processing as well as in environmental samp-

les.

A.t the same time at critical areas was introduced the enchan-

ced control of sanitary-epidemiologic condition of the most im-

portant objects, first of all food industry, public catering, tra-

de, water supply of populated territories. Individuals ignoring

sanitary-hygienic regulations were subjected to severe measures
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specified in statute of State Sanitary Control in the USSR. Thus,
for the violation of sanitary-hygienic and anti-epidemiologic re-
gimen, during 1986-1987 over 23 000 officials were fined, more
than 5 500 were removed from business, 2 643 different objects
stopped operating, administrative actions were brought against
more than 2 000 persons.

Due to anxiety prevailing in the mood of population, that
expressed in inadequate estimation of the situation and fear of
irradiation consequences, local public health organizations as
well as radiological specialists working at-site had carried out
a huge sanitary-elusidative work aimed at the reduction and pre-
vention of psychological tention and radiophobia, introduction
of primary knowledge of personal protection and peculiarities
of life on contaminated territories. Only in 1986 mobile agita-
tingteams gave 119 guest performances, 1 400 lectures were deli-
vered as well as 1 500 debated, 91 question-and-answer parties,
115 articles appeared in local papers, 62 radio and TV broadcasts,
92 documents on medical aspects of radiation protection were pub-
lished. This work is being continued.

When speaking about the large work conducted by sanitary-epi-
demiologic service we should mention certain shortcommings that
have revealed during this period, îîot every sanitary-epidemiolo-
gic enterprise was ready in the whole volume for the work in the
conditions of a large-scale radiation accident. Normative docu-
ments regulating control of food stuffs were as a rule directed
ar the monitoring of background content of radioactive substan-
ces, Radiological services had no sufficient reserve of dosimet-
ric and radiometric instruments. During the initial period there
was no strict coordination of activity in different links of sa-
nitary-epidemiological service.



THE CHERNOBYL EXPERIENCE IN THE CONTEXT OF
CONTEMPORARY RADIATION PROTECTION PROBLEMS

L.A. IL'IN

Abstract

Mean individual exposure doses to critical population groups living in
the regions under strict control did not exceed the established temporary dose
limits for the first and second years after the accident (100 and 30 mSv
respectively). The external gamma exposure doses to those living in the
contaminated areas did not exceed 50 and 15 mSv, respectively, for 97% of the
inhabitants. Internal exposure doses due to incorporated radioactive caesium
nuclides did not exceed 50 mSv for the first year and 20 mSv for the second
year after the accident for 99% of the population; and for approximately 90%
of those living in the regions under control, these doses did not exceed
10 mSv for both the first and second year.

It was virtually guaranteed that the doses received by the majority of
the population in the regions under control were less than half the temporary
dose limits for the first and second years after the accident (for about 95%
of the population in the first year and 90% in the second year).

Concentrations of radioactive caesium in the bodies of those living in
the regions under control were on average 2-5 times lower in the summer of
1987 than in the summer of 1986, and in some cases the difference was measured
by factors of 7-10.

The implementation of the whole complex of measures brought about a
5 to 20-fold decrease in the thyroid dose commitment for children, a 1.3 to
2.5-fold decrease in the external gamma dose (depending on occupation and age)
and a 10-fold or greater decrease in internal exposure doses.

Experience of large-scale work in the management of the
accident at Unit 4 of the Chernobyl nuclear power plant Is still
being thoroughly analysed and generalised.

Among numerous aspects, of particular interest and signifi-
cance is further improvement of the radiation protection system
with regard to a major accident«

The present report is intended to discuss a number of
problems, in this field stemmed from the Chernobyl events. This
attempt is based on my personal experience gained in the hand-
ling of the accident, especially at an early stage, and in scien-
tific guidance of the biomédical aspect of the problem«
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TABLE 1. Scheme of development of a large—scale NPP accident,
the most adequate countermeasures
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48



It ahould be stressed, above all, that a great number of
large-scale measures aimed at localizing the accident and elimi-
nating its consequences were planned and implemented on the
basis of the system (previously developed in the Soviet Union)
of radiological protection in the case of a nuclear reactor
accident. An important link of this system is represented by the
radiological criteria for decision making on measures to protect
the population in the event of a reactor accident as developed
by my colleagues and me in the 1960s (see Table 1 /"!/)•

According to these criteria (A and B), the emergency protec-
tive measures are all determined by the limits of predicted exter-
nal gamma doees and thyroid doses for children. For level A, do-
ses are 0.25 Cy and 0.25-0.30 Gy; for level B, they amount to
0.75 Gy and 2.5 Gy, respectively. Unless level A is exceeded,
the protective measures do not involve the disruption of the
public living routine.

If radiation exposure exceeds level A but does not reach
level B, decisions (including evacuation) ahould be made on the
basis of the actual situation« If level B ia predicted to be
reached, emergency measures, evacuation of the population from
the exposure zone above all, are absolutely necessary. At an
early stage of the accident, our general task was to avoid pub-
lic exposure within the A-B range and, in any case, to prevent
whole-body gamma exposure for the population outside the evacua-
tion zone from exceeding a level of 100 mSv over the first year
after the accident. The decision to evacuate the population of
the town of Pripyat was not taken when public exposure had
reached or exceeded level A, but rather at the point when the
radiation situation predictions indicated such probabilities /2/.
In practice, aa a result of the evacuation of the population
from Pripyat (45 000 people) and from a 30-km zone round the
plant, individual whole-body doses for most of the town's inha-
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bitanta were about 15-50 raGy, and for part of the citizens (doc-
tors, militiamen, municipal workers, i.e. those who spent long
periods of time outdoors), the average individual gamma dose
amounted to 130-30 mGy. It waa in very few population centres
of the 30-km evacuation zone that, due to continuous variations
in the radiation conditions, not all the inhabitants could be
prevented from receiving doses over level A, but these did not
reach level B. Because of a timely iodine prophylaxis, the thy-
roid dose for 37% of the children from Pripyat was below 0.3 Gy,
for 2% it was 0.3-1 Gy, and for less than 1?5 it amounted to
1.1-1.3 Gy« In the management of the accident, an emergency
standard for whole-body exposure of 0.25 Sv was immediately intro-
duced in the 30-km zone.

Wide-scale medical examinations covering about one million
people revealed no case of acute radiation sickness among the popu-
lation examined. Except for those damaged within the plant site
during the accident (237 persons with diagnosed acute radiation
sickness), no case of radiation sickness was established in the
participants of the accident-management operation.

Thus, experience of radiation protection of the public and
those dealing with consequences of the accident within the 30-kin
zone at an early stage and, the more sos in the subsequent period
indicates the determining part of pre-set exposure regulations as
guidance for those responsible for decision making under compli-
cated and difficult circumstances. In addition, of no less impor-
tance is an effective system of strict control of the observance
of these regulations. It was due to meeting the latter requirement
that possible human overexposures were essentially prevented.

The Chernobyl accident posed a number of most difficult pro-
blemsj so that decision making relative to radiation protection
required not only a high organizational effectiveness but also hot
recommendations. The main reason was due to extraordinary characte-
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riatica of the Unit 4- reactor accident. These are known to be asso-
ciated with two events: explosive break of the core containment, the
graphite burning, and, as a result, a 10-day release of gases and
aerosols containing great amounts of radioactive material into the
environment/ 3/.

The above factors together with sharp variations in the meteoro-
logical conditions in the accident area led to a considerable con-
tamination of some regions«

Under the circumstances, the general assessment of the ra-
diological conditions, the organization and, if necessary, reali-
zation of measures on radiological protection of the population
and environment were all based on the results of an unpreceden-
ted wide-scale health and environmental monitoring.Immediately
drawn into these activities were thousands of scientists, specia-
lists of different civil offices and of the Ministry of Defense,
as well as local subdivisions of the State Committee on Hydrome-
teorology, radiological teams of sanitary and epidemiological
stations under the Ministries of Health of the Soviet republics,
radiological service of the veterinary and agricultural super-
vision, etc. In a short time, millions of radiometric and dose
measurements were carried out and then analysed and generalized
by local organizations, regional centres, and the sceintific
staff of the State Commission.

In this enormous work, though effectively performed aa a
whole, many problems and questions arose, among which, in terms
of further improvement of radiation monitoring, the following
should be noted.

First. All dosimetric and radiometric facilities available
were used.

Prom experience follows the necessity of their further
unification, strict regulations on possible usage, redetermina-
tion of sensitivity thresholds and limits in reference to emer-
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gency, adequate indicationa of the instruments taking into acco-
unt the nature and specific features of radiation registered,
as well aa simple usage and compactness.

Of significance is the unification of the scales of these
instruments according to the accepted system of units«

Of particular importance are specific developmental efforts
to improve methods of back-determination of absorbed doaes to
the human body following external and internal exposure. We have
once again seen that the methods of "dosiraetry without dosimeters"
are very promising for the reconstruction of absorbed doses from
external exposure (e.g. by ESR or RLL signals in different materi-
als, including samples of hair, nails, tooth enamel, clothes). Thus,
determined at our Institute by ESR signals from enamel, doses to
three persons died from radiation sickness proved to correlate clo-
sely with the severity of damage. The Chernobyl accident demonstra-
ted the importance of assessing doses to open parts of the human
skin« For instance, the results obtained with the help of multi-
layer thermoluminescence dosimeters developed at our Institute /4/
for measuring absorbed doaes of beta and low-energy gamma radia-
tion to the skin show that such dosimeters should be included into
the emergency system of personal monitoring.

Second. Taking into account actual radiation hygienic condi-
tions, the scope and frequency of control may be essentially chan-
ged. For example, ^ I is known to be the dominant and most "cha-
racteristic" radionuclide in environmental objects and foodstuffs
within the first days and weeks after the accident. In a short time,
methods of I measurement in environmental samples were detailed
for cases when gamma-spectrometric measurements were impossible (be-
cause of an enormous number of samples and for lack of gamma-spec-
trometers at farms and in other places where tentative conclusions
about, say, milk activity were necessary). Methodological problems
of mass thyroid gamma-exposure rate measurements had been solved for
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those cases when portable gamma radiometers were used« Models for

the calculation of individual thyroid doses from radioiodine inhala-

tion, allowing for different living conditions in contaminated areas

and patterns of dairy products consumption were developed, including

necessary tabulated data and numerical values of formula parameters,

The Chernobyl accident therefore necessitated organizing

and carrying out a great namber of various measurements of acti-

vity in environmental objects and object samples, the human body

included« In particular, lifetime ^ I, *Cs, and ^'Cs contenta

were measured in more than 600 000 persons« The vast mass of data,

with allowance for methods of estimation, made it possible to

classify the population by exposure levels and, on this basis,

to take sanitary and hygienic, medical and organizational measures

necessary for normalizing the situation and mitigating the radio-

logical impact«

The main conclusion from this experience is that the whole

system of adequate radiation and radiometric monitoring and the

scope of control under conditions of a major accident should be

further improved«

It is known that, before the Chernobyl accident, in the USSR

as well as in other countries only annual limits on intake of

radionuclides with food were set. The concentration of nuclides

in drinking water was also regulated (see Standards of Radiation

Protection 76 /SRP-76/). Radionuclide contents of individual food-

stuffs were not standardized« At the same time, a standard on

* I was specified in case of an accident (so that the thyroid

dose for children should not exceed 300 mSv), This requirement

was met with 3 milk concentration of 3700 Bq/1«

After the Chernobyl accident, there arose a necessity for

immediate settling the problems connected with the assessment of

foodstuff activity and sorting or prohibiting certain kinds of

food. Accordingly, standards were calculated and introduced imme-
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1 31diately for ^ I contents of 24 foodstuffs and medicinal raw-
materials, including dairy products (curds, sour cream, cheese,
butter), leafy vegetables, meat, poultry, eggs, berries, with
allowance for their contribution to the diet.

Subsequently, late in May 1986, standards on -̂ Cs and -*'C
content of meat, milk?and some other foods were introduced beca-
use of their increased relative contribution to contamination
of these products. These standards were calculated for permissib
le dose of 50 mSv for exposure of the whole body and internal
organs over the first year after the accident«

Temporary permissible levels of surface contamination (for
premises, transport, equipment, clothes, shoes, personal pro-
tective means, and skin) were calculated and approved to prevent
additional internal and external exposure of people and human-
caused escape of radioactive materials from the 30-km zone»
Moreover, corrected permissible levels of contamination were
adopted for the ground surface, outer and inner building surfa-
ces after decontamination* To improve control of agricultural
produce activity^ 28 standards were formulated which regulated
the order of treatment, processing, and preparing for realiza-
tion of various livestock,, poultry, fodder, fur products, etc«

The most complicated regulation problems primarily dealt
with organizing the radiation monitoring of roads, buildings,
transport, house-hold articles, etc. To carry out such large-
scale operations, safe but realistic, under the circumstances,
standards were needed. Standards set in early May 1986 were
repeatedly reviewed in terms of making them more strict and
approaching the SRP-7S values, as the radiation situation was
returning to normal. In particular, after the decontamination
of Units 1 and 2 and the construction of the "Ukrytie" object
(Unit 4 tomb) had been essentially done, we turned back to
setting standards for contamination of unit premises at SRP-76
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levels for beta-particles. At the 30 km zone "boundary, the
SRP-76 standards for skin of workers were set as permissible
levels of clothes contamination. On the whole, experience of
standardization and organization of radiation monitoring showed
that, even in the event of such a major accident, science-based
measures allowed to prevent radioactive material from spreading
over the 30-km zone boundaries and considerably decrease the
danger of contamination of people, their belongings and dwel-
lings by a massive and highly laborious decontamination opera-
tion. This, along with other practical, sanitary and hygienic
actions, permitted a sharp reduction of adverse effects of the
accident. One of the most important problems was to set a tem-
porary dose limit for the public in areas with high exposure
levels.

According to the Sanitary Rules of Nuclear Power Plant
Designing (SRNPP-79), such a limit of public exposure in the
case of a design-basis accident was represented by an indivi-
dual dose limit of 100 mSv» used as a temporary one for the
first year after the accident. Later on, the WCRP introduced
a more strict standard of 30 mSY for the second year after the
accident. These regulations formed the basis for effective
implementation of the whole tremendous complex of accident -
management actions«

An analysis of actual data, with allowance for all protec-
tive and preventive measures, suggests the following.

Average individual doses for the critical population gro-
ups in the regions under strict control did not exceed the
dose limits for the first and second years after the accident
(100 and 30 mSv,respectively). External gamma doses did not
exceed 50 and 15 mSv, respectively, for 97$ of the population
permanently living in contaminated areas.
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Internal doses from incorporated radiocaesium did not
exceed 50 mSv over the first year and 20 mSv over the second
year after the accident for more than 33% of the population, and
in approximately 30% of inhabitants of the regions under cont-
rol they did not exceed 10 mSv either for the first or second
year after the accident.

In other words, due to the above efforts, doses to the
majority of the population in the regions under control proved
to be less than half as high, as the temporary dose limits in
the first and second years after the accident (for about 95/5
of the population in the first year and for 90?» in the second
year).

In those regions, the radiocaesium content of the body
in summer 1987 was 2-5 times lower and in some persons 7-10 ti-
mes lower than in summer 1986,

Finally, in 1937 the contribution of internal exposure to
the total dose more clearly tended to decrease and did not exce-
ed 20-30̂ .

On the whole, the measures taken permitted a 5-20 fold re-
duction of expected thyroid doses to children, a 1.3-2.5 fold
decrease of external gamma doses (depending on age and occupa-
tion), and a 10 fold and more decrease of internal doses.

These measures include essentially:
1. Evacuation of the population from a 30-km zone, including

the town of Pripyat.
2. Formation of a 30-km circular zone around the plant site

with hard restrictions and radiation monitoring to prevent an
anthropogenic transfer of activity from the contaminated zone
to "clean" areas«

3« Prophylactic use of stable iodine by those dealing with
sequences of the accident, by the population of Pripyat and
of regions bordering upon the 30-km zone.
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4. Ban on whole milk consumption, restrictions on dairy
cattle grazing or shift to uncontaminated pastures or fodder,
foodstuff control sorting, processing, and utilization.

5» Deactivation work in population centres and in the
territory adjacent to the Chernobyl plant»

6, Sending the children and pregnant women from the
population centres to health resorts in the summer period
1986-1987.

7» A package of measures to substitute, in some areas,
local food by food brought from elsewhere,

8, Agrotechnical and ameliorative measures on agricul-
tural land»

As already noted, these measures together permitted a
significant reduction of doses to the population (both from
external and internal exposures).

Thus, experience of regulating reference levels of envi-
ronmental contamination and dose limits for the participants
of an accident-management operation and for the population of
affected areas showed an exclusive role of this component of
radiation protection in determining a strategy for accident
handling and for providing a reasonably achievable decrease in
exposure for different human cohorts.

In addition, experience of the above and other measures
clearly demonstrates that, with contaminated areas of throusands
of square kilometres, external gamma exposure is a very diffi-
cult problem to deal with, especially after relative stabiliza-
tion of radiation conditions. Unlike more "controllable" inter-
nal exposure, as indicated by the above estimates, methods of
external gamma exposure handling primarily depend on the decon-
tamination of the human environment. Population centres, forests,
fields, and farms, in contrast to the plant site and bordering
areas, can be decontaminated only by mechanical removal of radio—
nuclides, without any special solutions concerning active chemical
components.
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Among the complex and onerous decontamination work, the most
difficult was the radiological protection of forests.

Nevertheless, deactivation work taking into account parti-
cular features of the various areas is continuing«, It should be
emphasized that further reduction in gamma ray dose rates in the
area will be determined by vertical migration of radionuclid.es
in the soil including the use where possible of deep ploughing
and other measures.

From the point of view of reducing the gamma ray dose rate,
1 -3 rr

soil decontamination due to transfer of radionuclides ( Cs

included) to the overground parts of plants should be considered
as insignificant.

The problem of the assessment of the possible radiological

impact of the accident on the USSR population has been already

discussed /2, 7/. The collective doae commitment for the entire

population of the country is estimated to be about 326 000 man-Sv;

based on an analysis of field material, with allowance for ef fec-

tiveness of the measures taken and thoae being carried out. Ac-

cording to the dose-responae relationship without threshold and

the ICRP risk factors for stochastic effects /8/, cancer death

excess may be expected to constitute hundredths of per cent of

spontaneous values, the corresponding number of genetic defects

in the progeny of the first two generations of exposed parents

being hundredths of thousandths of per cent. Our data show a sa-

tisfactory correlation with more recent frequency estimates of

expected late radiological effects of the Chernobyl accident

on the population of Western Europe /9/ and Northern Hemisphere

/10/.

The basic data for calculations made in the USSR are pre-

sented in a series of figures. It should be stressed that an

analysis of actual and calculated data showed a log-normal dis-

tribution of individual doses, irrespective of the region (ty-

pical distribution ia shown in Pig. 1)« The distribution of the
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USSR population was obtained according to the individual dose
commitment (see Pig. 2) and in comparison with the analogous
doses from natural background radiation (ignoring the technoge-
nic background) /Pig. 3/» It is of interest that the individual
dose commitment for the majority of the USSR population (about
250 million people) will not exceed 1 mSv.The calculations show
(see Pig. 4) that the dose contribution of this population to
the total collective dose commitment for the population of the
whole country (278.8 million people) will not exceed "\5?o. Con-
sequently, the Chernobyl experience shows that the decrease of
the lower level of the individual dose commitment down to zero
does not practically influence the collective dose commitment.
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It stands to reason to diacuss this conclusion in terras of the
discussion at the ICRP meeting (Gomo, Italy, September 1987),
where arguments were adduced in favour of setting the lower
limit of the individual dose commitment which should be con-
sidered as a biologically significant exposure level.

For many reasons, this approach seems to be more realistic
than that in current use.

One should also take into account that the original meaning
of the collective dose concept predetermines its use in the
solution of radiation protection problems and not in the assess-
ment of late effects of accidental exposure,

If, in the framework of our analysis, the lower level of the
individual dose commitment ia taken to be 10 mSv (which constitu-
tes only about 15% of the corresponding cumulative dose from natu-
ral background radiation), one may conclude the following. The ex-
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pected fatal cancer excess will increase up to 0»23% of the spon-
taneous level (Pig« 5) (for a population of 7.5*10 men. vsrith a
collective dose commitment of 2«2*10 man Sv), tte absolute number
of predicted cancers decreasing by J>Q% aa compared with initial es-
timates for a population of 280*10 . men.
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Finally, as appears from these calculations, the present epi-
demiological methods would fail to register the above malignant
tumor excess.

In conclusion, it should be pointed out that a number of
radiation protection problems illuminated by the Chernobyl accident
have not been touched upon in this report« To these problems which
have not yet lost their significance belongs radiophobia.

There is a lot of work to do in this sphere.
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PROTECTION OF HEALTH DURING
A LARGE SCALE ACCIDENT

A.E. ROMANENKO

Abstract

The general principles applied in planning measures to protect the
population covered four periods: (1) the 24 hours following the accident;
(2) 2-7 days after the accident; (3) 2-6 weeks after the accident; (4) the
subsequent period.

In order to carry out medical examinations and provide medical care for
those who had been evacuated and those living in regions with high levels of
radiation, about 2000 doctors, 4000 intermediate-level medical assistants and
more than 1200 senior students at medical institutes were involved. In the
first period, 230 laboratory-dosimetric mobile teams were set up and more than
400 teams of doctors, including 212 specialized teams for examining children
and pregnant women. The epidemic control stations in these regions were
supported by shift teams from epidemic control stations in other regions. A
total of 330 doctors, 600 intermediate-level assistants, 125 special vehicles
and so on were involved.

Over the whole period about 500 000 people were examined, including
100 000 children; more than 500 000 haematological and 54 000 hormonal
studies were carried out, and more than 200 000 measurements of iodine and
caesium in the bodies of affected individuals were made.

Nuclear power engineering is the reality of the contempo-

rary society. General Secretary of the GPSU Central Committee

M.S.Gorbachev declaired that the future of the world economy is

hardly imaginable apart of its development.

At the same time notwithstanding technical and technological

ef for t s made in every country to decrease the risk: of radiation

accidents at nuclear power, plants, these risks cannot still be

completely avoided.

This is one of the basic problems that the necessity of deve-

lopment and planning of so called " secondary protection level "

for the population under accidental conditions.

The experience of Chernobyl accident shows us that questions

of protection must be solved in spite of all the effor ts and me-

ans they demand. These protective measures must be planned and
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financed in the complex with the design, construction and mainte-
nance of nuclear plants. Populated areas and industrial objects
no less than 30 km around the plant must also be specially pre-
pared for the maintenance under conditions of a radiation accident.
Some of these measures are i
- material basis for the systems of environmental radiation moni-
toring, including population control;
- additional hennetization of buildings, both residential and
industrial, and construction of radiation shelters;
- availability of iodine compounds; milk products; food stuffs
for children;
- material basis for the systems of information and communica-
tion; training of the population with the help of special litera-
ture, aiming at the prevention of negative socio-psychological
reactions, as well as the organization of appropriate behaviour
of the population during the initial period of the accident.

Notwithstanding the experience of earlier radiation acci-
dents in different counties the Ghernobyl accident due to its se-
verity has brought complicated problems connected with health se-
rvice for the population of contaminated areas. These problems
demanded theoretical considerations as well as quick reactions
and decision making.

Ghernobyl has demonstrated that the complexity of problems
connected with population protection at a transfrontier nuclear
accidents require ample international cooperation aiming at ensu-
rance of nuclear safety and population protection.

You know that in May 1986 M.S.Gorbachev have submitted a num-
ber of proposals to some international organizations ( IAES, WHO,
etc. ) to work out safety regime for nuclear engineering.

Therefore, summing up the experience of the Chernobyl accident
consequences liquidation, we consider it necessary to share it
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with the national and international organizations, dealing with

d i f fe ren t aspects of radiation protection.

That ia why in this paper we want to touch certain organi-

zational, medical and socio-psychological aspects of the radio-

logical situation that has developed as a result of the accident

and some conclusions and recoraendations concerning health service.

Complex measures undertaken for the mitigation of the acci-

dent consequences had required mobilization of considerable medi-

cal resources.

A lot of specialists were involved in examination and "treat-

ment of the critical population: 2 000 physicians: 4 000 junior

medical personnel; 1 200 senior medical students. During the ini-

tial postaccidental period 230 dosimelry laboratories were set up

as well as about 400 medical teams, including 212 specialized bri-

gades for examination of children and pregnant women compiled of

specialists in pediatry, obstetrics and gynecology, hematology,

endocrinology etc. Sanitary-epidemiologic stations in contaminated

areas were reinforced by shift teams from different regions. To-

tally 330 specialists, 600 junior personnel, 125 specialised tran-

sport units were involved.

Iodine prophylaxis was performed to 5 mln people,inclu-

ding 1,6 mln children.

During the whole postaccidental period over 500 000 people

were examined, including 100 000 children, over 200 000 tests on

iodine and cesium in children were performed including 100 000

children. Over 500 000 hématologie, 54 000 hormonal and 200 000

iodine and cesium tests were performed.

It is necessary to note that while organizing hématologie exa-
minations, we must take into consideration people's attitude of
mind based on the widespread conception that radioactivity is
connected with hématologie and biochemical alterations.
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Special attention was paid to medical care of children and
pregnant women, who were evacuated during the first days after
the accident and placed to sanatoriums and boarding houses for
supervision.

In spite of the extremely complicated radiological situati-
on in July 1986 the preliminary forecast waa worked out for the
external and internal commitment population doses for the first
postaccidental year as well as a number of measures for the decre-
ase of these project doses.

On the initiative of sanitary-epidemiological service, acti-
vities of various establishment dealing with radiomonitoring were
coordinated. During the whole postaccidental period scientific
and applied sanitary - epidemiologic enterprises performed about
3 rain instrumental and laboratory tests of food stuffs, drinking
water and environmental samples (only for Ukraine).

As a result of this sample activity actual internal popula-
tion doses were 5 "to 15 times lower than those projected. Mass
clinical examinations justify the absense of significant health
disorders in the population of critical areas compared to the con-
trol.

In addition to the huge work performed by the organs of pra-
ctical health service, wast research investigations were planned
and organized. In Kiev All-Union Scientific Centre of Radiation
Medicine was organized within the USSR Academy of Medical Sci-
ences; the Scientific Council on Radiation Medicine was founded.

A complex of technical facilities is being developed, soft-
ware for the Distributed clinic dosiraetric register of individu-
als subjected to ionizing radiation is initiated as well as speci-
al subregisters of the individuals, selected for long-term control.

It is useful to underline that according to the general di-
rection of the social policy in our country the Ministry of He-
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alth in 1985 began the organization of total annual medical scre-

ening of the country* s population.

Our investigations have revealed the following peculiarity

of large-scale radiation NPP accidents which may be useful for

medical planning: patients with different forms and stages of

acute radiation sickness ; including combined radiation, mechani-

cal and termal lesions may be found only among NPP personnel and

members of resque teams. And the number of these individuals is,

as a rule, limited.

For the population of the areas, neighbouring the place of

accident, non-stochastic e f fec ts are hardly problem, as well as

acute radiation lesions.

As for long-term stochastic effects manifesting in excess

cancers and congenital defects, they will be the focus of the ac-

cident medico-social consequences assessment. The degree of the

latter is dependent on the chosen concept: threshold or non-

threshold ? So it is first of all necessary to choose more ap-

propriate of the two concepts. However , long-term following of

wast population cohorts is necessary after a NPP accident.

This provided favourable prerequisites for the development

of dispensary control of the population in contaminated areas.

It is clear that the programmes of medical screening were cor-

rected according to the situation with the involvement of dosi-

metry and special tests.

The peculiarities of the Chernobyl accident required special

measures differing in many aspects from many theoretical and pra-

ctical investigations performed by Soviet and foreign specialists

concerning radiation protect ion under the conditions a severe

nuclear accidents.

Variety of accident scenarios connected with their scale

and development in time present difficulties for emergency plan-

ning.
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After the Tree Mile Island ( USA ) accident in the WHO Brus-

sels meeting Report the accident time development scheme was re-

commended that consisted of three phases: early, intermediate, and

late. However, the Ghernobyl accident did not fit this scheme.

It seems reasonable to consider these phases of development

of any accident with no regard for any peculiarities of every

accidental situation. We suggest that the early period must be

considered to be the initial, acute accidental phase, that lasts

untill the cessation of uncontrolled releases. In the case of

Chernobyl this initial period lasts till May 5, 1986 ( 9 days

since the explosion ), then the releases s topped.

Intermediate phase - is a period of various possible dura-

tion, when the accident liquidation works on the damaged reactor

site are over and this guarantees cessation of further environ-

mental contamination. Moreover, at the beginning of this phase the

radiological situation is formed. This phase may last for several

weeks or months,depending on the severity of the accident.

Late phase - is the posaccidental or reconstructive peri-

od, when the gradual return to usual life takes place. It may

last for many years, for medico- social and ecological consequen-

ces require long-term scientif ic investigations which cause a num-

ber of peculiarities in the everyday life of the population in the

accident area.

Ghernobyl accident and its impact mitigation has given us

base to suggest that in accidental planning health protection

of the population is a prior necessity. Ample range of counter-

measures must be planned and performed step by step according to

the regular succession that depends on their significance and for

the gradual involvement of necessary means. All the emergency

measures must be planned for maximum scale p ro jec t accident

with the maximum radionuclide composition, otherwise population

may be under the risk of overdosage.
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Taking these considerations into account we want to recom-

mend the following staging of the emergency plan:

Stage I : within 1 day after the accident;

Stage 2 : 2 - 7 days af ter the accident;

Stage 3 : 2 - 6 weeks af ter t h e accident;

Stage 4:1 ,5-2 months after.

The duration of the first stage is stipulated on the one hand

by the fact that initial accidental releases are as a rule the most

powerful and form the ma.-jority of the project dose, including in-

halation doses from radioiodine on the thyroid gland, which are

accumulated rather intens^ve-'-y aa-d. on the other hand the effi-

ciency of iodine prophylaxis which rapidly decreases as a func-

tion of tirae.x

All these require emergency measures under the conditions

of unsufficient information concerning actual radiological situa-

tion.

The duration of the stage 2 is dependent on the probability

of accident release cessation, radiological situation stabiliza-

tion, necessity to finish evacuation and perform the initial con-

sequence liquidation measures.

Stages 1 and 2 cover the initial ( acute ) accidental period

( early phase according to WHO terminology ) and require special

accuracy in planning and readiness of emergency means.

Stages 3 and 4 correspond to the intermediate phase.

Stage 3 is a period of iodine danger, that determine the cha-

racter of countermeasures as well as medical activities.

Stage 4 completes the intermediate phase of the accident and

determines the beginning of the late phase. The expediency of this

phase detachment is subjected by the necessity to guarantee the

cessation of further environmental contamination on the one hand,

âë ~Iôd~înë~propnylaxis is aimed to block the inhalation dose due
to the transient character of this process. For alimentary dose
decrease or exclusion alternative counter-measures are used.
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and by the necessity to master the radiological situation within

the shortest possible t ime, ou the other hand. The latter demands

beforehand preparations of material and methodical basis for large

scale environmental, food chain and population examinations in the

areas contaminated by long living radionuclides.

Further periodizat ion and planning of accident consequences

liquidation measures depend on the season of the accident and on

the number of other aspects. We consider further planning unreaso-

nable as medical means involved by that time are numerous and eno-

ugh for all reseach and applied activities. Moreover, time is no

longer pressing.

The main tasks of stage 1 are:

1» Preliminary estimation of the accident severety and radiologi-

cal si tuation.

2. Emergency aid to the injured,

1), Emergency measures on population protec t ion .

4. Involvement of medical means into the accident consequences

liquidation.

Emergency measures are:

- Sheltering of the population, first of all children, pregnant

women and nursing mothers in residential or industrial buildings

with the maximal possible henne tization. The latter must be taken

into account by the authorities while designing buildings on the

territories involved into emergency planning. This measure is ve-

ry ef fec t ive and does not require large eipences especially if

the population is prepared and urgently informed;

- iodine prophylaxis, first of all for children. The eff iciency

of this measure depends on the availability of iodine compounds

in convenient form for rapid distribution;

- in some cases evacuation of the population from the most conta-

minated areas or at least preliminary measures that make evacua-

tion itself fast and easy.
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Evacuation is considered to be the extreme measure and is
performed only when radiation level causes the exceed of the quo-
te of external dose limit for the first postaccidental year with
regard for average daily shielding for the majority of the popu-
lation.

Assessment of other criteria within one day after the acci-
dent will hardly be probable. It must be noted that emergency eva-
cuation without strict organization and preliminary preparations
may cause higher body burdens than sheltering before organized eva-
cuation.

Countermeasure decisions are based on the assessment of health
consequences as well as detriment connected with the introduced
Countermeasurea, which are determined by two dose levels: lower
( beneath it the chosen countermeasure is inexpedient ) and up-
per (when the dose exceeds it, the countermeasure is unnecessary)»

In case of Chernobyl due to a number of reasons and for the
interest of population protection upper dose limits were decrea-
sed. Some of these reasons were on the one hand connected with the
difficulties in stochastic effects estimation depending on the
chosen conception - linear of threshold, and on the other hand -
the complexity of the developing radiological situation and dif-
ficulties in its estimation in the first days after the accident.

Depending on the severity of the accident and local condi-
tions emergency plans must include the readiness and emergency de-
velopment of medical establishments: clinics, specialized medical
establishments, mobile means to start health care in the places
of evacuated population residence.

These mobile means are:
- radioiodine monitoring brigades;
- brigades of specialists in pediatry, obstetrics and gynecology,
endocrinology, hematology etc., for data examination and forma-
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tion of critical groups ( children, pregnant women, nursing mo-

the rs );

- medical laboratory teams for adult population examination;

- specialized teams of medical radiologists, hématologis te etc.,

to reinforce the personnel of local clinics and hospitals;

- reinforcement teams for local sanitary- epidemiological stations;

- brigades of specialists with the necessary involvement of psy-

chologists for elusidation of the events to the population.

Main tasks of stage 2 are :

1. Estimation and specification of radiological situation.

2. Selective monitoring of radio-iodine in thyroid gland.

3. External doses forecasts formation.

4. Selective radiometry of food stuffs and environmental samples.

5. Medical treatment of injured and necessary aid to evacuated

population.

Continuation of radioactive releases may cause significant

changes in radiological situation. That is why urgent specifica-

tion of the contaminated zone borders and the degree of contami-

nation are the basis for adjustment of medical measure plans.

One of the most complicated tasks of this stage is organiza-

tion of selective thyroid monitoring, first of all for children

and pregnant women. It is stipulated by short physical half- l ife

of radioiodirve and even shorter e f f e c t i v e half-time, especially

for children. All these demand urgent measures in complicated con-

ditions of sheltering and evacuation. Only beforhand preparedness

of material, methodical and organizational basis may assure relia-

ble and appropriate results that help to specify the radiological

situation and selection of principles of further mass population

supervision.

The results of iodine monitoring must be analysed on the ba-

sis of dos imetry , first of all, of local milk and milk products.
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That helps to assess the ratio of inhalation and alimentary contri-

butions to the thyroid dose.

To have reliable data concerning forecasts for external do-

ses both calculation and instrumental methods of radiometry

must be actively used.

If they exceed the external dose limit quote for the first

postaccidental year the decision about the necessity of evacu-

ation is made.

More complicated task of this stage is control of food s tuffs ,

drinking water and environmental monitoring. This control is ne-

cessary for establishment of internal doses and forecasting as

well as for the specification of radiological situation.

As soon as means and instruments for this control are located

in establishments, subordinate to different ministries and depa-

rtments, it is clear that coordination and cooperation of these

establishments on mutual methodical and organizational base are

necessary.

This complicated system of centralyzed collection, generaliza-

tion and assessment of dosimetry data must be based on two metho-

dical centres: establishments of the State Committee of Hydrome-

teorology, responsible for environmental control, and establish-

ments of Ministry of Health, responsible for food stuffs control,

internal dose assessment and forecasting.

Both centres cooperate to control the functioning of the

whole system.

All these require beforehand preparations of material and me-

thodical base, development of organizational principles and dis-

tribution of functions and means among different ministries and

departments. This was organized during the liquidation of the

Chernobyl accident on the initiative of Ukrainian Ministry of

Health and by the Decree of Council of Ministers of the Ukrainian

SSR.
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Main tasks of stage 3 are:

1 . Specification and assessment of radiological situation and its

forecasts.

2. Development of mass radiometry of thyroid radioiodine, clini-

cal examinations of children, pregnant women and certain contin-

gents of adult population.

3. Enlargement of the variety of environmental samples for radio-

metry; control of foodstuffs and drinking water, sanitary super-

vision of restrictive measures maintenance.

4. Preparedness of instruments and means for the control of long-

living radionuclides in the environment, food s tuf fs and populat ion.

For this stage it is useful to note:

- it is necessary to establish organizational and methodical cen-

tres on the basis of specialized research institutions. The lat-

ter must as well be responsible for preliminary development of

uniform medical documentation, worked out according to the pro-

grams and scale of investigations, ready for computer processing.

- while preparing the means of long-living radionuclide control

it is necessary to spicify the presence and condition of equip-

ment , laboratories subordinate to certain ministries and depart-

ments , as well as the programmes of investigations, distribution

of functions, the order of centralized data collection, analysis

of the results, preparat ion of reports , deve lopmen t of decision

p r o j e c t s according to the situation. These preliminary measures may

help to master the situation on the 4th stage and to correct the

plans of consequence* liquidation.

One of the main tasks of the 4th stage is mass control of

radiocesium , forecasting of internal doses and late e f f ec t s asse-

ssment.

Integral part of emergency planning is development of measu-

res aimed at prevention or limiting of socio-psychological proses-

ses, which accompany any radiation accident. We couldn^t avoid it
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in the Chernobyl situation as well as it had not been avoided du-

ring the Three Mile Island accident.

Basic reason of psychological tension, radiophobia and reac-

tive conditions is inability for a man to detect radioactivity with

the help of sense organs; as well as low level of radiological kno-

wlege, identification of a power plant accident and a nuclear bomb

explosion} missing of contradictory information. All these lead to

rumours and fantasies, contributing to the development of tension and

inadequate population reactions and behavior, for example, self

restrictions in gre-en food stuffs.

These conditions are the reasons of health anomalies and may

cause a variety of diseases of non- radiologie origin.

That is why preliminary training and education of personnel

as well as of the population of the territories that may be invol-

ved into the accident is of great importance for prophylaxis of ra-

diophobic reactions. Populat ion has to know the potential danger

of accidents, their character, acute and late radiation e f f ec t s ,

protective measures and their effectiveness.

Under the conditions of actual accident populat ion has to be

methodically informed about measures taken and main sourses of r isk,

protective activities and appropriate behaviour.Special attention

should be paid to training of medical personnel and enlightenment

of intelligensia, which is the main sourse of disturbing information.

Important are the measures preventing deviations from the of-

ficial information.
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SCHEME OF A SEVERE NUCLEAR POWER PLANT ACCIDENT DEVELOPMENT AND ADEQUATE COUNTERMEASURES

Phases of accident! Stages of eraer-
( WHO Terminology ) gency plan_____

Radiation Bourses Types of ir !
radiation !

Gountermeasuree

Early 1 (24 hoursafter the explo-
sion

Radioactive cloud
Body deposition
from fallout

External (to- Timely information(-O Sheltering
tal) (+)»Respiratory organs protection
Internal (in- (+), Body protection (+),
halation) Iodine prophylaxis (+), Evacuation

(+-), Individual decontamination

Intermediate

2 (2-7 daysafter the ac-
cident begin-
ning)

Radioactive cloud,
Body deposition
from fallout,
ground deposition,food chain x

External (to-
tal)
Internal (in-
hallation,in-
testinal)
External and
Internal ( ad-
sorption)

Sheltering (+-)»Body and respira-
tory organs protection (+),
Iodine prophylaxis (+-), Evacua-
tion (+), individual decontami-
nation (+), limited visiting
of supervised zones ( + ), Control
of food stuffs and drinking wa-
ter ( + ).

3 (2-6 weeks after) Ground depositions External
Internal (in-
testinal)

4 (after 1 ,5-2 Ground depositions
Pood chain

External
Internal (in-
testinal)

Migration of the population
Control of food stuffs (+),
Decontamination of the territory
(+-). Limited admittance (+-/

Control of food stuffs (+), De
contamination of the territories

Depends on the season of the accident
) (+) Applicable and necessary
( +- ) Applicable though do not require cost-benefit analysis



RADIATION ENVIRONMENT
AND RADIOLOGICAL PROTECTION



THEORY AND PRACTICE OF ESTABLISHING
RADIATION STANDARDS BEFORE AND AFTER
THE CHERNOBYL ACCIDENT

L.A. BULDAKOV, G.M. AVETISOV,
M.I. BALONOV, Yu.O. KONSTANTINGV

Abstract

If the external gamma dose to the whole body or exposure of the thyroid
gland does not exceed 0.25 Gy, there is no need to adopt emergency measures
which would temporarily disrupt the life of the population. If external
exposure exceeds these levels but does not exceed 0 .75 Gy, or if the dose to
the thyroid gland from 131j exceeds 2.5 Gy, then ad hoc decisions have to be
taken in accordance with the actual circumstances encountered. Doses of less
than 0.25 Gy are virtually harmless to the individual, a dose of 0.25 Gy is
considered potentially dangerous, and at doses of 0 .75 Gy for whole-body
exposure or 2.5 Gy for local exposure of the thyroid gland, radiation sickness
or pathological changes in the gland may occur in some cases.

External exposure doses to the population in the most severely
contaminated regions of the Ukraine during the first year after the accident
lay in the range 0 .7-2.5 rem, and internal exposure doses - assessed from the
results of 52 000 examinations - did not exceed 1 rem in 90% of cases. Only
in 230 cases did the anticipated doses exceed 5 rem.

The concentration of the main dose-forming nuclides, caesium-137 and
caesium-134, in milk products, potatoes, vegetables and fruit produced in the
contaminated region outside the 30-km zone was 0.5 x 10~° Ci/kg.

A system of dose limita and principles of their application

as well as radiation protection regulations based on public health

legislation of the USSR and Soviet republics and approved by the

USSR Ministry of Health in a number of official documents served

as a legal basis for measures taken by public health bodies under

conditions of a radiation accident at the Ghernobyl nuclear power

plant« These dosuments include above all the Standards of Radiation

Protection (SRP-76), the main Sanitary Rules (MSR-72/80), the

Criteria for Taking Decisions on Measures to Protect the Population

in the Event of a Reactor Accident, and the Sanitary Rules for

Nuclear Power Plant Designing and Operation (SRNPP-79). The above

documents were drawn up taking into consideration radiation pro-

tection experience gained in the USSR, findings of Soviet and

foreign scientists, ICRP and IAEA, recommendations. Now, we can say
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that at all stages of the accident the official documents which
regulated the radiation factor proved efficient with regard to
sanitary and hygienic as well as medical measures aimed at locali-
zing the accident, to prophylaxis and handling of medical conse-
quences for workers and general public. At the same time, a number
of theoretical and practical aspects of standardization appeared
to demand further development and, in some cases, special experi-
ments and epidemiological studies.

The SRP-76, MSR-72/80, and SRNTP-79 inclide sections in
which dose limits and radiation protection regulations are provided
for projected increase of personnel exposure in the management of
a radiation accident. The above dose limits and regulations
agree with those recommended by the IGRP and adopted in tnoat count-
ries. Their strict observation prevented participants in localiza-
tion of the accident and decontamination of the plant sit.e and
adjoining area from overexposure fraught with serious medical
consequences. A tragic exception was the death of a few plant
workers within the first minutes and hours of the accident when
potential exposure could not yet be predicted. The other measures
were all carried out according to an emergency plan brought into
force on 26 April, as soon as information on the accident and fire
was received.

The current SRP do not set standards for public exposure from
routine operations of nuclear power plants. This seems reasonable
since to guarantee human rights in this country also means to
ensure entire protection of people against harmful effects of pro-
ductive activity. But the SRP provide the public exposure limita-
tion by the regulation or control of environmental activity (water,
air, foodstuffs, etc.), production processes which might result
in radioactive contamination of the environment, doses from medi-
cal exposure and technogenically increased background caused by
construction materials, chemical fertilizers, combustion of organic
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fuel, etc. The regulation or control procedure is determined by
standardization acts legally approved or co-ordinated by the USSR
Ministry of Health. In the event of an accident, taking account of
its nature and scale, the Ministry of Health may set temporary dose
limits and permissible levels for the public and work out sanitary
rules to provide living conditions in areas contaminated with radio-
active material. To fulfil such a laborious but important task,
the Ministry of Health invited a large group of leading scientists
and experts, including first and foremost the National Commission
on Radiation Protection (NCRP). An analysis of this work will be
given below, and now we should dwell on an early stage of the
accident when all possible measures were being taken to minimize
public exposure, in accordance with the Criteria.

According to the Criteria, if external whole-body gamma
exposure or thyroid exposure does not exceed 0.25 Gy, there is
no need to take emergency measures that involve the temporary
disruption of the living routine of the public. If this level
is exceeded but external dose or thyroid dose from I do not reach
0.75 Gy and 2.5 Gy, respectively, decisions should be made with
allowance for actual conditions. Emergency measures to protect
the public (indoor shelter; restriction of time spent outdoors;
rapid evacuation; prophylactic iodine distribution; ban on or
restriction of contaminated foodstuffs; shift of dairy cattle to
uncontaminated pasture or fodder are recommended if external
whole-body gamma dose reaches 0.75 Gy or thyroid exposure from
radioiodine exceeds 2.5 Gy. The numerical values of the Criteria
are supported by the a posterior conclusion that doses
below 0.25 Gy are practically safe for an individual, a dose
of 0.25 Gy is believed to be potentially harmful, while a whole-
body dose of 0.75 Gy or a thyroid dose of 2.5 Gy might result in
isolated cases of radiation sickness or thyroid pathological
anomalies. The Criteria are in close agreement with those adopted
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in other countries, exceptions being rather rare. For instance,
evacuation ±a recommended at a whole-body or thyroid dose of 2.5 Gy
(Czechoslovakia), at whole-body doses of 0.1-1Gy and thyroid
doses of 1-10 Gy (Hungary), at doses of 0.1-0.5 Gy to the whole-
body and from 0«3 to 1.5 Gy to the thyroid and other organs
(EEC Comission).

At an early stage of the accident., the policy of the Ministry
of Health was to avoid public exposure above the Criteria values
and, in any case, to prevent the population beyond the evacuation
zone from receiving 10 rera over the first year after the accident,
i.e. levels much lower than those of the Criteria. Due to the
measures taken, whole-body doses for the majority of evacuees
(a total of about 115 000 people) did not exceed 25 rem; it was
only in some population centres situated in areas most heavily
contaminated from the plume that doses happened to reach 30-40 rem.
Wide-scale medical examinations which involved 930 000 people,
including 696 000 persons thoroughly studied with dosimetric and
laboratory methods, permitted the absence of acute radiation
sickness among the population to be stated. In conformity with the
Criteria, prophylactic iodine was distributed among 5 365 000 people
Aa a result, thousands of hypothyrosis cases were avoided, whole-
body and thyroid exposures v/ere reduced.

As soon as urgent steps had been taken,the efforts of the
Ministry of Health were focused on sanitary and hygienic measures
to minimize doses to the public from external and , primarily,
internal sources of radiation. With this in view, of great
importance was prompt determination of temporary permissible
levels (TPL), allowing for changes in radiation conditions, to
regulate radionuclide contents of foodstuffs and water, contamina-
tion of various surfaces, etc.

131Because of a major part of I in external and internal
exposure at an early stage, temporary permissible radioiodine
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contenta of drinking water and a number of foods for the period
of the management of the accident were elaborated within the first
days and approved on 3 May 1986. These were supplemented with
additional standards for staple foodstaffs on 6 May. To avoid
excess external and internal public exposures, on 7 May 1986 the
Ministry of Health approved TPL of radioactive contamination for
various surfaces (premises, transport, equipment, etc.), clothes,
footwear, skin, and means of personal protection. Subsequently,
taking into account the latest dositnetric data, on 2 June 1986
revised permissible contamination levels, based on established
exposure standards, were introduced for ground, road, and outer
and inner construction surfaces following decontamination.

Allowing for I activity reduction and a growing part of
long-lived radionuclides, on 30 May 1986 the Ministry of Health
approved the "Temporary permissible levels for the radionuclide
content of foodstuffs, drinking water, and medicinal herbs (total
beta activity)'1 which comprised nearly all foods consumed by the
public. Since a great amount of fruit and vegetables grown in
areas of potential contamination is usually processed, the
"Temporary permissible levels for the radionuclide content of
canned fruit and vegetables" were established on 19 September
1986. Use of livestock products, which might have been contami-
nated, in the production of drugs and produce manufactured from
enzyme and endocrine raw material necessitated setting standards
for finished articles- Therefore, the "Temporary permissible levels
for the radionuclide content of medical preparations" were appro-
ved by the Ministry of Health on 22 July 1986 and the "Temporary
permissible levels for the radionuclide content of endocrine aad
enzyme raw material" were approved by the Ministry of Health
together with the State Agro-Industrial Committee on 19 September
1986.
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To improve control of produce manufactured at the enterprises
under the State Agro-Industrial Committee, 28 standards zation
documents were adopted by the above authority and the Ministry
of Health to regulate treatment, processing, and preparing for
realization of various livestock, poultry, fodder, fur products,
etc. Changes in the radionuclide composition, gamma exposure
rate reduction since the moment of the accident, and a large-scale
decontamination operation all led to the new "Temporary permissible
contamination levels for the skin, underwear, clothes, transport,
machinery, and means of personal protection" (14 October 1986)
and "Temporary permissible contamination levels for roads, popula-
ted areas, outer and inner construction surfaces following deconta-
mination" (26 October 1936) in which lovver permissible exposure
rates and beta contamination levels for surfaces were set.

A package of timely measures and strict observance of TPL
reduced doses to the public by 70$ and prevented mass diseases
among highly concentrated populations. As a result, external doses
to the population of the most heavily contaminated areas of the
Ukraine over the first year after the accident were 0.7-2.5 rem.
and internal doses did not exceed 1 rem for 30% of 52 000 people
studied. Only for 230 persons dose commitments reached 5 rem.
In the areas of the Russian Soviet Federative Socialist Republic
which adjoin the accident zone, external doses over the first
year were estimated to range from 0.5 to 5 rem. Prom the radio-
caesium content of the body investigated in 90 000 inhabitants,
internal doses due to these nuclides were shown to average 1.5 rem
over the first year. Average doses of total external and internal
radiation to the population of all contaminated areas did not,
therefore, exceed 10 rein established by the Ministry of Health
as a temporary dose limit.

As more specific information was obtained and the radiation
situation changed for the better, temporary dose limits for the
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public were revised. Thus, by the end of 1987, as compared with
summer of 1986, the radiation conditions in areas affected by the
accident became far less serious« And the Ministry of Health set
a doae limit of 3 rera/year for total (external and internal) exposure
over the year 1987« Large-scale expeditionary studies showed a more
than 10-fold reduction of gamma background by the end of 1987« The
concentration of Cs and Ga (major dose-contributing nuclides)
in dairy products, potatoes, vegetables and fruit produced in con-

_0
taminated areas beyond a 30-km zone was 0«5»10 Ci/kg. Even the
highest values registered in potatoes, vegetables, and fruit
were 4-10 times lower than those of the TPL of 30 May 1986.
The radionuclide content of bakery products and cereals also appea-
red to fall below the above TPL values. For lack of uncontarainated
fodder, the highest milk and meat (primarily beef) contamination
levels still exceeded the TP1, particularly in the private-owned
sector. However, according to a system of restrictions, such pro-
ducts were not allowed for sale or use at public catering estab-
lishments. Based on actual data, average dose estimates for all
population areas did not exceed 3 rem/year, a standard established
by the Ministry of Health. Moreover, internal doses from radio-
caesium were 0.3-0.7 rem/year and lower, thus indicating an
improved radiation situation and high effectiveness of measure-s
taken to reduce intakes of radionuclides with food. Therefore, in
December 1987 the NCRP reviewed the TPL of 30 May 1986 and

suggested new TPL to fit the radiation situation. The new TPL
were calculated for the total radiocaesium activity with allowance
for routine daily consumption of principal foodstuffs. For all
foods, the new TPL correspond to internal doses of no more than
0.8 rem/year, and actual dose commitments may appear lower by a
factor of two or more. Comparison of TPL-88 and those of 30 May
1986 shows a 2-20 fold reduction of values for the majority of
foodstuffs.
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It should "be stressed that TPL-88 provide the most strict
caesium standards as compared with other countries (e.g. for milk:
USA, 2.4*10~7; UK, 1-10"7; Finland, 2.7*10~8, USSR, V10*~8 Ci/1).

Therefore, it follows that the standardization and control
system adopted in this country permitted an effective solution of
sanitary and hygienic tasks caused by the Ghernobyl accident.
Nevertheless, in setting temporary dose limits and permissible
levels under variable radiation conditions, a number of unsolved
theoretical problems arose, some of which require urgent research.
Scientific foundation of dose limits and permissible levels is
known to demand the solution of a complex of problems relative to
modelling the migration of accidentally released radionuclides
through various environmental pathways to man and formation of
doses to critical organs due to intake of radionuclides by inhala-
tion or ingestion. Also of significance is potential external
exposure frotu a radioactive cloud or radionuclides deposited on
various surfaces (soil, vegetation, buildings, etc.). Model
descriptions of these processes are fairly well formalized. Of
great help in solving the above problems were the recommendations
presented in ICRP Publication 30 with supplements (Limits for
Intakes of Radionuclides by Workers). However, since this Publi-
cation is intended first and foremost for workers, many questions
remained unsettled, e.g. those related to model coefficients and
parameters applicable for different age groups. Special attention
should be paid to experimental studies of parameters which describe
the passage of various soluble and insoluble radionuclide-containin^
cotupoundd through the gastrointestinal tract. An important element
for determining permissible levels of food contamination is stan-
dardisation of average daily and annual diets in different regions
Experience of the Chernobyl accident has confirmed an opinion
formerly expressed by the NCRP that such IGRP concepts as benefit-
detriment analysis with a body of mathematics proposed, linear



relationship between dose and stochastic effects, and risk factors
of late effects and weighting factors based on this concept lack
scientific foundation and cannot be applied in practice. At the
latest ICRP meeting in Como (Italy), the International Association
on Radiation Protection (IARP) made critical remarks against the
ICRP on these issues. Assessment of late stochastic effects of an
accident on the basis of collective doses and risk factors derived
from a linear relationship without threshold seems to be particular-
ly absurd. The above issues all require a most thorough research
and remain in sight of the NGRP and other experts concerned with
the radiation factor regulation.
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RADIOACTIVE CONTAMINATION OF WATER ECOSYSTEMS
AND SOURCES OF DRINKING WATER

I.A. LIKHTAREV, R.M. BARKHUDAROV, O.A. BOBYLEVA,
V.A. KNIZHNIKOV, V.A. LOGACHEV, P.V. RAMZAEV,
M.N. SAVKIN, G.V. SERGEEV

Abstract

The contribution of aqueous components to the individual and collective
doses received by the population as a result of the accident at Chernobyl in
1986 did not exceed 1-2%. In the first few days after the accident, the total
beta radioactivity of the water was 1 x 10~' Ci/L. Subsequently, the
concentration of radionuclides in the water fell steadily and throughout 1987
was stable at 1-3 x 10~^ Ci/L. The highest recorded figure was
4 x 10~9 Ci/L in May 1986 caused by iodine-131 ( fo r the Dnepr).

Pour main radio-hygienic problems caused by the Chernobyl

accident may be settled as follows:

- urgent assessment, study of dynamics and forecast of exter-

nal gamma-radiation changes in different regions of the country

caused by passing of radioactive clouds and radioactive fallout;

accidental monitoring of radioactive contamination of ri-

vers and open water basins used for drinking water supply, in-

dustrial and recreation purposes, with the aim of development of

short- and long-term radio-hygienic measures;

- mass radiological monitoring of all the links of food chain:

soil - agricultural products - foodstuff components and ration in

general for population of territories contaminated with fission

products;

- mass measurements and forecasts of external and internal

irradiation levels caused by the accident.

All the above-mentioned problems determining the radiological

situation in the country for both the scale of research and medical

measures, and resources necessary for solution of these problems

are too ample to discuss in one paper« Therefore, in this paper

we will present only important general points. Results of the de-
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tailed analysis of radio-hygienic situation will be given in co-
ming paper. The heterogenic structure of the radioactive contami-
nation of the hu^e territories is the main feature of the radiolo-
gical situation. Specifics of radiological situation in different
regionss required different population protection measures. They
are :

- evacuation of population from the towns of Prip'at, Cher-
nobyl and settlements of 30-kilometer zone around Chernobyl NPP
where the major dose loads were determined by external irradiati-
on;

- introduction of standards on water and foodstuffs radioac-
tive contamination and systems of hard control of their observa-
tion on the territories, where the major doses were determined by
internal irradiation.

In this paper we stress the features of radiological sirua-
tion connected with the radioactive contamination of aquatic eco-
systems and sources of drinking water.

The radio-hygienic situation on the aquatic objects of the
country formed after the Chernobyl accident had a regional spe-
cifics. Thus, because of geographic situation the main water ba-
sins are to the south of the NPP site, it the same time most in-
tensive fallouts (due to complicated weather conditions) were
formed in northern direction.

During the assessment of radiological situation in the nor-
thern part of Ukraine and nearby territories of Byelorussia and
Russian Federation, the main attention was paid to the quality
of water from small rivers and reservoirs, and to supervision of
local water sources.

During the examination of radiological situation in southern
territories of Ukraine the main problems were connected with the
assessment of status and providing of protective measures for
large basins, producing water for drinking, industrial and tech-
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nological purposes, irrigation, used for fish-breeding and fish-
ing, sports and recreation.

Even in the first year after the accident radioactive rele-
ases affected the status of the large reservoirs of Ukraine: the
rivera Dniper, Dnestr, Southern Bough et. al. However the first
obtained data about the radioactive substances content and the
radioisotope composition of water allowed to determine that the
hard supervision and large-scale measures would be necessary on-
ly for Dniper basin.

Thus, on the territory of the Russian Federation that was
affected by the Ghernobyl accident as a result of the meteorolo-
gical conditions in May 1986, the main drinking water source for
three large cities (Kiev as well) is the Desna. However all the
territories with high fallout density of fission products are si-
tuated out of the basin of this river, beyond natural watershed,
and small rivers flowing there (Trubezgh, Snov, Iput', Besed*)
are the Dniper tributaries above the Kiev reservoir.

The small rivers in Byelorussia (first of all the Braginka)
flowing through the contaminated areas are not the objects of
drinking water supply. However the level of silt contamination,
and enhanced content of radioactive substances in water during
1986-1987, as well as negative results of radio-hygienic assessment
of soil status over their basins required including of these fac-
tors into the "Dniper-river hydrosphere" system of radiological
monitoring.

The Dniper is the largest reservoir of Ukraine; it's water
is used by half of the republic population for various purposes.
On the territories irrigated with water from this river most ag-
ricultural products are obtained; about one third of wheat, sonic
vegetables, rice etc. harvest is collected here. Because of these
reasons the questions of Dniper water quality monitoring, deve-
lopment of forecast for it*s changes, perspectives of possible
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water usage for various purposes became a subject of state inte-
rest since the first days after the Chernobyl accident.

As far as the radioactive contamination of drinking water
sources may cause a certain danger for health of population and
also taking into account the huge scale and certain specifics of
necessary protective measures, which require participation of spe-
cialists from different ministries and departments, the general
supervision was conducted by the Ministry of Public Health of Uk-
raine and it's local offices.

Thus Ministry of Public Health of the UkSSR with assignment
of the Council of Ministers of the UkSSR launched coordination of
efforts of Ministries of Land-reclamation and Water Industry of
the UkSSR; Ministry of Housing and Communal Services; Ukrainian
administration of hydrometeorology and environmental monitoring,
and offices of sanitary and epidemiological service concerning la-
boratory water quality monitoring. They also took part in providing
of "Dniper-river hydrosphere monitoring program" launched later.

Analysis of joint laboratory investigations show that maxi-
mum radiation levels in the water from the Kiev reservoir were
observed during the first days after the Chernobyl accident (total
beta-activity had reached the value of I E-7 Ci/l). Next 10 days
radiation level in water was unstable (5 E-9 - 6 E-8 Ci/l).

During the following period radionuclide concentration in
water was decreasing all the time: since 2? May till 20 July 1936
it was detected as I-2E-9 Ci/l; since 20 July till 20 November
1986 - fluctuated in the range of 3-7E-IO Ci/l, and since the end
of November and during the whole 198? - stabilized at the level
of I-3E-IO Ci/l.

Totally during the period since the Chernobyl accident by
means of sanitary and epidemiological services, research institu-
tes, laboratories of all ministries and boards of the Ukrainian
SSR territory only, more then 300 thousand water analyses from

94



open reservoirs, centralized water supply systems and bore-wells
were conducted; among them - more than 3 thousand gamma-spectro-
metry and radio chemical analyses.

It was investigated, that the level of total radioactivity of
water during May-June 1986 was determined by I-I3I content (in May
contribution of this radionuclide into the total water radioacti-
vity was 80-90$, in June - up to 3O/0. Since the second half of
June (according to disintegration of I-I3I- the level of total ac-
tivity of water from the Kiev reservoir was determined by the pre-
sence of relative short-livers: Sr-89, Ba-I40, Ru-I03, Ce-I4I and
Ce-I44f Zr-95 (and their daughters), as well as Cs-I34 and Cs-I37
to minor extent.

Radionuclide concentration in water (except I-I3I that had
the established temporal content normative) did not exceed the le-
vels, determined in the SRS-76-

Level of radioactivity in the rivers Prip'at and Bragirüca,
radiologicaly critical tributaries of the Dniper in the upper Kiev
reservoir area during 1986 was about 10 times higher than typical
values for the reservoir; during 1987 - 2-3-6 times higher.

Radiological situation of the rest tributaries in the upper
Kiev reservoir area (rivers of Uzh, Teterev) during all this pe-
riod was more stable, however in some cases, after the heavy rains
in June-August 1986 followed with washing down from surfaces, ra-
dioactivity of water was 2-3 times higher than is typical for Kiev
reservoir level.

Radio-hygienic situation in the Desna-river basin (the main
Dniper tributary) was at the same level as in Kiev (up to the mo-
ment of accident it was about one half of drinking water supply
of Kiev) during the whole period was more stable. The highest le-
vel of radioactivity (4 E-9 Ci/I) was registered in May 1986,
mostly contributed by I-I3I. Since August - September 1986 radio-
activity of this water basin was at the level of I E-IO - I fi-
ll Ci/I.
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Drinking water in the centralized systems of water supply
corresponded to the pre-accidental levels during all this period.
Taking into account fluctuations of Kiev reservoir water radioac-
tivity observed in May 1986, Dniper water supply was closed and
the 2.5 million population of this city during the summer 1986
was supplied by drinking water from the Desna and bore-wells.

The Dniper on the territory of UkSSR ia the totally control-
led reservoir. All in all there are six reservoirs in the Dniper
cascade: Kiev, Kanev, Kreoienchug, Dneprodzerzghinsk, Dniper and
Kachovkra reservoirs. Influence of the radioactive contamination of
Kiev reservoir on the radiological situation was detected over
all the area of Kanev and Kremenchugh reservoirs, however in Au-
gust 1986 the radioactivity level was stabilized within 2 -9
E-IO Ci/I. Kremenchugh reservoir during the year played the role
of a buffer in the cascade reservoir system (including to design
of the dam, large dead volume of the reservoir). Water quality
dynamics is shown on fig.I. After the high-flood in 1987, in spite
of it's shallowness, water radioactivity level in Kreiuenchugh re-
servoir decreased and now is not higher than 5 E-II Ci/1.

In the rest of reservoirs of the Dniper Cascade, according to
total beta-activity of water, it's quality is similar to the typi-
cal level, however content of Cs-I3T is several times higher,
Sr-90 - about 10 times (I E-II - 7- E-I2 Ci/1). According to
the above-mentioned, the possibility of prolongation of period of
the Dniper water usage for irrigation and first of all for rice
cultivation was investigated. The Cs-I37 level of 5.0 E-II Ci/1
was adopted as a control one and during all the post-accidental
period, according, to data of sanitary service, it was not excee-
ded in any region of water usage.

However radiological situation over water objects is deter-
mined not only by content of fission products in water. As a re-
sult of processes of sedimentation the major part of radioactive

96
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FIG.I. Dynamics of water quality changes in aquatic objects.

substances, entering water surroundings, relatively soon falls
out into the bottom depositions, Radionuclide concentration in
these depositions is 10-1000 times higher than in water of all
reservoirs of the cascade. Especially clear is the ratio of these
radionuclides in Kiev reservoir, small rivers of northern part of
Ukraine, nearby areas of Byelorussia and Russian Federation. The
constructed coffer-dams, special traps and reservoir dams played the
positive role in decreasing of spreading of silts from the Kiev
reservoir and rivers Prip'at, Braginka et. al. Thus, ailt radioac-
tivity in the tail-water of Kiev HPP in surrjner 1986 was 50-100
times less than at 100 kilometer distance from the coffer-dam.
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Results of conducted radiological monitoring were the basis
of measures for securing the stable water supply of towns of Dni-
per cascade, additional measures for cleaning of the open water
supply objects, enhancement of the construction drinking water
preparation objects.

According to the fact that all the riverside territories of
reservoirs of the Dniper cascade are widely used by population in
recreation purposes, departments of health protection conducted
special target program for assessment of radioactive contaminati-
on of these territories. As a result of assessment of these addi-
tional doses, which will be accumulated by population, the recrea-
tion usage of this territories was permitted without limitations
(excluding, of course, territories around Kiev reservoir in 30-
kilometer zone and nearby areas). According to requirements of sa-
nitary service, on all the beaches the complex of preliminary sani-
tary measures was conducted aimed at mitigation of small contami-
nated spots with the radiation level exceeding the standard es-
tablished for this area. It was noted that these measures are nece-
ssary for beaches of Kiev reservoir and somewhere at Kanev reser-
voir.

Special attention was paid to local water sources in rural
regions: pits, draw-wells, bore-wells. On these territories the
measures to improve hermetization of these water sources, to pre-
vent contamination with radioactive substances were conducted.
During May - August 1986 in all settlements situated on the ter-
ritories, where high densities of long-liver fallouts were regis-
tered, centralized systems of water supply, using the water from
underground well-protected sources were constructed.

To sum it up it is noteworthy to mention the following.
Radiological situation in general, particularly aqua-envi-
ronmental situation on the reservoirs - the major sources of wa-
ter for drinking, industrial, technological and recreation purpo-
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ses, was satisfactory, in spite of the large scale of the Cher-
nobyl accident.

Radiological situation on the aquatic objects, situated on
the territory of Ukraine, Byelorussia and nearby regions of Rus-
sian Federation has strict heterogenic structure. Because of both
geographic features of Chernobyl NPP site situation, and concrete
weather conditions, aquatic objects of Ukraine were more sensi-
tive to the consequences of the accident, though higher levels of
radioactive fallouts were registered on some territories of Bye-
lorussia and Russian Federation.

Highly effective were protective measures over existing wa-
ter sources and reserve ones; hydrotechnological measures preven-
tion of radioactive contamination spreading; introduction of the
hard radiological supervision and hygienic normatives of radioac-
tive substances content in drinking water and foodstuffs.

As a result the water component contribution into individual
and collective doses accumulated during 1986 due to Chernobyl ac-
cident did not exceed I-2?S.
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INTAKE OF RADIONUCLIDES THROUGH FOOD CHAINS
AS A FACTOR IN THE EXPOSURE OF THE SOVIET
POPULATION AFTER THE CHERNOBYL ACCIDENT

V.A. KNIZHNIKOV, R.M. BARKHUDAROV, G.Ya. BRUK,
A.P. ERMALITSKIJ, A.I. KONDRUSEV, LP. LOS',
N.Ya. NOVIKOVA, Eh.V. PETUKHOVA, A.V. PECHKUROV,
O.G. POL'SKIJ, I.G. TRAVNIKOVA, V.N. SHUTOV,
V.P. FILONOV

Abstract

In the first few days after the accident, a standard
(of 1 x lO"'' Ci/L) was established for the concentration of iodine in milk,
calculated to ensure that the dose to the thyroid gland would not exceed
30 rem. Temporary permissible levels for the concentration of radioactive
substances in 24 types of food, water and medical material were established
and implemented on 30 May 1986. The highest concentrations of radiocaesium in
milk recorded in 1986 were 3-5 x 10""'' Ci/L. Unrestricted consumption of
that milk could have led to a daily intake of 3000-5000 x 10~10 Ci of
radiocaesium. Those individuals who had consumed such milk were identified.

The average levels of radiocaesium per region did not exceed the
emergency standards. The actual concentrations of radiostrontium in food
products did not exceed the temporary permissible levels calculated for this
dose and in most cases were 10-100 times less as a result of the control
measures which were implemented. Standards, monitoring and classification of
foodstuffs were introduced to reduce the internal exposure dose by a factor of
10-30, down to levels which were not only in line with the temporary limits
but also with the radiation safety standards (NRB-76).

The concentration of strontium-90 in all the main food products studied
was relatively insignificant - namely about 0.3-3% of the radiocaesium
concentration.

The intensive discharge of radioactive gases and aerosols

from the damaged unit at the Ghernobyl Nuclear Power Station.

(CNPS), which continued 10 days, had led to the contamination

of the area with a complex mixture of radionuclides in diffe-

rent directions and at great distances from the CNPS. It has

already become customary to distinguish three branches of the
W j

radioactive trace: northern, southern, and western. 1 ra-

dionuclide was the main dosage facbor for the population in

the first days and weeks. The presence of this radionuclide

in milk was detected already on the second and third days

after the accident. In the first weeks, the concentration of
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I in some samples reached 1.10*" - l.lCf̂ Ci/l, The greens,
including sorrel, spinach and spring onions, showed approxima-
tely the same level of contamination with ^ I.

Within the distance of the near radioactive trace — up
to several dozens kilometers from the CNPS - the total amount
of beta active substances contained in the water of some ill-
equipped draw-wells reached 2.10~ Ci/I. However, in most draw-
wells, as well as in open reservoirs used for water supply,
the content of these substances in water did not exceed the

j'Qt

normal level. By the end of 1986, the I content in milk
and other foodstuffs had decreased.

As shown by soil and vegetation analysis, the fallout of
nuclides from the radioactive cloud was followed by their
noticeable fractionation, which became especially apparent at
distances upwards of 15-30 kilometers from the damaged unit.

ft? rThus, a considerable increase in the concentration of ~s
414 fand ^ radionuclides (tenfold or more) was observed in the

northern branch of the radioactive trace. It should be added
that the radioactive trace was patchy. When matters were tackled
concerning the protection of the population from internal radia-

-ol Ttion exposure after the decay of I and its dropout from
food chains, the emphasis was laid on the areas located within
the zone of northern radioactive trace (upwards of 150 kilo-
meters from the GNPS). Inside this zone, the caesium patches
had covered the poor peat-boggy and sward-podzolic sandy and
sandy-loam soils of the Polesye area, which are distinguished
for their decreased capability to fix caesium.

Temporary permissible levels (TPL) of the content of
radioactive substances in 24 types of food, water, and herbs,
became effective as of May 30, 1986. With due account of the
feasibility of mass technical monitoring, the TPL were aimed
at measuring the total beta-ray activity. During 1986-1987
radiological units of the sanitary-and-epidemiologic service
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network under the USSR Ministry of Public Health had carried
out several hundred thousand check-up measurements. The moni-
toring and rejection were performed also by departmental
services of enterprises engaged in production of foodstuffs,
as well as by laboratories under the State Agro-Industrial
Committee of the USSR. Apart from these pooled data, this
report contains the results of nearly 10,000 gamma-spectral
and radiochemical measurements carried out by the Institute of
Biophysics under the USSR Ministry of Public Health and the
Leningrad Institute of Radiologie Hygiene under the RSFSR
Ministry of Public Health.

The radionuclide composition of soil and vegetation in
the vicinity of the CNPS (to the north and north-east of the
station) is presented in Table I.

As shown by analysis of the data in Table I, radionuclides
of ceriurn - Ce, and niobium - Nt> , constitute a con-
siderable part of radioactive fallout in the southern areas of
the Gomel Region, located in the close vicinity of the CNPS;
while caesium - Cs and Cs, and ruthenium - Ru
account for a major share of nuclides in the localities situa-
ted to the north and north-east (Bryansk Region) of the station.
The difference between radioactive compositions of the soil
and the grass is not substantial. This testifies to the decisive
role played by the air and secondary dust routes in the radio-
active contamination of herbaceous vegetation.

The pattern of radionuclide contamination of staples of
diet (Table 2) is somewhat different. Practically, as follows
from Table 2, the radioactivity of milk and meat (the content
of natural potassium - K - is not taken into account) is

1 *37determined by the amount of radiocaesium. In 1986, the Cs/
-̂ Cs ratio in soil, grass and all foodstuffs was 2:1« Appa-

rently, Ru practically did not migrate from soil into food

103



Ta"ble 1. Radi o nue 1 i de composition of soil and grass

Place of sample . Date , Object,
obtaining ; ;

North of Gomel'
region

South of Cornel*
region

South of Mogilev
region

West of Bryansk
region

July 1986 Soil

Grass

July 1986 Soil
Grass

May 1987 Soil
Grass

June 1986 Soil

Grass

July 198? Soil

Or sa

Kadionuclide composition

IWCe :I06Ru :

9,5 17,0
6,6 9,4

25,3 10,3
24,0 8,3

12,0
6,0

8,0 2B,0

-

8,0 20,0

1,0

WGS-.

40,3

53,9

9,1
15,6

62,3

64,5

50,6

56,6

43,2

61,4

«*C. : 95^ ,

18,3 1,7
26,5 3,2

5,0 23,1
7,4 21,7

25,0 -
26,0

15,2 8,0

28,3

16,6 1,0

23,6

W0la = 9°Sr , I3Ij

0,05 1,0 undetected

0,1 1,3 undetected

0,06 0,7 undetected
0,8 1,4 undetected

0,7
3,0

6,0 I,o 5,0

1,0

2,5

7,5

Table 2. Radionuclide composition of foodstuffs established
as a result of investigation conducted in northern areas
of the Gomel Region in the summer periods of 1986 and
1987 (percentage of the total contamination activity)

Foodstuffs

Milk
Meat
Root-crops
Potatoes

Vegetables
and fruit

Year of
sampling

1986
1987
1986
1987

1986
1987

Radionuclides (percentage)
WCe

-
-
-
-

17.6
-

106Ru

-
-

0.57
-

7.0
-

<J7Cs

66.3
71.1
65.0
71.5

32.6
71.5

•fiVCs

33.1
27.4-
32.0
27.5

14.6
27.5

9ST
Zr
-
-

3.11
-

7.5
-

I?
Nb
-
-
0.72
-

10.1
-

90Sr

0.5
1.5
1.5

0.3-1.0
1.2
0.3
1.0

Note: "-" - undetected.
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chains. In the summer and fall of 1986, those food products
which were exposed to direct contamination from the air (such
as vegetables, fruit and berries) along with radiocaesium,

/06 , 1Wnrevealed considerable amounts of Ru and Ge.
90The content of strontium radionuclides - Sr - in

foodstuffs examined in areas located within all the three main
branches of the radioactive trace, was relatively low - about
0.3-3 percent of that of Cs radionuclides (Table 3).

90Table 3. Average Sr content in some foodstuffs
( n .10 Ci/1, kg). The data were reported by
radiological departments of sanitary epidemiologic
stations.

Region

USSR
RSFSR
European
part of
the RSFSR(center)

Ukr.SSR
BSSR

Milk

1985

2.9
3.3

3.4
2.6
5.4

1986
(II-IV
quarters)

17.0*
21.0

50.0

23.8
55.0**

White bread

1985

4.2
6.1

5.2

5.1
2.4

1986
(II-IV
quarters)

9.9
6.2

13.0

19.1
62.6

Potatoes

1985

3.8
4-3

4.1
3.7
6.2

1986
(II-IV
quarters)

8.2
6.0

11.3
14.0
38.0

Note*. Without data for the Gomel and Mogilyov Regions of
the Byelorussian SSR; ** According to the results of III-IY
quarters.

As shown by the data presented in Table 3, the USSR's
90average level of contamination of foodstuffs with Sr has

grown noticeably. In those areas of the RSFSR, Ukr.SSR and
BSSR, which were contaminated with radioactive substances, the
increase in its concentration was much higher - by about an
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goorder of magnitude. However, average Sr levels in foodstuffs
in these republics remained small - substantially lower than
those levels which could cause an excess over the daily dose

90allowed by SRS~76. The average Sr levels in some foodstuffs
for III-TV quarters of 1986, presented in Table 3, are in

90approximate agreement with the content of global Sr revealed

in foodstuffs in 1964-1965, while the content of thia nuclide
•fî?remains lower as compared to the Cs level (Table 4)-

Table 4. Average content of Cs radionuclides in staple

foods tuf f s and total daily diet in 1985* and 1986

Region

USSR (as
a whole)

RSFSR

European
part of
the RSFSR
(center)

Ukr.SSR

BSSR

Milk
-101.10- Ci/1

1985

0.05

0.04

0.06

0.05

0.28

1986
(II-IV
quarters)

17.8**

33.4

93.8

9.7

245.4***

White bread
Llo'^Ci/kg

1985

0.06

0.07

0.05

0.12

0.08

1986
(II-IV
quarters)

0.74

0.31

0.44
2.0

3.7

Potatoes
1.10~(0 CiAS

1985

0.05

0.05

0.05

0.07

0.18

1986
(II-IV
quarter

1.2

0.2

0.23

1.14

19.7

Daily di*ef
1.10~f°Ci/day

1985

I)

0.1 1

0.12

0.13

0.56

1986

11.2
20.6

9.2

164.7

Note: *1985 columns present Cs levels; 19S6 columns present
both Cs and Cs levels; ** Without data for the Gomel and
Mogilyov Regions of the Byelorussian SSR; *** samples were
taken predominantly in areas most heavily contaminated with
radioactive substances; **** temporary permissible levels
(TPS, effective as of May 30, 1986), SES-76 and standards of
the EEC countries, 330 and 270.10~<°Ci, respectively.
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The data presented in Table 4 testify to a considerably
increased * Cs content, as against the 1985 figure, in all
foodstuffs produced after the accident, especially in milk.

Increased level of this nuclide in foodstuffs was observed
in all regions of this country, with its most pronounced growth
in the BSSR where, due to the prevalence of Polesye type soils,
the level of global Cs in milk was several fold higher in
comparison with the country's average figure. At the same time,
in 1986, the country's average daily diet, as well as that in
the above-mentioned major regions, showed radiocaesium levels

yo •>substantially lower than those allowed by SRS -76. The Cs
intake in the most heavily polluted areas is characterized by
the data presented in Table 5.

The data presented in Table 5 show the actual levels of
Cs and Cs intake with the diet by the human body. It

should be noted that in all cases the average radiocaesium levels
in each district did not exceed normal values. An abrupt decrease
in the content of radiocaesium in the diet took place in
August 1986 (as compared to July of the same year), which is
accounted for by the introduction of a more stringent norm for

-9 —?Cs content in milk (1.10 Ci/1 instead of 1.10 Ci/1). During
the first post-accident year - till June 1987 - the average
intake level in the areas polluted with radioactive substances
was by about an order of magnitude lower than the norm which
allowed the internal exposure level of 5 rem. This is explained
by the fact that, due to rigorous control, the actual levels
of radiocaesiura concentration in foodstuffs did not exceed
the TPL calculated for this dose. For the most part, these
levels were 10-100 times lower.

The role played by products of animal origin as having the
Cs-accumulating property is represented in Table 5. The rigid
norm prescribed for milk (as of August 1986) reduced the cont-
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Table 5- Actual average levels of Ca and Cs
daily intake with diets by the human body in one
northern and three southern districts of the Gomel Region.

Food routes of Cs intake
by the human body

Daily intake of Cs by the
human body with foodstuffs, with
due account of the monitoring

Qand rejection, n . 10 Ci/day

Daily intake of Cs by the
human body as percentage of the

1986,
July

6.36

level allowed by TPL as of May, 30
1986 (percent)

Contribution of some foodstuffs
into the daily Cs intake by
the human body (percent)
Milk
Meat
Pish
Fruit and berries
Potatoes
Vegetables
Bread and bakery products
Other products

19.3

75.5
19.6
-
4.6
0.1
0.03
0.09
0.03

1986
August*

2.04

6.2

23.5
61.2
-
14.4
0.3
0.01
0.3
0.2

1987,
June

1.53

4.6**

15.7
40.8
3.4
19.2
16.2
3.1
1.3
0.3

Note: * In August 1986 the temporary permissible level of the
content of radioactive substances in milk was reduced tenfold

— fl- to 1.10 Ci/1; ** One year after the accident (before
May, 1987) the average content of radioactive substances in
the diet amounted to about 1.10" Ci, which agrees with the
annual internal exposure dose received by the whole body —
0.5 rem.
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ribution of milk to the total internal exposure dose. However,
in "natural" conditions, i,e» without rejection, in the areas
contaminated with radioactive substances, milk may account for
upwards of 75 per cent of radiocaesium taken in by the human
body with food. As shown by calculations, with the level of

_ ocontamination of milk reaching /1:2/. 10 Gi/1, it accounts for
90% (or even more) of the intake of Gs contained in daily diet.

It was established that, in actual conditions of this
43?or that populated locality, the Cs intake by the human body

depends on how thoroughly the recommended protective measures
are carried out, rather than on the density of fallout of this
particular nuclide. The actual levels of the radionuclide
intake by the human body could also be influenced by the fact
(not taken into account in Table 5) that the traditional diet
structure,which had been taking shape in these areas for many
decades, was frequently upset: using their own discretion,
people restricted the consumption of meat and dairy products,
believing that these foodstuffs mostly accounted for the Cs
intake by the human body.

As to their contribution into the population Cs exposure
level (with no rejection), foodstuffs may be arranged in the
following order: milk, meat, fruit (stone fruit, apples) and
berries (currants, gooseberries, wild berries), potatoes and
vegetables, fish, mushrooms, bread. A high radionuclide con-
tent was detected in tea, and a number of lots were rejected«

In 1986, in areas located in the immediate vicinity to
the GNPS, as well as in the most heavily contaminated sec-
tions of "caesium patches", the inspection bodies had to re-
ject, along with milk and meat, up to 20-30 percent of samples
of cultivated berries, stone fruit, table greens, and about
10 percent of fruit. Potatoes remained "clean" both in 1986
and throughout 198?. As shown by the examination carried out
in 1937, the entire produce gathered from personal plots fully

109



complied with the requirements. Among the products which
still continue to be rejected there are certain percentages
of milk and meat, as well as wild berries, mushrooms and fish,
some samples of which showed Gs contents exceeding the TPL
several tenfold. The highest concentrations of radiocaesium

_<rin milk were detected in 1986 and amounted to (3-5). 10 Gi/1.
Systematic consumption of such milk without any restrictions

-10would have led to the daily Cs intake of 3,000-5,000.10 Gi.
A number of people who used such milk (pensioners, cattle-
breeders) were revealed during examinations some of which in-

137volved the use of methods of Cs detection in the entire body
with the aid of individual counters of man (CUM ). These
people (numbering 28) continued, in spite of the prohibitions,
to use milk from their own cows which had received fodder con-
taminated with radioactive substances, as '.veil as mushrooms
and berries picked up inside the polluted areas. According to
estimates made on the basis of data about the content of radio-
caesium in milk and other foodstuffs, the maximal internal
exposure doses, caused by Gs in the above-mentioned persons,
could reach the level stipulated by the norms for emergencies,
or exceed it 1.5-2 times. This conclusion agrees with the

•B7results of mass direct measurements of Gs content in humans.
By comparing these data with those of Table 5 one can conclude
that the introduced norms, inspection and rejection made it
possible to reduce several fold the internal exposure dose
received by humans in polluted areas, while in certain cases
this figure decreased 10-20 fold, at times reaching levels
meeting the requirements of riot only TPL worked out for emer-
gencies, but also those of SRS -76.
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Correct calculation of internal exposure doses, based on
mone-time Ca content measurements, requires information on the

intake dynamics. One can take stock of the pattern of this
dynamics with the aid of the data presented in Table 6.

B7Table 6. Dynamics of Cs content in milk, on a per-unit
basis, with the concentration recorded in July 1986
taken as a unit

Area

Gomel
Region:- south
- north
Bryansk
Region

Year,
month

July
1986

1.0
1.0

1.0

Sept.
1986

0.72
0.46

0.73

March
1987

2.09
0.42

0.43*

May
1987

0.29

0.39

June
1987

0.69

0.62

Sept.
1987

0.57
0.34

0.41

Note: * The average value for the stable fattening period
(November 1986 - April 1987).

The data presented in Table 6 reveal the general trend
towards a gradual purification of milk of radioactive substan-
ces. Reduced contamination of second-harvest grasses, observed
towards the end of the range fattening period (September 1986),
accounted for the decreased Cs content in milk. In the period
of stable fattening of cattle in the regions where hay, gathe-
red in areas polluted with radioactive substances, made up a
substantial percentage of fodder, milk showed increased conta-
mination levels (southern areas of the Gomel Region). During
the same period in the Bryansk Region, due to the use of
"clean" fodder, the contamination of milk with radioactive
substances fell off noticeably. In early summer of 1987,
after fattening on winter crops, Cs content in milk slightly
increased.
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The relationship between the density of Cs contamination

of soil and the content of this radionuclide in milk is shown

in Table 7.

Table 7. The relationship between the density of Cs

contamination in different regions and its content in

milk taken in these regions from privately-owned cows

in summer and fall of 1987

Region

Gomel

Mogilyov
Bryansk

District

Vetka
Khoyniki
Cherikov
Novozybkov

Contamination density
at v/hich Cs content in
1.1Q-* Ci/1

4.9
3.0*
5.2
4.4

(Ci/km2)
milk is

Note: * This value could be affected by unauthorized supplies

of hay from the 30-km evacuation zone around the CNPS.

It should be noted that Table 7 presents data for milk

from privately-ovmed cattle. Milk from publicly-owned cattle

which is on fodder from cultivated paatureland and, besides,

receives greater amounts of cleaner concentrated fodder, in

the same area is, as a rule, 2-3 times cleaner than milk

from private cows grazing on roadsides, in the forest, etc.

Milk from publicly-owned cows, which met the TPL radiocaesium

contenb requirements, could be received in 1987 in the areas
owith the contamination density of 10-15 Ci/km . It is likely

that in the future, as caesium is fixed in the soil, clean
milk will be also available from cows fed on fodder from more
heavily contaminated areas. The content in soils of various
assimilable forms of caesium is shown in Table 8.
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Table 8. The content of mobile forms of Cs in
different types of soil in 1986-1987 (as a percentage)

Region

Gomel

Mogilyov

Bryansk:
(Novozy'b-
kov Dist-
rict)
Tula
(Plavsk
District)

Soil type

Sward-podzolic
Sandy
Peat -boggy
Sward-podzoloc
Beat -boggy
Sandy
Sward-podzolJc,
sandy and
sandy-loam

Chernozems

Forms of Cs (as a percentage oftotal content)
Exchange*

15.0
(1.6-27.2)

6.3
27.2

(16.0-38.5)

—

—

Accessible**
for plants

28.5
(1.4-46.5)

14.9
33.0

(18.1-47.9)

15-31

8-18

Tightlybound

71.5

85.1
67.0

69-85

82-92

Note: * The part of caesium displaced by 1n ammonium acetate
solution; ** the part of caesium displaced by 3n hydrochloric
acid and 1n ammonium acetate solution.

The data presented in Table 8 make it possible to conc-
lude that a substantial proportion of radiocaesium is still
radily accessible for plants. This proportion is approximately
equal to that of global caesium detected in the soil in the
1970s. As shown by analysis of data obtained, there is no
clear-cut relationship between the capability of caesium to
pass from the soil into vegetation (fodder grasses) and the
type of soil, as well as the proportion of assimilable caesium
available in the soil (Table 9).

This may be attributed to the fact that the major part
of caesium fallout covering unplovved soil lies in its upper-
most layer - it has not yet penetrated the deeper layers
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«p
Table 9. Cs transfer coefficients (K) in "soil-grass"

and "grass-milk" links of the food chain, in summer

periods of 1986 and 1987, and in the pre-accident period

(1970), Ci/kg/1 /Ci/kg

Sampling
sites

Gomel Region
Mogilyov
Region
Bryansk Region
(5 western
districts)

Grass/soil K
1970*

0.5-4.5

-

-

1986

0.83

1.5

1.8

1987

0.25

0.7

0.26

Milk/grass K
1970*

0.35

-

-

1986
0.31

0.27

0.22

1987

0.34

0,30

0.34

Note : * According to "Global Caesium-137 Fallout and Man". -

M.: Atomizdat Publishers, 1974, "by A.N.Marey, R.M.Barkhudarov,

N.Ya.Novikov, in 1974 in the Pavlovsk District, Tula Region, the

grass/soil K was 0.002 (for chernozems).

(on natural pastures, by the fall of 198? more than 80 percent
•C3!?

of Cs had remained in the upper 2-cm layer of the soil).

On the other hand, the role played by agrotechnical measures

(amelioration, fertilizer application, lime pretreatment)

should not be ruled out, either, for it is these measures that

result in decreased Gs mobility in soils (Tables 10 and 11).

Table 10. Coefficients of transfer of Cs into foodstuffs

depending on agrochemical measures taken in 1987,

Ci/kg/Ci/km2

Fallout
density,
Ci/kni

Less than
15-0

More than15.0

Agrochemicalmeasures

Conducted

Not conduc-
ted

Potatoes, Kn
n. I0~8

0.06
(0.092-0.007)

0.06
(0.018-0.003)

Vegetables, Kn
n-IO~8

0.05
(0.007-0.00

0.007
(0.022-0.004)
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- >Table 11. Gs transfer coefficients in the "soil/grass"
link of the food chain (K grass/soil ) depending on the
type of pasture

Area

Gomel
Region

Number of
farmsexamined

112

K, grass/soil , Ci/kg/Ci/kg
Pasture

Natural

0.41
(0.75-0.16)

type
Cultivated

0,26
(0.51-0.04)

?arm category
Privat e-
owned

0.39
(0.78-0.15)

Public-awned

0.15
(0.36-
0.03)

The obtained data, partially presented in Tables 10 and
11, make it possible to draw the conclusion that, coupled
with agrotechnical measures, the cultivation of pastureland
leads to a ten-fold reduction of Cs content in agricultural
produce. In 1987, the grass/soil transfer coefficients were
considerably lower as compared to the corresponding 1970
figures. The higher 1986 coefficient (Table 9) does not re-
present a true degree of the transfer of caesium from the soil
Into the grass. The likely explanation is that fodder grasses
were contaminated with caesium from the air rather than soil,
as well as due to the secondary dust formation. This also
accounts for the fact that in 1986 the milk/grass coefficient
was lower than usual (0.22-0.2?) because non-organic Cs
from the air is assimilated by the cow's body to a smaller
degree than that passing through the root system of the grass
and incorporating into tissues of plants.
The coefficients of transfer of Cs radionuclides from the soil
into some other agricultural crops, cultivated on Polesye type
soils in the Bryansk Region, were as follows

')'Aci/kg ̂  : grain - 4.8. 10 9 ; potatoes - (1-2). 10 ** ,
cm cucumbers - 6.10 ; tomatoes - (1-4).10-11
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Essentially the same on sandy soils of the above type in
all areas, the Cs transfer coefficients are at the same time
much higher (by several orders of magnitude) than those on
heavy-loam chernozem soils characteristic of southern areas of
the Tula Region.

Outside the northern branch of the radioactive trace, no large
contaminated areas, comparable to those described above, have
been revealed. Further investigation is needed to predict the
routes of radiocaesium migration in food chains in Ukrainian-
Byelorussian Polesye and the rate of "purification" of these
chains. Also important is the problem of rehabilitation of soil
within the 30 km zone, where, along with radiocaesium, alfa active

gonuclides - ^Pu and Sr - may be significant as far as protec-
tion against internal exposure is concerned.

In the first post-accident weeks, radioactive iodine was
the major factor of internal radiation exposure. Later on,
internal exposure levels were determined by Cs and Cs.

A Y7In areas where the Gs contamination density exceeds
210-15 Ci/km , it will be impossible, for a long time to come,

to receive milk conforming to the standing radiation safety norms
and good for use without being processed.

In areas with maximum densities of Cs radionuclide fallout ,
the intake of these radionuclides with local agricultural pro-
ducts by the human body (without dairy products), starting
from the autumn of 1987, was (6-8). 1Cf Ci/day, which corres-
ponds to the annual internal exposure doses — approximately
100-150 mrem.

Starting from the autumn of 1 98? , complete control of
foodstuffs of vegetable origin (with the exception of mushrooms
and wild berries) received from products grown within the
"caesium patches" became unnecessary.
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CHARACTERISTICS OF RADIONUCLIDE INTAKE
BY INHALATION

V.T. KHRUSHCH, Yu.I. GAVRILIN, Yu.O. KONSTANTINOV,
O.A. KOCHETKOV, U.Ya. MARGULIS, V.I. POPOV,
V.S. REPIN, V.V. CHUMAK

Abstract

Internal exposure of all organs other than bone tissue by inhalation of
a mixture of radionuclides virtually ceased by the end of the first year after
the accident. Comparatively intensive fallout from the radioactive plume took
place in the town of Pripyat' late in the evening and during the night of
26-27 April 1986. The density of contamination in certain streets of the town
by iodine-131 at the time evacuation began was estimated to be of the order of
(1-70) x 106 Bq/m2 (30-2000 pCi/m2) . This gives a value of intake by
inhalation of (0.3-20) x 106 Bq (10-700 yCi ) , which corresponds to an
absorbed dose to the thyroid gland in adults of 0.2-14 Gy (20-1400 rad) . The
actual results of measurements were significantly lower than the maximum
estimate.

The main contribution to the predicted 50-year dose equivalent
commitment for bone tissue is from transuranium elements, and exposure during
the first year corresponds to about 1/4 of the maximum permissible dose for
occupationally exposed persons.

INTRODUCTION

As a result of passing of radioactive cloud over the town,

it* a inhabitants were affected by the following radiation

factors:

- external beta-gamma-radiation from the cloudy

- internal irradiation as a result of radionuclides

inhalation from the cloud;

- external beta-gamma-radiation of nuclides

contaminating horisontal and vertical surfaces ;

- internal irradiation by inhalation of secondary

aerosols, coming from contaminated surfaces;

- internal contamination as a result of radionuclide

intake with contaminated food-stuffs.

The effect of the latter may be excluded by means of or-

ganization of providing the population with " clear " food pro-

ducts. Thus inhalation intake of radionuclides during the passing
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of radioactive cloud may present for some population groups the
major factor, causing subsequent internal irradiation.

Knowledge of dynamics of releases from the damaged reactor
to the atmosphere together with the information about meteorolo-
gical conditions of radiation transport that were changing, all-
ows a relatively accurate description of radionuclide concentra-
tion alternations in nearground air layer, though only in case
of rather large-scale averaging. This approach can be hardly con-
sidered a suitable method for realistic assessments of inhalati-
on uptake role as a factor of internal irradiation, for the appli-
cation of this large-scale averaging to the concrete territory

may lead to mistakes ( 10 and more times). The second possible
source of quantitative information is the practical results of
measurement of radionuclide concentration in inhabited areas.
This relatively correct information exists for large cities ( Kiev,
Minsk etc.).

It is evident, that the results of individual measurements
are most informative. The measurement of dose rate from thyroid
gland as the simplest kind of individual examination, allowing to
assess the commitent absorbed dose in this organ were conducted
for hundreds of thousands inhabitants of contaminated areas of
Russia, Byelorussia and Ukraine. Authors of this paper had no pos-
sibility to summarize the hu?e array of data, which will be acces-
sed for many years. Here we discuss the results of individual in-
vestigations which were conducted directly by the authors and
which are directly connected with the subject of this work - the
inhalation uptake. Pirst of all there are results of investigati-
ons of individuals from Pripiat* - the Chernobyl ÏÏPP personnel
town, who were evacuated to the relatively clear regions appro-
ximately in 1 ,5 days after the accident.
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Estimated maximum assessments.

In case of absence of data about radionuclide concentra-

tion in nearground air layer the evident relation may be used:

U = Q • W / V,

where U - expected inhalation radionuclide uptake during

total time of fallout, Bq (y/Ci );

Q - measured contamination density of the

area, Bq/ m 2 ( C i / m 2 ) j

W - 0.33E- 3m/ sec - respiration rate of

a reference man;

V - radionuclide deposition rate on surface, m/sec.

This formula, of course, should not be used for the areas

which were contaminated as a result of local rains, falling du-

ring the radioactive cloud passage. In literature the "dry" de-

position rate is considered usually to be V»0. 05-0. 005 m/sec.

Observations of average daily concentration and fallout

intensity, conducted since May till August 1986 in Kiev show

that deposition rate for 1-131 was in the range of 0.003-03

m/sec', for isotopes of cesium - 0.01-0.3 m/sec, isotopes of ceri-

um - 0.006-1.3 m/sec. As for 1-131 we assumed deposition rate and

consider it to be of overestimated level V=0.001 m/sec. Thus, the

following formula may be used for the assessment of possible in-

halation uptake of 1-131:
a <= 1/3 ' Q

Using the data concerning the maximum density of 1-131

contamination, régis terd in April-May 1986 the following assess-

ments may be obtained according to this formula ( see table 1 ) .

Table 1. Density of the 1-131 contamination of some
towns in April-May 1936

City
Q,kBq/m2
U,kBq
U/ALI

Gomel*
2400

810
20

Done tsk

7.4
2.5

0.07

Kiev
480
160

4

Minsk

15
5
0.1

Mogilev

59
20
0.5

P ins k
780
260

7

Poltava
18
6
0.2
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According to SRS-76 the ALI for 1-131 aerosols is considered
to be 3.7E4 Bq (1.0 /Ci}« In assumption that inhalation of one ALI
of 1-131 aerosols leads to irradiation of thyroid gland of 15 mGy,
the assessed commitment absorbed dose will be about 0.33 Gy for
Gomel and about 50 mGy for the largest city - Kiev. We emphasize the
maximum nature of the e assessments which aid no^ take into con-
sideration a lot of factors, decreasing actually observed values of
individual doses. Assessment of the latter will be given below.

General characteristics of the discussed individual
examination results.

Absence of peroral radionuclide uptake for every examined
individual had been additionally confirmed with the results of in-
dividual inquest concerning the behavior regime since the moment
of the accident till the beginning of examinations. Results of
this inquest show that in spite of relatively low statistics of
the examination, collected data about behavior regime are typical
for the evacuated population of Prip"at, excluding a small group
of those, who were in more extreme conditions because of their in-
dividual resons.

The following experimental data, obtained with various me-
thods and by different groups of investigators are discussed
further:

1) commitment adsorbed dose in thyroid gland caused by iodine
isotopes for 210 evacuated inhabitants of Prip'at, including 75
kids; data were obtained on 3-10 May 1986 due to measurement of
gamma dose rate from the thyroid gland, selectively intercompared

with the results obtained with two-channel "iodine" spectrometer}
2) commitment adsorbed dose in thyroid gland for 650 adults

from Prip*at, mostly the NPP personnel, who remained in the re-
gime similar to the common regime of the population during the pe-
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riod before the evacuation? however the professional factor sho-

uld not be totally excluded ;

3) results of radiometry of excrete samples from 64 persons

who were on business trips in Prip*at and were evacuated with the

inhabitants of the town and returned home ( to Leningrad ) ; for

4 of them the detailed radiochemical analysis ( 16 nuclides ) of

excrets was conducted;

4) results of examination with whole body spectrometers and

radiochemical analysis of Sr-90 and alpha-emitters in excrets of

189 individuals evacuated from Prip"at, who stayed not nearer than.

Chernobyl and used only "clean" food;

5) the data about 75 persons who were evacuated from the most

contaminated settlements, were used for the comparison of inha-

lation and peroral radionuclide uptake;

Dynamics of radiation conditions in Prip^at since
the beginning of the accident till the evacuation of the

population.

According to the measurements of gamma dose rate, conducted
by Korobeynikov in about 30 fixed points with the interval 2-3
hours, the location of Prip*at close to the damaged NPP unit (3-
6 km) determined to the great extentjheterogeneous time and spati-
al picture of the development of the radiation conditions over
Prip"at. Behavior regime of people differed too.

It is known that primary release did not affect Prip*at.
Further "tranquil" flow of radioactive substances from the
damaged reactor under the calm meteorological conditions caused
the relatively momentary passage of the rare radioactive streams
with the rather small cross- section, which contaminated the
earth surface.

* urgent examination of this group was conducted by
V.L. Korobeynikov.
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Relatively more frequent fallouts from the radioacti-

ve streams in the Prip" at zone happened in the evening and

at night of 26 - 27 April, when people were sleeping

in their flats. The density of contamination of some streets

with 1-131 up to the moment when the evacuation was laun-

ched was ( 1 - 70 ) x I0~6 Bq/ m2 ( 300 - 2000 ^Ci/ m2- ).

According to these values the inhalation uptake estimated using

the discussed formula were ( 0.3-20 ) x I0~6 Bqd 0-700y#Ci)

and thyroid dose ( for adults ) - 0.2-14 Gy C 20- 1400 rad ).

Practical results of measurements were sufficiently less than

the maximum assessments.

Results of the individual examinations.

The practical results of 1-131 incorporation measure-

ments for all the mentioned groups caused the following dis
tribution of the individual absorbed doses (the iodine short-li-

vers were taken into account).

Table 2. Individual adsorbed doee distribution
for examined groups

Examined group

210 évacuants

75 kids,
average dose-
0.25 Gy

135 adults
average dose-
0.14 Gy

650 individuals
from the HPP
personnel
average dose
0.21 Gy

Number / fraction of those who
to the certain dose interval

0.15 : 0.15-0.75 : 0.75-1.

140 (66.6*) 65 (31*) 3 (1.4*

41(54.7*) 31(41.3*) 2 (2.7*

99(73.1*) 34(25.1*) 1(0.3*)

416(64.070 2H(32. 9*) 17 (2.

belongs
, Gy

5 i 1.5- 3.0

) 2 (195)

) 1(2.3*)

1(0.36)

695) 3(0.5*)
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Higher individual doses for the personnel in comparison with

the adults from evacuated population may be explained by the

character of their professional activity before measurements.

It is noteworthy that among the examined there were individuals

who did and did not use iodine drugs.

Relative contribution of peroral radiation uptake into the to-

tal food-chain uptake may be compared with the inhalation before

the conductment of any sanitary and hygienic measures accor-

ding to results of 1-131 incorporation measurements for inhabi-

tants of two settlements which got under the primary radioactive

cloud. None of them used iodine drugs ( by the results of the

individual inquest ). This contingent was divided into two groups

separately for each settlement. Individuals belonging to group 1

did not use local milk; group 2 used this milk. Evidently, assump-

tion of the fact that pure inhalation uptake is a dominant for

individuals from group 1, at least does not understate the role

of this factor in rural conditions. Commitment thyroid dose for

both groups may be characterized with the following data ( see

table 3).
lable 3. Commitment thyroid dose

Settlement : G r o u p : A v e r a g e d o s e : D1/D2
index : /number of examinated/ ( cGy) : rate

2/317 236+-34

1/1 4/ 41 +-9
2.2+- 0.6

2/15/ 91 +-15

Represented data show, that the contribution of inhalation

consumption into the total food-chain uptake was less than Jofi>.

It is noteworthy that data ontained from this groups relate to

the postaccidental period ( not more than 10 days after the ac-

cident ) when the food-chain uptake even of 1-131 was not ex-

pressed in full scale.
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The first excrete samples from those who had been on busi-

ness trips came to the laboratory on the 4-th day after the acci-

dent „ Contamination of feces with different radionuclides ( re-

lated to Zr-95) on the 4-th day after the accident was as fol-

lows ( see table 4).

Table 4. Radionuclide content in fecal samples
on the 4-th day after the accident

"îTuclide :Sr-89: Y-91 : 2r-95: Mo-99:I-1 31 :Te-132 : Cs - 134* Cs-137 :Ba-140

Content,
related to 1:4 1.5 1 1.1 0.1 1.5 0.15 0.15 2.4

Kuclide :La-140;Ce-141 : Pr-1 43 ;Ce-H4:Pm-147:ffd-1 47 : Pu-239:Am-241+Cm-242

related'to 2*3 1*9 2*2 1 '9 °'1 2'2 0.016 0.02?
Zi-95

Certain enrichment ( related to Zr-95 ) of the feces with

Sr-39, Y-91, Ba-140, Ce-141, Ce-144 in comparison with the nuc-

lide composition of the sample, that was taken on 23 April

1936 from the radioactive stream from the NPP and the environ-

mental contamination is possible. Content of Mo-99, Te-132,

Cs-134, Cs-137 was the same. Relative content of j-1 31 in fecea

was significantly less. Difference in radionuclide composition

apparently was caused by both the processes of radionuclide tra-

nsfer from respiratory organs to body liquids and the different

relative content of radionuclides in various radioactive streams,

passing over the town and determining the actual inhalation up-

take. The second reason should be considered the main one.

•# Zvonova I.L« , Korelina N.F. and Shvydko IT.S. took part in

the obtaining and processing of these data.
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The averaged results of the radionuclide composition deter-
mination in the twenty-four-hours mass of excrements from 2-4
examined individuals are shown in fig.1. The elimination rates
on the 1-at day of examination ( 4-th day after the accident)
for each examined individual were assumed as 1, The continuous
curve shows the decorporation rate for mixture of 4 nuclides,
estimated in accordance with the lung model of the TCRP for
aerosols of standard dispersion (AMAD 1 um) concretely for each
nuclide and related to 1(on the 4-th day). Isotopes of Sr,Mo,I,
Cs and Ba in these estimations were considered to belong to the
dissolution class D, the rest to class - W. Taking into account
the fact of proximateness of the Î RP model, possible deviation
of the dispersion of inhaled aerosols beyond the standard value,
the conditional character of the nuclide classification on dis-
solution classes - the reliability of the results, shown in fig.I
may be considered satisfactory. Therefore, for all the 64 exami-
ned individuals the commitment effective equivalent doses were

10

1,0

2 0,1

0,01

0,00 r

CALCULATION

O o

1 2 3 4 5 6 7 8 9 1 0 I I
Time from the accident beginning (days)

Fig. 1. Observed and estimated dynamics of the total
beta—activity of feces.
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estimated, using the method of the reverse calculation of the

primary inhalation for every radionuclide according to the IGRP

model.

The contribution of the thyroid dose into the total dose

was calculated separately, using data of the contamination of

the thyroid gland with 1-131 obtained with gamma-spectrometer

precalibrated with the phantom. Correction on the alternative

short-livers contribution into the dose was made according to

the estimated composition of the fuel.

The results of assessed thyroid doses of those who were

examined depending on the time spent outdoors ( referring to

the results of inquest - for the period since the accident till

the departure from Prip* at only) are shown in fig.2. The indi-

viduals who did not and did follow iodine prophylaxis were dete-

cted also.

0 4 3 1 2 1 6 2 0

Total time spent outdoors (hours)

Fig. 2. Thyroid dose - total time spent outdoors curve.

On fig. 2 curves 1 and 2 were plotted with the method of
linear regression and correspond to the following relationship
between the thyroic! dose and the time spent outdoors: D=0.1t

126



and D=0.0lt for those who did and did not follow prophylaxis

respectively»

Dose D is represented in Gy, time- in hours. Hence, accor-

ding to the represented relationships, the practical effective-

ness of the iodine prophylaxis for the observed groups may be

characterized with the protection coefficient of 10. Those,

who during their stay indoors had the windows opened and those

who in the intermediate point of the evacuation were affected

with releases were not taken into exerption represented on the

fig.2. These individuals had the highest radionuclide content.

This phenomenon may be explained under the assumption that the

contribution of the mentioned additional factors into the equiva-

lent dose is the major one. Experimental points should be shifted

rightward on the time-axial ( as it is shown in fig.3) to arran-

ge the average linear relationship between the quantity of radio-

nuclide and the time spent outdoors. Pig.3 shows the estimated

0,005 -

0 4 3 1 2 1 6 2 0
Total t ime spent ou tdoors (hours )

Fig. 3. Commitment equivalent beta—dose - total time
spent outdoors curve.
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individual effective equivalent beta-doses mainly formed by thy-

roid dose, multiplied by the standard weight factor of 0.03.

In general these data are in satisfactory conformity with the

above-discusser results of thyroid 1-131 contamination measure-

ments of 210 and 650 individuals respectively.

In assumption of the significant uptake of radionuclides by

those who had their windows opened, protection factor ( for 5

hours of 36 spent outdoors before the evacuation ) may be con-

sidered to be about 3» On the other hand the explanation of this

fact with the model of different radioactive streams, passing

over the town during some periods of time is as trustworthy as the

first one: According to this explanation all the experimental

points in fig.3 should be considered as the uniform excerption;

this is non-linear relationship between the accumulated dose

and time spent outdoors; the actual inhalation uptake is caused

by the individual reasons ( interaction between individual and

actual radioactive streams).

According to represented data about the content of alpha-

emitters in feces the ratio of commitment equivalent alpha-and

beta-doses ( according to IGRP model) should be about 5-6 to 1

for lung tissue and 3000:1 - for lower colon.

More accurate assessments ( for commitment alpha-beta-doses

in skeleton particulary) could be made referring to alternative

experimental data.

The trans-uranium elements were extracted from the urine

samples of 82 individuals using the sedimentation method. Total

alpha-activity of the samples was compared with the minimum de-

tect ible activity (MDA) in the twenty-four-hour quantity of urine

( approximately 0.02 Bq/ 0.5 pCi ). Content of trans-uranium

radionuclides in 49 samples ( 60 % of examined) was less than

MDA. Estimation of trans-uranium content in whole body at the

day of measurement was conducted according to Langham model,
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dose calculation- according to IGRP lung model in assumption that
the dispersion of aerosols was characterized with AMAD of 10 mi-
cron. The fraction of radioactivity, transferred from lungs to
body liquids according to the results of aerosol particle dis-
solution test was assumed. Maximum content of trans-uranium
elements in whole body was 780 Bq (21 nCi), average value -
100 Bq (2.7 nCi). Extrapolation of the data from the moment of
analysis to the moment of the inhalation shows that average
body content corresponds to inhalation of 1200 Bq ( 32 nCi)
of trans-uranium elements in the form of aerosols with AMAD of
1D micron. Assessment of the commitment equivalent dose was con-
ducted for the following trans-uranium nucline composition:
Cm-242- 3505, Cm-244 - 2#, Am-241- 156, Pu-239, Pu-240-8.3^ ,
Pu-238-3.2?S. Pu~241 activity approximately 40 times exceeds to-
tal alpha-activity of the mentioned plutonium nuclides.

As a result of the estimation of alpha-dose caused by nuc-
lides of Cm and Am it was ascertained that 8C9S of isotopes
transfer from the intermediate chamber to bones and 10^-
to liver. Plutonium isotopes distribution was assumed in accor-
dance with ICRP Report 30.

Estimated values of the commitment equivalent alpha-dose
for bone tissue for the above-presented inhalation uptake of
1200 Bq are as follows: 73 mSv ( 7.3 rem) for the first year
after the inhalation, 310 mSv (31 rem) for first 10 year and
870 mSv (87 rem) - for 50 years. Red bone marrow dose is 12 ti-
mes lower than bone tissue dose.

Strontium content in urine was determined for another group
of 82 individuals using sedimentation method ( Sr-89) and extra-
ction method ( Sr-90). Concentration of these nuclides in urine
was approximately equal. For 37 individuals strontium content
was less than the sensitivity threshold of the method (0.4 Bq/
10 pCi per twenty-four-hours quantity of urine on Sr-39 and
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Sr-90). Average content of the sum of noted isotopes of stronti-
um in the organisms of the examined was about 740 Bq (20 nCi)
and the maximum value - 2700 Bq (73 nCi). The represented average
content corresponds to the coramittnemt equivalent red bone marrow
dose of about 0.3 mSv ( 0,03 rem) for 50 years. Compared with
the contribution of the other factors of internal irradiation,
this dose may, evidently, be neglected.

Average radionuclide content ( for the group of 65 indi-
viduals) according to the results of examination on the whole-
body spectrometer in May 1986 is given below.

In table 5 data about nuclide composition in bodies of those
who died due to acute radiation sickness are presented.

Table 5« Radionuclide composition in the bodies
of 65 examinated individuals

Tîuclide Nuclide content Related to Zr-95
( kBq) content

Sr-89, Sr-90
Zr-95
ttb-95
Ru-103
Ru-1 06
Cs-134
Cs-137
Ce-141
Ce-144

Trans-uranium

elements

0.74
4.1
3.7
7.0
2.6
9.0

18.0
1.4
1 .4
0.1

0.13
1.0
0.9
1.7
0.63
2.2
4.4
0.34
0.34
0.025

The same for those
who died of acute
radiation sickness

0.14
1.0
1.0
2.0
0.7
2.3
6.7
0.8
0.7
0.020

Comparison of the radionuclide composition (table 5) with
the discussed results of fecal analysis leads to the conclusion
of the relative body enrichment with Cs and Ru isotopes. During
the estimations it was assumed that Cs isotopes belong to disso-
lution class D, the rest - to class Y. According to the lung mo-
del of ICRP, reconstruction of radionuclide inhalation uptake re-
ferring to its content, determined in May 1986 leads to rather clo-
se values of doses for various aerosol dispersions ( AMAD 1-10 mi-
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cron). The corresponding averaged assessment of the equivalent

dose in human organs leads to the following results: for lungs -

21+-3 mSv (2.1 rem) for the first year and 30 +- 5 mSv ( 3 . 0

rera) for 50 years after the inhalation ( the main contribution

is from Ru-106 and Ce-144: 30-90?S) i for the whole body - 0.3 mSv

(0.08 rem) for 50 years, 35% of this dose was accumulated during

the first year.

Assumption of the fact, that all average assessments obtai-

ned from different groups may be combined, leads to the following

characteristic of commitment inhalation irradiation of the " cri-

tical" organs for all adults evacuated from Prip* at ( see table 6),

Table 6. Expected irradiation of the critical organs

caused by inhalation uptake since the accident

till the evacuation

Q Commitment equivalent organ dose, Sv / rem

1-st year Ha If-century

"Thyroid g l a n S 0 . 1 4 - 0 2 1 / H-2Ï 0.14-021 / 1 ^F~21
Lung tissue x 0.026 / 2.6 0.035 / 3-5
Whole body 0.00063 / 0.068 0.0008 / 0.08
Red bone marrowXX 0.0064 / 0.64 0.1 / 10
Bone tissue xx 0.073 / 7.3 0.37 / 87

Note: x Trans-uranium elements contribution into commitment
equivalent dose is about 15S&« »

xx Mainly from trans-uranium elements.

It is noteworthy that assessments represented above were

conducted for actually detected nuclides only and, excluding the

thyroid dose, the short-livers contribution was not taken into

consideration because of their total désintégration by the begi-

nning of the monitoring» Evidently, the actual dose, accumulated

first of all by respiratory organs should be overestimated. To

conduct this assessment the knowledge of the actual short-livers

composition is necessary. The total energy release of the nucle-
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ar fuel of RBMK-1000 reactor during the 6-15 days of sustain

decreases 3 times ( both for beta-particles and totally for be-

ta-gamma-radiation). The same factor should be used for an upper

assessment of a lung tissue dose.

Conclusions.

1. Internal irradiation caused by inhalation of the radio-

nuclide mixture for all organs except bone tissue was accumula-

ted during the first year after the accident.

2. The thyroid gland may be considered as a critical organ;

average thyroid dose was about 1 MPD for professionals.

3. The trans-uranium elements make a main contribution to

the commitment equivalent half-century dose in the bone tissue;

the first year irradiation corresponds to their uptake about

0.25 MPI for professionals.

4. Though the estimative assessments were rather tolerant

upon the possible variance of the inhaled radioactive aerosols

dispersion, there are a lot of vague questions related to the

role of other physico-chemical properties of the inhaled substan-

ces. These properties need experimental detailization under the

modeled conditions of the radioactive releases, e.g. high tempe-

rature in accidental reactor.
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SANITARY-DOSIMETRIC MONITORING
OF FOOD PRODUCTS

V.N. BUR'YAK, N.Ya. NOVIKOVA,
Z.A. KHULAP, A.I. TSVIRBUT

Abstract

Most of the monitoring measures implemented in the regions of greatest
radioactive contamination were carried out for meat and milk products (36%)
and water (45%). The efficiency of the control measures carried out during
the first few months was estimated at 80-90%, and subsequently at 90-95%.

Radiation-related situation, arizing after the accident at
the CNPP necessitated substantial extention and strengthening of
the system of sanitary-radiation monitoring, which is usually
carried out by bodies of the State Sanitary Inspection and also
by special departmental services. As it is known, the cardinal
task facing the bodies of sanitary-radiation monitoring is to
avert human exposure, the level of which could exceed permissib-
le sanitary standards. This task may be accomplished by systematic
monitoring of radioactive contamination of environmental objects
and foods, and should the necessity arise, by the control of ra-
dionuclide content in a human body. The character, structure, and
scope of monitoring, as a rule, are dependent on specificity of a
radiocontamination source, potential validity of various objects,
influencing radionuclide intake by the human body. They are also
affected by natural conditions, orientation of agricultural pro-
duction, composition of diet and by other factors.

The system of State Sanitary Inspection (SSI) existing be-
fore the accident was a consequence of long-standing experience
accumulated in supervising the radiation situation detenoined by
global release of products of nuclear explosions and by radioac-
tive wastes discharged into the environment by various enterpri-
ses. The SSI ensured operative and dynamic control of the envi-
ronmental objects, since its activity was based on the extensive
network of radiologie units of sanitary epidemiologic stations,
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that allowed not only to accomplish the principal task, i.e. to
control exposure of residents, but also to reveal regional speci-
al features in arising radiological situation, as well as to as-
sess significance of various routes and pathways of radionucli-
de intake of human body. All the above formed the basis for the
model reflecting transfer of radionuclides in the environment be-
fore being ingested by the human body, with special reference to
regional pecularities.

The accident at the CNPP proved a severe trial for the exis-
ting system of Gosagroprom (State agro-industrial complex). The
accident led to a rather intensive radio-active contamination of
large areas, not only surrounding the CNPP but of the distant
ones as well. In the resultant situation it seemed likely that
unecceptally high doses of radionuclides, primarily of iodine- -*
and cesium- -^ could be ingested by human body, including the up-
take by food-chains. Though emergency decisions in the first post-
accident period were made proceeding from the measured dose rate
of external gamma-exposure, the monitoring of foods was initiated
on the maximally possible scale. Two principal problems had to be
solved here: the major one was to carry out sorting of food, and
the second - to obtain data for correcting long-term prognosis of
internal irradiation.

Pood sorting was based on the Temporary Permissible Stan-
dards for radioactive contamination of foods, which were introdu-
ced according to accident-associated levels of population exposu-
re, and subsequently the standards became more rigid«

Taking into account the season of the accident (early spring),
the peculiarities of agriculture in contaminated regions, the fo-
cus of attention in the initial period was radiomonitoring of
milk and greenery. Later the assortment of controlled food-stuffs
widened and finally covered the whole set of local products. The
first task - food quality control - was provided by the measure-
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ments of the sum of beta-activity of all the samples« Y/ith the
purpose of obtaining trustworthy and unified mass estimations of
volume and specific activity of water and food-stuffs, the all-
union express-method of direct measurement of beta-emitting nuc-
lides in "thin-leyer" sourse was developed. The method was orien-
ted on the existing in our country stock of serial radiometric in-
struments and allowed to conduct radiation control of food-stuffs

_qwith the contamination exceeding; 5*10 J Ci/kg, and for water
- I*IO~ Ci/kg without sample concentration (evaporation, ashing,
etc.). The method took into account the average real composition
of nuclides in the measured samples, characteristic for the con-
crete period. Together with alterations in radionuclide composi-
tion the correction of instrument counting coeffitients was con-
ducted. The used means of measurement were checked in the system
of the USSR Gosstandard, and the involved personnel was trained
on the base of radiological departments of sanitary-epidemiologi-
cal stations and veterinary service. All these organisational and
methodical measures allowed to efficiently unfold the reliable
system of radiation control of food-stuffs by practical establish-
ments of the Ministry of Public health of the USSR and of the Uni-
on republics, along with establishments of the State agro-indust-
rial complex and other departmental services.

In addition, the samples were analyzed by spectrometry and
radiochemical assays to determine a spectrum of radionuclidea,
to reveal regularities in ingestion of individual nuclides via
food chains by human body, and also to have ancillary control of
quality of radiometric screening and, should the necessity arise,
to correct the expert estimates. Major radionuclides causing in-
ternal irradiation in the first post-accident period were * I
and radionuclides of cesium. Later, the level of radioactive con-
tamination of foods was reduced both due to decay of short-lived
radionuclides and owing to altered predominant pathway of conta-
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mination, since the superficial pathway was replaced with the
soil one, which by the end of 1986, and, particularly in 1987
practically completely determined the content of radionuclides
in local agricultural produce. The data of spectrometry showed
that by the middle of 1987, radioactive contamination of food en-
tirely depended on -^'Cs and partially, on ™Ca. In view of the
above, the most recent Temporary Standards of food contamination
are oriented solely towards radionuclides of cesium. Under these
conditions the role of spectrometric and radiochemical methods
of control became more important since they proved not only more
accurate techniques but also provided data for correcting long-
term prognosis in case of internal irradiation.

Table I presents the scope of radiometric studies of princi-
pal foods and water in 1986-1987, conducted on the territory of
Byelorussian SSR by the Ministry of Health. It should be mentio-
ned here that the control was focused on the areas with the most
intensive radioactive contamination. For this reason, the samples,
which values exceeded the levels of permissible radiocontamina-
tion of foods, cannot be regarded as a mean indicator for the en-
tire volume of agricultural produce in the republic. Information Of
Table I demonstrates, that radiation monitoring covered all the

Table I. Quanity of radiomonitoring of food stuffs and water in
Byelorussian SSR in 1986-1987

;
Milk : Milk

; products
!

;
:Meat and
; neat
: products

Vegeta-
bles

: :
Fruit : Grain, i Othsr

; bread \
• 1

Water Total

Total 332718 II5225 124988 89374 37838 34970 147453 799048 I6II6I4

Exceeding 43302 6438 10235 6282 1315 606 I2104 8760 89342
permissible

13 5,6 8,2 7,0 3,5 2,3 8,2 1,2 5,5
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regions where the levels of radioactive contamination could, pro-
bably, be exceeded, as well as the adjacent areas. The bulk of
radiation control was focused on meatdairy products (36/5) and
water

Systematic control of local agricultural produce both in
public and private sectors provided the possibility to specify
those populated areas and farms, where radiocontamination of some
kinds of products (primarily, of meat and dairy products) exceeds
the permissible levels. Depending on the degree of radiocontami-
nation, the decisions were made whether to impose a ban on the
consumption of given products, or to process this batch of food
into some other kinds (whole milk into butter and other dairy
products). Furthermore, there was devised a complex of organiza-
tional and agrotechnical measures aimed at reducing the level of
radionuclides to the permissible value.

Informational and sanitary educational work of radiologists
and hygienists among different sectors of population and economic
executives proved an important element in the system of radiation
monitoring.

The entire complex of measures implemented to control radio-
active contamination of foods, promoted sharp decrease in signifi-
cance of peroral intake of radionuclides, (including the major

IIIones J I and radioisotopes of cesium), in formation of dose bur-
dens for population. Effectiveness of the steps taken within the
first months may be evaluated as 80-90 %t and in the subsequent
period it reached 90-95 %• The estimates presented are based on
the direct measurements of radionuclide content in foods, human
body, on the lacking correlation for overwhelming majority of re-
sidents who followed restrictive measures, between radionuclide
level in the body and density of territorial radiocontamination.
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The matetial of sanitary-dosimetric monitoring, accumulated
within the post-accident period, allows characterization of dyna-
mic changes in radioactive contamination of foods, with the view
of being able to further perfect and optimize the service of cont-
rol. Specifically, the level of radioactive contamination of live-
stock products (milk, meat) remains rather high, and for this rea-
son the scope of control over these products is not to be modified
in the nearest future. At the same time, the level of radioactive
contamination of grain crops, vegetables, nearly in all the areas
failes to reach the standardized values, and thus it seems expe-
dient to raise the issue of reducing the volume of radioactive mo-
nitoring with subsequent transition to random checking. In view of
the above the radiation monitoring service should be equipped with
gamma-spectrometric instruments on a large-scale.
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RADIATION MONITORING OF VARIOUS OBJECTS
AS PART OF THE CHERNOBYL ACCIDENT
MANAGEMENT PROGRAMME

O.A. KOCHETKOV, D.S. GOL'DSHTEJN, O.P. OSANOV

Abstract

Permissible levels of radioactive contamination were based primarily on
an experimentally established relationship for contamination in the region
around the Chernobyl power plant: the gamma exposure dose rate measured close
to a contaminated flat surface, 1 mR/h, is equivalent to 10 000 beta
particles/cm2»min. From this relationship, it follows that the
established contamination limit of 0.1 mR/h roughly corresponds to the limit
for contamination of the outer protective clothing worn by staff at nuclear
power plants as laid down in the radiation safety standards (NRB-76) , namely
800 beta particles/cm^»min.

Experience in establishing radioactive contamination standards and in
organizing radiation monitoring made it possible to reduce significantly the
adverse ef fec ts of the accident.

The accident at the nuclear power plant led to radioactive

contamination of environmental objects on extensive areas of

Kiev, Mogilev, Gomel and some other regions, particularly

within the 30 km zone of the Chernobyl NPP. This necesaiated

organization of large-scale radiation monitoring of contamina-

ted roads, buildings, transport facilities, articles of daily

use, clothes, and human integument etc. , in order to prevent

or to reduce substantially transmission of contaminating radio-

active substances into the areas adjacent to the CNPP, and, the-

refore to obviate additional exposure of residents.

To carry out radiation monitoring on such a large scale

it was mandatory, in the first place, to introduce safety stan-

dards, which had to be realistic for the arising situation, and

also to deploy sufficient amount of radiotnetric equipment, sol-

ving at the same time numerous organizational problems. The si-

tuation was complicated by the fact, that under the above condi-

tions it appeared impossible to utilize the permissible levels

of radioactive contaminations for surfaces of various objects ,
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working clothes, additional individual means of protection, spe-

cified by SRS-76. Primarily, it was necessary to go over from

the existing SRS-76 where permissible levels of contamination
p

were calculated at a number of beta-particles on I cm /I min

to estimating the doee rate of gamma-radiation from the surveyed

objects. The latter, was mostly governed by the following con-

siderations:

- dose rate of gamma-radiation could be measured much fas-

ter compared to estimating radiactive contamination in partic-
2

les ( cm /min) ;

- measurement of radioactive contamination in beta-partic-
2

les ( cm /min) in the event of augmented gamma-background appea-

red rather difficult;

- the amount of instruments for measuring radioactive con-
2

tamination of various objects in beta-particles ( cm /min) was

insufficient.

It should be noted here, that SRS-76, like similar documents

in other countries, failed to specify such standards for majori-

ty of objects , exposed to radioactive contamination specifically

for clothes of residents, articles of daily use, surfaces of bu-

ildings, roads, transport facilities, etc.

At the same time, radiation hygiene has already accumulated

sufficient experience and knowledge, that enabled the experts

from the Institute of Biophysics under the Ministry of Public

Health of the USSR to elaborate promptly in the very first days

after the accident the "Temporary Permissible Levels of Radiati-

on Contamination for various objects" which were approved by the

Chief State Sanitary Doctor of the USSR on the 7th of May 1936

( see Table 1 ) .
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Table I
Temporary permissible levels of radioactive

contamination for various objecta
Rate of exposure dose of
gamma-radiation, mR/hrContaminated objects

Integuments, underwear,towels,

bed-clothes, clothes,footwear,

individual means of protection

Surfaces of buildings, internal

surfaces of transport facilities

Outer surfaces of transport

facilities

O.I

0.2

0.3

While defining the permissible levels of radioactive conta-

mination presented in the Table 1 , as a basis, there was taken

experimentally determined relationship of radioactive contamina-

tion in the area of CNPP, where the exposure dose rates of gainma-

radiation I mR/h, measured in the vicinity of contaminated sur-

face correspond to the specified by the SRS-76 values of permis-

sible contamination of CNPP personal working overalls equalling
2

800 beta-particles ( cm /min ). This value of permissible level

established by the SRS-76 implies 30 year length of service for

the personnel.

Furthermore, it had to be born in mind that the specified

by SRS-76 permissible level of 100 beta-particles ( cm2/min )

for density of skin radiocontamination was established on the

basis of radiobiologic studies taking into account both direct

irradiation of the skin basal layer by the substances deposited

on it, and also the portion of radioactive contamination penetra-

ting the skin. If length of exposure to radioactive nuclides

equals 1700 hr per year, then the above standards have for prin-
90 9Qcipal fission products except Sr, y Y not less than 10 fold

137 90 90reserve, and for ^ 'Cs it is even 30 fold« For Sr and Y,
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this reserve amounts only to 2-3 times, but their percentage in
the composition of contamination substances was rather small.

Therefore, it was warranted to implement temporarily, for
the period of elimination of the accident consequences, the le-
vels of permissible contamination, presented in the table. On
the whole, this document provided the legal basis for preventing
the transfer of radioactive contamination from the zone, where
the work was carried out on elimination of the accident consequ-
ences. Parallel to this, the established values of permissible
contamination levels were utilized as a principal criterion in
assessing the effectiveness of large-scale decontamination works«
Particular attention was given to the control of radioactive con-
tamination of transport both leaving the 30 km zone of the CNPP,
and also when it entered all large cities of the European part
of the USSR.

The tadiation monitoring was carried out besides the mili-
tary personnel of the Soviet Army by the units of civil defense,
with active participation of researchers and under-graduate stu-
dents from the institutes with suitable orientation« The stati-
ons of radiation monitoring organized on the roads worked toge-
ther with the posts of State Traffic Inspection. Moreover, if
the necessity arose, additional control stations were set up.

In addition to radiation moniboring on the roads, the ra-
diation control was organized on a large scale in populated
areas which were affected by radioactive contamination aprea-
ding from the zone of CNPP.

Radiation monitoring in the populated areas was instituted
on the basis of local bodies of sanitary inspection together
with territorial organs of civil defense, which received large
scientific and methodological assistance from corresponding re-
publican and Ail-Union bodies as well as from research institu-
tions. Proceeding from the results of the all-over radiation mo-

142



nitoring, the decisions were made whether or not the residents
of inhabited areas could stay in the settlements located in the
vicinity of the CNPP 30 km zone. In those cases when it was de-
emed safe to allow population to stay in their homes, new regu-
lations were introduced governing the every-day life of resi-
dents. Special attention was paid to systematic control of food
and water contamination. The results of radiation monitoring
served as a basis for taking necessary sanitary-hygienic measu-
res in all regions with increased levels of radioactive contami-
nation. Implementation of the planned measures was strictly su-
pervised by local authorities and, particularly by the bodies
of the State Sanitary Inspection.

Within the 30 ton zone of CNPP the radiation monitoring was
conducted primarily by military personnel, participating in eli-
mination of the accident consequences, and also by researchers
from the Institute of Biophysics under Ministry of Public Health
of the USSR as well as by experts from some other research in-
stitutes. The radiation control in the zone of CNPP was in addi-
tion, carried out by the radiation monitoring service, reinforced
substantially by specialists who volunteered from other NPP. In
this zone, major attention was given to training of personnel,
engaged in mitigation of the accident consequences,, It ±s note-
worthy to mention, that in different areas within the 30 km zo-
ne of CNPP, differntiated permissible levels of contamination
were established depending on radiological situation, character
and time of concrete works performed to eliminate the accident
consequences, and also taking into account how the personnel
used the individual means of protection. Thus, for instance,when
the work was conducted directly on the construction site of the
CNPP in May-June of 1936, and the rate of exposure dose of gam-
ma-radiation reached dozens and hundreds mR/hr, it seemed unwar-
ranted to limit the permissible levels of radioactive contamina-
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tion for working clothes and individual means of protection by
the value of O.I mR/hr. For these reasons the decision was made
to establish the value of 5 mR/hr as a permissible level of ra-
diocontamination for overalls if the work was conducted under
the above conditions.

In the course of radiation situation being normalized, the
permissible levels of contamination for various objects were re-
peatedly revised and made more rigid, gradually approaching the
values of SRS-76. Specifically, on completing the construction
of the sarcophagus, having carried out the major part of decon-
tamination works, and restarting the first and second power units
at the CNPP it became possible to return in the premises of po-
wer units to the standards of radiocontamination for surfaces

o

established by SRS-76 in beta-particles ( cm /min ). And at the

border of the CNPP 30 km zone the permissible levels of radioac-

tive contamination for working clothes corresponded to the le-

vels specified by the SRR-76 for the integument of personnel»

In general, the experience gained in standardizing radioac-

tive contamination and also in organizing radiation monitoring

while eliminating the consequences of the CNPP accident, shows

th.at even in the event of such a large-scale accident at the NPP,

the scientifically substantiated measures, taken in time, provi-

ded the possibility to prevent transfer of radioactive substan-

ces by clothes, transport facilities and other objects beyond

the limits of 30 km zone. Due to the above measures, the risk

of radiocontamination of humans, their property and houses was

substantially reduced, and all that, together with various sani-

tary-hygienic actions contributed to sharp decrease of the acci-

dent negative consequences.

144



PERSONNEL PROTECTION DURING A REACTOR ACCIDENT

V.S. KOSHCHEEV, A.S. KOROSTIN, S.P. RAJKHMAN

Abstract

In organizing individual protection and thé provision of protective
clothing and equipment for accident teams, particular attention must be paid
to protection of the respiratory organs. A system of disciplinary barriers,
personnel airlocks and gates and transport processing points - with obligatory
monitoring of all movements of staff and equipment - is described.

Individual protection of man is a unified system of social,

technical, medical and organizational-and-psychological measu-

res aimed at ensuring vital activity, as well as shaping and

maintaining the professional adaptation of man to labour acti-

vity under adverse circumstances. In an emergency, this system

acquires a special significance.

The radiation situation, which, arose as a result of the

accident at the Ghernobyl JTuclear Power Station (CNPS) and

the resulting necessity of enlisting help of large number of the

station's staff and the Soviet Army personnel with a view to

eliminating its aftermath, called for taking a package of mea-

sures to ensure individual protection. These measures had the

following for an object:

- to exclude or reduce to permissible levels the radio-

active contamination of skin and, which is most impor-

tant, the intake of radioacbive substances through the

respiratory organs with due account of the radiation

situation and the nature of work aimed at eliminating

the accident's aftermath;

- to prevent the spread of radioactive substances through

contaminated working clothes and special footwear;

- to ensure timely cleaning of working clothes and other

means of individual protection (MIP), contaminated with

radioactive substances, to the established permissible
levels;
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- to evaluate service and hygienic properties of pros-
pective MIP with a view to solving matters of the
advisability of their putting into practice;

- to ensure individual protection of the population resi-
ding in areas with increased levels of radioactive
contamination;

- to conduct sanitary-and-educational work dealing with
various aspects of radiation safety and application of
means of individual protection, etc.

Naturally, individual protection of the personnel under
conditions of elimination of the aftermath of an accident of
a scope such as that which occurred at the GNPS has its own
peculiarities, distinct from the work which is conducted at
nuclear stations under normal conditions and during repair.
On the whole, the following is characteristic of emergency
situations, irrespective of their specific features:

- high intensity of unfavourable effects;
- the necessity of carrying out important and complex
jobs when there is a shortage of time;

- ultimate physical and psychophysiological exertion of
the working personnel;

- the necessity of providing the NTS personnel with means
of individual protection and organization of their use
with a great number of personnel.

In the course of elimination of the aftermath of the
accident at the CHTS, carried out on the basis of a thorough
analysis of the situation, a set of standards and procedures
was worked out and largely implemented. These documents spe-
cified individual protection of the personnel and population.
Besides, new means of protection were introduced, with high
protective and service properties and minimal loads acting
upon the human body.
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Particular emphasis was placed on the testing and putting
to use of self-contained filtering MIP with air blow - the
most effective and promising type of means of individual pro-
tection as far as human activity in emergencies is concerned.
The use of means of individual protection, such as the special
protective gear for welders and insulating suits of K3H type,
yielded good results. Apart from that, put to the test at the CNPS
were the service properties of expendable working clothes made
of non-wolen heat-resistant material, suits equipped with self-
contained cooling systems, etc.

The introduction of a system of sanitary-checking routine
was an important element of the individual protection of the
personnel and prevention of the spread of contaminants. A
rigorous system of barriers, sanitary "sluice gates" and check
points, vehicles- "treatment stations with compulsory control
over the transport of people and equipment was introduced.

Radioactive decontamination of working clothes, footwear,
means of individual protection, uniform, etc. is of paramount
importance in the system of individual protection. It was
established that in the case of a radioactive discharge contami-
nants stick to workins clothes much more firmly than under
normal conditions or during repair at nuclear power stations,
and it is much more difficult to cleanse working clothes of
such substances. This may be explained by the basically diffe-
rent nature of contamination which resulted from the discharge
of radioactive substances from the fourth power generating
unit, A decontamination routine was worked out, "based on the
redox method, which largely settled the problems connected
with the decontamination of MIP.

The question of protection of the personnel from penetra-
ting radiation should be discussed in more detail. As shown
by the testing of a suit provided with a lead shielding, in
case of one-way radiation with the energy exceeding 120KeV,
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the attenuation ratio is 1.1 -j-1.4. In case of arduous jobs
involving movement of workers, the duration of wearing such
an outfit is reduced by 15-20 percent as compared with organic
clothing. At the same time, the exercise stress abruptly rises
due to the increased vveight of this outfit - 20 kg (with
11 kg being the normal weight). To ensure reliable protection of
personnel from penetrating radiation with such intensity as
that taking place at nuclear power stations, one has to use
a protective outfit weighing more than 200 kg. In other words,
the projection of personnel against penetrating radiation is
just a matter of time.

The problem of psychophysiological selection of personnel
for work under marginal conditions is prominent among the
problems of ensuring medical protection during elimination of
major accidents. Questions of staffing nuclear power stations
with operating personnel,whose mental state and professionally
significant psychophysiological qualities enable them to
reliably and efficiently perform their duties under distress
conditions, should be tackled along with matters of functional
rehabilitation aimed at achieving a high level of general and
professional working capacity.

The experience, gained in the course of elimination of
the aftermath of the accident at the GMPS, urgently demands
that a package of measures be worked out with a view to ensuring
reliable Individual protection of the personnel of the nuclear
power station and population living in its vicinity in case of
an accident at a nuclear reactor. In working out these measures,
a differentiated approach must be taken to the problem of
protection of four categories of people. These are:

Firstly, emergency teams from among the nuclear power
station's personnel, which will be directly involved in tackling
problems of the elimination and localization of an accidenc,
should one occur;
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Secondly, medical personnel rendering aid to victims of
an accident;

And, finally, the population residing in proximity to the
nuclear power station, which in some way or other is exposed
or may be exposed to the effect of radioactive discharges.

A scientifically substantiated set of means of individual
protecbion should be recommended for each of the above catego-
ries. Pull and effective realization of these recommendations
will require a physiological-and-hygienic substantiation and,
besides, emergency protective means. Specifically, there will
be a need for unified MIP kits to be used for arduous emergency
jobs; quantity production of prospective MIP, including the
self-contained filtering MIP with air blow; general-purpose
front parts of MIP which would not restrict the viewing angle;
expendable working clothes made of non—woven material, etc»

In organizing the individual protection and packing up
protective means for emergency teams, particular attention
should "be given to protection of the respiratory organs« In
emergencies, it is advantageous to use either the PM-2 respi-
rator, which ensures protection against radioactive aerosols
and gaseous iodine, or the TP-7 filtering protective mask
with canisters fitted with anti-aerosol filters and the pano-
ramic mask of nflM-80 type.

In view of the potential danger of catching fire by equip-
ment and resulting high smoke content in rooms, the MIP emer-
gency kits have to be furnished with insulating respirators
( KM H -8 or P6JI-1) and a set of heat-resistant clothing for
firemen (TK-800). Special emphasis should be put on the protec-
tion of skin. The emergency kits should contain a set of film
MIP, insulating suits made of PVC film or rubberized fabric,
as well as hose protection means coupled with self-contained
sources of air supply ( f\ \\ ß -1 ,
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With a view to protecting the personnel which is to be
evacuated from the hazard zone, besides the main, working clothes
and special foot?/ear (or personal clothing of the personnel
working within the free-access zone), use should be made of
other means of individual protection, such as general-purpose
respirators of PM-2, "Lepeatok-A" or "Lepestok-Apan" type, a
protective film cape with a hood, special foobwear and rubber
gloves. Along with this, the U1C -JÎA mine-type survival pack
should be provided in case there is a need for evacuation from
a smoke-screened area.

Unlike the evacuation kit for the station personnel, the
MIP kit for medical workers should also include body linen,
cobton working clothes and a film semi-cloak r/ith a hood (instead
of the cape).

For "better safety of the population to be evacuated from
areas in the vicinity of the station, a unified MIP packing
case has been proposed. A principle of domestic storage of
these means has to be developed.

Besides, the long-term measures, aimed at improving the
system of individual protection, should also include the
development of technical training aids and equipment for exer-
cising control over work in marginal conditions with the use
of MIP. For this purpose, there is a need for a series of
teaching aids (films, lectures, instructional wall sheets, etc.)
and training centers where the personnel could be taught direc-
tions for use of the means of individual protection under
acbual-use conditions.
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PROTECTIVE MEASURES TO REDUCE POPULATION
EXPOSURE DOSES AND EFFECTIVENESS OF
THESE MEASURES

G.M. AVETISOV, R.M. ALEKSAKHIN, V.P. ANTONOV,
L.A. BULDAKOV, K.I. GORDEEV, E.V. IVANOV,
L.A. IL'IN, A.I. KONDRUSEV, A.N. LIBERMAN,
O.S. PERMINOVA, V.M. SAMOJLENKO

Abstract

Basic measures to protect the population from radiation after the
Chernobyl accident included: (i) monitoring of radiation conditions and
exposure doses to the population; (ii) temporary or permanent evacuation of
certain population groups; (iii) iodine prophylaxis; (iv) limitation of the
intake of radionuclides with food products; (v) decontamination of land and
buildings; and (vi) educational work and sanitary instructions to the
population.

More than 5 000 000 measurements were carried out on different
objects. In some population centres external doses exceeded level A, reaching
0.3-0.4 Gy, but nowhere did they reach the upper level B. More than
70 000 farms were decontaminated and a total of about 200 000 nr* of
contaminated soil was removed from large areas, taken away and buried. In
1987, as a result of these effective measures, the contribution to the dose
from internal exposure averaged only 10-30%.

The overall effectiveness of the protection of the population living in
the zones of radioactive contamination can be expressed in terms of the
conservation of 7000 man-years of normal life.

As a result of the accidental releases of radioactive

products from the reactor unit 4 of the Chernobyl plant, a large

territory of the country (not only the regions closely adjacent

to the place of accident but also those removed from it by

hundreds and even thousands of kilometers) have been exposed

to radiation. The central part of Ukraine, the

south-eastern regions of Byelorussia and some regions of the

European part of the RSFSR adjacent to the place of accident

have been most heavily exposed. The general number of popula-

tion living within the above mentioned territories makes 17»5

million, including 2.5 million of children younger than

7 years old.
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The situation arisen required an urgent
development and realization of a number of organizational, radia-
tion-hygienic, medical-biological, agrotechnical and other
measures. In addition to the measures for immediate protection
of the population living in the towns of Prypyat* and Chernobyl
end at the 30 km zone around the plant, it was necessary to solve
complex and diverse problems of protecting the population
living at large territories with the increased radiation
contamination levels. Such large-scale tasks on radiation
protection of the population were being solved for the
first time in the world.

The purpose of the present paper is to give a general
characteristics to the principal measures for decreasing radia-
tion doses to the population taken in the course of elimina-
ting the consequences of the Chernobyl accident and to
estimate their efficiency.

The complex of principal measures of radiation protection
included :

1. Control of the radiation situation and radiation doaea
to the population.

2. Temporary or permanent evacuation of the population
and removal of some of its groups for summer health-improving
rest.

3. Iodine prophylaxis.
4. Restriction of radionuclide intake with food.
5« Decontamination work.
6. Careful medical examination of the population exposed.
7. Explanatory and sanitary-educational work.

The possibility to create such conditions of life and
activities for the population at the contaminated territories
which would help to restrict the radiation doses within the
established dose limits: of O.I Gy for
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the first year and 0.03 Gy for the second year after the accident
surved as efficiency criteria of the measures performed.

As it is known,radioactive products were being released
from the damaged unit for a long time. It occurred at diffe-
rent meteorological conditions the most important of which
(for the formation of a radiation situation at particular ter-
ritories) were wind direction and velocity and also availabi-
lity or unavailability of precipitations at the route of air
mass movement transferring radioactive products«

The main factors which determined radiation exposure
were: external gamma radiation of the cloud

and of the radioactive fallout; intake of
radionuclides with inhaled air and, mostly for iodine
and cesium isotopes, with food of the local origin.

These factors vary in their characterf duration arid
intensity.

Gamma radiation of the radioactive cloud and fallout
creates the dose of external radiation. The contribution from
radiation of the cloud into the total dose of gamma radiation
for the first year after the accident was about 10 per cent,
with 90 per cent from the radioactive fallout.

The isotopes of iodine^penetrating the human body
first of all with contaminated milk, concentrate
in the thyroid, relatively small in mass, and create there
a significant dose of internal radiation. In 2«5 months after
the accident this factor due to decay of iodine-131 practically
lost its significance.

It was a "cesium" factor that became the most long-term
and determined internal human irradiation. Being an analogue
of potassium cesium enters potassium metabolic chains and thus
accumulates in the human body. Cesium enters the body by the
same routes as potassium. The main sources of a radiocesium
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intake into the body are milk and meat. After entering the body
cesium as well as potassium uniformly distributes in the soft
tissues.

Contrary to the first two radiation factors, i.e. exter-
nal gamma-radiation and radioiodine cesium dose not act
instantly. Cesium haa a certain accumulation period in the
body which depends of the person's age. If a man constantly
consutr.ps food containing radioactive cesium its balance in the
body can be achieved at the following time periods: for a child
of on year - in 1.5-2 months, for a 10 year child - in 4 months
and for adults - in half a year or more. Elimination of cesium
from the body has the same rate as its accumulation. Elimination
rate in children exceeds that in adults. Thus, averagly elimina-
tion half-life of the accumulated cesium will be: 1? days for a
child of one year, 40 days for a 10 year child and 60-100 days
for adults of 25-60 years old.

The surveillance system operating before the accident
could not provide a timely assessment of the radiation situa-
tion aroused by reason of the greatly increased amount of
measurements required and the objects requiring control^
shortage of measuring devices and very uneven character of
contamination. In these emergency conditions the necessary for-
ces of the Ministry of Health of the USSR, of the Academy of
Sciences of the USSR of the Ministry of Defence of the USSR,
of the State Committee of Hydrometheorology and of other organi-
zations were thrown to participate in medical, ecological-
hygienic and radiometric examinations and measurements begin-
ning from the first days after the accident. The most contaminated
regions were fixed to the leading medical organizations«

Technical equipment of the field teama consisting of
physicists, dosimetrists, radiochemicists, hygienic workers,
radiologists and others made it possible for them to carry out
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at the populated areas the estimations of gamma radiation levels
and radiation contamination to make a detailed analysis of
radionuclide composition of the contaminated environmental
objects and food-stuffs, to measure a radioactive content in
the human body and also to estimate the condition of human
health.

Totally at this stage of work more than 3 millions of
measurements have been made for the purpose of obtaining a true
picture of radioactive contamination in various objects
(air, water, food, soil, vegetation, etc.), the content of
incorporated radionuclides in the human body and the doses of
external irradiation.

A prompt collection and analysis of data about the radia-

tion situation at the contaminated territories and a direct
control of external and internal irradiation made it possible
to forni without delay a true nation of the radiation situation
aroused and reliably predict future development of events.
That in its turn gave the possibility to realize substantially
and in a due time various protective measures including making
decisions about evacuation of the population from this or that
location in the affected area.

At the atage of evacuation an important role belonged to
the "Criteria for making decisions about measures taken for
protection of the population in case of a. reactor accident1*
which were developped and adopted in 1983, i.e. long before
the events considered here. The use of these "Criteria" procee-
ded from the consideration that protection of the population
from external irradiation and inhalation intake of radionucli-
des at the time when a cloud of the accidental release was
passing over required the most urgent measures« The measures of
preventing consumption of milk contaminated by levels of radio-
activity exceeding the permissible standard were less urgent.
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The experience aquired from the Chernobyl accident demonstrated
a working capacity of the above mentioned "Criteria" which
established two levels of irradiation, A and B (0.25 and 0-75 Gy,
respectively) comparable to the recomtnentdations by IGRP, WHO
and IAEA. The dose values of external irradiation exceeded the
level "A" and made up 0.3-0.4 Gy only at some small populated
localities but they never achieved the values corresponding
to the higher level "B".

The wide range of contamination levels forced the use of a
zone making conception necessary for development of the system
of radiation safety. The zonea which have been marked included:
a 30 km zone later transformed into a zone of evacuation,
a zone of control with the threshold values of contamination
density for plutonium-239, atrontium-90 and eesium-137 0-1;

, 23.0 and 1.5 Ci/km , respectively and regions exposed to lower
levels of contamination. The areas with contamination densities
by plutonium-239 and strontium-90 higher than the established
thresholds were within the 30-km zone from which as it is known
the population was evacuated. Large territories with an increa-
sed contamination density by radiocesium were outside the 30-km
zone. Located at these territories were about 600 populated
areas where people continued to live but lived in the conditions
of a rigid control over food-stuffs of the local origin up to
their withdrav/e and replacement by clean food imported from
other regions of the country. These territories were called zones
of a rigid control. The number of evacuated localities from the
zone of evacuation was 185 with the total population of 135 000
including the town of Prypyat*.

Por the sake of prophylaxis all the children and pregnant
women who lived at the 30-km zone and in other regions of the
Ukraine, Byelorussia and the Russian Federation exposed to
increased radiation levels were directed by centralized order to
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summer health resorts in 1986 and in 1987« Temporary removal of
children and pregnant women helped significantly to decrease the
rediation effects on these critical population groups» It was
especially important in the first year after the accident when the
doses of external gamma irradiation rapidly increased» For the
sake of illustrating the range of this measure it should be noted
that the total number of children and pregnant women removed for
summer health rest in 1986 in the Ukraine and Byelorussia alone
made up to 174 000 individuals.

As one of the protective measures iodine prophylaxis
played an important role in the first year after the accident,
especially for children. Effeciency of this measure realized
by the use of stable iodine, for example in the form of potas-
sium iodide pills essentially depended on the time of radioio-
dine intake into the human body with the inhaled air or food-
stuffs. If iodine prophylaxis of the population and especially
of young children (of three and less years old ) viras performed
within the first 3-5 days from the beginning of consumption of
the contaminated food then even in spite of the continuous
intake of radioiodine with diet its content in the thyroid was
minimum and the absorbed dose was within 0.1-0.2 and 0.03-0.05Sv
in children and adults, respectively. If iodine prophylaxis was
performed later (on May 10-15) its effeciency was significantly
lower. As & whole, iodine prophylaxis performed at earlier time
(for the first 3-5 days) provided a decrease of the absorbed
doses in the thyroid averagely by 10 times and later (in 10-15
days) - by 3-4 times.

This is especially true of the children living at the
30-km zone and in Prypyat* as they received iodine for prophyla-
xis by the centralized order and at the earliest time. Direct
measurements of radioiodine content in the thyroid in this
population group showed that the absorbed doses of internal
irradiation of the thyroid did not exceed 0.03 Sv.
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The base of restricting radionuclide intake into the human
body was laid by an introduction of the temporary guidelines
for their permissible content in the foodstuffs. The guidelines
were developed for those radionuclides and media which at a
given stage of bringing the consequences of the accident
under control determined human irradiation. Thus, immediately
after the accident the guidelines of permissible content of
iodine-131 in milk, milk products and in leafy vegetables
have been introduced. These guidelines supposed that the
radiation dose to the thyroid in children would not exceed
0.3 Gy. In addition the temporary guidelines of permissible
content of iodine-131 in meat, poultry, egga berries and drug
materials have been introduced« The guidelines operating
earlier were supposed to restrict radioiodine intake into the
human body. The guidelines adopted on May 30 1986 regulated a
permissible content of cesium radionuclides in food, water
and other media. These guidelines were supposed to proceed
frooi the fact that at any set of foodstuffs the maximum dose
of internal irradiation would not exceed 0.05Sv per year.

During the first period following the accident when the
main doseforming radionuclide of internal irradiation was
iodine-131 its principal "supplier" into the human body,
especially into that of children was milk and to a lesser
degree - fresh leafy vegetables (sorrel, lettuce, spring
onions, etc). The content of iodine-131 in milk was within
the range of hundreds - thousand hundreds Bq/1 and in a half
of cases the specific activity of milk was 37 kBq/1. At the
same time the maximum permissible content of iodine-131 in
milk which provided unexceeding of the dose to the thyroid
(0,3 Sv) according to the introduced guidelines was 3,7 kBq/1.
Therefore the measures directed at a decrease of radiation
doses to the thyroid from radioiodine together with mass iodine
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prophylaxis included a constant radiometric control and in
case of exceeding the guidelines a rejection of agricultural
products and their direction to special treatment«

An active measure used for a decrease or even exclusion
of radioactive intake into the human body was transfer of the
population and first of all children to the consumption of food-
stuffs of agricultural origin imported from other regions of
the country.

When milk contaminated by radioiodine to the extent
exceeding the temporary permissible levels was processed to
butter, cheese or soft cheese the level of their radioactivity
decreased by 2.5-3 times compared to the original product.
Treatment of milk was also continued latter to prevent an
intake into the human body of significant amounts of radio-
cesium. In this case an elimination effect was 98, 90 and 75
per cent when milk was processed into butter, cheese and
soft cheese, respectively. With the account of mean daily
consumption of these products by man which is by 3-5 times
less than that of milk a decrease of radioiodine intake was
up to 8-15 and of radiocesium - by 4-50 times.

A subsequent period when the main radiation dose of
internal irradiation was formed by radiocesium and its
leading intake was as before determined by milk and meat
radiometrical control and if necessary rejection of these
products were increased. To exclude an intake of cesium radio-
nuclides into the human body in the amounts higher than the
established ones a planned cattle slaughter was prohibited
and beginning from the autumn of 1987 the cattle before
slaughter was transferred for 1-1,5 months to the clean ration«
During 1986-1987 the population living at the zones of rigid
control as a rule was fed a died consisting of milk and meat
products imported from other regions of the country.
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Due to the rapid accumulation of radiocesium in fish from
stagnant ponds, in mishrooms and wild berries these products
were subjected to an obligatory dosimetric control.

Agrotechnical and reclamation measures carried out at the
affected territories by the Gosagroprom have been actively used
for decreasing the probability of biologically harmful radionuc-
lides getting into the human body through the food chains
and thus for lowering dose burdens to the population. These
measures included: insertion of mineral fertilizers in sufficient
amounts (especially potash fertilizers) soil liming, deep ploug-
hing with overturning the upper layer, use of cultivated and
reclamated pastures for cattle beeding, change of the type of
agriculture and if necessary change of land tenure.

In July 1986 methods for calculating the levels of
external and internal irradiation of the population living at
the territories affected by the accidental releases from
Chernobyl were developed. These methods together v/ith
experimental data on radiation parameters have been used as a
base for recommendations of returning children and pregnant
women to the places of their permanent residence, additional
evacuation of the population from the localities where it was
impossible to provide by other means unexceeding of the
established (for 1 year) dose oimit of 0.1 Gy and choice of
places for building temporary and permanent settlements.

To decrease external gamma irradiation a wide range of
decontamination work has been carried out at the contaminated
territories. According to the Ministry of Defence which ful-
filled the main work decontamination measures were taken at

pthe area of about 7000 km . More than 600 populated localities
have been decontaminated and about half of them repeatedly
(in order to achieve a maximum decrease of the contamination
levels). During decontamination the most attention was paid to
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social buildings (schools, nursery schools, etc). Buildings
which after triple treatment were not decontaminated to the
permissible standards and also contaminated ramshackle buil-
dings of low value were disassembled and buried. More than
70 000 homesteads were predecontaminated, contaminated soil
was removed from large territories, and about 200 000 ra of
soil was taken away and buried. Much decontamination work was
done on the roads and at the roadside areas: decontamination
of surfacing (more than 25 000 km) and dust fastening along
the area of 43 000 km. Dust suppression was made at the total

2area of more than 50 km .
Asphalting and covering the contaminated areas with gravel,

broken stone, sand or clean soil made it possible to achieve
a decrease of gamma radiation dose rate by about 10 times.
Decontamination of homesteads was made by cutting off the upper
layer of soil down to 10-15 cm. This measure led to a decrease
of gamma radiation dose rate by 3-4 times.

Decontamination of roads with hard surfacing by daily
mechanized washing decreased the levels of radioactive contami-
nation by about 2 times. Natural-soil roads were gradered down
to 10 cm , they were also asphalted, concreted and covered with
broken stones. As a result a decrease of their radioactive conta-
mination was about three-fold.

Explanatory and sanitary-educational work waa an important
part in the complex of measures directed at normalizing the
moral situation at the affected territories. The aim of this
work was to give the objective and timely information to the
population about the local radiation situation, about the main
factors determining the situation and about potential risk of
registered and predicted levels of human irradiation, especially
irradiation of pregnant women and children« The leading soviet
scientists and experts spoke before the people explaining them
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all necessary recommendations directed at the maximum decrease
of radiation factors. All the questions received competent and
comprehensive answers» As far as it was possible all mass
information means have been used for its explanatory work; the
press, radio and TV» Their task was to exclude any attempt of
minimizing the risk from one hand and not to exaggerate it from
the other. In the latter case it could lead (and unfortunately
sometimes it did) either to the lack of confidence in the infor-
mation which was supplied or to stress with all the subsequent
inadequate responses, such as panic (for example, urgent
departure for a long time with children to other regions,
refusal to use foodstuffs even of proven reliability; sometimes
abortions, etc»). But along with this it should be emphasized
that the majority of the population did not leave the places
of their permanent residence and as a whole maintained the place.

Experience obtained from this explanatory work demonstrates
that the population quietly appreciated the situation in the
majority of localities where the necessary explanatory work had
been conducted by competent experts from the first days after
the accident and the number of neurotic responses was not
increased.

Thus, the control of radiophobia (fear of irradiation) is
one of the most important links in the whole complex of protec-
tive measures« It can be put even more definitely: harm to
health from radiophobia sometimes (fortunately not often) was
dear and essential compared to the negligible and mainly unde-
tected possibility of any late effects of irradiation.

This paper did not set itself the aim to show the large
complex of work carried out in a purely medical aspect of

radiation protection. It is an independent part of work though
almost the leading one in the problem of protecting people
exposed to radiation. We only want to note that various
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types of medical examinations were carried out on a mass scale
(about one million people and 700 000 of them including
216 000 children were examined carefully using dosimetric and
laboratory measurements and analysis). Children in whom a
radiation dose from iodine radionuclides to the thyroid could
exceed 0.3 Sv were subjected to constant medical survey.

Efficiency evaulation of the whole cociplex of prophylactic-
end protective measures carried out for the first two years
after the accident makes it possible to believe that they
resulted in a decrease of radiation doses to the thyroid
aversely by 5-20 times, external irradiation doses by 1,3-2.5
times depending on occupation and age and internal irradiation
doses from radiocesium by 10 and more times«

Analysis of the radiation situation performed with an
account of the protective measures allows us to state with
confidence the following:

- not a single case of radiation injury has been found in
the population exposed to irradiation;

- average radiation doses to the critical population
groups did not exceed the main temporary dose limita for the
first and the second year after the accident established by the
Ministry of Health (0.1 and 0.03 Gy, respectively);

- doaes of external irradiation to the population perma-
nently living at the contaminated territories did not exceed
0.05 Çy and 0.02 Gy for the first and the second year, respecti-
vely;

- doses of internal irradiation from incorporated radio-
nuclides of cesium did not exceed 0.05 Gy for 99 per cent of the
population in the regions under control in the first year and
Gy for 92 per cent in the second year. Comparing to the summer
of 1986 the content of cesium radionuclides in the body of
residents of the controlled regions decreased in summer of 1987
averagely by 2-5 times and in some persons by 7-10 times;
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- in 1987 due to effective measures the contribution to the
dose from internal irradiation was averagely 10-30$.

REFERENCES

1. Long-term radiological effects of the Chernobyl accident
in the USSR (material of the Soviet delegation in UNSCEAR
used for preparation of the document A/AC—82/P,46! "The assess-
ment of long-term effects of the Chernobyl accident"), Moscow,
1987.

2. Radiation Safety Standards (RSS-76/87) and General sanitary
principles of operation with radioactive materials and other
sources of ionizing radiation (GSP-72/87)« Moscow, Energoatom-
izdat, 1988.

3. L.A. Ilyin, O.A. Pavlovaky "Radiological Sequences of Chernobyl
accident in the USSR and measures taken for its mitigating".
IAEA, Report, 1987, 29, 4, 20-28.

4. L.A. Ilyin, G.M. Avetisov "Population radiation protection
decision criteria in case of reactor accident". Medical Radio-
logy, 1983, No. 5, p. 92.

5. "Temporary permissible levels of total content of radionuclides
1^4Ca and 1-^Cs in food products and drinking water (TPL-88):
USSR Ministry of Health, 1987, December 15.

164



DISCUSSION

G.A. ZUBOVSKU (USSR)

In accident impact mitigation radionuclide diagnostic
specialists may be of great help. This service involves highly
qualified staff as well as contemporary equipment,and is avai-
lable in every town. It has to be the centre of gamma-spectro-
metry for evacuated and migrating population. That may help to
increase the quality of public health service and decrease the
level of radiophobia.

J. WADDINGTON (WHO)

BRIEF SUMMARY OF THE ONGOING PROGRAMME OF WHO IN RELATION TO
THE PUBLIC HEALTH ASPECTS OF NUCLEAR ACCIDENTS

AND THE CHERNOBYL FOLLOW-UP
First of all, priority is being given to the effectiveness

of the service which WHO can offer to member states following
any future accident, based on experience gained after Chernobyl,
when although the organization had an emergency room in operati-
on work quickly. After first indications of enhanced radioacti-
vity levels on 26 April 1986, the system was essentially of an
ad hoc character.

The continuency planning now in progress is being carried
out in close cooperation with IAEA and WHO and in a fact inter-
secriat meeting is being held next week.

Following the interim report on dose commitment published
by WHO last year, WHO has assisted UNSCEAR in gaining data for
their own reports to be published later this year. A detailed
report gas also been issued by WHO on the position throughout
Europe in relation to cesium deposition and its public health
consequences.

After Chernobyl, there was widespred confusion among member
states on measures imposed to control foodstuffs and this con-
tributed to public scepticism and disbelief. The systematic de-

165



rivation of recommended derived intervention levels had now be-

en completed and has been approved by WHO*s Executive Board.

PAO have concentrated on the development of an essentially simp-

le system suitable for international trade whilst WHO has, cle-

arly, a duty to safeguard public health.

These FAO and WHO approaches are now being looked at thro-

ugh and the two organizations will be putting forward proposals

on derived intervention levels for foodstuffs to Codex Alimenta-

rius in 1989, based on a figure of 5 mSv in the first year.

A "milestone" working group was held in Geneva in November

1987 to harmonise public health measures in relation to nuclear

accidents. As a direct folling-up, an important meeting will

take place in Netherlands in October, To look in detail,

at the situation in the near field ( close to a nuclear accident),

covering medical care, sheltering and evacuation.

In relation to sheltering and evacuation, in particular,

there are important psychological dimensions and this will be a

major centre of focus. Indeed the psychological aspects involved

in nuclear accidents and the public perception of relative risk

from different energy options are becoming major elements of the

WHO programme.

WHO is, in the light of Chernobyl experience, looking at

iodine prophylaxis with a view to issuing detailled guidelines

by the end of 1988, The second workshop to develop these will

be held in Brussels in two months" time. Scientific and medical

aspects will be coverd, the application to specific population

groups, possible adverse side-effects and practical aspects of

storage and distribution.

Detailed public health guidance related to the far-field

including transfrontier consequences will be developed at a me-

eting in Switzerland in January 1989-
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Finally, Mr.Chairman, I would like to refer the question

of epidemiological follow-up. This was examined at two successi-

ve meetings held in May 1987 and a detailed report issued. Out-

side the Soviet Union, a number of important studies are in prog-

ress, including a Polish programme into the effects of iodine

prophylaxis and European Community (Eurocat) study of congeni-

tal malformations.

The International Agency for Research into Cancer (IARC)

is collaborating with the European office of WHO in a study

of childhood leukaemia incidence using cancer registries in 15

European countries. Leukaemia has been selected as it appears

relatively soon after exposure and it ia a particularly sensi-

tive of radiation exposure. The background level is low, and var-

ies rather little in comparison with other cancers, and there

are known variables which strongly influence risk. It allows the

possibility of including several countries which do not register

all cancers but which do register childhood cancers»

Data will be centrally analysed by IARC with particular refe-

rence to spatial and temporal variation and estimated levels of

exposure from Chernobyl, by region, in collaboration with UNSCEAR.

Although, outside the near field area, it will be very dif-

ficult to detect any effects, the study can be justified as:

1 ) it can help to determine an upper growth on the level

of risk;

2) knowledge of the variation in childhood leukaemias will

be useful in future evaluation of clusters;

3) exposure, following the accident, while low in absolute

terms, représenta a step increase, of a multitude comparable to

background in several countries.

Of course, the greatest interest is in the area close to the

accident in both this and other epidemiological studies and we

have heard a lot about this today«
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At policy levelj the World Health Organization in Europe

has given high priority to epidemiological studies. The first

consultation on epidemiology following Chernobyl asked WHO to

examine the flasibility and practical usefulness of establishing

a steering group and clearing-house«

It has been emphasized that such a body should not seek to

put undue pressure on any country either to carry out particular

studies or in their detailed design. It would be a sound box for

new ideas and a register of what was going on and the results.

Above all, it must represent a meeting of scientific minds and

not develop an unnecessary complicated burocratic structure,Its

meeting must be set up progmatically, depending on optimal needs

and timing.

A second international consultation on epidemiology follo-

wing Chernobyl is accordingly being organized by WHO and IARG,

to take place in the Autumn of 1938.

G.W. ANDERSON (Canada), E.D. RUBERY (United Kingdom)

Epidemiological follow-up of the most exposed individuals

(100,000 Plus) will be of great value as a source of reassuran-

ce to the general population.

It is probable that there will never be a detactable in-

crease in cancer or other diseases in these most exposed indi-

viduals. Reports should therefore be regular and frequent

( ;= 1/ year) in or(3.er to reduce anxiety in all concerned people.

Collaboration with the proposed expert group of the World

Health Organization will provide valuable assistance, and will

increase the general credibility and acceptance of the results.
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DOSES OF EXTERNAL
AND INTERNAL RADIATION EXPOSURE



METHODOLOGICAL PRINCIPLES FOR CALCULATING
LEVELS OF EXTERNAL AND INTERNAL EXPOSURE
OF THE POPULATION USED IN TAKING
STRATEGIC DECISIONS

R.M. BARKHUDAROV, K.I. GORDEEV, I.K. DIBOBES,
I.A. LIKHTAREV, U.Ya. MARGULIS, D.P. OSANOV,
O.A. PAVLOVSKIJ, B.S. PRISTER, M.N. SAVKIN,
V.P. SHAMOV

Abstract

The significance of each of the factors involved in internal and
external exposure of the population can vary considerably as a function of the
specific exposure conditions or the time which has elapsed since the
accident. If data on the radionuclide composition of the fallout are
available, dose rate dynamics can be calculated in accordance with the law of
radioactive decay for the mixture of interest. After four years the reduction
in the dose rate follows the law of caesium-137 decay in soil, and the
effective period of removal of half the radioactivity from the body is
Teff1 / 2 = i4 years (Biophysics Institute of the USSR Ministry of Health)
(according to other data 7 or 5 years).

In the first year after the accident, the effective dose equivalent to
the human body was determined by strontium-90 and strontium-89. The EDE for
subsequent years and the integrated 50-year EDE will be governed almost
completely by strontium-90.

1. The present "Methods of Calculating" were used for calcu-

lating the radiation levels to which the population living near

Chernobyl was exposed and which were required for substantiated

development and realization of various measures directed at a

maximum decrease of human irradiation«

In this connection we used approaches baaed on theoretical

considerations, accumulated experience and direct experimental

data obtained by the examination of the radiation situation under

consideration and supposed to take into account the local speci-

fication of human irradiation and to proceed from the critical

(by their radiation sensitivity) population groups.

It should be noted that the dose assessments obtained are of

conservative nature and essentially represent an upper estimation

of the dose commitments.
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2. To provide a strict consideration of the conditions and
the character of radiation exposure the doses of external,
contact and internal irradiation have been calculated.

External irradiation includes:
- gamma radiation dose from the radioactive cloud (Dĉ )

formed during the period of its passage and track formation and
as a result of an effect of a flow of flying radioactive fallouts
and gases;

- gamma radiation dose from the deposited radioactive
fallouts (a track of the radioactive cloud) (Dtr) ;

- beta-ray dose to the human skin from the environmental
radioactive contamination (D , ).

Of the local population was evacuated but is supposed to
return back (reevacuation) the dose of external irradiation
from the radioacitve fallouts will be formed by the correspon-
ding doses received before the time of leaving (t^) and the
doses received after coming back ̂ 2)» In this case the time
internal (t̂ -t̂ ) will be a duration of the evacuation.

Internal human irradiation is essentially determined by
- the dose to thyroid (Th) formed by the radionuclideg of

radioactive iodine concentrated in the thyroid;
- the dose of lung irradiation due to inhalation of

radioactive products;
- the dose of gastrointestinal irradiation due to exposure

to radioactive products penetrating the body by the inhalation
or oral routes of intake and eliminated through the gastrointes-
tinal tract ;

- the dose of soft tissue irradiation due to accumulation
of the radioactive cesium getting into the body mainly with
food ;

- the dose of bone tissue irradiation due to strontiuia-90
being accumulated in them.
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3. Depending on the real radiation conditions and (or) on the
time elapsed after the accident the significance of each of the
above given factors of external and internal human irradiation
can be different. This fact should be taken into account and
provide priorities in the dose calculations.

4. The doses of external irradiation were calculated with
the use of connections and coefficients presented below«

4»1 • The radiation dose from the cloud (Dci) is estimated
by three independent methods.

The first one uses data of the direct measurements of summa-
ry gamma doses by the dosimeters UKC located beforehand (before
the accident) around the Chernobyl plant at the distance of 1.5-50km
aa a measure of the constant control.

If the time of taking off readings from the dosimeters
counted from the moment of the accident is (t , ) and D, is aread.« a
dose registered by the dosimeter then the dose froca the cloud
(Dcl<) will be

Dcl - Dd - »thread) > where

Dtir read) ~ 6aDmia radiation dose from the radioactive fallouts
for the period beginning from the moment of acciden-
tal release and up to t a,. Actually t , was
7...10 days (determined after the passage of the
cloud).

The second method is based on the doses to the thyroid deter-
mined by direct measurements of its radioiodine content in adults
who neither consurnpted milk nor used iodine as prophylaxis.
According to the data obtained by generalizations the dose froca
the cloud in this case can be estimated by the equation:

Dcl = 0.01Dth , where
Dth ~ dose to ttie tbŷ oid measured within 5-10 days after the
accident (inhalation component).
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The third method is based on calculations of predictional
estimates of the radiation parameters around plant for various
types of accidenta:

Dcl = °'1PV ft=15) where
D , in rads, Ry in mR/h on the 15— day after the accident.

The estimations made by these methods show that the dose
from the cloud will be not more than 20 per cent of the fallout
dose formed on the 15— day after the accident. It is assumed
that the dose from the cloud will be 10 per cent of the annual
dose from the fallouts as a maximum estimate of its value-

4.2. Irradiation from the track. The data of actual
observations over the variations of the dose rate at the
height of 1 m from the ground surface and predicted dose
values for the next years are given in Table 1.

Table 1.

time after I
the accident :

1
4
7
15
1
3
1
3

day
n
n
n

month
n

year
ri

dose rate \ dose absorbed in the air
mR/h : up to the given moment, P

3
2
1
1
0
0
0
0

,5
.7
.0
.55
.22
.074
.039

0• 43
0.57
0
0
1
1
2
3

.72

.9

.2
•7
.5
• 4

For practical purposes an analitical expression descri-
bing the variations of the dose rate in Table 1 at the time
t >15 days has been assumed:

Pv'(t)= 7.5'Py (D+15)'t~n

7.5 - P value extrapolated to 1 day for the isoline
P/(D-f15) = 1 mR/h where

thP/(D+15) - dose rate on the 15— day;o t - time moment, day.
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?or the actual mixture the -value of n= 0.6*1.3 with D+15
(on the 10̂  of May).

If the data on radionuclide composition in the fallouts are
available the variations of the dose rate are calculated by the
law of radioactive decay in the given mixture.

Beginning from the 4— year a decrease of the dose rate
follows the law of diminishing cesium-137 in the soil with

u-P-f*T.J /i = 16 years (by the data of the Institute of Biophysics) or
7.5 years (by other literary data).

To provide an assessment of the annual radiation dose equiva-
lent to the whole body the following attenuation coefficients
have been assumed:

- transfer from the expositional doae to the dose absorbed
in the air - 0.87;

- deep penetration of cesium-137 into the ground (begins
from the second year) - 0.6;

- screening by the snow - 0.7;
- behavioural conditions with the account of screening by
buildings and the time spent indoors and outside:
for those living in the town: 0.4; for those living in the
country: 0.75- The summary coefficients for the first
year are 0.24 and 0.46 for those living in the town and
in the country, respectively. For the second year: 0.15 and
0.27 for the town and the countryside, respectively.

4.3. Skin irradiation by beta-rays. The radiation dose
to the skin due to soil and plant contamination is estimated

<y

by the contamination density of the surface 6^, Ci/km :

Bf (skin)(rem/d) = 1.5'10'V

It is supposed that E» of the radionuclide mixture will by
about 1 MeV.
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5« The doses of internal irradiation were calculated with
the use of connections (links) and coefficients presented below.

5.1» Irradiation of the thyroid.
If direct measurements are not available irradiation of the

thyroid is estimated by the data of radioactive content in milk
It is assumed that up to June 1 90 per cent of gamma-radioactivi-
ty in milk was due to iodine-131. If neither direct measurements
nor data on iodine-131 content in milk is available an approxima-
te upper estimation of the radiation dose to the thyroid in the
critical population group (children) can be obtained by the ratio

Dth(rem) = 100 P* ( mR/h ) .

This method of the dose estimation is very approximate and
cannot be used for clinical purposes.

5.2. Irradiation of the lungs. The dose of lung irradia-
tion by inhaled radionuclides can be obtained by the following
ratio :

5*3« Irradiation of the gastrointestinal tract. In estima-
ting irradiation of the gastrointestinal tract we considered only
the lower small intestine (131) as a part mostly subjected to
irradiation. An approximate estimation can be obtained by the
equation:

Dp (LSI) = 10,4 Vß (lungs)

5«4- Irradiation of the whole body due to cesium intake
with food .

5-4*1. The first year after the accident. During the first
year cesium intake with food is determined by the contamination
penetrating by routes other than plant roots. The calculations
assume: the retention coefficient on the pasture plants with the

obiomass of 1 kg/m is 0.4-0.2; cesium content in grass is
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described by a two-component exponential model with half-lives of
3 days (70$) and 50 days (30#) :

q (t)=0.2/0.7exp(-0.231t)+0.3exp(~0.014t)/. G^ CO
6~ - fallout density, 10~6 Ci/m2

Duration of the pasture period is six months, hay is laid in
during the last three months of the pasture period. Grass con-
sumption by a cow is 50 kg/day, the half -life of cesium-137 in
the body of a cow - 30 days the fraction eliminated daily with
milk - 0.13 or 0.013 per litre of milk (average daily railkyield -
10 !)• The calculation of cesium content in milk before the
cattle is transferred to the stall feeding is performed by the
equation:

(2)

where qj - daily intake of cesium-137 into the body of a cow
equal to q o-50 Cq_°- initial contamination of the grass);S 6

j\ « - constant of the biological half-life of the radionuclide
in the body of a cow - 0.023 days , A 2=°-014, «^ -,=0.231.

During the stall feeding cesium concentration in hay is
assumed as a constant, equal to the mean grass concentration
during haymaking and is determined by the equation«

. 0.2 r 0.7 _\e* 0-3 _>,-£/, l^,q = -r— -r- (1-e )+-r~ (1-e >0 . (3)e *h L >*1 **• J

where t - average period of haymaking. For the first year cesium-134
content in gross and milk is calculated with an assumption of the
ratio of its concentration in the fallouts to the concentration
of cesium-137 remaining 1:2- 1:1.5«

5.4.2. The second year after the accident. During the
second year the factor which determines food contamination will
be radionuclide intake through the soil. The radioecological
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characteristics of the Ukrainian-Byelorussian Polesye, the
region which was mostly contaminated by the accident, determine
a high degree of cesium mobility and as a result of that the
coefficients of its transfer from the soil to the plants exceed
by tenfolds the similar values in other regions of the country
(for example, by 1.5-15 times for milk). Therefore in estimating
the doses in this or that region one should use transfer coeffi-
cients which correspond to the soil characteristics and were
obtained for the conditions of the cesiura-137 world fallouts
assuming that availability of the local cesium is similar to
that of the worM cesium (at least before the new data are obtai-
ned). In this case an average annual content of cesium in milk
is sufficient for the practical purposes and can be obtained by
the equation:

qm(Ci/l) = Km »6soil (4)

where K - cesium transfer coefficient in milk,
Ci/1/Ci/km2; (3-5'10~9)

o~ cesium content in soil, Ci/km .

Cesium content in the daily diet of man is determined by
the similar method using the link coefficients for the diet
as a whole or by recalculating from cesium content in milk
assuming that milk determines up to 70 per
cent of the daily intake of cesium into the human body in the
BSSR and up to 30 per cent in the UK SSR. During the second
and subsequent years the ratio of cesium-134 to cesium-137 vari
es according to the differences in their half-lives. In future
the elimination process from the soil (due to many factors:
radioactive decay, washing out by the surface water, etc.)
should be also taken into account the half-lives being 14
(or 7*5) and 1.75 years for cesium-137 and cesium-134, respec-
tively«
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5«4«3- Determination of cesium content in the human body.
Cesium content in the human body towards the end of the

year when contaminated food has been consumpted is mainly deter-
mined by the intake in that particular year. If cesium content
in the daily diet is constant (it can be assumed with sufficient
accuracy beginning from the second year) then cesium accumulation
in the body can be described by the following dependence :

Q(t) = %i- (1 - e-*^) (5)
^e

where q^, - daily intake with the diet, Ci/dayj
f - coefficient of absorbtion from the gastrointestinal

tract equal to 1 ;
à - constant of the effective half-life of cesium in the

- 3 1human body, equal to 6.3*10 days and
7.l6»10~3days~1 for cesium-137 and cesium-134, res-
pectively (adults). For children the biological half-
life is determined by the equation:

fS

= 12.8(t1/2-e-t) days (6)

where t - age of achild, years.

The empirical ratio for an adult giving average annual
cesium content in the body in the conditions of a chronical
constant intake can be also used«

Q(t) = 120qr Ci/body (7)
where qr - daily intake of the radionuclide with food, Ci/days.

If radionuclide content in the diet varies its content in
the body is described by the following equation:

Q(t) = e-^

The final form of the equation depends on the specific
form of the variation function of cesium content in diet or
in milk as a main component of the diet. In particular during
the first year when the cattle is feeding at pastures and when
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cesium content in milk varies cesium intake into the human
body may be described by the equation (2) adjusted to the diet
as a whole.

5.4«4. Assessment of the dose equivalent due to cesium
radionuclides.

The dose equivalent to the soft tissues for a certain time
internal, T, is a product of the integral of body content for
that period by the dose rate coefficient :

JED(T) = d J- <i(t)dt , rad (9)o
where

d - dose rate coefficient, rad/day/Ci/body;
T - duration of the time period considered, days;
Q(t)- body content, Ci/body.
The dose rate coefficients used with calculations are:
dQ(for cesium-137) = 3.6 102rad/day/Ci/body
dQ(for cesium-134) =6.1 102rad/day/Ci/body.

Table 2 gives an example of internal irradiation calculated
for the first year on the condition cesium-137 fallouts were

21 Ci/km with the contribution from cesium-134.

During the second year irradiation of the body is determined
by cesium intake with food conaumpted in that year and partially
in the first year. Contamination of the diet during the second
year is due to the intake of radionuclides into agricultural
products trough the roots and therefore contrary to the first
year contamination levels of the diet will be essentially diffe-
rent depending on the local soil characteristics which influence
cesium transfer into the plants and food of the local origin. The
difference of coefficients linking cesium-137 content in the diet
as a whole and in the soil will be (2-20)-10~̂  Ci/diet per
1 Ci/km2 and 0.2-10~9 Ci/diet per 1 Ci/km2, a value for the

180



Table 2.

time befor|
removal to*
other re- *gions * 1

10 days 9«0
20 days 18.3

Doses, mrem
•

: 2

240
240

(up to May 1,
# •• •
: 3 :

249
258

1987)
4

560
560

•

: 5

310
302

Note: 1 - dose for a year from intake to removal to other
regions ;

2 - dose formed before May 1, 1987 from the intake after
coniing back;

3 - summary dose due to the factors 1 and 2;

4 - dose received in the absence of removal to other places;

5 - dose excluded by the removal to other places. The cont-
ribution of milk to the summary intake is 30-70 per
cent for different regions (it is important and should
be taken into account in the recommendations).

Ukrainian-Byelorussian Poleaye and a mean value for the whole

country, respectively.

If to accept a sufficiently moderate value of the link

coefficient (5*10 ), the dose for the second year after the

accident due to intake of that year will be 0,19 rem/year and

the summary dose - 0,29 rein/year»

It should be noted that all these calculations were made for

the adult population, a critical group for cesium. The levels of

radiation doses to children are somewhat lower but for older

ages they can achieve the given values.

5-5« Irradiation of the human body due to strontium intake.

During the first year after the accident the effective dose

equivalent (EDE) is determined by strontium-90 and strontium-39.

In subsequent years the integral committed EDE is also practically

completely determined by atrontium-90.

181



6. The next stage of dose calculations was based on the data of
direct measurements of iodine and cesium content in the human body,
on selected individual dosimetric control and on the real decrease
dynamics of the dose rate in every populated location in the cont-
rolled zone. The detailed recommendations to the calculational
methods were considered and approved by NCRP of the
Ministry of Public Health, USSR, Improvement of the absorbed
dose calculation methods is directed now towards the maximum
individualization of the dose burdens» For the radiation doses
from iodine-131 this paper includes a credibility analysis
of the original information and specification of the conditions
for radionuclide intake into the body. For the doses of external
irradiation the data presented here include detailed distribu-
tion of individual radiation doses according to the occupatio-
nal-age groups on the base of data of individual dosimetric
control being accumulated and results of the profound examina-
tion of the dose field within the controlled area. For the
doses of internal irradiation from absorbed cesium radionuclides
we present a scientific analysis of the efficiency of some
radiation-hygienic measures.
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DYNAMICS OF GAMMA RADIATION LEVELS AND
FORMATION OF EXTERNAL EXPOSURE DOSE

V.A. LOGACHEV, I.P. LOS', V.I. PARKHOMENKO,
M.N. SAVKIN, A.V. TITOV

Abstract

From the first day after the accident, gamma radiation fields
throughout the country were systematically observed and data collected and
analysed. In the first stage, the availability of such dynamic data for each
population centre made it possible to obtain reliable estimates of external
exposure doses to the population up to the time of evacuation, which, in the
majority of centres evacuated, did not exceed 0.1 Gy and in the others did not
exceed level B (0.75 Gy) taken as the upper level.

The decontamination measures carried out made it possible to reduce the
exposure dose by a factor of 1.3-2.5 in comparison with the anticipated doses
for different occupational and age groups. The maximum reduction was noted in
children.

The external gamma-irradiation from the fallout is one

of the main radiological factors of the accidental releases from

IV power unit of the Chernobyl NPP affecting the population.

According to assessment conducted by the Soviet specialists, the

external irradiation contribution into the total dose did not

exceed 50$ during the first post-accident year, and about 60?5 for

the whole life period.

Determination of dose loads was based on the data about the

gamma dose rate dynamics in towns and their economical areas, con-

sidering the behavior regime of the population. Systematic obser-

vation over the gamma-radiation field in the whole country, regu-

lar collection and analysis of the information were launched on

the second day after the accident. Data about gamma dose rate and

it's dynamics, obtained by aviation and terrestrial survey, were

the most important factors, which were taken into consideration

while decision making about evacuation of the population and

taking measures concerning liquidation of the accident consequen-

ces and population dose reduction.
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According to this factor, the radiological situation in it's
progress may be divided into two stages:

- (I) since the moment of the accident till 10 May 1936;
- (2) since 10 May 1986 till today.
First stage» Dose field formation was determined by dynamics

of releases from the accidental power unit, as well as by the me-
teorological conditions in the Chernobyl NPP zone and the direc-
tion of the air mass movement, transporting the radioactive pro-
ducts. In the nearest zone three radioactive traces were being
formed: western southern and northern. Inside each trace the nuc-
lide composition of the radioactive fallouts was heterogenic and
density of surface contamination was spot-like. That, as a rule,
led to stepped increase of gamma dose rate.

On Fig. I the dose-rate dynamics in several settlements, si-
tuated in the range IT-22 kilometers around the Chernobyl NPP site
in different azimuthal directions is shown. Influence of radioac-
tive cloud and streams on the dose-rate dynamics may be clearly
seen on this figure.

Doses, formed by the irradiation from the cloud were assessed
using data about the total gamma doses obtained with dosimeters of
IKS type (placed around the NPP site before the accident at the
distance 1.5-50 kilometers), and the fallout gamma dose, formed
during 15 days after the accident. Assessment showed that the cloud
dose did not exceed 20% of the fallout dose during the mentioned
period. This assessment is in satisfactory agreement with the re-
sults of theoretical estimations and the value obtained from the
correlation between the inhalation uptake of radio-iodine by thy-
roid gland and the radioactive cloud dose.

Dynamic data for every evacuated settlement made possible the
reliable population dose assessments. These doses for the majority
of evacuated settlements did not exceed o.I Gy, and for the rest
were less than level B (0.75 Gy), adopted as the upper limit in
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Fig.I. Pjrnamics of gamma-dose rate in the settlements
where the evacuation was carried out.
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the "Criteria for decision making for population protection in ca-
se of reactor accident".

Second stage. Dose rate during this period mainly depends on
radionuclide composition of the fallout. Certain influence on the
gamma dose rate dynamics has the sublimation of the volatile radio-
nuclides while soil hearting, secondary wind transport, precipi-
tation, snow shielding of gamma-irradiation, vertical migration
of radionuclides in soil, etc.

On Figs. 2-8 dose field dynamics during the first year after
the accident in the regions, situated to the north from the Cher-
nobyl WPP site is shown. Dose-rate is related to I Ci/km 2 densi-
ty of the surface contamination of soil with Cs-I37. Figures show
that dose rate decrease since 10 May 1986 in the absence of snow
layer may be good approximated with Vey-Vigner degree law with
degree indices of 0.6-1.3»

mfî/h

10" t-

id"

10,-3

*?* m t •

Time after the accident, days

Fig.2. Dynamics of gamma-dose rate in the open area
(Braginsky district).
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Fig.5- Dynamics of gamma-dose rate in the open area
(Khoiniksky district).
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Fig.4. Dynamics of gamma-dose rate in the open area
(Narovlyansky district).
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Fig. 5« Aynamics of gamma-dose rate in the open area
(Vetkovsky district).
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Fig.6. Dynamics of gamma-dose rate ia the open area
(Chechersky district).
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Pig.7. dynamics of gamma-dose rate in the open area
(Kormyansky district).
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Fig.8. Dynamics of gamma-dose rate in the open area
(Novozubovsky district).
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Influence of the heterogeneity of the gamma-emitting radio-
nuclide composition inside the northern trace is illustrated by
fig. 9, where the outdoor dose accumulation dynamics during the
year is presented. As is shown on the figure, for Bragin region
the first half of annual dose was accumulated during the first
0,5 month, for Khojniky region - 1.6 month, Narovlja region -
2.5 month, Novozybkovo region -3«! month.

(I year)

1,0 -•

0,5 --

- Braginsky district
• - Novozybkovsky district
Q - Narovlyansky district
A _ Khoiniksky district

OUQSfi 05 D6 0» 09 \0 II A OÎ OJ DM

Pig.9. Dynamics of dose accumulation in the open area
during one year.

Deviation of the experimental curve from the Vey-Vigner law
during the winter period 1986-1987, was connected with the gamma-
shielding effect of the snow layer. In February 1987 the shield-
ing ratio reached the value of 3-4. After the snow melting in the
April, dose rate increased rapidly and experimental points appro-
ached the theoretical curve again.

Certain decrease of dose rate was caused by effect of the
vertical migration of radionuclides in the soil. According to da-
ta of Institute of Biophysics (USSR Ministry of Health) the ver-
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ta cal migration may be satisfactorily described with the following
equation:

{0.3
0,7

A_/h + °'l Aa e"h//! 0<h< 0.01 m£ » 0 j \

—— e"h//* 0.OK h< 0.25 m

where q(h) - the volumetrical soil activity on the depth h,

Ag-Cs - isotope contamination density, Bq/nr ;
h0 - 0.01 meter;
_\ - migration depth, m.

Depth of migration depends on physico~chemical properties of
the radioactive fallout, soil type, humidity and some other fac-
tors and is about 1.3 cm, average. This may lead to the dose rate
attenuation of approximately 2 times, compared with surface acti-
vity distribution. Comparison with data, obtained in autumn 1986,
shows that after the spring freshet of 1987, there was no suffi-
cient migration of Cs-radionuclides. It was also noted that mig-
ration of other nuclides, particularly of Ru-106, had a higher
rate.

The important characteristic of the gamma-radiation field is
the energy composition of the direct and dispersed gamma-radiation
out- and indoors. Relative percentage of some energy groups into
the dose rate in summer 198? is presented in Table I.

Attenuation factor for gamma-rays with actual energy composi-
tion was 2.1 for timber and 8 for concrete buildings.

First-year external dose assessment for the population inha-
biting the contaminated areas permanently, can be estimated by the
empiric relationship:

Dj = k As (Cs-137) (2)
where DI - irradiation dose, Gy;

2As (Cs-137) - surface contamination density, Ci/km ;
k - empiric factor, presented in Table 2.
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Table 1. Relative contribution of the different energy ranges into the gamma
dose rate.

Measurement Different
place

0-150
keV

Inside 8.7
milk farm
Territory
as ide 7 . 6
milk farm
Inside timber
house 12.3
Inside concrete
house 13.1
In the private
yard 7 . 9
Forest 5.0
Meadow 5 . 0
Arable
land 9.5

energy group contribution into the gamma
dose rate

150-300
keV
22.9

19.5

24.1
27.4
18.5
15.0
14.4
22.1

300-450
keV
12.3

10.7

14.4
15.0
10.9
9.1
8.9
13.1

450-600
keV
14.5

17.0

16.4
14.7
16.8
15.0
13.8
14.3

600-750
keV
27.8

31.6

22.4
18.7
32.0
38.1
38.4
27.1

750-900
keV
11.9

12.2

9.2
8.8
12.7
15.7
17.2
12.3

900-1050
keV
2.0

1.5

1.3
2.4
1.5
2.1
2.4
1.7

Average
gamma-
ray
energy ,
keV
0.28

0.30

0.24
0.23
0.30
0.36
0.37
0.27

Table 2. Empiric coefficients for external dose assessment

Region : Bragin Narovlja Khojniky Vetkovo Novozybkovo
: Checherak
: Kormjanak

K • IÖ~5 1.8 E-3 I.I E-3 1.5 E-3 0.9 E-3 0.8 E-3

It is noteworthy, that at least 70^ of individual doses are
leas than above estimated.

Second-year dose is assessed as follows:
D = 3.6 - I0~5 P (3)

where D - the second-year dose, Gy;
P - dose rate on I June 1987, mR/h.

At least for 30% individuals, doses are less than this value.
Significant effect was obtained due to decontaminating works,

conducted in I986-I987« Decontamination was conducted on the ter-
ritoties of kindergartens and hospitals, other social and indust-
rial buildings and houses by means of removing the most contami-
nated places with further covering with sand, gravel and partially
with asphalt. Large works on decontamination of street and roads,
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dust suppression, modernization of settlements were being conduc-
ted. In Table 3 is presented the ratio: dose rate in different zo-
nes inside the settlement after the decontamination dose rate
over meadows, characterizing the primary contamination.

Table 3. Dose rate reduction in settlements after the
decontamination.

Zone

Living

Public

Object

In-doors
Yard
Kitchen-garden
Street

June
0.34
0.69
0.74
0.72

P decont . / P meadow
1987 September 1987

0.28
0.74
0.74
0.35

School, kindergarten

Industrial

Area

In-doors
Yard
Hospital
Office
In-doors
Club
YardShop
Milk farm
In-doors
Yard
Garage yardMeadow
Arable land
Forest

0.09
0.40

0.13
0.66

0.26
0.67
0.65
1.00
0.70
1.07

0.08
0.40

0.14
0.47

0.52
0.64
0.30
1.00
0.70
1.04

It follows from Table 3, that the maximum dose rate reduction
was achieved on the territories of school yards, kindergartens and
other social places. Conducted decontamination measures allowed to
decrease the dose, compared with expected dose, 1.3-2.5 times for
different professional and age groups of population; the maximum
reduction was noted for children. On Pig. 10 relative level of
average doses for different professional and age groups in the sa-
me settlement is shown; data was obtained by personal dosimetry.
Obviously, the critical groups are the forestry workers and far-
mers; thier life regime is connected with the maximum time spent
outdoors on the non-decontaminated territory of the settlement iu-
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Fig.10. Ratio of dose of rural population external exposure
to gamma dose in the open area for different
professional and age groups (May-September 1987).

dustrial area. However dose loads on the critical contingent does
not exceed forecast assessments, given during the stage of deve-
loping of the protective measures for population radiological se-
curity.

Thus, it may be concluded, that the whole complex of experi-
mental data concerning external irradiation control confirmed cor-
rectness and timeliness of operative and long-term radiological
situation forecasts and proper decisions.
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MONITORING OF INTERNAL EXPOSURE OF
THE POPULATION IN REGIONS CLOSE TO
THE CHERNOBYL NUCLEAR POWER PLANT

I.A. GUSEV, I.A. LIKHTAREV, E.I. DOLGIREV,
I.G. ZHAKOV, B.A. LEDOSHCHUK, P.V. RAMZAEV

Abstract

In the first month and a half after the accident, the dose burden on
the population was determined by radioactive iodine deposited in the thyroid
gland. Later, the dose burden was governed by caesium-134 and caesium-137.
The measurements made are generally reliable. Departures from the norm in
extreme cases (in the event of marked differences from the standard body
build) were no more than 50% of the actual activity (at levels above
150-200 nCi) .

Since there is no effective method of measuring nuclides incorporated
into the bodies of children, it is necessary to develop special phantoms
simulating the human body at different ages.

As a result of the Chernobyl accident a large ammount of va-

rious radionuclides were released into environment. During the

first 1,5 months after the accident the main population loads

were determined "by radioiodine uptaken "by thyroid gland. Prac-

tical task on the assessment of thyroid irradiation was being

solved by determination of * I in this organ that may be con-

sidered as a point source.

Broad application of thyroid function radioisotope diagno-

sis as well as other radiometers, at a correct organization

of the works, allowed to obtain ample data about thyroid irra-

diation in the population of near-site regions.

Specialized spectrometers (counters) of whole body (WBG)

were used in a number of areas of our country during the acci-

dent period and later. The necessity of prompt estimation of
1-54 TV7' Cs and 'fCs in significant contingents led to transfer of

transportable WBCs into the regions of examination as well as

to the usage of medical radiodiagnostical equipment from radio-

logical departments of clinics and research institutes, SRP ra-
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diometers (instrument, used for geological survey) and single-
channel counters with scintillation detectors of various type.
Several hundreds of operators, who had had little idea about
specificity of incorporate radioactive mixture measurements,
were urgently trained and involved into the works.
The questions of graduation of the instruments were solved in
different ways and were the most acute ones, as metrological
support of these estimations in the field of dosimetry was
insufficient.

Application of various types of equipment for measurements
of incorporate radionuclide content in human body, necessitated
verification of data obtained in 1986 and 1988.

In contrast to internal irradiation control on enterprises,
the actual situation urged to examine population contin-
gents of different age groups, including newborns. That is why
in our study we had to use fantoms of youngest children (2-3 years
old), teenagers (10 - 14- yers) and adults.

Character of cesium radionuclides irradiation was taken
y -jr-}into account during the study» ''Cs is monoenergetic gamma-

radiator with the energy (output) 661,6 keV (84-,6?a), and "̂ Cs
has basic lines 569,4 (I6#), 604-,? (9896), 795,8 (86#), 801,9
(8,7%)- The measurements showed, that there were no other nuclides
beside the mentioned ones in the examined individuals (semi-
conductor detector control).

Gamma-lines of ^ Cs (5̂ 9 and 605 keV) are not resoluted
by scintillation detectors with cesium line of 662 keV. At the
actual situation of contamination the process of identification
was hampered by "•?Zr and "•?Nb contributions (usually clothes
contamination). Division of instrument gamma-line,consisting
of lines 605 keV (I5/î"Cs) and 662 keV (I57Cs) into its structural
parts led to the errors due to the vagueness of pedestal form
under these lines in cesium isotope sun spectrum. The majority
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of instruments, like earlier, in our situation were graduated
by Csf and the -transition to graduation coefficient for
cesium isotope sum was made with the help of calculated or
empiric factor»

Therefore, volumetric sources (4 jerrycans with ^ Gs)
were used. They were measured in identical geometry with ana-
logous sources of -"Cs. Thus was estimated graduation factor
for ^ Cs and *'Cs. These nuclide ratio was assumed to be
1:2 for *'Cs (according to precision gamma-spectrometry).
Table I gives the main fantom parameters, filled with water SO-

IL'7lution of ^'Gs, used for calibration.

Table I. Fantom parameters
Pant om

FE
FV
FP

Immitated age,years

2
17
10

Height,cm

84
I?0
IJI

Weight,
kg

11,6
70
27,6

Median
thickness,
cm

8,2
14,2
10,2

Ĉs ac-
tivity,

Ci

I,H5
1,89
2,755

Common feature of all the used instruments is registration
of cesium isotopes gamma-irradiâtion by scintillation detectors.
These detectors were in all the cases but one, Tl-activated
sodium iodide crystals of different size: from 20 x 20 mm to
203 x 102 mm. In one case organic scintillating plastic was
used as a detector.

In eight instruments multichannel amplitude analysers were
used. However, due to the above mentioned irresolubility by

I'M 1*59scintillation detectors of gamma-lines of J Cs and Cs, and
laboriousness of spectrum hand-processing, imperfection of
software, all the spectrometers work in the regime of summary
gamma-activity measurement» These measurements are conducted in
one or two energy windows under visual control of operator»
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The rest of the instruments may "be considered body moni-
tors, using spectrometry qualities of detectors and registring
gamma-irradiât ion in this or that window selectively, without
visual control. Table 2 gives main technical characteristics
of the mentioned spectrometers, plus stationary instruments
for radioisotope diagnosis (gamma-chambers Fo-gamma and gamma-
chronograph RIH-5M), which in 1986 were temporarily adopted for
incorporate cesium measurements. The minimum time of measure-
ments (10 s) has "Quick Body Monitor", the average time is
60 3, and the maximum - 600 s.

Table 2. Main technical characteristics of whole body counters

Type of"ion It or

V/BM I.I
V/BW 2.2
V/BM 2.5
WBM 5.6
WBM-K

Geometry of measurements

Fixed chair
»
ii

Scanning
Fixed chair

SV/BMChZchSO Scanning
HIX-5M
LFO-IV
QBM-I
PO-gamma
SSH
VWB-3-I
Y.'BK-0-4

Couch, H=I,4 m
Couch,. H= 0,4-5 m
Sitting
Couch, H=0,45 m
Couch
Fixed chair
Scanning

Detector size,
nun

150x100
P03xI02
63x63
156x100
63x63
63x63
63x63
400
282000
260x8
500x400x20
150x120
150x100

number

I
I
I
4
I

2

I

I

2
I
2
I
4

Type of pulseanalyser

Nokia 4840
Nokia 4900B
Nokia 4840
Nokia 4900
Al- I024-95
AI-1024-95
Singlechannel
SJnglechannel
Singlechannel
Singlechannel
Singlechannel
Nokia 4840
Nokia 4900

All the mentioned instruments can be divided into 5 groups
according to the applied geometry:

I. Examined subject is sitting in an arm-chair in front of
detector. This geometry has the property of autocompensafcion
of adult body thickness.
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2. Iso-sens itive geometry of longitudinal scannind by a de-
tector pair on the top and bottom of the subject«

3- The examined subject lies under the detector on a straight
couch.

4. The examined is sitting on a chain between two detector
blocks.

5. Measurements in the so-called "North" geometry, when
the subject is sitting on a chair with his feet on a pedestal
15 cm high, his torso is put foreward , and detector is set
against its lower part. At this geometry a body a sort of sur-
rounds detector and at even distribution of radionuclides in the
body this method gives only insignificant errors 4

The instruments were graduated by both total body acti-
vity (in this case was given a number of graduation factors
for different ages), and by activity concentration per 1kg
of body weight»

Table 3 gives the main operational characteristics of the
used instruments. It is clear that minimum detectable activity
differ signiSIcantly, depending on the type of instrument: from
several nCi (fixed instruments) to 20-100 nCi (mobile instruments).
We know that the balance of lOOnCi in the body during the year
forms the dose of JO—4-Omrem/year for a given mixture of radio-
nuclides for an adult,i.e.one fourth of background dose.
Table 4- shows the results of study of simplest radioinetre cha-
racteristics, which were used for incorporated cesium measure-
ments. The measurements were performed with the help of two
investigators who had taken the measured quantity of radio-cesium.
The results show that measurements with the simplest radiometers
(mininum detectable activity about 500 nCi) are quite reliable.
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Table 3. Operational characteristics of whole body monitors.

Type

WBM-I-I

WBM-2-2

WBM 2,5

TOM 5,6M

WBM-K

SWBMChZchSO

FO-gamma

LFO-IV

HIX-5M

Q3M-I

SSR

WBM 3.1

TOM-0-4

Type of
instrument

SHP

HOT

Robotron

CTRM-OI

NK-350-A

Gamma-dose rate>pAR/h Instrument
out of doors in-doors background,

pulse/s

3,49
0,72

25 20 1,9
11,6

150 25 14,5
150 22 2,6

150 28 10,7

150 20 5^,5
250 JO 31,2

15 15 24,2
15 15 0,62

15 15 6,4

Table 4. Results of selective

Tester Graduation, factor

I.I 5,5-IO~"V<Ci h
^H kg

1.2

I.I 0,59'IO~3 «Ci h
>R kg

1.2 I,2-10~4 /Ci 100s
kg pulse

I.I 2,I ' IO~^_//Ci min
pulse

I.I

JAM,
nCl

6

I

20

5
70
90

50
100

1000

30

35
4

3

Characteristics
FS FP FV

1,09 1,04 0,91

1,34 1,05 0,97

0,89 0,65 I,H

I,oo l,oo 0,98

1,19 1,02 0,8?

0,91 0,91 0,86

0,92 0,95 1,36

0,77 0,73 0,87
1,34 1,35 1,07
1,49 0,89 0,72
1,29 I.II 1,02
0,97 0,83 0,80
0,96 0,80 I,o

Error,
%

6

6

9
6

II

10

12

8

75

9
8

7

radiometre tests.

Background

40 R h

i l

73 pulse

1,6 pulse

2,5 pulse

4,2 pulse

Results of
measurements

0,9

0,75

a 0,85

s 1

s I

s 1,08
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Conclusions :
I. The results of cesium isotopes mixture measurements in

human body are reliable. Deviations in extreme cases ( an
unstandard figire}could be no more than 50$ °f real activity
(at the levels of no more than 150-200 nCi).

2« In 1986 in the USSR there, unfortunately, was no suffici-
ent ammount of instruments for incorporate activity measurements.
That had led to additional effort fordaptation of various medical
instruments for the study.

3- The fact of absence of special methods of incorporate
nuclide measurements in children urges the development of hu-
man body fantoms for different ages.
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METHODS FOR RETROSPECTIVE DETERMINATION OF
ABSORBED DOSES IN THE HUMAN BODY RESULTING
FROM EXTERNAL AND INTERNAL EXPOSURE

M.I. BALONOV, LB. KEIRIM-MARKUS,
U.Ya. MARGULIS, O.P. OSANOV

Abstract

In order to estimate the absorbed dose to surface tissues in people
working in a contaminated area, a calculation method has been developed based
on area integration of the modified response function for a point beta-gamma
source. Practical testing of the method in real conditions confirmed its
usefulness for prognostic evaluations.

The main contribution to the dose is made by beta radiation with a
limiting energy of 1.0-3.5 MeV and by gamma radiation with an effective energy
of 20 KeV.

The population centres studied were divided into towns and villages and
the inhabitants were divided into seven age groups.

Preliminary data from an analysis of the radiation burden of the
population in regions adjacent to the Chernobyl power plant zone show that the
evacuation of the population from the 30-km zone and other steps taken to
organize living arrangements in these regions brought about a radical drop in
the levels of population exposure.

The issue of retrospective estimation of a dose burden

acquires particular importance in the event of accidental or

accident-induced human exposures, when information on the level

of radiation effects is essential for taking organizational and

medical measures aimed at minimizing the consequences of expo-

sure and normalizing the situation. In the case of acute expo-

sure, even if persons injured had personal dosimeters, it is

sometimes needed to reconstruct distribution of dose burden on

a body exposed to external irradiation. Ingestion of radioacti-

ve substances in substantial quantities may necessitate prompt

determination of their body content and distribution.

If during an accident or radiation incident, dosimetric

monitoring was lacking or proved insufficient, the task of re-

constructing dose burden becomes much more complicated, though
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it is not hopeless. If no personal dosimeters are available, the
human dose burden induced by external irradiation riot infrequ-
ently can be determined by techniques of dosimetry without dosi-
meters. Specifically, it can be done using traces left by irra-
diation in materials« In numerous cases there are formed free
long—lived radicals^ whose concentrations can be measured later.
In factp in 1973 an attempt was made to reconstruct the doses
received by humans killed during atomic bombardment in Japan«
The researchers employed a signal of electron spin resonance
(ESR) produced by specimens of skeleton bones. In 1977
loA.Alekhin, I.B«Keirim-Marcus, Cel.Kraitor et al.suggested
to utilize radioluminescence (RL) for estimation of doses in
specimens of hair, nails, skin and clothes of persons exposed
to radiation during an accident. Subsequently, ESR technique
was also employed in such cases,

To measure RL, the tissue specimens weighing 10-100 g are
submerged in a dish with appropriate solvent, and then lumines-
cence produced by dissolution of a sample is estimated by PEM.
In order to determine ESR the specimens of the same weight are
introduced into resonator of radiospectrometer, where ESR sig-
nal, dependent on presence of free radicals in a sample, is
measured.

The measurements performed showed that sensitivity of tech-
niques is influenced by a level of a background signal, and ESR
technique appears more sensitive than RL. In radiospectrometers
employed, the minimal dose, registered for specimens of white
cotton fabric equalled about I Gy. For other fabrics of clothes,
hair and protein-based biological samples the dose appeared
3-15 fold higher and sensitivity was, correspondingly, lower.

Following irradiation, free radicals gradually disappear,
particularly in protein-based specimens. However, the doses can
be determined even after a long post-accident period, as it
happened in the case of P» While recharging a radiation
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source Luch-I he failed to notice that a gate of output window
in container with a source 1,5 X 10 Bq Co remained open»
A beam of gamma radiation affected the mid-portion of his thighs.
Only 4 months later P. referred to a specialized clinic, where
examination revealed radiation injury of the lower extremities» The
ESR and RL study of material of the trousers which P. wore that
day enabled researchers to reconstruct the topography of dose
along perimeter of thighs. After making & correction for reduced
level of radicals in the material with T-ry0 0 .. ,1/2=2 mon, the dose
maximal values on posterior surfaces of the thighs were measured
and they equalled 52+10 Gy on the right leg and 40+10 Gy on the
left. Certain experience has been already accumulated in apply-
ing the above techniques in similar cases.

Since radioactive contamination, of all patients was very
high the efforts to determine a level of irradiation by clothes
also ended in failure. Then technique of dosimetry without dosi-
meters was utilized. This technique is based on measuring ESR
signal from enamel and was employed in 1984 in Japan for retro-
spective estimating the level of exposure in atomic bombardment
victims. Later this method has been modified and improved. In
our institute E.D.Kleshchenko and K.K.Kushnereva have mastered
this method and with its aid they measured in June of 1986 the
dose rate in three patients who had died from the radiation
sickness. The estimated values 6} 6 and II+2 Gy correlated with
severity of injury.

Since ESR signal from enamel seems to be preserved fairly
well and allows estimation of doses starting from O.I Gy, this
technique appears rather promising in reconstructing the volume
of dose burden for the period of occupational activity of the
persons examined.

It should be pointed out that in the initial period after
the accident at CNPF, the persons enrolled in management of its
consequences in buildings and on the construction site, deve—
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loped reddening of skin ("nuclear sunburn")» sensation of bur-
ning (irritation) of eyes, caused by intensive beta- and low-
energy gamma radiation impact on superficial and, particularly,
open areas of the body. The necessity arose to clarify contribu-
tion of these components into the dose absorbed, and to determine
effective energy of actual radiation. It was also mandatory to
develop a procedure on the basis of radiometric and spectrometric
data for measuring the dose in skin of persons staying in conta-
minated area.

To disclose distribution of absorbed doses in skin, the use
was made of multilayer thermoluminescent dosimeters designed by
D.P.Osanov and A.I.Shax. Effective energy of emitted radiation
was evaluated by measuring depth dose distribution by sets of
thin-layer detectors, placed in tissue-equivalent containers.

Major contribution to this dose is made by beta-radiation
with boundary energy ranging 1.0 to 3.5 Me v and gamma-radiation
with effective energy 20 KeV, which cannot be measured by stan-
dard personal dosimeters.

Individual doses in skin were measured in persons engaged
in decontamination of the NPP territory, construction site and
buildings, and also ±n personnel repairing mobile facilities, etc.
The results obtained showed that dose of beta-radiation in skin,

2
measured in conformity with SRS-76/87 in a layer 100 mg/cm after

oa layer 7 mg/cm , in multiple cases was found to be 6 fold higher
than individual dose of gamma-radiation determined by standard
dosimeters. This is indicative of the fact, that in a number of
cases skin was exposed to overdoses and appeared a critical organ.

Proportion, of dose, accumulated in the lens is approximately
2-3 times higher than the dose of external gamma-radiation.
These findings provided the basis for introducing additional
measures of personnel protection.
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To assess the dose, absorbed by body superficial tissues
of persons working on contaminated territory, V.P.Kryuchkov and
D.P.Osanov have developed a measurement procedure based on area
integration of modified function of impacts of beta—, gamma-
radiation point source. Testing of the procedure under real con-
ditions (city of Pripyat) confirmed the feasibility of its app-
lying for prognostic assessment, This procedure was utilized
for estimating the absorbed dose in the skin of personnel in-
volved in management of the accident consequences and in other
kinds of work on the contaminated territory. The derived results
suggest that in situations arising in a post-accident period,
which are similar by their character to that observable after
the accident at CHPP, the doses in organs and tissues located
close to the surface can sometimes exceed in dozens of times
the equivalent absorbed doses in depth of human body. This cir-
cumstance implies the necessity of including beta-radiation dosi-
meters into IDG emergency system supplementing it with measures
aimed at protecting the body open areas and eyes from impact of
beta- and low-energy gamma-radiation.

At the first stage after the accident at GNPP (approximate-
ly till the end of May, 1986), iodine radionuclides appeared the
major factor responsible for internal irradiation of population,
living on the territory affected by radioactive contamination»
These nuclides could be inhaled from a passing plume (inhalation
pathway) or ingested with milk and dairy products of dairy-
productive cattle grazing on pastures in a contaminated zone,
or they could be comsumed with contaminated from outside vege-
tables and other food items (oral pathway).

The above circumstances influenced the scope and trends in
dosimetric and medical survey of population. Medical teams from
the Ministry of Public Health of the USSR measured thyroid con-
tent of radioactive iodine in a large contingent evacuated be-
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yond the 30 km zone and also in residents of some populated
areas in the UkrSSR, BSSR, RSFSR, where radiation levels were
found to be increased, though it was unnecessary to take deci-
sion, on evacuation of residents. Particular attention was given
to pédiatrie contingent, assigned to a group of increased radia-
tion risk.

To avoid any delay in mass surveillance of population, the
body content of radioactive -̂ Ij was measured predominantly by
simple techniques, i.e. by determining gamma-radiâtion exposure
dose rate at the neck surface, employing for this purpose serial
dosimeters and radiometers DRG, SRP, and DP-5• Data of phantom
spectrometry were used in estimating a scaling ratio of the mea-
sured gamma-radiation exposure dose rate to ^Ij thyroid content

For inhalation pathway of exposure an equivalent absorbed
dose induced in the thyroid by beta-radiation of iodine till its
complete elimination was measured according to routine formulae,
based on data of individual measurements of dose rate, and9
therefore,, it presented no difficulties. While assessing dose
burden5 a correction was made for presence of airborne iodine
radioisotopes, other than *31j t depending on length of the
post-accident period«, According to YoT.Khrushch et al the inha-
lation route of exposure to radioactive contaminants predomina-
ted for residents of Pripyat and large cities, where the inges-
tion of contaminated food was ruled out. As regards the popula-
tion living on the territory with the formed radioactive trace,
even within a relatively short period of time (till evacuation
beyond the boundaries of 30-km zone),, the principal component of
total absorbed dose in the thyroid waa 5̂1̂  „ ingested orally
mostly with milk« This is confirmed by the observation that the
level of thyroid exposure in rural contingents with low propor-
tion of milk in their diet never exceeded 30 % even by excessive
values.
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For retrospective assessment of dose burdens after oral in-
take in addition to estimated thyroid iodine content, it is also
mandatory to be aware of ancillary input parameters, exerting
substantial influence on final value of total individual dose
in the thyroid: e.g. length of stay in contaminated territory,
date when cattle grazing began, duration of consumption of dairy
products. To solve this problem the calculation formulae were de-
veloped on the bases of the following assumptions: (V.T.Khrushch,
Yu.I.Gavrilin, Z.S.Arephyeva)

- milk and dairy products were consumed only till the moment
when thyroid radiation content was measured!

- consumption of milk and dairy products continued after
measuring thyroid iodine content;

- consumption of milk received from cattle grazing on conta-
minated territory was stopped on certain dates prior to measuring
thyroid radioiodine content;

- consumption of milk and dairy products was started follo-
wing a certain period of cattle grazing on contaminated pasture
and was ceased immediately after completing measurements?

- consumption of milk and dairy products was started follo-
wing a certain period of cattle grazing on contaminated pastures
and was not stopped after estimation of thyroid iodine content»

The choice of a suitable model for calculation of thyroid
dose for every individual resident was made on. the basis of data,
provided by local, sanitary epidemiologic stations and local autho-
rities. The data were also supplemented with results of inter-
views.

To simplify calculations, the numerical values of parameters
were tabulated. These parameters are used in each calculation
model for varying time intervals between the beginning and the
end of consumption of dairy products and milk, grazing of cattle
on pastures, and dates when thyroid iodine content was measured.
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Calculation of these parameters was based on characteristic
of rate of •* I intake with cow milk following single contamina-
tion of pasture, with varying patterns of grass and vegetable
cleaning from iodinê .(O.I to 0.3 day ) and decreasing I con-
tent in milk/(from 0.8 to 0.37 day ) , which were selected in
conformity with these A values, providing the additional
conditions are satisfied, that -̂ Ij maximal concentrations in
cow milk are always reached after 3 days of cattle grazing.

Large sizes of contaminated area did not allow researchers
to measure iodine content in all residents during May. The task
of retrospective appraisal of thyroid dose in this contingent
emerged in the course of mass health examination of population
in the autumn of 1986. The values of mean and individual doses
were assessed in the first place, by comparing results of inter-
views with non-examined persons and residents with
estimated iodine content in the thyroid, supplementing them with
data on radioactive composition of fall-outs in this area, exter-
nal gamma- radiation exposure dose rate, concentration in
milk, age-related distribution of dose in surveye^ residents of
this region, including also social factors.

The surveyed populated areas were devided into rural and
urban, and their residents were assigned to 7 age groups: under
I year, 1-3 years, 3-6 years, 6-H years, 11-15 years, 15-18
years and over 18 years. Within a homogenous age group in majori-
ty of populated areas the distribution of residents with respect to
thyroid dose was close to lognormal. We have received weighted-
mean by number of persons examined relationships between dose in
various age groups and dose in adults, obtained in 6 cities and
12 villages of the RSFSR. These results suggest that influence
of age on absorbed dose is more pronounced in urban areas than
in rural ones. Probably, this may be attributed to relatively
higher consumption of milk by adults and adolescents in rural
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areas than in cities, since they have their own cows. Utilizing
mean relationships of doses in various age groupa it becomes pos-
sible to estimate a mean dose received by residents Of any age,
if thyroid radiometry was carried out in one age group within
population of the given city or village.

To extrapolate dosimetric data to rural residents, where in
May 1986 radiometry was not performed, there was explored a cor-
relation of dose, with IJI-j- concentration in consumed milk and
with gamma-radiation exposure dose rate in the vicinity of
settlements located in zones, used for cattle grazing. According
to data of I.A.Zvonova (oral communication), both correlation^
appeared statistically significant. For the territories covered
by iodine prophylaxis the following linear regression equations
were derived;

D (1-7 yr) = 5.6 5m (D+I04D+20) , gv
B (1-7 yr) = 1.9 R(D+I5), Sv

where B(I-7 yr) - mean thyroid dose for pédiatrie contingent

aged 1-7 years, C"m (D+IO+D+20) , MBq/1 - mean concentration of

in milk within 10-20 days after the accident; P(D+I5),
MR/hr gamma- radia t ion mean level in the areas close to settle-
ments 15 days after the accident.

If data oïl thyroid radionuclide content are lacking, the
individual dose can be estimated with the accuracy acceptable
for goals of prophylactic examination by mean dose for residents
of corresponding age in the given populated area with similar
behavior patterns and dietary habits after the accident.

When such comparison cannot be made then a concrete person
or a group of persons with lacking data on direct measurement
of I •* thyroid content may be regarded as exposed to mean in-
dividual dose, characteristic of persons, living on that terri-
tory or on the territory with similar level of contamination by
iodine radionuclides (iodine level in milk). In each concrete
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person the value of mean individual dose can differ severalfold
from the actual one. To make assessment of individual dose value
more accurate, there can be utilized data on average daily con-
sumption of locally produced milk and mean time period of its
actual consumption by residents of the given populated area.
Value of dose burden D(Sv) assigned to a given individual can
be calculated by relation:

D = D [I- b(^ ' |)3,V 9

where D - mean dose for residents of the given settlement
(or of the territory with similar contamination patterns), rad,

V - average-daily individual consumption of locally pro-
duced milk in April-May 1986 till its consumption was actually
stopped, I/day; V - locally produced milk mean consump-
tion by persona living on territory of the given individual's
residence, or on territories with similar contamination patterns,
I/day; Q - average daily individual length of locally pro-
duced milk consumption, days; t> - mean proportion of radio-
iodine ingested with milk, $ - mean length of locally pro-
duced milk actual consumption by persons living on the territo-
ry of individual's residence or on other areas with similar con-
tamination patterns, days; j_b - mean proportion of radio-
iodine intake by body through other pathways (inhalation, injes-
ted with vegetables, etc).

Statistical analysis of thyroid radiometric data and results
of interviews with over 3000 residents of Bryansk region, made
by G.Yu. Bruk and N.P.Korelina revealed that for ESFSR districts
contaminated with radioactive products ^ — 0.8. For other
regions coefficient t> and 1-^ were ascertained on the ba-
sis of field studies. If length of milk0an(3 Q consumption ex-
ceeded 20 days, it should be regarded as equalling 20 days.
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Models for calculation of individual doses in the thyroid
under various conditions of population's everyday activities
on contaminated territories and its consumption of dairy pro-
ducts, as well as the necessary tabulated material with, numeri-
cal values of parameters, used in formulae, are described in
"îfenual for estimating thyroid radiation dose in radioactive
iodine isotope intake by human body"(Ed. by L.A.Ilyin, academi-
cian of the USSR AMS).

Another possibility to assess individual dose accumulated
in the thyroid is based on a correlation between ̂ Ij intake by
the body and its cesium content measured on later dates, for
instance, in August-September 1986. Statistically significant
linear relations ( £ = 0,7-0.9) between body iodine and cesi-
um content is found for children older than 7 years and adults,
who in May 1986, on the whole, stopped consuming locally pro-
duced food items and observed these restraints throughout the
summer. In this case dose D (Sv) induced by radiation in
the thyroid could be estimated from the formula:

D = k(T)ACs

where k (T) - age-dependent coefficient.
Reconstruction of thyroid individual doses by these tech-

niques is of limited accuracy. Nevertheless, selection of groups
for medical follow-up, carried out on its basis, makes it pos-
sible to derive considerably nore precise characteristics, than
those obtained by utilizing mean values for this district or
settlement.

Radioactive cesium appears an essential factor of popula-
tion internal exposure in a zone of radioactive contamination.
Since isotopes of both. ̂ 57cs and ̂ Ĉs released into the envi-
ronment have large half-life periods and are retained in human
"body for a long time, it became possible in summer—autumn of 1986
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to estimate "by efficient techm qu.es the content of these nuclides
in a large population involving over 100 thousand residents. This
work was continued in 1987 as well. Individual and collective
doses of internal exposure were assessed by findings of a single
or multiple radioraetry. Scheme of such calculations should inclu-
de a function of radiocesium intake after the accident. I.A.Likh-
tarev, ru.O.Konstantinov,, V.S.Repin have suggested to approximate
the dynamics of radiocesium intake by a two-step function. The
first step having large amplitude and lastng for about a month
implicates ingestion of cesium with milk, meat, early vegetables
in May 1986, prior to imposing rigid restrictions on consumption
of local products. The second step with smaller amplitude reflects
continuing chronic incorporation of small quantities of both ra-
dioisotopes together with food. Amplitude ratio for each district
was determined on the basis of data on radiation monitoring of
food items. In fact, for the Ukraine as a whole, the ratio of
1st and 2nd steps was taken as 2:1. This calculation scheme also
took into account evacuation of some residents beyond the zone
of intensive radioactive contamination. The calculations utili-
zed values of radiocesium half-life in the body T-j- /2, which were
obtained by O.V.Lebedev and co-workers in long-term, WBC-aided
surveillance of the residents, evacuated from a radio-contamina-
ted zone in May 1986.

Practical application of the abovedescribed techniques for
retrospective estimation of absorbed radiation doses in humans
exposed to radiation effects following the accident at CNPP
provided the possibility to classify the involved population
contingents in terms of radiation level, and proceeding from
the data derived, to institute sanitary-hygienic and organiza-
tional measures directed towards normalizing the situation and
minimizing the radiation impacts.
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Preliminary analysis of population exposure in the areas
close to the OWPP zone shows that evacuation of residents be-
yond the limits of 30-km zone supplemented with measures intro-
duced to govern behaviour and everyday activities of population
ensure dramatic decrease in levels of population irradiation.
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LONG TERM PROGNOSIS OF INDIVIDUAL AND
COLLECTIVE EXPOSURE DOSES TO THE POPULATION

O.A. PAVLOVSKIJ

Abstract

For the purpose of evaluating the long-term consequences of radiation
contamination following the Chernobyl accident, it was decided to divide the
whole of the Soviet Union into a number of regions. Calculations were made
with a special software package.

The collective dose commitment to the country's population due to
caesium isotopes will amount to 117 000 man-Sv, of which the first year
accounted for about 27%. Thus, the main contribution to the aggregate dose
will be made in the second and subsequent years, i.e., a period when the
formation of dose burdens to the population can be effectively influenced by
strict monitoring of agricultural products, agrotechnical measures in the
contaminated area and even by a thoroughgoing reformation of the economy.
Many of these measures have already been taken in the USSR.

On the whole, the average individual dose commitment to the country's
population will be about 1.2 mSv, which, given an annual level of background
radiation in the USSR of 1 mSv/year, adds only 2% to the natural background
dose.

In view of all the measures taken, the main contribution to the
population dose commitment comes from external gamma radiation from the
radioactive products released during the accident - ?% - and about 38% from
internal exposure resulting from the consumption of contaminated food products,

Due to specific circumstances which

influenced the radiation situation in the Soviet Union following

the Chernobyl accident (a prolonged release of gases and aerosols

from the damaged reactor and variable meteorological conditions),

nearly the entire territory of the country was contaminated to a

certain extent. To assess the long-term radiological impact of

the contamination, the territory of the Soviet Union was split

into five regions:

1 - Byelorussia;

2 - Horthern Ukr&ine, including the Uherkassy, Chernigov,
Chernovtsy, Ivano-Frankovsk, Khmelnitsk, Kiev, Rovno,
Ternopol, Transcarpathian, Vinnitsa, Volynsky, and
Zhitomir regions;

3 - Central region of the Russian Soviet Federal Socialist
Republic (RSPSR), including the Bryansk, Ivanovo,
Kalinin, Kaluga, Kostroma, Moscow, Oryol, Ryazan, Smo-
lensk, Tula, Vladimir, and Yaroslavl regions;
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4 - Remaining European part of the Soviet Union with the
Asian part of the Ural economic region;

5 - Asian part of the Soviet Union.

The population size and density, the number of newborns
in 1986, the proportion of the urban population, and the area
for each of the five regions are given in Table 1.

Table 1. The population size and area for the 5 regions
of the Soviet Union*'

Region
Population

size,
106

Newborns
in 1986,

106

Urban |
population, *
relative *
size '.

Area,
6 ;10 km

^Population
'^density,
"persons per

2: kni
4
*

1

2

3

4

5

USSR

10.0

21.9

29.8

139.7

77-4

278.8

0.17

0.35
0.51
2.47

2.12

5.62

0.63

0.54

0.82

0.69

0.57

0.65

0.208

0.269

0.485

4.533

16.696

22.191

48.2

81.4

61.4

30.7

4.6

12.6

"^Figures as of 1986.

Because of great importance of the ingestion pathway,
information on staple foodstuffs (grain, potatoes, vegetables,
meat, milk) produced in each of the regions was analysed, and
their averaged production per square kilometre was estimated
(Table 2). Table 2 also gives data on per capita food production
in the regions under consideration, to be compared with per capita
consumption rates for 1986 averaged over the country /1/:

Meat 62-5 kg/year
Milk 332 I/year
Vegetables 103 kg/year
Potatoes 108 kg/year
Grain (bread) 133 kg/year
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Table 2. The production of staple foodstuffa In the
5 regions of the Soviet Union ^

Agricultural
produce
Milk

Meat

Vegetables

Potatoes

Grain

• ** *

| Region j—
* •

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

1
2
3
4
5

io9 ka(i
7.0
11.8
9.2
54.5
19-7

1.1
1.9
1.4
9.9
3-8

0.97
2.73
1.79
17.5
6.73

13.4
15.6
10.9
35.0
12.3

7.0
16.8
10-2
119.0
57.0

Production
) j 103 kg(l)/km2

33.7
43.8
19.9
12.0
1.2

5.1
7.0
2.8
2.2
0.23

4.7
10.1
3.7
3-9
0.40

64.6
57.9
22.5
7.7
0.73

33-9
62.4
21.0
26.2
3.4

:.kg(l)/man
* *

700
537
308
390
255

106
86
46
71
49

97
125
60
125
87

1340
711
367
251
158

703
767
342
850
737

*)Figures as of 1986.

A comparison suggests a marked redistribution of foodstuffs
among the regions, which has only in part been taken into account
at the present stage of predicting the radiological situation
in the Soviet Union.
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The input data used for the prediction related to:
- Variation in the gamma dose rate in each or moat of the

160 administrative territorial unita of the Soviet Union
(regions, territories, autonomous and Soviet republic /2 /),
according to the information of the State Committee on
Hydrometeorology and the Sanitary and Epidemiological
Service (SES) of the USSR Ministry of Health (regional
and republican SES);

- External doses over different months in 1986 for each
or moat of the regions in the Soviet Union;

- Air concentrations of the total radioactive material and
of individual radionuclides;

- Ground deposition densities of the total radioactive
material and of individual radionuclides;
111- I and radiocaeaium concentrations in milk, meat, and
vegetables ;

- Diet patterns in different republics and agriculture
production in each of the 160 administrative territorial
unita ;

- Variation in the overall population size and in both the
rural and urban populations within the Soviet republics
frota 1950 to 1986;

- Global contamination levels of agricultural produce due to
caesium and strontium isotopes over 1964-1986 within the
regional and republican boundaries.

The calculations were made using a special package of
programmes, the basic methodological principles and results
being presented below.

1. External exposure during the cloud paasage
The contribution of this pathway is insignificant» It may be

seen from Table 3 that, for the country as a whole, gamma exposure
from the plume makes up 1.3$ of the total collective external
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dose« For areas close to the Chernobyl plant, it contributes up
to 2$ due to doses received by the evacuees from a 30—km zone
around the plant» Whenever there was information on air concen-
tration or time-integrated concentration, gamma doses from the
plume were calculated with the convential procedure using dose
conversion factors from /3/* With no euch data available, the air
concentration was derived from the ground deposition density
values by means of relationships based on the Soviet and foreign
scientists' findings on the Chernobyl accident. In the dose estima-
tion, the indoor gamma shielding factor was assumed to be two for
country houses and ten for cities. The proportion of the urban to
rural populations was also taken into account for each of the
160 areas concerned.

Table 3. External exposure of the public from the plume and
fallout

••
**
**

\ 1
•

•

; 2
Region

*

; 3
•

; 4
Î; 5

rroorj

1

Plume

Collective dose,
10 man'Sv 0.97 1.09 0.17 0.26 0.00 2.49

Average individual
doae, mSv 0,097 0.050 0.006 0.002 0.000 0.009

Fallout
Collective dose,
103 man«Sv 53-4 48.3 32.8 53.9 6-2 194.5

Average individual
dose, cSv 5.33 2.20 1.10 0.39 0.08 0.70

1:37C8 contribution,^ 74 61 77 67 93 70

221



2. External exposure from deposited radionuclides

As shown by calculations, this pathway, like internal
exposure due to intake of contaminated foods, is a ma^or contri-
butor to exposures, accounting for more than 50% of the total
dose to the Soviet population over the first year after the
accident and for almost 60% of the lifetime dose. In these
calculations, the dose for the first month was assumed to be
determined by a mixture of radionuclides whose gatnma dose rate
decreased following the power lav/, with an exponent close to
0,75« For longer periods, the dose rate was assumed to be associa-
ted only with ^Cs and CB and to change with time according
to a biexponential dependence which describes a two—compartment
model of the vertical migration of the above nuclides in the soil

T "3*7/4/. For Cs, this corresponds to half-times of gamma dose rate
reduction of three and 30 years, the "fast" and "slow" components
being proportional to 0,6 and 0»4» respectively« With no data
available on the ground deposition density of caesium isotopes,
the relationships from /5/ were used. It should be noted that
external exposure of the Soviet population in the first year
after the accident constitutes 26.7% of the lifetime dose. Of
this 26.7/5, 20.2% is accounted for by I and other short-lived
isotopes and the remaining 6.5% is distributed almost equally
(3.5% and 3%) between 1̂ Cs and 137Cs. For the lifetime dose,

137the main part will naturally belong to Cs whose contribution
to the total external dose from deposited radionuclides varies
with region from 60% to more than S0% and averages about 70% for
the country as a whole (Table 3). When estimating short- and

137long-term exposures from Gs, account was taken of variations
in both the overall population size and the relative size of the
urban population in individual regions of the country. It should
be stressed that decontamination played an important role in
reducing external gamma exposures, particularly in areas not far
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from the Chernobyl plant. The decontamination of more than 600
population centres, the removal and burial of contaminated aoil,
the suppression of dust over large areas, the asphalting or
covering of contaminated sectors with gravel chippings, sand, or
fresh earth, the designation of exclusion zones , the restrictions
imposed on productive activity, and other similar measures
enabled average public exposures in these regions to be reduced
by a factor of two or three»

3« Internal exposure from inhalation

The contribution of this pathway is not considerable, the
[nain part being played by I. Calculations were made for a
mixture of iodine isotopes, Te, -̂ Cs, and 'Ce. Dose factors
correlating the dose to the thyroid or other organs with a unit
of intake were obtained from /6/. In the absence of direct

1 1 1 1 *\A "1 *ïr7measurements of air concentrations for I, Cs, and Cs,
these were estimated on the basis of the ground deposition density
values. The calculations show intake by inhalation to account
for about 3.555 of the total collective effective dose equivalent
commitment for the country as whole, with region— dependent
variations in a broad range (from 1»4$ to 8.5$; see Table 4) due
to specific climatic conditions and protective measures taken.

4-i Internal exposure from ingestion

This pathway is the most "controllable", thus permitting
changes in the dose commitment . Of the main isotopes contribu-
ting to exposures, I, 134cs and Cs were chosen since
they could be positively found, especially within the first months
after the accident, in agricultural produce over the whole country.
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Table 4- Effective dose equivalent commitments due to
inhalation and ingestion

Intake
Î Region

: 1 : 2 :" 3 : 4

•
•

: :
-• 5 :

USSR

Inhalation
Collective dose,
103 man-Sv 1.5O 1.09 O.80 1.06 0.01 4,46

Individual dose,
mSv 0.15 0.050 0.027 0.008 O O.OT6

Ingestion
Collective dose,
103 man-Sv 50.5 30.2 8.?
Individual dose,
mSv 5.04 1.38 0.29

131I contribution,^ 2.2 11.0 6.9
137Ca contribu-
tion, % 80,5 72.3 63.2

35-0 0.72 125.1

0.25 O.01 0-45

8-4 2.3 6.4

73.9 80.6 75.5

I appeared in the milk of cows which grazed on pasture
as early as two or three days after the accident» At that period,

I contamination of milk in southern Byelorussia, northern
Ukraine, and the RSFSR regions adjoining the accident area
amounted to 0»04—o«4 MBq/1, i.e. tens and even hundreds times as
high as the established standard (3»7 kBq/l)» However, milk from
cows kept in stalls was far less contaminated. In each of the
contaminated regions, hundreds of milk samples were analysed
every day. This provided detailed information on changes in the
contamination of agricultural produce both in individual regions
and the country as a whole. An analysis of the data obtained
confirmed the log-normal I concentration distribution in milk
and showed that the integral of"IjCOncentration in milk put on
sale through the centralized system was about 170 Bq*y/l for the
Gomel region, about 230 Bq«y/l for the Mogilyov region ("both in
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Byelorussia), and 10, 100, or more times lower for other regions
and republics. At the same time, e.g. on 17 May 1986, the I
concentration exceeded 3*7 kBq/1 for 20-30̂  of milk in the above
regions of Byelorussia. Due to the measures on milk control in the
regions close to the Chernobyl plant, the ratio of the time-inte-
grated I concentration in milk on centralized sale to the
ground deposition density proved to be 4-10 times lower than
in regions with no measures taken. Accordingly, the I contribu-
tion to the collective effective dose equivalent comiritruent froni
internal exposure averaged 6.4$ for the country, varying from
2.255 to 11# for individual regions (Table 4).

The calculation of doses resulting from radiocaeaium intake
within the first year after the accident is similar to that given
above for I. To estimate intakes of caesium isotopes, data on
contamination levels of milk, meat, and vegetables in all regions
of the Soviet Union were used« It was shown that, with a geometric

1 "37mean of the ratio of the Cs concentration in milk (Bq/l) to the
ground deposition density (kBq/m ) of 21 for the country as a
whole, the ratio in the most heavily contaminated regions was
close to five for milk put on sale through the centralized system.
The collective doses for the Soviet population due to Cs and
137J Cs make up 13?» and 20J5, respectively, of the total dose over
the first year after the accident.

To predict the immediate and late health effects of caesium
137isotopes seems to be more difficult. The coefficients for Cs

transfer to the main types of agricultural produce used in the
present paper were obtained in 1964-1986 from analyses of the
monitoring data on fallout contamination of the Soviet territory
caused by nuclear tests. From these studies, the half-life of
137J Cs in milk was found to be 8.4 years for the Soviet Union, i.e,
the "clean" soil component of the decontamination model for
caesium as a chemical element is 0.06 year" . Accordingly, the
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integral intakes of CB and Ce were assumed to be 2.5 and
12 fold intakes of these nuclidea for the second year after the
accident. The calculation of collective doses also allowed for
growth in the populations of different regions of the country,
but the diet pattern was taken to be the same as in 1SS6. The
latter assumption may result in somewhat underestimated values
since the clear trend in the Soviet Union in recent years has
been for increased consumption of meat and dairy products and a
rather marked decrease in the annual consumption of potatoes
and bread.

The collective dose commitment for the Soviet population
due to caesium isotopes is estimated to he 117 000 man»Sv, of
which only about 2jfo is attributed to the first year. It follows
that the main contribution to this dose will be made in the second
and subsequent years after the accident, i»e, during a period
when public exposures can be effectively regulated by strict cont-
rol of foods and by agrotechnical measures on contaminated land,
including even the restructuring of farms. The above measures,
moat of which are being implemented in the Soviet Union, have
considerably reduced doses to the public, the average values for
the first year in the most heavily contaminated areas of the Gomel
Kiev, Bryansk, and Mogilyov regions being 10-15 mSv, with less

1 T A "1 1*7than 505& caused by internal exposure from CB and Gs. Only
in 0.5-1$ of those examined did internal doses exceed 50 rnSv.

The per capita dose commitment for the Soviet population
will total about 1.2 mSv which, given an annual natural radio-
activity background of 1 mSv/year in the Soviet Union, only means
an approximate 2% excess. This figure is about two or three times
the dose received by the populations of Italy, Hungary, Sweden,
and other western European countries affected by the release from
Chernobyl /6-9/.
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Allowing for all measures taken, the major contributor to
the dose cocaiaitment for the Soviet population, (see Table 5) is
external gamma radiation from deposited fallout (about 60$), with
about 3S5Ü» being due to internal exposure from contaminated foods-
tuffs. It is noteworthy that, in those population centres where
no protective measures were taken because of low absolute levels
of radiation and food contamination, the ratio of internal to
external exposures over the first year after the accident someti-
mes approached 10. Meanwhile, in all population centres where
food was controlled and those foodstuffs which did not meet the
established standards were rejected, the above ratio was close to 1«

Table 5« Collective and per capita effective dose
equivalents for the first year and lifetime

Effective dose equivalentExposure ——————————— 3 ————— : ———————————— Percentage
pathway collective, 10Jman-Sv * per capita,

first yeartlifetime ifirst yea« *

Gamma radia-
tion from
cloud 2.49 2.49 8.9
Inhalation 4«46 4.46 16.0
Gamma radia-
tion from
fallout 32.0 194.5 187
Ingestion 39-9 125.1 H3

Total 98.9 326.5 355

r:life- first 'nfetime

8.9 2.52 0.76

16.0 4.51 1.37

698 52.6 59.6
449 40.4 38.3

1171 10O 10O

It was shown that the complex of prophylactic and protective
measures taken reduced individual external dosea by a factor of
two or three and internal doses to the public by a factor of 10 or
more as compared with the values predicted. The agrotechnical as
well as sanitary and hygienic measures to be taken in future are
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likely to reduce dose commitments for the populations of individual
regions and of the Soviet Union as a whole as compared with the
values given in Tables 4 and 5«
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DISCUSSION

A.J. GONZALEZ (IAEA)

One common theme of this afternoon discussion has benn the

logic for establishing intervention levels after unanticipated

situation involving radiation exposure has actually occured.

Following the Chernobyl accident there was a temptation,

by various authorities, to link such intervention levels with

the dose recommended for radiation protection planning for

anticipated situation. There is not, however, any conceptual

link between intervention levels and dose limits, as it was

shown during the discussion, and it will be worthile to record

this message since the confusion still exists in many places»

As you properly stated during the morning section,

Mr.Chairman, the main logic for settling intervention levels is

just common sence. Common sence for balancing the benefits expe-

cted from the intervention against the harm such intervention

would unevoidably produce.
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CLINICAL ASPECTS OF RADIATION EFFECTS



ACUTE EFFECTS OF RADIATION EXPOSURE FOLLOWING
THE CHERNOBYL ACCIDENT: IMMEDIATE RESULTS OF
RADIATION SICKNESS AND OUTCOME OF TREATMENT

A.K. GUS'KOVA, N.M. NADEZHINA, A.V. BARABANOVA,
A.E. BARANOV, I.A. GUSEV, T.G. PROTASOVA,
V.B. BOGUSLAVSKIJ, V.N. POKROVSKAYA

Abstract

The effect of penetrating radiation evenly distributed over the whole
body was the main cause of the development of general clinical syndromes
typical for the dose range 100-1600 rads (1-16 Gy): bone marrow, intestinal
and transitional forms or combinations of these syndromes.

According to gamma spectrometric measurements of blood and urine
samples and posthumous examination of organs and tissues, the maximum
concentrations of radioactive iodine-131 in the body were 1-5 mCi (for various
patients); for caesium-137 and 134 the figures were 2-2.5 mCi, and
contamination by cerium-144 did not exceed 30 mCi (about 95% of cerium
activity was in the lungs). Other nuclides did not exceed their MFCs.

For plant personnel on site at the time of the accident, the average
exposure dose to the lungs was 0.2 Gy, to the thyroid gland 2.5 Gy, and to the
whole body about 0.05 Gy.

A whole-body dose of 0.7 Gy may, as a general guide, be regarded as the
minimum dose causing insignificant but consistent and individually significant
changes in the blood picture which are characteristic of acute radiation
sickness of the first degree. Variant 1 of a diagnostic programme designed to
ensure a uniform approach to the diagnosis of first degree acute radiation
sickness has been established.

Of 21 patients with acute radiation sickness of the third degree (dose
range 4-6 Gy), 14 survived. All patients with acute radiation sickness of the
fourth degree died except for one. Generally, death resulted from a
combination of clinical syndromes, primarily the intestinal and bone marrow
syndromes with total or subtotal skin damage.

Recovery of haemopoiesis was extremely active: in 84% of cases, the
normal blood picture was re-established after 1 to 1 1/2 years.

Indicators of fitness for work returned after 8-9 weeks in patients
with first and second degree acute radiation sickness and were high one year
after exposure. Some who suffered acute radiation sickness are now working at
the Chernobyl plant. Their doses in 1987 did not exceed 0.6 rem.

The information on conditions of irradiation and clinical
records of acute radiation sickness (ARS) in victims of the Cher-
nobyl WPP accident have been first reported to the IAEA experts
in August 1986 (I) and included in the report No. 25 INSAG
IAEA (2).
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Prognostic evaluations of the outcomes of the hemopoiesis
injuries were given by A.K. Guskova and A.E. Baranov at the Con-
ference of the Royal College of Patologists in Great Britain in
AprQ. 1987. Authors data are included in a special Annex of
UKSCEAR Report on early effects of radiation, which should be fi-
nalized in 1988 and presented to the Session of UN General As-
sembly. All the time further analysis in depth of the clinical
aspects of situation earlier declared group of patients was going
on. Some results of this analysis are presented below.

Earlier formulated opinion about the relative significance
of the separate components of combined radiation influence (1,2)
was fully confirmed by clinical-anatomical, labaratory and cardio-
logical analysis as well as pathologically-anatomical and biophy-
sical postmortem investigations.

Except for two patients (N24, 25), who had the combination of
acute radiation sickness (ARS) and of thermal burns, all others
were mainly affected by general whole—body uniform gamma—beta ir-
radiation. The action of penetrating radiation on the whole-body
was the main reason of the development of clinical syndromes of
ARS such as bone-marrow and intestinal syndromes and their combi-
nations, which are characteristic for dose range I-I6 Gy (100-
I6O rad). Less penetrating, only to the depth of skin, beta irra-
diation (T.G. Protasova, T.I. Davydovskaya) at the doses at least
10 to 20 timeg higher than average whole-body dose became the
cause of the vast radiation injuries of the skin in more than 1/2
of the patients. These injuries significantly aggravated the cli-
nical course of sickness and greatly influenced the outcomes. So-
metimes on the background of shallow radiation injuries the iso-
lated centers of more deep local radiation injuries (LRI) have
arisen as a result of local application or contact with the ob-
jects contaminated by radionuclides such as the wet clothes or
boots.
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No regular correlation was found between the radionuclide
content measured during life, post-mortem investigation and the
clinical manifestations. As was formulated earlier (1,2), the ac-
tion of incorporated nuclides has not brought about the evident
contribution to the clinical picture of the prodromal phase of
ARS for the given irradiation situation.

According to the results of gamma-spectrometric measurements
of blood samples (I.A. Gusev, A.A. Moiseev), of urine (R.D. Drut-
man, V.V. Mordasheva) and of post-mortem samples of organs and
tissues (I.A. Gusev, Y.I. Popov) the maximal content of radio-
active iodine-I3I in the organism was: for one patient (No. 24),
iodine-I3I- 5 mCi caesium-137,-134 - 2 laCi, for another patient
(No. 25), iodine-I3I - I mOi, caesium-137,-134 - 2.5 mCi. Conta-
mination by cerium-144 was not higher than 30/<Ci (about 95$
of cerium activity was deposited in the lungs)»

The content of other radionuclides (zirconium-95, niobium-
95, ruthenium-I03,-I06, lanthanum-140, barium-140, cerium-141,
etc.) was not higher than maximal permissible intakes separately
for each radionuclide.

Although for these two patients the paths of intake (through
the damaged skin, by inhalation) are not quite clear, the doses of
internal irradiation (conservatively evaluated) are equal to:
for the thyroid gland 30 Gy (No.24) and 6. Gy (No.25)
for whole body 2. Gy (No.24) and I Gy (No. 25)
for the lungs 2,5 Gy (No.24) and 2 Gy (No.25)

(the doses are given for a time of death)

For the NPP personnel, who was at the place in the moment
of the accident, the mean dose of the lungs irradiation from in-
ternal emitters was 0,2 Gy, of thyroid - 2,5 Gy, whole body -
about 0,15 Gy.
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In the following table A the data on the internal irradiati-
on of patiente from NPP personnel, who died as a result of irra-
diation due to the accident, are present.

In several reports (1,2,8,11,12) the clinical characteris-
tics of main syndromes of ARS in the prodromal phase, syndrome
combinations with each other and with local radiation injuries
were presented.

Table A. Doses of internal irradiation for the persons,
who died as a result of Chernobyl NPP accident

Patient
No.

24
25
17
3
4

26

Thyroid
dose , Gy

30
6
I

0,3
1,2
0,5

Lung dose,
Gy

2,5
2,0
0,4
0,3
0,4
0,3

Whole body
Internal

2,0
1,0
0,2
0,2
0,1
0,1

dose, Gy
External

1,7
4,7
10,0
12,0
11,0
12,0

Notes: I. The doses are given for the time of death.
2. The data are given only for the patients with the

highest values of intenral doses.
3» In the last column doses of e^rbernal gamma exposure

are presented.

Here we are demonstrating once again Pig.I (from report (2)),
which shows those relationships and. the frequencies of lethal
outcomes in the different groups of affected persons. As the figure
showes at 3-4 degree of ARS nearly in all the patients the severe
bone-marrow syndrome (BMS) is combined with skin and mucosa inju-
ries. In 4/5 of the patients with BMS of 4 degree the intestinal
syndrome has developed, and in part of them (7 patients) pneumo-
nitis with pronounced breathing insufficiency was observed.
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The aggravating contribution of pronounced and/or extensive
skin injuries was evident in all the patients. For the people '«1th
the area of radiation burns greater than 4055 of body surface
(2/3 of the persons with lethal outcomes) burns should be consi-
dered, basing on the clinical data, as the leading cause of the
outcome of sickness. Skin lesions were the sole cause of the
death in 5 patienta. The role of skin injuries was significant
for early as well as delayed times of death.

The way of grouping the patients according to the prognosis
development of bone marrow syndrome at different stages of obser-
vations made for choosing appropriate volume therapeutic treat-
ment was given in detail in a few publications (5, 6, 11, 12).
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We will indicate again only to the high practical significance
of such characteristics as the number of lymphocytes at the first
3-7 days after exposure, the number of neutrophiles at 7-8 days,
the time period to reach count of neutrophiles ̂  1000 (at 1-5
weeks of observation) and the period of the development of clear-
ly pronounced thrombocytopenia (from 2 weeks till the end of pro-
dromal phase; for ARS I degree - till 4-6 weeks from the moment
of exposure, Fig.2).
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Fig.2. Ratio of expected and real dyna-r.ics of periphery blood
picture in victims of the Chernobyl NPP accident.

The highly significant data of the cariological analysis of

bone-niarrow lymphocytes and peripheral blood lymphocytes as well

as the results of direct count of dividing cells in biopsy pre-

parations of hemapoietic organs also have been discussed earlier

(1,5) and later completed by quantitative information.

As it was earlier mentioned (see Pig.2) the infonnativeness of

the dynamics of quantitative indicators of blood picture was the

highest tfith respect to the subsequent course of ARS.
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The other clinical ( neurological, ophtalmological) and la-
boratory tests (immunological, coagulation, metabolic indicators)
have shown mainly the correlation with so^ne separate clinical
syndromes of ARS and its aggravations (nerve system injuries, to-
xemia, bleeding).

Por biochemical tests (I.P.Turina, M.P.Tarakanova, T.A.Ivano-
va) the correlation with the severity of sickness was the best for
some indicators of protein metabolism and enzymatic activity (I,
12). So the pronounced hypoalbuniinefnia from. 10 to 30 days after
exposure was observed in patients with severe degree of ARS (es-
pecially with intestine injuries) and a big surface of beta-der-
matitis (Pig. 3). In the critical phase of sickness the maximal
manifestations of infectional, inflammatory and necrolic chances
coincided with the period of hyper- alpha 1 and alpha 2 globuli-
nemia«
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Pig. 5- Albumin coûtent in blood serum of patients with the acute
radiation syndrome of III-IV degrees.

239



The increase of activity of alpha-amylase at 1-5 days in its
expression correlated with the severity of general manifestations
of ARS and, especially, with subsequent oropharingeal syndrome
(Fig. 4).
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Fig.4. Activity of blood serum alpha amylase in patients with
the acute radiation syndrome of various degree. Degree
of bone-marrow injury.

The increase of activity of cretinkynase at 3-10 days have

been connected evidently with the size of injured skin surface and

severity of beta-dermatits (Fig. 5).
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In critical phase of ARS and in case of aggravations hyper-

fermentmia was observed as the small second wave of the increase

in activity of creatine-phosphokynase and as the evident increase

of the blood content of alaninaminotranferase, asparaginotransfe-

rase, garana-glutamine-transpeptidase (Pig. 6)»

In terminal phase for extremly sick patients the increase in

blood (and urine) of the creatinine and urea content was noted

(Pig.7)« However, in general, due to corrective therapy the chan-

ges of all these indicators rarely reached extreme values. In all

patients survived these indicators have shown clearly positive

dynamics and in those patients who died the fatal character of in-

dicator changes had appeared only in last days of their life.
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Bone marrow transplantation aggravated by secondary illness
(3, 8) found its reflection in the dynamics of biochemical indica-
tors which have been used in particular for indentification of this
secondary illness.

The analysis of neuroimmunological changes (studies of the
titres of circulating antibodies to the brain antigen and myelin
protein, the reaction of inhibition of migration and specific
agglomeration of leucocytes, quantitative relationship of T and B
forms in accelarated reaction of rosette farmation) in comparison
with the clinical neurological picture (l»N, ShafcLrova, L.I» Mura—•
vieva) was also made» It was shown that after general irradiation
the threshold value of the dose after which the minimal signs of
microdestruction of brain tissue could be found by immunological
tests in the prodromal phase of ARS are about 2 Gy. The intensity
of neuroimmunological shifts was forced by toxic influences of
local radiation injuries. In the course of the observation the
Computer program for the use of the data of coded sickness histo-
ry of neuioLogical syndrome was created and tested (I.JT.Shakirova
and S.M.Shendyapin).

The state of hemostasis in accident victims was determined
by direct action of ionizing radiation (the injury of thrombocy-
topoiesis, structural changes of blood vessel walls) as well as
indirect one (L.S. Pochukaeva).

The activation in coagulation step at all times of prodramal
phase of sickness (the increase in maximal activity of thrombin
thromboplastin in autocoagulation test, the permanent, presence
in the patients blood of soluble fibrin monomeric complexes) was
found. These changes could help intravascular coagulation of
blood. The increase of fibrinolysis in latent phase of ARS of in-
termediate degree made possible the dissolution of fibrin formed
and the liquid state of the blood in the vessels. In especially
heavy cases of injury this mechanism of feedback was broken and
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the blockade of fibrinolysis lead to precipitation of fibrin and
formation of blood stasis in microcirculatory vessels. It could
lead to the disruption of organ functioning and to the secondary
changes of the vessels walls.

On the background of the activation of the system of herao-
stasis and of the presence of microclots and microthrombs there
was enhanced inclination for hemorrhages even in the case of minor
vessels injuries. Thus the reaction was paradoxical, while hemo-
stasis activation was not leading to heraostatic effect (Pig,8).

As the result of permanent observation of patients for one
year and a half no necessity to reconsider the degree of severity
of ARS 2-4 has arisen« The course of sickness in prodromal phase
as well as in recovery phase corresponded to our previous ideas
(5,6) about peculiarities of acute radiation sickness resulting
from total relatively uniform exposure in the indicated dose ran-
ges.

It seems appropriate to come back and give special attention
to the criteria of diagnostics of slight degree of ARS and to the
few observations in the subclinical range of doses to find out
more distinctly at what dose levels and in what time the indivi-
dually significant clinical signs of the reaction of organism, to
exposure could reveal itself (5,6,10).

After careful analysis of most full blood changes, observa-
tions made in specialised in-patient facility it became clear,
that regular changes of leucocyte and thrombocyte counts in pa-
tients appear only at 5-6 week after exposure. There may be a shift
of these symptoms for several days (about I week) with earlier ap-
pearance of the change in thrombocyte count. The primary reaction
could be expressed in those cases in different degree, but appears
regularly in the later terms (up to several hours after irradiati-
on) and only in such signs as nausea and vomiting.
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The external exposure doses in this group of patients accord-

ing to the data of cariological analysis (the frequency of dicen-

trics) were in the range of 0.8-2 Sv (80-200 rem).

At the retrospective consideration of the cariological data

for the group of persons, who have been considered in the early

terms of observation as possible patients with ARS of I degree

due to different and not only to above mentioned symptoms, there
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were found the following regularities (A,V, Barabanovar A.V. Sevan—
kaev, M.V. Konchalovskij)«

Prom 21 persons, whose irradiation doses have been estimated
between 0 and 0.6 Gy according to cariological data, nobody showed
the characteristic symptoms of ARS.

In 20 persons with doses estimated according to cariological
data between 0.7-2.1 Gy it was possible to speak about the accep-
tability of diagnosis of ARS I degree, and the dynamics of neu-
trophiles count indicated the mean doses in bone marrow about
1-2 Gy.

Thus, the dose of whole-body irradiation 0.7 Gy could be ten-
tatively considered as minimal dose leading to weak but regular
individually significant changes in blood picture, which are cha-
racteristic for ARS I degree.

Good coincidence of the cariological data and of whole dyna-
mics of neutrophil count permits one to come again retrospective-
ly to the validity of diagnostics of slight form of ARS. The di-
agnostics is possible for irradiated persons even in the case of
absence of information, on dose levels, as well as in the case if
some information about doses in border region (0.6-1.2 Gy) is
present.

We are using those rules systematically adding to them the
available methods of dose reconstruction.

The following graphs (Fig. 9) illustrate the characteristic
dynamics of neutrophil counts in the case of ARS I degree.

The first variant of diagnostic computer program unifying
the approaches to the diagnostics of ARS I degree have been
developed«

The assessment of effectiveness of treatment was one of the
aspects which have been additionally analysed» The main princi-
ples and direct results of treatment of ARS of different degree
of severity were discussed in several reports (II, 12).
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The analysis of the causes of lethal outcomes as well as the
data on the dynamics of clinical and laboratory indicators of li-
ving patients studied to this moment serve as addititonal crite-
ria of the effectiveness of treatment.

Let us consider in regular order the short preliminary re-
sults of those two aspects of observations. As it was said "before
due to ARS 3-4 degree, 2? patients have died and one woman due to
ARS 2 degree. The times of death differed from II to 96 days in-
cluding two patients with combined the.rmoradiation injuries.

Further, the data on main elements of pathologo-anatomical
pictures of the patients, who had died due to ARS and its combi-
nations with radiation and thermal injuries of skin in time from
II to 96 days after accident, are given. Specially stressed are
the cases with unusual causes of death for a given time of obser-
vation.

For all the patients the pronounced severity of the course
of sickness was noted due to combination of 2-3 clinical syndro-
mes and complex spectrum of toxic and infectional aggravations
and circulatory deficiencies. The skin lesions covering the sig-
nificant part of body surface came forward as one of the leading
causes of death in the structure of tanatogenesis for all terms
from the moment of irradiation. For death occured earlier than
24th day, the skin lesions were accompanied not only with heavy
disruption of hetnopoiesis but also with early pronounced intes-
tinal syndrome«

As life times were increasing, the skin injuries have been
more frequently connected with one from two syndromes of ARS
(bone marrow) or acquired the independent significance in the
outcome of the sickness.

The combinations of syndrome, their aggravations and the di-
rect causes of death are much more varied in times from 24 to 48
days after exposure. It gives the impression, that by excluding
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some of these aggravating circumstances for these terms it could
tie possible even to change the outcome of the sickness. In seve-
ral persons for these times on the background of heavy injury of
heraopoiesis there were slight but distinct signa of centers of
regeneration of bone marrow and of regenerating parts of intesti-
nal mucosa.

?or the outcomes in the end of the second month the extreme-
ly high severity of infectional (including viral) aggravations was
typical as well as dystrophic changes in parenchymatous organs.

For many patients and for different, terma the various circu-
latory disfunctions in capillaries with the most frequent locali-
zation in lungs, under mucosa and in the brain were characteris-
tic. Heavy, fatal haemorrhages were rare.

In general the assessment of the effectiveness of the whole
complex of measures for treatment of ARS taking into account the
severity and combinations of clinical syndromes could be, given as
quite satisfactory (I, 2),The analysis of the effect of bone marrow
transplantation for the limited group of patients is given in spe-
cial report by A.A.Baranov at this conference.

It is dificult to give the assessement of the other separate
components of the treatment. However, taking into acount the data
of postmortem morphological studies, it is possible to speak about
definite effectiveness of the system of prophylaxis and therapy of
infectional and especially bacterial aggravations. It was achieved
by isolation of the patients and by organization of special asep-
tic regimen for the patients in the period of agranulocytosis, by
therapeutic and prophylactic use of antimicrobial and antifungal
drugs and in some cases by local application or injection of anti-
viral drug (aciclovir). Only in 7 from 21 persons who died to ARS
of 3-4 degrees the diagnosis of sepsis (in 4 cases mixed fungal
and bacterial, in 3 casas bacterial) was confirmed after patholo-
go-anatomical and postmortem microbiological studies. In others,
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microbial contamination of tissues was not pronounced, and only
insignificant number of colonies was noted for necrotic surfaces
of skin and mucosa.

The other important component of treatment scheme was the
replacement therapy by blood components. The evident direct effec-
tiveness of allogenic and autological cryoconservated thrombocytes
should be specially stressed. For one patient with 2-3 degree of
ARS 3-Q transfusions of platelets (300,000,000,000 in one portion)
have been used in average. Such regimen ensured the absence of
life-threatening bleeding for the overwhelming majority of patients
with bone-marrow from of ARS not aggravated by other syndromes.
This effect was observed even in the case of long-term (14-20 days)
and profound « 5000 cells/microliter) thrombocytopenia.

As the direct cause of death the haemorrhagic syndrome was
observed for one patient. Haemorrhage was provocated by traumatic
manipulation when catheter was introduced into the subclavicular
vein.

For the correction of metabolic disturbances and also in the
case of impossibility of direct tract mucosa the undoubted direct
effect gave total parenteral nutrition. All necessary means for
symptomatic therapy v/ere also used (in cases of the signs of brain
oedema, toxic nephro- and hepatopathia, discirculatory and hypoxic
encephalopathia)« However, the combination of two or three syndromes
as the rule was fatal«

Due to these facts it is hardly possible to estimate LD-50 as
we already mentioned at the experts meeting in August 1986. Some
kind of general quatitative characteristic of the therapy effecti-
veness could be the information about frequency of lethal outcomes
for groups of patients with different degrees of severity of ARS.

As it was mentioned above we lost one of 53 patients with 2
degree of ARS, whose irradiation dose was 4.1 Gy, on the background
of practical recovery from ARS.
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From 21 patients with 3 degree of ARS (dose range between 4.0
and 6.0 Gy) survived 14.

All patients besides one with 4 degree of ARS have died, but,
as the analysis of pathologoanatomical data shown, the death came
as the result of combination of several clinical syndromes and, in
first place, of the combination of intestinal and bone-marrow syn-
dromes with total or subtotal injuries of skin.

The times of death after combined thermoradiation injuries
were 16 and 23 days in the presence of the slight degree of in-
testine injury for one patient and of bone marrow for the other,
what shows the leading role in tanatogenesis of skin injury (pa-
tients No. 25 and No. 24).

The breathing problems were of complex and nonuniform nature
for persons, who died at different times. According to the re-
sults of pathologo-anatoxaical studies they were significantly
pronounced for 13 persons and were especially significant for 7
of them. There were signs of expressed circulatory disturbances,
the injuries of alveolar-capillary level and interstitial oedema
for all times of observation and typical fibrillar-haemorrhagic
manifestations in persons, who died at later terms«

In the course of a year and a half the dynamic observations of
all those persons who had acute radiation sickness (ARS) were con-
tinued to assess the completeness of recovery processes. The pro-
cess of haemopoiesis recovery came very actively: in 84?5 of pa-
tients after I-I.5 year the normal blood picture have been res-
tored.

The distinct dependence of the completeness of recovery from
severity of sickness manifestations in prodromal phase (from dose
of general irradiation) was found (V.fT.Pokrovskaya, If.M.Nadezhi-
na). Moderatej not very stable leucopenia and more rarely thrombo-
cytopenia stayed to the moment of latest observation in 9» 15 and
30% of persons who had ARS respectively I, 2 and 3 degrees. At
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the same time in 1/2 of persona with incomplete recovery even at
the first entrance observation the moderate decrease in the number
of leucocytes (granulocytes) and/or throrabocytes was noted what
indicates insufficient he.-nopoieais.

At later terms the moderate unstable cytopenia evidently in-
creased and was due to the illness of digestive tact previous to
ARS (hapatitis, gastritis, ulcer).

All patients with ARS 3 degree suffered from local radiation
injuries. For all of them having cytopenia the prolonged treatment
including plastic surgery was necessary-

The studies of capacity for physical work and of energy ex-
penses (V.V.Charitonov, O.P.Efremovtseva) have shown favourable
dynamics of these indicators gradually increasing in course of re-
covery from ARS» The time and completeness of recovery depended in a
certain degree on the severity of the sickness (or irradiation dose)•

The studies of capacity for work and necessary energy expenses
for it allowed to note follovfing regularities.

The group of persons without clinical signa of ARS in all
times of observation (up to one year) preserve the ability to
fullfill work at significant levels of energy expenses -4.9
kcal/min are characteristic for patients with ARS I degree.

The patients with ARS of 2 and 3 degrees of severity differ
from the considered above groups of patients even at the latent
phase of sickness, and their ability for work is limited by ener-
gy expenses not higher than 3.0-3.8 kcal/min.

For the patients with ARS I and 2 degree the levels of phy-
sical ability are restored already at 8, 9 week and stay at high
values till the end of year after irradiation.

For the patients with ARS 3 degree the indicators of capaci-
ty for work at the phase of early recovery are worse than initial
(3.5-3.8 kcal/min respectively) and even to the end of the year
does not reach the normal levels.
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The reactions to the physical stress significantly differed
individually because of different age, physical conditions and
previous illness of the patients.

Very interesting are the results of complex clinico-psycho-
logical studies of neural and psychic activities (P.S.Torubarov,
P.V.Chesalin, O.V.Chinkina). Complex stress and radiation situa-
tion brought about to the development of objective signs of mo-
derate asthenization in early recovery period (4-6 month after ac-
cident) only in part of the patients. Asthénie manifestations cor-
related in its frequency and expressiveness with the severity of
sickness (3/4, 1/2 and 1/3 in persons with ARS 3» 2 and I degree
respectively). However, even this time together with still unfi-
nished recovery processes in somatic sphere certain significance
for the development of asthenia had premorbid peculiarities of per-
sonality, aftitude of patient to the risk of irradiation and sick-
ness, the degree of information, profession and the construction
of oriented basis for future working and common life. In later
terms (9-18 month) the leading role of somatic basis of asthenia
(ARS severity in the phase of formation) had passed, especially
because the definite recovery in the function of main organs and
systems was observed. Asthenia depended on the socioprofessional
factors indicated above, adequacy of the new working place and
previous to the sickness personality peculiarities of the victim.

Our experience shows, that in choozing the indications or
contra-indications for some kind of work the objective many-
sided study of physical and psychic efficiency, structure of self-
estimation, psychic condition of personality, reactions and pecu-
liarities of personality adequate to the considered work have
great practical sifnificance. Rational choice of working place
and favourable socially-personal rehabilitation help to reach the
high degree of recovery of working activity of full value even
in patients who had suffered ARS 2 and 3 degree.
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The whole complex of all clinical and paraclinical methods
of study give the possibility for the overwhelming majority of
ARS patients (5/6) to limit in future only the contact with ra-
diation sources. Only the small number of them, as the rule suf-
fering from intercurrent illnesses, were limited in relation of
working regimen (exclusion of night shifts, usage of protective
cloth, gloves, etc.) (N.M.Nadezhina, A.V.Barabanova).

Acknowledgement, of temporal invalidity for next 1-2 years
in patient was mainly motivated by reidual manifestations of lo-
cal radiation injuries, high degree (3) of ARS severity or by
combination of ARS with other illness.

Dynamic observation of patients in the second year after the
accident shows in 3/4 of them undoubted improvement of capacity
for work excluding three patients (I with local radiation injury,
2 - non-rational choice of working place). It gives the possibili-
ty of gradual broadening of regimen of their working and social
activity.

It should be noted, that correct choice of work adequate to
general conditions of the person after ARS, personal interest in
this work gives the evident favourable emotionally-psychological
influence and stimulates functional recovery.

The completeness of social -personal rehabilitation after AES
was clearly demonstrated to the whole world when on the TV screens
of Italy, Great Britain and USA appeared our patient L.P.Tel&tni-
kov, who now actively works at the Center of fireman training.

Such examples could be many times multiplied including the
cases when high professional capacity for work was retained
(without or with limited contact with radiation). These patients
are engineers and operators of NPP who suffered ARS of 1-2 degrees.
Several persons are working now at Chernobyl NPP and their radia-
tion doses in 1987 were not higher than 0.6 rem«,
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TRANSPLANTATION OF BONE MARROW IN VICTIMS
OF THE CHERNOBYL ACCIDENT

A.E. BARANOV

Abstract

Bone marrow transplants were carried out in 13 patients suffering from
acute irradiation sickness after the Chernobyl accident. Only blood relations
of the patients were used as donors. The number of bone marrow cells
transplanted must be at least 2 x 10** per kilogram of recipient weight.

The experience of the present bone marrow transplants has shown defects
in clinical methods of early diagnosis (during the first 7-10 days after
exposure) of acute radiation injuries to the skin, intestine and lungs which
are incompatible with survival.

Another problem with bone marrow transplants for patients suffering
from acute radiation sickness is to determine to what extent the depression of
marrow activity is irreversible. Spontaneous regeneration of myelopoiesis was
observed 22-30 days after exposure in patients who had received doses of
7-9 Gy. A lapse of this order before the onset regeneration is therefore, in
principle, compatible with survival under the conditions of modern support
therapy. Thus, the belief that prolonged acute radiation pancytopenia which
is incompatible with survival starts already at doses of 5-6 Gy is evidently
incorrect, at least for the relatively low exposure dose rates experienced by
this group of victims.

The results of bone marrow transplants in victims of the Chernobyl
accident suggest that, in future, the following rules should be observed in
transplanting human bone marrow to victims of acute radiation sickness:
(1) Only HLA-identical transplants should be carried out; and
(2) HLA-identical bone marow transplants should be carried out only in
patients who have received whole body doses of gamma radiation of 9.0 Gy or
more.

The experience gained in myelotransplantation following
accidental exposure of healthy humans (acute radiation disease
of humans), and available for analysis ia scarce, as it comes to
transplantations of bone marrow without matching by HLA in pa-
tients injured during reactor break-down in Zince (Yugoslaviâ
and a single case of syngeneic transplantation in Pittsburgh (USA)
in 1967. For this reason, bone marrow transplantation (BMT)
performed in patients injured during the accident at the CNPP,
were guided by the following principles, formulated on the ba-
sis of experience of treating acute, radiation disease (ARD) in
humans and applying BMT after exposure to superlethal doses in
hemoblastoses.
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1. Transplantation of allogenic bone marrow in ARD pati-
ents is indicated in cases of severe or extremely severe (ir-
reversible) damage of myelopoiesis, occurring when doses of
total short-term uniform external gamma-irradiation reach
5.0-6.0 Gy and more.

2. Transplantation of HLA-identical, HLA+haplo+I-identical
and HLA-haploidentical bone marrow is allowable, though in the
last case it may be performed only after removal of T-lympho—
cytes from the graft»

3. At any degree of histocompatibility between donor and
recipient the prophylaxis of acute secondary disease ("graft-
versua-host" disease) is mandatory^as well as, probably, pro-
phylaxis of transplant rejection (particularly in cases of HLA-
nonidentical grafts). This prophylaxis is carried out by using
immunodepressants (methotrexate, cyclosporine A, antilymphocyte
globulin) after transplantation.

4. The number of transplanted bone marrow cells should not
Qbe less than 2 x 10 per I kg b.w. of recipient.

5. Absence of negative effect in similar allomyelotransplan-
tatiorxfin ARÛ patients with reversible degree of myelosuppression,
or even their beneficial effect, due to reduced terms of pancyto-
penia associated with temporal engraftment of the transplant or
its low-stimulating effect.

Proceeding from the above principles we have carried out
BMT in 13 ARD patients injured by radiation during the accident
at CNPPo

During the accident the patients had no emergency dosimeters,
The rate of external total gamma-irradiation of bone marrow was
estimated exclusively on the basis of previously developed met-
hods, that is by the number of lymphocytes and neutrophilic gra-
nulocytes in peripheral blood and by amount of aberrations in
the culture of peripheral blood leucocytes.
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Some patients, despite the anticipated severe and extremely
severe myelosuppression suggested by dosimetric data, did not
undergo BMT because of the following circumstances: I) clinical
conclusion on incompatible with life lesions of skin and (or)
intestine; 2) lack of a suitable donor; 3) conclusion made on the
10th to 13th day of the follow-up that recovery of the patient's
own hemopoiesis is feasible»

Hématologie indices of these patients served as control
values in relation to patients undergoing BMT.

The donors were selected only from the patient's close re-
latives (brothers and sisters, parents)„ Typing of donors and
patients for HLA was performed only with respect to antigens of
A, B, C loci employing here standard antisera.

The bone marrow was taken from donors according to the
technique described by E. Thomas and R» Storb. If incompatibility
between the blood group of donor and recipient was significant,
the erythrocytes were removed by myelokariocytophoresis with
bags for blood transfusion after pretreatment with polyglucan.
T-lymphocytes were removed from haploidentical transplants by
Dr, -f.Reisner , one of the authors of the given method, in con-
formity with the technique described earlier.

To prevent acute secondary disease all patients received
cyclosporine A (CSA), and some of them were given additionally
methotrexate (HT) or antilymphocyte globulin (ALG). Usually
CSA [ Sandimmun , Switzerland) was injected intravenously
24 hours before or 0-3 days after transplantation: the first
dose of 12.5 mg/kg was administered in the form of 8 hr infu-
sion, later followed by 3-6 mg/kg a day (equal doses every 12 hr
in the form of 3 hr infusions). Cyclosporine dose was variable
depending on its level in the whole blood, which was maintained
within the range 400 and 600.
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Methotrexate was used according to tha scheme described in
the protocol from Seattle, that is 15 mg/m2 34 hours after BMT

ofollowed by 10 mg/m 3, 6, and II days later.
ALG ( Lymphoser, "Serum-So- Impf institut Bern" Switzerland)
was administered on alternate days only to patients who under-
went haploidentical BMT in doses 20 mg/kg b.w. as a single 6-8 hr
infusion.

All the blood preparations were irradiated on a gamma-thera-
peutic apparatus (Co ) (dose 15.0 Gy).

For prophylaxis and therapy of thrombocytopenia hemorrhage,
there were made infusions of platelet mass, derived mostly by a
method of repeated 4-fold thrombocytophoresis in healthy donors.
Leucocytic mass was not transfused for prevention and treatment
of infections.

The principal clinical findings, data on doses of total
gamma-irradiation, assessed by various techniques, results of
BMT, length of survival and causes of fatal outcome in ARD pati-
ents who underwent bone marrow transplantation, are presented in
the table.

By level of total gamma-irradiation dose all the patients
with BMT may be assigned to three groups: I group with radiation
dose 9.0 Gy, in group II it ranges 6.6-8.7 Gy, and in group III
4.4-6.4 Gy.

Ijmamic changes in number of neutrophilic
granulocytes, platelets and lymphocytes in 6 patients with BMT
and in 5 patients without BMT, whose total radiation doses ranged
from 9.2 to 13.4 Gfy, and from 11.2 to 13.8 Gy, respectively was
within 10 days after the exposure approximately the same.

The neutrophil count was noted to be restored in patients
from the group with 13 MT. It seems reasonable to assume, that
in one case (UCN 9, dose 9,6 Gy) the restored count was due to
survival of HLA-identical graft. The patient died on the 23d
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day, and the main causej of his death were II-III degree burns
of skin, injuring 50 % of "body surface.

In the second case (UCN 16, dose 10.2 Gy, HLâ-haploidentical
B&IT), the patient's own myelopoiesis failed to recover completely,
that is confirmed by karyologic studies (see the Table). The pati-
ent died on the 91 (+79) day from cytomegalovirus interstitial
pneumonia (proved by histologie examination after his death).
Histologie studies of autopsy material also revealed alterations
in the skin, liver and intestine, thereby lending support to the
diagnosis of acute secondary disease.

All the patients both with BMT and without it, who were assig-
ned to the group with a dose of 9.0 Gy (with exception of one pa-
tient, UCN 16) died from severe diffuse radiation burns combined
with other acute radiation syndromes (intestinal, otopharyngeal,
acute radiation pulmonitis) in the period from I4th to 23d day.

Changes in peripheral blood in 3 patients with
BMT and in 4 patients without BMT, who received, respectively,
total radiation doses ranging 6.6 to 8.7 Gy, and 6.8 to 8.5 Gy
were the following;
3 patienta with BUT hematopoiesis started to recover. Regrettably,
two of them died on the 25th (+19) day and 24th (+11) day from
severe radiation burns (UCN I, dose 6.6 Gy) and acute radiation
pulmonitis, and, probably, ARD (disclosed at autopsy) (UCN 27,
dose 8.3). One patient (UCN 29, dose 8.7 Gy) has survived and his
hematopoiesis has been seen to recover completely. In this case^
acute secondary disease has been suspected because of fever with
unclear genesis observable within I3th-57th day, which could be
relieved solely by high doaes of methylprednisolone (see Table I).

In two patients of 4 without BMT (UCN 22 and 31, doses 7.1
and 6.8 Gy) the number of blood neutrophilic granulocytes star-
ted to be restored on the 24th and 22d days. One patient from this
group (UGH 22) has survived, his hematopoiesis has completely re-
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covered, whereas the rest of patients died within 16-32 days fol-
lowing exposure because of incompatible with life skin lesions,
and, to a leaser degree, intestinal damages,

Prom the 20th and 2Ist day the curves of neutrophilic granulo-
cytes in 2 patients with BMT (UGN 6 and 28) testified to intensive
phase of recovery, which, in principle, differed from the recovery
phase in patients without BMT and 2 BMT-treated patients. This
difference may be attributed to the transplant function: it is in
these two patients the stable engraftment of HLA-identical donor
bone marrow has been proved by high percentage of female (donor)
metaphases in bone marrow at the stage of recovery (UCN 28; see
the table), and by augmented amount of donor erythrocytes (up to
65 %) of group B by the 65th day after transplantation in the se-
cond case, (UCN 6),

In two other patients (UGN 5 and II) who were transplanted
HLA-nonidentical bone marrow the stage of neutrophilic granulocy-
tes recovery occurred at the same time, as in patients without
BMT« In both cases the chromosomal markers demonstrated that mye—
lopoiesis recovery was ensured by cells of recipient (see the
Table).

In the BMT-treated group 3 patients died (UGN 5, 6 and 28,
radiation doses were, respectively, 4.4, 5.2 and 6.4 Gy) from
ARD (UGN 6 and 28, both HLA-identical BMT), and from"graft-
versus-hostw disease (UCN 5> HLA-"haplo+I" BMT) aggravated by
fatal viral infections. Ho fatal outcomes were reported for the
control group. Wot in a single case the radiation burns of skin
or injurie s of other organs were the main cause of death. Radi-
ation burns in patients from the control group were approxima-
tely of the same degree and size.

The experience gained in these myelotransplantations showed
clearly that clinical methods employed for early diagnosis
(first 7-10 days after exposure) of incompatible with life acute

264



radiation injuries of skin, intestine, and lungs are far from
being perfect.

Another problem encountered in ART) patients undergoing BMT
lies in determining the irreversible; stage of myelosuppression.
Spontaneous recovery of myelopoiesis was observable in patients
exposed to radiation doses 7.0-9-0 Gy and even 10.0 Gy beginning
from the 22nd-30th day after exposure. These terms of initiated
recovery, in principle, are compatible with life under the condi-
tions of maintenance therapy. Therefore, the hypothesis that
long-term, incompatible with life acute radiation pancytopenia
occurs already at doses 5-6 Gy, is likely to be incorrects a^
least in those cases when dose rates are not very high, as, for
instance, in the given group of injured persons.

The experience accumulated in our work enables us to revise
seriously the assumption regarding harmless character of BMT in
reversible damage of myelopoiesis, i.e. when doses of total
gamma-irradiation equal 5-9 Gy. In 5 of 6 patients without in-
compatible with life non-bone marrow injuries who lived more
than a month after exposure, the BMT was accompanied with deve-
loping well-defined or occult symptoms of acute secondary disea-
se or reaction of graft rejection, and in 4 cases these allo-
immune conflicts contributed to fatal outcome. Acute secondary
disease, also promoting fatal outcome in lung radiation injury,
was disclosed in one patient of 7, who died within a month after
exposure.

Symptoms of acute secondary disease were observable both
in cases with HLA-identical and HLA-nonidentical (haploidentical
with T-deplection) BMT. In the last cases there was noted short-
term engraftraent with early rejection of the transplant myeloid
portion.

The findings obtained raise a question on feasibility of
the so-called effect of mean lethal doses in humans, when trans-
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plantation of allogenic bone marrow results in higher lethality
than in the exposed control group. The above effect was disco-
vered in 50a-60s in some species of mice, revealed later in some
monkeys, though it was not detected in dogs. G.Santos in 1972
in his review describing use of "bone marrow transplantation in
humans pointed out that "discovery of this effect necessitates
taking every precaution in transplantation of bone marrow in
cases of accident-induced total irradiation of humans, where
the exact doses of exposure may be unknown".

The results of applying BMT for treating patients injured
during the accident at CNPP provide the possibility to draw the
following conclusions with respect to rules of performing in
future transplantations of allogenic bone marrow in humans with
acute radiation disease:

1) only HLA-identical transplantations are allowed to be
carried out;

2) HIA-identical myelotransplantations may be performed
only in those cases when the dose of total gamma-irradiation
equals or exceeds 9.0 Gy.
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REHABILITATION OF VICTIMS OF
ACUTE RADIATION SICKNESS

V.G. BEBESHKO, B.P. PREVARSKIJ, LG. KHALYAVKO,
I.V. SHIMELIS, D.A. BELYJ

Abstract

Two hundred and nine victims of acute radiation sickness following the
Chernobyl accident are under observation (first degree - 134,
second degree - 54, third degree - 20 and fourth degree - 1).

In 57 (42.5%) of the patients having suffered first degree acute
radiation sickness, work capability was reduced by 25%; 9 persons with first
degree acute radiation sickness were classified as invalids of the second and
third category. In the group with second degree acute radiation sickness, a
reduction of the work capability was observed in all cases. In the group with
third degree, 100% had signs of disability.

In carrying out rehabilitation and prophylactic measures aimed at
reducing social risk factors, considerable attention has been given to
publicizing a healthy way of life. At present, professional reorientation has
been or is being given to the majority of patients.

An analysis of the results of rehabilitation measures carried out
during the year shows a gradual improvement in general health and an
improvement in working capabilities. However, the symptomatology of injuries
to individual organs and systems remains unchanged.

The development of nuclear engeneering and increase con-

tacts of people with radiation sources enhance the risk of

different diseases connected with the ionizing radiation in-

fluence. Nowdays, the world practice of nuclear energy appli-

cation have stored a certain experience of treating the pati-

ents with radiation sickness in its acute period* A valuable co-

ntribution to the solving of these questions was made by Soviet

scientists ( L»A. Ilyin, A.K.Guskova, V.I.Vorobiev, A.VaBara-

banova, Ye.K.Pyatkin et al.) that allowed to give timely and

qualified medical aid to all those, who had suffered during the

Chernobyl NT?J? accident,, In the report presented by A.K.Guskova

some problems, concerning biological effects of acute ionizing

radiation on humans in doses 1 Gy and higher were touched. This

paper is devoted to the questions, connected with the elabora-
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tion of rehabilitation treatment of patients with acute radia-

tion sickness. With this purpose, in 6 months and 1,5 year

a f t e r ARS, almost 183 pat ients got complex clinical, functional

and laboratory examination, including radiation anamnesis col-

lection, morphological blood composition test as well as exami-

nation of cardio-vascular, respiratory and nervous systems, di-

gestive tract: determination of physical efficiency, sex func-

tion and the study of biochemical indices and some parameters

of immune system.

According to the data of dispensary observations, 88 % of

patients after recovery from ARS recommenced their labour acti-

vity. However, 30,7 % had different degree of disablement. For

38,2?5 the reduction of ability to work wasn" t significant: on-

ly 255S. The degree of capacity to work depended upon the severi-

ty of ARS« However, health condition examination of some pati-

ents did not show the absolute character of this relationship.

Table 1 shows, that the majority of patients had changes in

different organs and systems.

Table 1. Pathologic conditions in patients after ARS, in
different period after the Chernobyl accident

Period Neurocirculatory dystonia Ischémie!Poly-
after the ___________________________________ heart ! neuro-
accident Cardialgic Hyperki-Astheno- Vegeto disease îpathy

syndrome aetic neurotic vascular
________________syndrome syndrome dystonia________________
6 - Sinon 7575 4 5 7 0 8 7 7 t 8 7 7 5 2570 77,1
18 months 61,2 38,3 72,1 80,9 10,2 32,0

P e r i o d C h r o n i c C h r o n i c C h r o n i c C h r o n i c s u b a t r o p h i c
after duodenitis persis- cholecysto rhinopharingitis
the ac- tent he- angiocholit
cident___________patitis____________________ __________
^ - 3 mon. 4 1 , 7 2 7 7 Ï 5 B 7 3 8 T 7 §
18 months 39,9 27,9 57,9 87,1

Period Sex function disorders
after the
accident Copulative Spermatogenic

6-8 mcnt.
18 months 50,8 55,7
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The moat frequent were functional disorders of nervous sy-
stem, manifested as neurocircular dystonia and diencephal crisis.
The presence of different polyneuropathic manifestations was
characteristic.

In 39 % of patients miocardiodystony was diagnosed by cli-
nical and electrocardiographic tests. In 2595 ishemic heart disease
was revealed, which in most cases had latent course. In the
majority of patients digestive organ diseases were revealed:
cholecystoangiocholite ( 5005) , persisting hepatitis ( 27?a) ,
gastroduodenitis ( 41JS) , erosive gastritis (6$»),

Chronic subatrophic upper respiratory tract changes were
discovered in more than 90 % of patients, 9 % of patients of
this group had mucosal membrane erosion sites, sometimes with
ulcérations and haemorrhages.

The data of sex function investigations ( I.F.Yunda et al.)
testify to its disorders» They expressed in sharp libido reduc-
tion, the decrease of spontaneous and adequa,te erections. Sexo—
pathological disfunctions were formed on the background of asthe-
no-depressive syndrome. The disturbance of hemodynamics play a
significant part in sex function disorders, alongside with dien-
chephalic-copulative disfunction, spermatogenesia changes mani-
fested in spermatozoid quantity and activity reduction, appea-
rance of pathologic forms.

In the majority of cases haemopoiesis had been restored,
and only in 7 cases the hypoplastic condition of blood formati-
on had been discovered»

Disorders in blood lypid spectrum were also observed: in
47$£ of cases - hypercholesterinemia, in 54-7° of cases hyperlypi-
demia, that is more than 2 times enhancement of average popula-
tion indices for a certain age ( P.P.Chayalo, et al.)
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The study of neutrophyl granulocyte and monocyte phagocy-
tai activity showed the reduction of absorption capacity of
these calls and decrease of reserve abilities of phagocyte cells,

ImmunoLogical studies testify to the decrease of T-cell
immune indices ( to 3% ) > especially T- lymphocyte s with sup-
ressor function.

Thus, in ARS patients different degrees of internal organs
functional changes as weil as disorders of nervous system, sexu-
al sphere, immunological and biochemical status are detected.
These changes considerably lowered physical and profeccional ac-
tivity.

Due to all these, therapy of existing pathologic syndromes,
physical condition rehabilitation should be an integral part of
these patients treatment. It will be the basis for sufficient
wording capacity level preservation and ensuring of high qua-
lity and vital activity.

With the purpose of health restoration, prevention of de-
layed radiation effects in ARS patients we have worked out the
risk factor system. It includes social, radiological and medical
( clinical and functional ) aspects. Risk factor conception com-
pletely justified itself in preventive medicine and have broad
application in our country and abroad. Social factors of risk
include hypokinesia, irrational diet, obesity, smoking, alkohol,
inadequate professional activity. Radiological factors of risk
ares internal and external radiation doses, total and local ir-
radiation. Clinical factors of risk are J different revealed
organ and system changes. Functional factors of risk include
tolerance to physical loads and working capacity indices.

Popularization of healthy mode of life playes the main role
in realization of rehabilitation and prophylaxis measures, aimed
at increase of social risk factors. Great attention is paid to
the balanced diet, taking into account the facts of obesity,
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hyperlipidemia, hypertention and digeative organ diseases,, In
smoking and alkohoi prevention explanatory work, reflexo- and
psychotherapy are very important« Physical activity is prescri-
bed according to the individual programme. It is aimed on redu-
cing hypokinesia factor, raising of total work capacity, body
weight normalization.

Load intensiveness depends on the physical condition, is
determined on the basis of clinical data, tolerance to the phy-
sical loads and total working capacity.

Presently, professional reorientation of the majority of
patients has been conducted. However, job placement process
should be dynamic and has to be changed according to the health
condition improvement, with the account of adequacy of occupa-
tional loads to organizm functional abilities and absence of
professional contacts with ionizing radiation*

After 1,5 years complex treatment of ARS patients there is
a tendency of reduction of frequency and manifestation of diffe-
rent organs and systems disorders ( see table 1), At the same
time is noted the increase of total working capacity, tolerance
to physical loads, hemodynamic and oxygen supply of the loads.
Conciderably reduced number of individuals with unadequate types
of reaction on loads: work pulse values lowered, hemodynamic reac-
tion on load became more adequate, changes on EGG are revealed
less frequently« However, the quantity of subjective causes, li-
miting work capacity increased.

1 ,5 years after exposure cell immunity indices had impro-
ved, but they were reliably lower normative values. On this
background in 20^ of patients were determined antibodies to
thyroglobulin, that may be assesses as a sigh of autoimmune
thyroid pathology formation.
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Thus, in patients after ARS gradual improvement of health

conditions is observed. However, the presence of number of di-

seases and enhanced risk of delayed radiation effects require

systematical long-term dyapensary examinations, and complex

measures of rehabilitation and prophylaxis.
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PROBLEMS OF EVALUATING PUBLIC HEALTH AFTER
AN ACCIDENT AT A NUCLEAR POWER PLANT

O.A. PYATAK, E.M. LUK'YANOVA, V.N. BUGAEV,
V.P. NEDEL'KO, A.E. PRISYAZHNYUK, P.I. BURENIN,
V.E. DASHKEVICH, G.A. ZUBOVSKIJ, L.I. IVANYUTA,
A.G. KOLOMIJTSEVA, S.M. MAKEEV, A.A. YAKOVLEV

Abstract

The Chernobyl accident caused, in addition to external exposure to
radiation, inhalation and oral intake of the main dose-forming radionuclides:
caesium-134 and 137 and iodine-131. Taken together, the adverse factors
emerging from the accident at Chernobyl manifested themselves first and
foremost in vegetative dysfunction, disturbances of neurovascular regulation
and changes in the reactivity of the immune system.

The significantly increasing migration of the population and its
inhomogeneous nature, especially in the groups of reproductive age, are
bringing about changes in the structure of the population and in family
planning strategies.

In the regions studied, dynamic statistical indicators of the spread of
infectious diseases have reflected the general trend in our country, namely
towards a reduction of such diseases. In 1986, the frequency of acute
intestinal infection dropped in a number of regions by factors of 1.5-8.

In the Ukraine a special clinical register of pregnant women and babies
from the regions under study is being kept. The initial document includes
1630 pregnant women. No significant departures from the norm have been found
in the course of these pregnancies and births, or in the condition of the
new-born babies.

Detailed clinical examination of 416 babies showed that the condition
of the vast majority of them at birth corresponded to a score of 7-8 on the
Apgar scale.

Examination of the reproductive system in 417 women of child-bearing
age did not reveal any abnormalities.

We are now at the beginning of a second observation period, associated
with the development of somatic stochastic effects. It will be necessary to
carry out further retrospective and prospective analyses of the incidence of
disease in various population groups, taking into account age, sex and
profession, as well as medical, social, geographical, ecological and other
factors affecting the organism.

The assessment of population health status and its chan-
ges, in connection with the intensive development of nuclear
engineering - is the important component of the system, where
general categories, like health and civilization development
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are closely interconnected. There are a lot of grounds to state
these categories are not only closely connected, but actively
influence each other. The increase of population health Level
is one of the preconditions of economical, scientific and cul-
tural progrens. It exerts arising influence over the tempo of
the scientific, technical and socio-economic progress. At the
same time, different economic, social and technical factors
not only promote the strengthening og population health, but
may cause negative health effects. Thus, both immediate (direct)
effect and the mediated (indirect) influence through the majo-
rity of pathogenic etiological factors of other nature have
to be taken into consideration. The relative value of direct
and indirect effects in their summary influences on the human
health may be different and must be taken into account» The
last circumstance is very important when assessing the possible
acute and delayed antropogenic radiation effects of different
factors especially in accidental situations.

The increasing risk level at present on the growing abun-
dance of complicated and powerful technical means. The consequ-
ences of accidents, which had taken place on different chemical
enterprises and nuclear power plants showed the increase of

"price" of any accident, in economic, social and medical aspects.
The measures on assesment and control of health conditions, the
reduction of negative consequences of the accident must have co-
mplex character with the following preconditions:

- registration and assessment of possible risk factors?
- determination of the contingents to be examined, followed

and treated;
- selection of the adequate research and control methods;
- establishing of some criteria for decision making and in-

tervention level establishment;
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- elaboration of strategy and tactics for bodies and in-

stitutions of health service.

Different aspects of the problem were elucidated in other

reports during the Conference. In this paper we discuss only

the problems connected with a large scale accident.

In approaches to the problem of population healthassessment

we underline the importance of classification, correct grouping

and interpretation of risk factor. First of all, it concerns

ionizing radiation effects. During the accident on the Cherno-

byl NPP besides external radiation, inhalation and peroral up-

take of main dose-forming nuclides ( Cs-134,Cs-137) took place.

Organotropic properties aad significance of the latter stipu-

lated the necessity of thyroid function detailed estimation.

Through examination du-ring two years didn* t reveal any diseases

directly connented with ionizing radiation. At the same time

the social, demographic and emotion-psychological factors aqui-

red a substential significance. The accident took place in the

densely populated region, that required an immediate evacuation

of nearly 150000 inhabitants. It was accompanied by high tensi-

on, enhanced excitement, stress and radiophobia among some groups

of population. These conditions can cause greater threat for the

populat ion health than the immediate danger of radiation effects.

The complex of negative factors, caused by the NPP accident, re-

alized among the population, first of all, as vegetative disfunc-

tions, neuro-vascular regulation disorders, changes of iTrnune

reactivity. All this-may cause cardio-vascular and endocrine

pathologies, digestive organ diseases, phychic disorders, incre-

ase in the frequency of intectinal diseases and aggravation of

their course.

It is notorious that the population health assessment has a

complex character. It is based not only on the morbidity rate,

but on the indices of physical development and demographic data.
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Large scale of the accident in the densely populated region in-

creased the importance of social-demographic processes. The po-

pulation migration arises immediately. Its irregular character,

the most intensive in reproductive age groups led to the changes

in population structure. The strategy of family planning changes

as well. AH this influence considerably the indices of general

death-rate, birth-rate and natural population increase.

At the NFF accident not only whole population should be

the object of study, but an individual, a family, a cohort, a

regional group, etc. The usage of medico-geographic approaches

in epidemiological research of non-infectional diseases showed

that population formations are possible on the basis of administ-

rative distinctions of territories and regions. However, the po-

pulation inhabiting the territories of local radioactive fall-

outs resulting from Chernohyl ITPP accident is highly getero-

genic. There are distrinctions on sex and age, on ethnic ancj ge_

ne tic belonging, on zones of inhabitance and on other risk factors

like territorial pathology. Some most conteminated districts are

endemic on goiter, which is important for the estimation of 1-131

induced alterations. The standardization of cohort observation

doesn't allow to eliminate the influence of mentioned distincti-

ons, population heterogeneity, which, according to the UNSCEAJl

Report serves a source of errors in assessment and interpretsti-

on of " dose-effect relationship".

For prospective study of health conditions of exposed po-

pulation several years" data are needed. The systems containing

collection and keeping of information about different diseases

spreading, had been being improved in our country for a long pe-

riod of time. When using these medico-statistical data it is ne-

cessary to take into account their dependence upon the pa-

tients attendance to medical and prophylaxis establishments.
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However, according to the "information received, the real

spreading of some diseases ( e.g« hypertension and myocardial

ischemia) is much more than registered officially.

The dispenfa^ization hold earlier embaraces only separate

age population groups, professional groups and patients with

different diseases, therefore it could not significantly cont-

ribute to the general picture. The universal population dispen-

sary system was totally realized in contaminated regions. The

brigades of mass medical examination, staffs and regional con-

sultative-diagnostic centres were formed for immediate mass dis-

pensary system on places. The brigades included general practi-

tioners, paediatrists, obstetricians, gynaecologists, endocrino-

logists, and laboratory assistants. They worked together with

territorial public health establishments. Haematologists, onco-

logists, oculists, neuropathologists, urologists and dermatolo-

gists were additionally included into the regional consultative

diagnostic centres. Comparison of the results of total medical

screening carried out by qualified specialists among the popula-

tion with retrospective information, based on the personal comp-

laint, may lead to the increase of registered data and to erron-

eous conclusion on pathology frequency increase. These mistakes

were made on the initial stage of works with respect to hypothy-

roid goiter. However special investigations didn" t discover a

considerable difference between the studied and controlled dis-

tricts. Thorough examination of the adult population of con-

taminated regions allowed to discover the significant frequency

of latent diseases, e.g« carrtio-vascular, diseases of central

nervous, respiratory and digestive systems. Their spreading 3-5

times exceeds the officially registered data,based on population

attendance. However, these deviations are not observed for strictly

controlled types of diseases, first of all, infectional and

oncological. In controlled regions the dynamics of statistic data
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of infectious spreading indicated the tendency to reduction,

common for our country. In 1986 the frequency of acute intesti-

nal infectious diseases reduced 1 ,5 - 8 times in a number or re-

gions. The rate of virus hepatitis reduced nearly all over the

country. In 1986 the frequency of respiratory-virus diseases in

some districts had a rising tendency, but had monthly seasonal

peculiarities. In droplet infection group epidemic process dyna-

mic peculiarities with the increase of morbidity level in 2-4

years remains. The example of effective immunization is child-

hood epidemic parotiditis morbidity. In a number of regions its

rate reduced 5-3 times during 4 years.

Malignant tumor morbidity level in the investigated regions

approaches the normal distribution with respect to an average in-

dices. In some regions transference of blood-forming and lympha-

tic tissue cancer frequency from the 3-rd to 5th place was marked.

Indices range between maximum and munimum levels was not large.

Territorial différencies in malignant diseases quality remain

stable in time. Morbidity on certain nozologic forms coinside

with general tendencies inherent for the whole country as well

as for republics containing the most contaminated regions. Among

the children population of controlled regions in 1986- 1987 there

were not registreted any extra leukosis cases, i.e. the spon-

taneous level was not overcome. At present it is too early to

make a conclusion about any oncologic e f f e c t s connected with the

Chernobyl accident. The epidemiologic investigation experience

testified the possibility of their manifestat ion in 5 years.

Very important for population health estimation is distin-

guishing of the most vulnerable groups, critical subpopulations,

requiring special attention, immediate and complete prophylaxis

measures, treatment and dispensary observation. These subpopula-

tions include pregnant women, newborns, children and teenagers.
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In Ukrainian SSR special clinical scientific register of preg-
nant women and newbornes from the controlled regions is formed.
Its entry document contains 164 clinico-laboratory indices. To-
tally 1630 pregnant women from the controlled districts were ob-
served. Those, who were irradiated in time of pregnancy hadn" t
any significant disorders in pregnancy course and deliveryt in fe-
tus and neonate state. Perinatal death index and congenital ano-
maly frequency in this group did not differ from preaccident
values. The indices characterizing immune and reproductive system
blood conditions haven*t changed too. Among women exposed before
conception the complex dynamic examination discovered some in-
crease in obstetrical pathology: pregnancy frustration frequen-
cy has increased in 1 ,5 - 2 times, late toxicosis, premature
birth and bleeding during delivery. According to the prenatal
diagnostics data there were 5?5 of placenta pathology ( hypotro-
phy, destructive changes). Estrogene secretion in fotoplacent
complex changes were observed. However " critical " levels, te-
stifying to fetus intrauterine hypoxia or sincitiotrobas irre-
versible alterations v/ere indicated i£ Lther in blood nor in
urine of pregnant women. Indices of cell and humoral immunity,
studied in pregnancy dynamics were in physiological standard.

The revealed distinctions between two groups of pregnants
to some extent confirm the maximum radiation effects for the
primary stages of pregnancy: in pre-implantation period and in
period of organogenesis. At the same time the frequency of con-
genital malformations in contro led contingents did not increase
and remain on the level, corresponding to spontaneous at preac-
cident period ( about 0,3 % ).

The thorough clinical examination of 416 newborns showed
that the condition of majority of them at delivery time was cor-
responding to 7 - 8 mark of Apgar scale. A small number were
born in asphyxia of 1 - II stage as a result of their mother* s
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extragenital or obstetric pathology. Two children were born with
malformations and one prematurely born. Some of newborns had
immune system disbalance, expressed in insignificant reduction
of T-lymphocyte level and B-lymphocyte level increase; enhance-
ment of immunoglobulin M con-cent, which is probably, connected
with adaptation accomodative mechanisms tension. Incorporations
of any significant radionuclide quantities was not discovered in
newborns.

The investigations of reproductive function of 417 women
in fertile age of different professional groups ( from the con-
trolled regions ) showed no pathologic changes. Hormon indices
of ovary activity, adrenal gland hypophysis, thyroid gland,
huœoral and cell immunity were identical to control group.

1200 children from the controlled regions were examined
according to the specially designed unified scheme. The instru-
mental, immune, hormone and other laboratory methods were t*ssd
during the examination. In comparison with the control group,
examined in 1980-1986, the healthy children of this population
had no significant deviations in investigated organs and systems.
Clinical picture of recurrent and chronical unspecific lung di-
seases (106 children ) and chronical digestive diseases (186
children) did not differ from those of preaccident period. At
the same time in children with bigger radiation loads a tenden-
cy to hypoimmune condition formation was observed. That may have
caused more frequent respiratory virus infections in this group.
Besides, in this category of children, the increase of asthenoneu-
rotic syndrome was noticed.

During 1986- 1987 in regions with higher levels of radio-
active contamination the-thorough control of population health
condition continued. Ho changes in distribution of investigated
people on health groups in comparison with control were observed.
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Preguency of hâematoiogic deviations fits the normal distribu-
tion function, which is peculiar for healthy contingents, Sick-
and death rate study according to the materials of complex exa-
minations didn*t discover significant changes in comparison with
the preaccident period. It should be mentioned that systematic
examination of population health condition and radiation situa-
tion in the controlled regions, confirmed high effectiveness
of the undertaken protective and prophylaxis measures.

Summing up our observations, we can state that at present,
among the exposed during the Chernobyl accident population there
are no diseases directly connected with the ionizing radiation..
But it doean* t mean that the accident had no influence on po-
pulation health. We suppose,, that very important is investiga-
tion of vegetative disfunctions, so-called vegeto-vascular dys-
tonia. Somatic effects of combined effect of low radiation doses
and other factors, observed during the Cherobyl accident are
of great importance as well.

Nowdays we enter the 2-nd period, connected with the deve-
lopment of somatic and stochastic effects« Based on the experi-
ence of the health condition studies of Japaneese A-bomb vic-
tims, we can expect appearance of leukosis in 2 years after ex-
posure, mammary cancer in 5 years and other tumours ( e.g. thy-
roid gland, lungs, digestive organs) in later period.

Therefore today we must focus our attention on revealing
risk factor; and precancer fprms. Results of total medical scre-
ening of exposed population are very important for the future co-
ntrol and prognosis of health conditions, forecasts of radioin-
duced somatic effects and their distinguishing from spontaneous
ones. For these aims it* s necessary to conduct profound retro-
spective and prospective sick-rate analysis among different po-
pulation groups, taking into account age, sex and professional
peculiarities as well as medico-social, geographic, écologie
and other factors, affecting human health.
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PSEUCHONEUROTIC DISORDERS ASSOCIATED
WITH THE CHERNOBYL ACCIDENT

Yu.A. ALEKSANDROVSKIJ

Abstract

This survey relied largely on random selection. As a rule, the
attention of the specialists was directed to people with certain specific
complaints.

Psychogenic disorders observed in the area of the accident at the
Chernobyl plant were followed and studied by a team of specialists from the
USSR Ministry of Health, beginning on 29 April 1986. According to the nature
of the observed stress effects and of the resultant psychic disorders, it was
possible to delineate three periods: first the acute period of the disaster
from the time of the accident, lasting about 10 days until compilation of the
evacuation of the population from the danger zone (5 May); second the
intermediate delayed period, the period of comparatively early consequences
(from 6 May to October 1986); and third, the period of remote consequences.

In the course of the year, 1572 people were examined.
The data available indicate that the psychogenic disorders observed

after the Chernobyl accident can be regarded as the consequence of a single
process, the dynamics of which are determined on the one hand by the
characteristics of the emergency situation and on the other by the traits and
the degree of preparedness of the people involved. The special nature of the
stress situation in all three periods - the threat to health - gave rise to
certain characteristic clinical observations, primarily a high degree of
somatization and hypochondria. An understanding of the psychological
disorders affecting those who lived through the Chernobyl accident, and of
their effects on the work capability and pattern of life of people at various
stages after the accident, has made it possible to develop and implement a
complex and refined system of prophylactic and medical measures.

Psychological overstrain, arising in the life-threatening
situations may cause psychic diaadaptation with its different
manifestations in psychotic disorders and the breaches of non-
psychotic character. The knowledge of frequency, clinical stru-
cture and dynamics of physical disorders arising in extreme con-
ditions, allows to organize adequate treatment and prophylaxis
either in the place of life-threatening situation development or
during the subsequent stages of victims evacuation«

The events on the Chernobyl NPP were an example of extreme
situation in which we observed staged development of psychogenic
effects in numerous contingents of population involved in life-
threatening situation»
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The acute threat to their life and health at the 1-st stage
of the accident was followed by the chronificatlon of life- thre-
atening situation, including additional stress factors ( the loss
of home, property, changes in their mode of living etc.)

The study of psychogenic disorders in the accident zone had
been carried out by a team of specialists from the Ministry of
Public Health ( USSR) since 29 April 1986. The psychiatrists and
psychologists included into the group, had two essential tasks:
(1) to study the character, structure and dynamics of the phy-
sic disorders observed;
(2) to organize, and if necessary, to conduct treatment-prophy-
laxis measures directed to the revealing and timely treatment
of patients with psychic disorders.

The peculiarities of stress influences and the distinctive
features of psychic disorders induced by the latter allowed to
point out 3 periods:

1) The acute period of disaster: started since the moment
of the accident and continued approximately for 10 days, up to
the end of evacuation from the dangerous zone, ( May 5)» The
main stressogenic influence was the threat to life and health,
connected with the possibility of radiation injury.

2) The postponed period ( "the period of early effects")
started since May 6 and continued up to the October 1986.
At this time the inhabitants of the accident area, HPP person-
nel and liquidators were deployed in villages remote from the
accident point 60-80 km. The conditions of everyday life, life-thre-
atening situation at the working places, the uncertainty in futu-
re life and labor guarantees, the loss of a house, property, chan-
ging of the living mode- turned out to be " sub-acute" stressoge-
nic factors, which determined the extremety of the situation.

3) Since the moment of putting the new shifting settlement
into operation and provision of the evacuated people with resi-
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dences and occupations the 3-rd period began. It is called "the

period of late effects" and can be characterised by the apprehen-

sion of possible radiation injury development ( especially for

parents worrying about their children's health» It expresses itself

also in hard adaptation to the new mode of life and work, subjective

attitudes of certain groups of victims about insufficiency and

unec[uality of social assistance,

During one year 1572 persons were examined: 554 of them

were reckoned in 1-st period, 416 in 2-nd and 602 in 3-rd.

The selection for examination was random. As a rule, the specia-

lists choose patients with different specific complaints. Taking

into account, that psychoneurological examinations hadn* t been

conducted for the whole accident zone population, the presented

data don% t allow to discover common epidemiological regularities

of the observed psychogenic disorders. The present report does

not contain analysis of development tendencies and the course of

neuro-psychic disorder in acute radiation syndrome patients. We

suppose, that on all the stages of the accident situation develop-

ment the specialists had examined nearly all the individuals in

the critical zone who had progressive psychotic disorders. The

pre-clinical manifestations including acute Stressor and adapta-

cion reactions were of non-psychotic and as a rule transitory

character,That's why in many cases patients didn*t consult spe-

cialists. The clinical psychopathological method was the essen-

tial one; psychodiagnostical and psychophysiological methods were

also used, as well as medical documentation studies.

The analysis showed that during the formation of psychic

disorders and conditions of psychic disaaaptation in the period

of development and liquidation of the consequences of the Gherno-

byl accident certain tendencies were revealed.

At the 1-st stage the extreme stress e f f e c t s have besp deve-

loping during several days and were connected with the vital ba-
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sis of existence, and as a result there have formed relatively
uniform reactions, generally determined by fear and anxiety ex-
pressed at different levels.

The outward expression of stress reactions in the majority
of cases were in this period analogous to the first stage stress
reaction and were expressed by " stand-still" responce- the re-
duction of moving activity, or by hyperdynamia - the analogue
of " escape". Developing according to the typical stages, descri-
bed in literature, fear of anxiety didn* t reach psychotic level,
except for rare cases. They formed under the influence of avai-
lable information and in the conditions of total absence of any
concrete sensor effects. It gave the possibility to prevent pa-
nic by the interference of correcting influences. These psycho-
tic disorders marked in the acute period, were determined by re-
active psychosis ( peculiar for highly hysterical persons having
some knowledge about the consequences of radiation effects and
exaggerating them in the actual situation. In some cases were reac-
tively provoked aggravation of existing psychotic disorders. The
frequency of psychosis was insignificant for the numerous contin-
gents of evacuated people and those, who took part in reconstruc-
tive works. It yields to the frequency of acute psychotic disor-
ders,marked in natural calamities and accidents where staggering
factor is " visible" (hurricanes, fires, earthquakes etc.).

During the postponed period the reactive psychosis were ob-
served in rare cases. During " the period of late effects" they
were not registered at all. Alternative dynamics was established in
the frequency of non-psychotic psychogenic disorders. During thy
1-st and the 2-n.cL periods the number of patients in neurotic co-
ndition remained unchanged, but in the 3-rd period arose signi-
ficantly. To some extent, it occurs because in the 2-nd and 3-rd
period of the psychic disadaptation functioning the peculiarities
of a personality as a whole are of a great value. It can be con-
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nected with the chronification of stressogenic effects. During

this period neuro-psychic activity " sensitized " by the previ-

ous extreme effects was under the powerful influence of so-called

"second calamity "- the loss of a house, property, separation

with relatives, difficult everyday life.) The indicated psycho-

genie effects were lengthened in time and have 2 qualitative cha-

racteristivs, peculiar for psychological mechanisms of psychic

adaptation and disadaptation. On the one hand- this was the va-

gue resolution of the situation in time, on the other - under-

standing and insurance in happy end, as guaranteed by the state.

This 2-nd peculiarity has stipulated the mobilization of adapta-

tion mechanisms. It also significantly postoned the development

of psychogenic disorders on the level of shal] ow, clinically non-

structured as a rule and extrapersonal astheno-affective conditi-

ons. These conditions, which caused the disorders in physic ac-

tivity were determined by a sub-acute health threat subjectively

endured» Its stressog-enic manifestations were decreased by the sy-

stem of protective measures and limitation of working time in the

d ange rous z one.

In the 3-rd period there is a subjectively significant he-

alth-threatening factor on account of being on the contaminated

territory during the accident which is decontaminated nowadays.

This factor stabilized in a way, chronified, earns into the struc-

ture of ordinary life and this made possible to revise the situati-

on intellectually, as well as personal feelings and emotions.

Stress chronification, the lack of information about its leng-th,

prognisis, real health effects and the possible measures of eli-

mination - all these factors determined "overstrain and demobili-

zation of psychological adaptation mechanisms". Together with

enduring non-specific psychogenic disorders in this period, per-

sonal, specific forms of diaadaptation began to prevail, which

in the 1-st and the 29nd periods were observed only in rare ca-
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ses. However, like during the whole situation, at certain stages
of the disaster an. anxious tension remains. At the same time depe-
nding on personal features, somatic burdens, presence of exogen
hazards somatic-effected depressions develop as well as persis-
tent radiophobias and psychosomatic diseases; latent organic dis-
orders may be decompensated, psychopathic manifestations begin, to
form.

Alongside with the described psychogenically provoked mani-
festations, at all the stages of the situation development was
marked a number of persons with transitory adaptation reactions
of non-psychotic character, which, as a rule, recovered complete-
ly. Their development depended upon insufficient preparedness for
the works in concrete, extreme conditions, unusual physical, and
psychological overloadings, to say nothing about psychogsnic fac-
tors, peculiar for each stage.

Represented data show that psychogenic disorders, observed
during the Ghernobyl HPP accident can bt classified as a result
of uniform process« Its dynamics is determined, on the one hand -
by the peculiarities of extreme situation, on the other - by per-
sonal characteristics and the degree of preparedness. It reflects
the coomen conforming of the state of psychic disadaptation deve-
lopment in extreme cases. It is necessary to point out that rep-
resented data reflect certain tendencies in accordance with the
psyche^enic peculiarities and form of psychic disadaptation.

During the period when the magnitude of the effects and the
tempo of their development are objectively surplus, simple reac-
tions (like anxiety and asthenia ) prevail, but the individual rea-
ction forms play the minor role. When stress becomes chronic and
may be classified as " life obstacle " - the individual recon-
struction acquires special significance. The originality of
stress situation during all the periods (health threat) stipu-
lated a number of clinical peculiarities of observed disorders,
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first of all enhancement of somatic and hypochondriac manifes-

tations. They are accompanied by vegetative polymorphic disfunc-

tions, and asthénie symptomatics had an evident "organic shade"

(amnestic disorders, absentmindedness,understimation of the si-

tuation). It should be marked, that professionally trained spe-

cialists, having a great experience of work in extreme conditions,

did not as a rule suffer from neurotic reactions and disorders

in spite of their responsible work« These disorders'are peculi-

ar to incompetent people, having no experience of work in extre-

me conditions. It shows once again the importance of preliminary

training for the works in complicated conditions.

The revealed peculiarities of psychic disorders in the con-

tingents involved into the Chernobyl accident ( population and

liquidators) and the influence of these facts on the vital ac-

tivity and occupational attitudes allowed to work out and put

into practice the differentiated system of necessary treatment-

and-prophylaxis measures.

During the first period, the specialized medical assistance

was rendered only for those, who required it. It was directed at

the discovery, cupping off and extraction from the critical zone

of individuals with acute psychotic conditions» During the same

period for many inhabitants of accidental areas Tranquilizers

were prescribed especially for those, who felt development of

the neurological reactions, the appearance of psychogenic disor-

ders, insomnia.

Nootropil and bemitil were recommended for those, who took

active part in the liquidation of the accident consequences.

The somnolent tranquilizers were recommended for periods of rest.

Since the second period consulting, diagnostic and psychote-

rapeutic measures played the leading part in the treatment, pro-

phylaxis and psychoterapeutic assistance. In the districts

where the rescue workers lived the complexes of psychoemotional
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relief were opened, as well as in some medical enterprises of
the region. In one of the stationaries the department of neuro-
sis was opened. A powerful rehabilitation center for the parti-
cipants of reconstructive works began functioning in Kiev. The
majority of residents from the accidental regions and the perso-
nnel of the N?P received there a number of health maintaining
procedures, including psychotherapy. Simultaneously, the medical
personnel from the territorial psychoneurological hoapitala were
enlisted to the work with the evacuated population. The known me-
thods of group and individual psychotherapy were used as wide as
possible together with reflexotherapy, physical therapy, genera-
lly maintaining praparations, psychopharrcaceuticals etc. The men-
tioned medical measures had been conducted differentially, accor-
ding to the conditions and peculiarities of life and occupation.

During all the stages of accident consequences liquidation
psychologists and psychiatrists paid much attention to singling
out the causes, inducing neurotic reaction. Among these causes
the major ones are: insufficient and wrong information about
the nature of the radiological situation, especially in the
first period of the accident ( which raise a wave of panics);
the late information about financial compensations, bad organi-
zation of life conditions and other psychologically hurting
circumstances. 'Timely analysis of social, psychological and so-
cio-hygienic caused gave us the reason to address different in-
stances with requests to immediately eliminate them.

As a result of undertaken measures psychoemotional tension
and neurotic disorders were eliminated considerably and microso-
cial contacts and ability to work improved.

Thus, treatment-and-prophylaxis of neuro-psychic disorders
during the Ghernobyl NPF accident demanded wide and multiple psy-
choneurologist*a activity directed to the solution of medical
and medico-social problems. Evidently, in all life-threatening
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situations, the activity of a psychologist and psychiatrist will

be much wider than their usual diagnostic and treatment activity.

This is one of the Chernobyl lessons, urging corresponding

training of specialists.
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STATE OF THE PITUITARY AND THYROID SYSTEM IN
CHILDREN AT VARIOUS TIMES AFTER EXPOSURE TO
RADIATION AS A RESULT OF THE CHERNOBYL ACCIDENT

E.Â. BENIKOVA, E.V. BOL'SHOVA, I.A. ZVONOVA,
G.A. ZUBOVSKIJ, V.V. MARKOV, E.G. MATVIENKO,
N.G. MAKHON'KOVA, V.A. OLEJNIK, N.T. STARKOVA,
N.F. TARASOV, N.D. TRON'KO, A.K. CHEBAN,
E.V.EPSHTEJN

Abstract

A clinical/1 laboratory examination was made of children from the age of
1-14 years from the area of high radiation. The examination was carried out
on a continuous basis, beginning in the first half of May 1986 and is still in
progress.

At no stage was there any clinical evidence of thyroid dysfunction,
but, in a significant proportion of the children an increase in the size of
the thyroid gland was noted. In May and June 1986, 77.5% of the children had
a first or second degree enlargement of the thyroid gland. At the same time,
there was an increase in the level of T 4 in the blood: 85.20 + 7 .36 nmole/L
to 348.33 + 38.26 nmole/L.

In the subsequent stages, a gradual normalization of these parameters
was noted. No other significant functional or organic disorders of the
pituitary-thyroid system were detected.

It is known that during the first year after the Chernobyl

NPP accident iodine radionuclides were a principal factor of

population internal irradiation. These radioactive nuclides

were uptake a through the respiratory organs as well as through

biologic chains with the food stuffs.

The radioiodine accumulation in thyroxd gland caused the

exposure of this organ. Absorbed dose of children was somewhab

higher than that of adults due to the relatively higher iodine

accumulating capacity of their thyroid glands.

According to the modern conception, the injury of thyroid

gland under the conditions of irradiation is observed in child-

ren more often than in adults. Besides, it is also necessary

to take into account that the possible outcomes of thyroid gland

diseases are considerably more serious for children. This cir-

293



cumstance necessitates particularly intent attention and the

study of dynamics of thyroid gland functional state in children,

involved in contacts with ionizing radiation,

We have carried out clinical laboratory examinations of

children from 1 to 14 years old from the zones of enhanced radia-

tion. The examinations began in îfey 1986 and are beingcontimied«

We estimated the functional state of thyroid gland on total

and free thyroxin, thyrotrophin, thiiodothyronine, thyrocalcito-

nine and antibodies to thyroglobulin in blood by the radioimmu-

nological method with the help of standard kits.

The examination was carried out in dynamics, in five stages;

1 stage May 1986 - July 1986

2 stage October 1986 - December 1986

3 stage March 1987 - May 198?

4 stage October 1987 - December 1987

5 stage March 1988 - up to now

During the examination of children on every stage there

were not revealed any symptoms of thyroid gland disfunctions.

But it is necessary to note that on the first stage of examina-

tion we observed the increase of thyroid gland dimensions in a

certain part of children. 6-8 monts later we observed a 1,5- 2

times reduction of thyroid gland increase frequency in these

children. We can interpret the increase of thyroid gland, which

took place during the first months after the accident as tran-

sitory vascular and secretory reaction in responce to the ra-

diation influence. On the first stage of the examination in

children, who had been in contacts with the sources of ionizing

radiation, we observed the increase of average values of total

thyroxin content in blood.

In order to clear up the reasons of absence of thyrotoxico-

sis clinical syndroms at the high level of total thyroxin we

determined free thyroxin concentration. It is known that the re-
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alization of hormonal effect is defined to a considerable extent
by the level of free hormone. It was found that the content of
biologically free thyroxin was within the limits of normal va-
riations or exceeded them insignificantly. Here we have to un-
derline that we determined free thyroxin level only in children
with the high concentration of total thyroxin in blood.

On the second stage of the examination the tendency to nor-
malization of thyroxin level in blood was revealed, and by the
third, fourth and fifth stages the hormone content reached the
normal values.

The analogous picture was observed for another thyroid hoîv-
mone - triiodothyronine ( its increase on the first stage of
examination and normalization of its level in the subsequent pe-
riods) .

One of the most important and direct indices reflecting the
functional state of thyroid gland is the content of thyrotropic
hormone of hypiphysis in blood. In general the average level of
thyroprophin in the blood of observed children did not differ
from the normal values.

At the same time on the first s^age the thyrotrophin con-
centration in blood of some examined was slightly reduced. This
reduction is obviously connected with the increase of free thy-
roxin level in blood of these children according to the princip-
le of negative inverse relation.

And on the contrary, we observed in a part of children in
that period the transitory increase of thyrotrophin level in blood.
The latter we explain by the manifestation of stress reaction.
The confirmation of this supposition is the activation of the hypo-
physical adrenal system, revealed at the first stage of examina-
tion.

It should be supposed that simultaneous multi-directed in-
fluence of two factors on the secretion of thyrotrophin: stress
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and hyperthyroxinemin levels of the content of this hormone in
blood.

On all the next stages of examination the everage content
of thyrotriphin in blood and the individual indices did not dif-
fer significantly from the norm.

Side by side with this, anaiizing the individual indices
( in the whole mass of children ) of thyrotrophin and thyro-
xin levels in blood, in 92 children we revealed simultaneous
increase of thyrotrophin concentation and decrease of thyroxin co-
ncentration, i.e. so-called laboratory hypothyrosis. All these
children,without exception,were subjected to extended clinical
and laboratory examination, as a result of which the diagnosis
of hypothyrosis was confirmed in 12 cases. That does not exceed
spontaneous frequency of this pathology.

It should be supposed that the effect of radioiodine absorbed
by thyroid gland depends not only on its quantity but also on the
age of a child. In this connection we had analized the state of
hypophysial thyroid system depending on the age of child. On the
first stage of examination we revealed the inverse dependence
between the age of a child and the total thyroxin content in
blood. This dependence remained to some extent on the second
stage of examination.

We also should take into account the fact that physiologic
augmentation of thyroid gland is meet with more often in pre-
and pubertal periods. That is why these contingents of children
need long-term clinical laboratory examination in dynamics.

Therefore, to estimate the role of separate components
capable of causing subsequent thyroid gland pathology it is
necessary to use multi-factor analysis.

We had revealed in the part of children the increase of
thyrocalcitonine content in blood, which normalized in 6 months.
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We can suppose that the transitory increase of this hormone level
is connected with the activation of thyroid gland S- cells by
incorporated radioiodine.

Side by side with the hormonal investigation of functionai
atate of thyroid gland we determined the content of antibodies
to thyroglobulin. On the first stages the increase of level of
antibodies to thyroglobulin in blood was determined in 59» of
the examined and then - 7»6S&. Though the observed growth is ne-
gligible, at the same time taking into consideration the impor-
tance of this index for the prognosis of autoimmune pathology
of thyroid gland, thorough control of this index in dynamics
is necessary.

Taking into account the anatomic proximity of thyroid and
parathyroid glands we consider it necessary to investigate the
functional activity of parathyroid gland, too. The parathormone
concentration in blood on the first stage of examination was con-
siderably enhanced in the majority of children, 12 monts after
the accident the parathormone level in blood of chil.dren became
completely normal. It is possible that the revealed augmentation
of parathormone content in blood is connected also with the pa-
rathyroid gland activisâtion as a responce to incorporation of
iodine in thyroid gland.

In order to clear up the structure of thyroid gland the
ultrasonic investigation of the part of children was carried out.
Any considerable changea in thyroid gland were not observed.

Thus, summing up the afore said, we have to note that any
expressed pathology of thyroid gland in children after the con-
tacts with ionizing radiation were not revealed. In the part of
children the augmentation of thyroid gland, the increase of thy-
roid hormone, thyrocaLcitonine and parathormone levels in blood
took place. 6-12 months after the accident the normalization
of indices characterizing the function of hypophysial thyroid
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system and parathyroid gland were noted. At the same time onuy
two years passed after the accident. Taking into account the da-
ta of world literature we consider that the children subjected
to radiation influence need the further thorough clinical-labora-
tory control for the timely detection of thyroid pathology possible
in this situation and prescription of adequate therapy.
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MEDICAL CARE DURING THE RADIATION
ACCIDENT (137Cs) IN BRAZIL, 1987

G.D. SELIDOVKIN

Abstract

The report describes the activities of diagnosis, prognosis and
treatment of overexposed individuals during the radiological accident of
Goiania in Brazil. In particular it describes the handling of 17 individuals
who suffered acute radiation syndroms.

After summarizing the development of the accident the report describes
the radiation injuries of people, the biological dosiraetry methods used for
the diagnosis of doses and the methods for decontamination. The treatment and
the response of the patients is also described in detail.

The group, consisting of IT individuals with, different symp-

toms of acute radiation syndrome had been formed as a resul-t of

stealing and destroying of a highly radioactive cesium containing

source in the city of Goiania (Brazil)«

During the 1,5 months nearly 250 individuals were examined.

In 25 of them, by the methods of physical dosimetry the signs

of contact with radionuclide were discovered, especially the skin

contamination. At the first stage 26 individuals of this group

were hospitalized on the suspition of radiation sickness, but in

a short period of time, 6 of them avoided this diagnosis.

Further examinations alloxved to cancel the diagnosis, regar-

ding 3 more patients.

The most injuried individuals (at first 10, then another 4)

were moved to the Navy Hospital Marsilio Dias, Rio-de-Janeiro.

The scheme of accidental situation, included into the sickness

histories, didn'n satisfy the comparison with clinic and anamnes-

tic data. Therefore, retrospectively, but quickly enough, we had

suggested another version adopted by the Brasilian specialists.

13 September. An unemployed Roberto found a metal installa-

tion in the oncological hospital that was closed at that time.
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Together with his friend Wagner, he removed the parts of this in-
stallation to his home, where kept them up to the 18 September.
With the help of Wagner, Roberto dismantled the defence of the
installation and extracted a cylinder with the length about 30 cm
and the diameter about 10 cm. (weighting 25-30 kg) containing
137-Cs. After that, Roberto broke the hermetically sealed insta-
llation by the screw-driver. At the same day, the metal parts of
the installation and the cylinder were removed to the Devair's
scrap metal depository and remained there untill 21 September.

Devair's emploee Ademilson had been processing: the metal and
probably 20 September was subjected to the first irradiation dose.

After selling of the metal parts, in the evening of 21 Sep-
tember Devair discovered a cylinder in the centre of his ware-
house, enaming strong blue glow. He brought it into the house
and used as a night-light,

Por more than six days, the cylinder, containing the radio-
nuclide was standing on the 1,2-1,5 metre heigh chest of drawers,
1,8 metre away from Devair wife's bed. Maria-Gabriella Fereira,
his wife, spent all her spare time in this room.

23 September Devair ordered another man, Israel, to disas-
semble the cylinder, but the attempt to do it with the help of
hammer failed.

24 September Devair's brother Ivo came to visit him and with
the screw-driver separated the pieces of the source, put them, into
the pockets and brought it home. He gave his 6 years old daughter
Leide one of the pieces at meals. Probably, she ate the particles
of the source together with food. At the same time, his 14 years
old son Lucimar received another piece of source. When Loi se
Odette came to see him, Ivo smeared her neck with the powder, mo-
reover, some crumbles got on her breast, hips and stomach. Then
Tvo went to Loise's husband Cardeck and thus, some particles of
cesium got into Cardeck's bed, where he slept.
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The remainders of the source Ivo scattered in the yard of
his house, part of them got into the rooms.

25 September Devair continued the disassembling of the sour-
ce. Ademilson, obviously, helped him, taking the cylinder in his
hands. Devair scattered the particles of cesium in the yard, some
of them got into the house. Those people visiting him took the
parts of the source as souvenirs. At the same time, another De-
vair 's son Adson Batista was irradiated,

Devair's friend Adson Fabiano also received the practicles
of the source, brought them home and shared with Odesaon, and the
next day with his brother Ernesto.

27 September. The medical personnel, where the victims app-
lied for help, suspected the possibility of irradiation and De-
vair ordered Geraldo to bring the cylinder for dosimetry. The man
was carrying it about half-an-hour in the right shoulder.

30 September. Maria-Gabriella Abru, who had slept in the
same room came up to the moment of hospitalisation of her daugh-
ter and her husband.

Thus, the indicated people and some other were subjected to
external irregular irradiation, their skin was contaminated by
nuclide with the possibility of its incorporation. In the centre
of the city had formed 7 comparatively large zones contaminated
by radionuclides and about 50 minor ones. Thus, in Roberto's hou-
se were discovered 500 mCi of radiocesium. The signs of cesium
were found on the tree tops, 10-15 metres height, standing 250
and 800 m away from Devair's house.

The common activity, by the discovered quotas (the passport
data missing) are estimated as approximately 1370 Ci of 137 CsCIO-j.
Medical aid to the injured was organized according to the existing
in the world common rules, Pre-hospital aid was provided by the
Brasilian physicians and, taking into account their own abilities,
all the persons, suspended of the radiation damage, were hospi-
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talized for the observation, totally - 26 patients. Another 29
were followed out-patiently up to the final rejection of suspi-
tion of radiation syndrome.

Both hospitals (in Goiania and Rio) are hospitals of common
type. They were accomodated for deployment of the patients with
combined radiation injuries. The walls and the floor were covered
with plastic pellicle. Skin integuments were treated in the wards.
Radiation protection of the personnel was carried out since the
first day of receiving the patients by permanent clothes changing
and using special plastic and paper wear.

?or diminishing the second absorption of Cs from intestine
all the patients since the first day of the hospitalization re-
c eived "Radiogardas" (Kail Ltd., West Berlin) preparation of
"Prussian blue" type, binding and at the same time transfering ce-
sium into the insoluble compound: in Goiania 10-12 gm per day, in
Rio 4-6 gm per day. The enployruent of the preparation allowed to
increase cesium excretion in 2-4 times without decrease of its
concentration in urine, i.e. naturally, it had not any influence
on the nuclide metabolism in the basic deposition places and, cor-
respondingly, in blood.

With the purpose of strengthening of radiocesium excretion
with urine, the patients received the diuretics (furocemid), which
increased the urine volume and with the unchanged same concentra-
tion of nuclide increased its total withdrawal.

The internal Cs 137 irradiation occured obviously as a result
of the radioactive compound swallowing.

The final account of the internal irradiation doses, accor-
ding to the data of biophysical study of the patients in Brasil,
was conducted by Gusev I.A.

It was shown, that the doses of internal irradiation, excee-
ding 0,05 Gy (30 days after radiocesium consumption) had only 9
individuals. The comparison of these doses and those, calculated
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by the cytogenetic methods, showed that the internal irradiati-
on composes no more than I5-3C$ from the kariologically assessed
value (except for Leide, who had about 50?S).

•Thus, we come to the conclusion, that the levels of internal
irradiation couldn't cause the development of direct biological
effects and actually all the early manifestations had been deter-
mined by the irregular, total, external irradiation together with
local radiation injuries.

The analysis of information about the quantity of nuclide
excreted with urine showed significant fluctuations (about 8 ti-
mes). If we except Leide*s case, avarage biological half-life for
the group of 9 patients having the major nuclide contamination
(according to Gusev and Dementiev) was 20-30 days, i.e. the usage
of diuretics together with "Radiogardas" hastened the nuclide ex-
certion in 2-3 times.

The principles worked out in the clinics underlined the prog-
nosis of expected acute radiation sickness.

For the assessment symptoms of primary reaction as well as
the rare data on hématologie studies in the first illness decade,
and the cytogenic analysis of periphery blood lymphocyte culture
were used. 10 from 14 patients (Rio) were noticed to have primary
reaction symptoms, such as nausea and vomiting.

The possibility of postponed symptôme development and the
disperancy of its intencity in the time of momentanious irradia-
tion, were suggested talcing into account the prolonged influence
character and the experience of total therapeutic irradiation,
conducted among the clinic's patients. The retrospective analy-
sis showed, that the periods of vomiting appearance were 3-6
hours after the beginning of irradiation at severe ARS, those with
median ARS had it in about 8—12 hours.

Anorexia could be marked as well but much more rarely: in
two patients with severe ARS and in one - with median one.
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Up to the end of the first day in 3 cases frequent water
stools occured« Only in Leide's case it could "be assessed as an
irradiation reaction (symptôme) as she had the diarrhea relapse,
she had melena, as well.

Pour patients (2 with severe and 2 with median ARS) felt
sick and tired during 1-2 days.

Nobody had any significant temperature rise.
The analysis of hématologie data allowed to predict that in

all cases, a dose of gamma irradiation doesn't exceed 6 Gy, exc-
luding the threat of dangerous bone marrow syndrome of ARS. It re-
jected the idea of bone marrow transplantation.

The dynamics of laboratory investigations corroborated this
opinion and allowed to group the victims according to the neutro-
phyl account changing. This test is the most exact characteristic
of the bone marrow syndrome. The conducted grouping was in appro-
priate correlation with cariological investigations. Therefore,
we can conclude that as a result of Goiania accident (Brasil)
there were 5 cases of acute radiation sickness, 3 patients recei-
ved median dose and the rest 9 - slight damage of blood formation.

Haemopoiesis had restored in all the cases, except for Lei-
de's, who died during medullar radiation aplasia. 3 other victims
died after the beginning of haemopoiesis repair - in 32, 34 and
38 days.

Except for the period of abortive rise, the neutrophyl dyna-
mics was quite ordinary. At that time in blood platelets were
mainly defined, which is probably connected with the lower affe-
ctation of commited and morphologically recognizible cells. At
the same time, stem cell death was similar at one-event irradia-
tion.

In 8 cases stimulating macrophagal and granulocytic cell
factor was used. The factor is glicoprotein (molecular weight
14000), regulates granulocytic and macrophagal proliferation. The
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factor is considered to be strictly specific, acting through the
sell surface receptors, independent from other mediators. There
are data about other stimulating factor effects. As experimental
studies showed, the factor stimulates of granulocytes yield as
well as that of monocytes, eosinophyles, to some extent megaca-
riogenesis, but it has no influence on erythroid and lymphoid
cells. Moreover, the factor potentiates phagocytosis function,
stimulates prostaglandin yield, activates plasmonogene.

Taking these properties into account, as prof. Gale has re-
commended, there was a decision to use the factor for the accele-
ration of peryphery blood cell repair.

In all the cases (except Leide's), where the factor was used,
transient growth of granulocyte number was observed. Estimating
the action of the factor in cases of ARS, one could observe actu-
al absence of effect on the duration of total agranulocytosis. It
can be explained by the peculiarities of bone marrow radiation in-
jury. Cell proliferation kinetics is synchronized by irradiation,
and talcing into account that factor influences commited cells,
some period of time is required for their accumulation. This is
the result of repair after dose-dependent radiation myelodepres-
sion. The patients with severe and middle degrees of bone marrov/
syndrome during the period of granulocytosis received antibiotics
according to the adopted scheme, worked out for bone marrow tran-
splantation. The treatment begun after receiving of bacteriologi-
cal inoculation or after appearance of the obvious symptoms of
infection development.

As a rule, at first, were uaed antibiotics of aminoglicosi-
de and cephalosporin groups T later amphotericin B was added;
the patients received selective intestine decontamination.

All the patients with different degree of EMS (numbered 8)
in its climax had infectious complications. 5 of them with seve-
re form of BMS had stomatitis; in 2 other cases - esophagitis and
pharyngitis.
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The frequency of especially serious infectious complications
development in two subgroups was similar: pneumonia - 2 oases in
each subgroup; and sepsis, documented by the blood microflora
inoculation - 3 cases in each subgroup. Microorganisms - stimula-
tors: clebsiella - 3 cases; mixed flora: clebsiella -t- collibacil-
lus - I case, un-indentified (for the mission period), G - flora
- I case, staphylococcus and pseudomonas - I case. Two woman-pa-
tients had a positive reaction to cytooiegaloviruses presence test.

Serious infections were the most obvious causes of patient
deaths: 2 individuals in each subgroup.

When the trorabocyte level reduced, the patients were presc-
ribed donors trombocyte transfusion. They were received with the
help of blood cell separator CS-3000, from one donor for each
transfusion.

Hecuorrhagic syndrome proper waa observed only in 4- cases,
moreover, 2 patients had moderate skin hemorrhages; 4 patients -
eye sciera hemorrhages; I had blood in excrements, odontorrhagia
and mu.socal oral cavity hemorage, the autopsy revealed subarch-
noid hemorrhages that have evidently formed during the terminal
period.

Only one patient - Leide - had serious hemorrhage: abundant
nasal bleeding, 3 days melena, blood in feces, the autopsy showed
minor subarchanoid hemorrhages, and hemorrhagic changes in colon.

Practically all the patients in Brasil had local radiation
injuries, expressed in the bullous and desquamative radiodermati-
tis. But only in 2 cases radiodermatitis covered 20-25̂  of body
surface, in I case - 10% and 3 - 55& in all the other cases» Ra-
iioderrastitis located on the open body parts, especially on
hands.

Radiodermatitis course at small damaged parts was favourable
and finished with complete rehabilitation in I - 1,5 months. One
can expect benefitial effect of the "Oxopherine" (BRD) on the re-
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ducing the period, of healing. The preparation, as the authors af-
firm, favours the development of macrophagal activity on surface
of the wound and thus forming better conditions for epitheliza-
tion. and aloe solution as a stimulator.

In 3 cases there was a necessity to make necrectomy of small
akin pieces and subcutaneous fat. Wound in 2 cases had healed
completely, but one patient had a recurrence of ulcerrous process
on the thing after 1,5 month.

When the lesions were ample, no healing had occured during 2
or more months. One of the patients was subjected to hand skin
necrotomy and on the 63-th day the terminal phalanx on the left
hand finger was amputated.

In the patient with radiodermatitis of both forearms and
hands the necrotic process intensification up to the end of the
3-rd week caused considerable intoxication on 25-26-th days. In-
vestigation with Tc-pyrophosphate incubated with autoerythrocytes
took place on the 25-th day, confirmed the cessation of blood
circulation in left hand. On the 26-th day the left forearm was
amputated on the boundary of middle and upper third part. It
liqudated intoxication and lowered considerably body temperature.
The wound healed by the first intention.

All the patients were discharged from the hospital up to the
end of the 3-rd month. Only two of them had the leukopenia clini-
cal symptoms and one individual had a residual wound postuleerous
process on the thigh.
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DISCUSSION

P.V. RAMZAEV (USSR)

First of all, I would, like to note the success of clinicians
who had struggled, with radiation, sickness in treated individuals
who had received doses of 600 rad and more. The fact that many of
them survived testifies that radiation medicine has now approp-
riate means that give the possibility to increase the former va-
lues of lethal dose (LD ) in 2 times.

Second, another ground for optimizm is the fact that there
were no victims among lay population, moreover, there are no
grounds for anxiety about future. The latter statement is based
on the following: according to the latest concepts adopted by In-
ternational Commission on Radiation Protection (ICRP) and UNSCÏÏAJR
there is no radiation damage expected at the doses lower than 50
rern. Howevar, even at rather low doses of exposure caused by ac-
cidental irradiation there are huge resources in the USSR for re-
duction of total irradiation dose. Thus, only for 3-5 niin natural
irradiation from radon and its daughters exceeds 2rem/year of to-
tal irradiation and can reach 16 rem/year for lungs. For this
contingent radiation effects connected with the collective radon
dose ±3 70 times higher than the total collective dose from the
Chernobyl accident.

My point of view is that as far as the Chernobyl accident is
concerned practical health service has no particular interest but
for enlightment work. The system of this work is developed, for
instance, in the Ministry of Public Health of the Russian Federation.
On the other hand, Chernobyl has put before us a number of compli-
cated tasks; they concern dosimetry, medical radiobiology, ra-
diation protection, etc. These problems have, in my opinion, in-
ternational character. That is why I consider it expedient to
make a proposal about organization in Kiev on the Base of All
Union Scientific Centre of Radiation Medicine the International
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Centre on Medical Aspects of Nuclear Engineering. In the new con-
ditions of Perestroyka in our country this proposition will be
accepted by authorities.

C.E. BRANDAO-MELLO (Brazil)

MEDICAL ASPECTS OF THE GOIANIA ACCIDENT

In September, 198?» two unemployed men removed a sealed Ce-
sium-137 ( Cs) source from a radiotherapy center in Goiania,
Brasyl. Over the next several weeks a large number of persons ca-
me into concact with the source. Exposed persons were evaluated
clinically and haematologically on September, 30, 1987 at the
triage center in Goiania.

Based on the severity of acute radiation syndrome (AUS) and
skin lesions, patients were treated at different, medical sites:
primary level at local dispanceries, second level - General Hos-
pital of Goiania and tertially level - Radiation Medical Unit at
the Navy Hospital in Rio de Janeiro.

Aproximately 249 persons were exposed. 129 had moderate to
severe internal and external contamination. 79 persons were mana-
ged as out-patients. Fifty persons required dose medical survei-
llance. 20 of these 50 were hospitalized of whom thirteen deve-
loped severe bone marrow depression. Eight received GM-CSP (Gra-
nulocyte Macrophage Colony Factor). Five received supportive care
including prophylactic antibiotics, anti-viral and anfci-fungal
drugs and transfusion of red cells and platelets.

Four patients died during the first month after the accident
from complications of ARS including bleeding (2) and infection
(2). Internal contamination due to inhalation, ingestion or ab-

#7sorption of Cs was assesed "in vivo" by total body counting
and "in vitro" by radiochemical analysis of biological specimens.
Persons with substential contamination received "Prussian Blue"
at doses of 1,5 to 10 g per day:
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Presently most victims are well; one remains hospitalized
with a severe radiodermatitis of the right thigh.

A perspective programme of following-up is in progress.

T. SHARMA (India)

SHORT AND LONG TERM CYTOGENETIC AND GENETIC STUDIES
OF THE POPULATION AFTER THE CHERNOBYL ACCIDENT

I am sure, cytogenetic and genetic analysis are going on af-
ter the Chernobyl Accident but in the present conference no data
have been presented. I sencerely hope the data will be published
in near future as well as in later dates and when the data are
generated.

It is very important what has been emphasised in this meeting
but it will be of no less importance to try to investigate the cy-
togenetical and genetical aspects as well. It will be desirable
to do proper cytogenetical and genetical analysis and, if necessa-
ry, in collaboration with talants and expertise available from
different countries. The Chernobyl accident was not only of the
USSR, it was of whole mankind.
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POPULATION STUDIES, PUBLIC HEALTH
AND ALL-UNION REGISTER



MEDICAL DEMOGRAPHIC CONSEQUENCES
OF THE CHERNOBYL ACCIDENT

N.I. OMEL'YANETS, G.I. MIRETSKIJ,
M.M. SAUROV, V.F. TORBIN

Abstract

A demographic study was made of the population evacuated from the 30-km
zone around the nuclear power plant and of the population living in areas over
which the radioactive cloud passed and over which the plume was formed.

For the farmers evacuated from 11 655 homes in the Chernobyl region,
7000 new houses, built in the Kiev region, had already been provided within
5 months of the accident, and by the summer of 1987 another 5000 houses were
available.

A study of the resettlement of the population carried out a year after
the accident showed that more than 60% of those evacuated continued to live in
the regions from which the evacuation had taken place; about 5% were
resettled in other republics, and 20% within their own republic.

Chernobyl NPP accident unlike the accidents which had taken

place in other countries, was characterized by certain peculiari-

ties. Among them are: release of fussion products beyond the

bounds of the NPP-site, contamination of the enviroment by the

radionuclides by stages, the involvment of large groups of the po-

pulation into the consequences of the accident. About I thousand

square km of the territory was contaminated, the population from

this area was evacuated, some people continue to live in the re-

gions with technogene enhanced radiation background.

Low exposure doses of population as a result of the accidentr

and well-known data concerning the influence of ionizing radiation

on the human body don't allow to single out immediately after the

accident the primary damages of organs and systems or to estimate

the appearance of diseasses in exposed population. At the same

time the study of demographic situation resulting from the accident

on the territories adjacent to the zone influenced by Chernobyl

NPP realeases is of a certain theoretical and practical interest.

The present report is devoted to the results of the investigations

on this problem.
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The object of the study was the population evacuated from the
30 km radius zone of NPP, ana the people living in the areas on
the route of radioactive cloud and its trace formation. With re-
gard for the character of accident development the investigated
territories were selected: Gomel and Mogylev regions of Byelorussia
(north western trace), Chernigov region of Ukraine, Bryansk region
of Russia (north-eastern trace), the city of Kiev, Kiev and Zhito-
mir regions of Ukraine (southern trace). As indices characterizing
demographic processes there were studied the character and the
degree of mechanic movement of the evacuated population (migration
streams, directions of migration, sex and age structure of mig-
rants) and natural movement of the population, living on the named
territories (birth-rate, death-rate, natural increase of the popu-
lation). The indices established during the post-accident period
were compared with these of the previous five pre-accident years
and also with the All-Union and republic indices.

Prom the data of the figure I we can see that about 116,5
thousand people were evacuated from 30 km radius zone of Chernobyl
WPP, and the majority (71 »6 thousand) from the Ukrainian SoR (Kiev

91,6

Ukr.SSR Byelo-
russian
SSR

0,181
Russian
Sov.Fed.
Soc.Rep.
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and Zhitomir regions). The places of evacuation of people on the

territory of the Ukrainian SSR are showed on figure 2, from which

we can see that the population from 72 settlements, including the

towns of Prypiat' and Chernobyl, was evacuated in 5 neighbouring

regions situated beyond the limits of 30 km radius zone.

Kiev region
Pplessky district
town of Prypiat
II villages

Kiev region
Makarovslçy district
24- villages

town of Erypiat

town of Chernobyl

70 villages

Zhitomir region
Narodichsky district
Qyruchaky district
5 villages

Kiev region
BorodianBlcy district
Town of Chernobyl

2? villages

Kiev region
Ivankovsky district

_Chernobylsky district
5 villages

Fig.2. Places of withdrawal of evacuated popu la t ion from the
JO km radius zone of Chernobyl NPP .

Proceeding from the analysis of current radiological situa-

tion the evacuation as a temporary measure of preventation of po-

pulation overexposure became constant, and was guaranted with the

govermental measures on ensuring of the evacuated population with

the permanent residence and work, and creation of a follow up sys-

tem of their health status. In Kiev and Chernigov there were al-

lotted in a short period of time more than 8 thousand flats with

modern conveniences for evacuated power engineering specialists.

Later they were given 6 thousand residences more.
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With the purpose of settling the inhabitants of rural areas
who lived in II 665 houses before the accident, it was decided to
build the residences mainly of farmstead type. 7 thousand of new
houses were constructed already 5 months after the accident, and
by the summer of 1987 - about 5 thousand of farmsteads and flats.
The data about distribution of new built houses are represented
in Table I.

Table I. Distribution of apartment houses built for the eva-
cuated population in Kiev region

District, :
settlement :

I :
Barishevsky
district
Boguslavsky
district
Borodiansky
district
Vasilkovsky
district
Vaailkov
Volodarsky
district
Volodarka
Vyshgorodsky
district
Novosyolky
village
Zgurovsky
district
Zgurovka
Ivankovaky
district
Kiev-Sviato-
shinsky district
Vishneovoye

Number of : Number of : Number of : Number of
villages : houses o£ : blocks of : flats

: farmstead : flats :
: type : :

2 : 3 : 4 : 5
7 1630

I 146

7 1190

4 400 -

I 108
4 470

2 80
4 26o _

I 60

I 120 -

120 4 200
5 520 -

- - -

I 200
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Table I (cent.)

I : 2 : 3 :

Kagarlykaki 3 ISO
district
Kagarlyk
Makarovsky 17 2105
district
Mironovsky 5 540
district
Mironovka -
Per eyas lav-Khmel- 5 310
nitsky district
Pereyaslav- - -
Khmelnitsky
Polessky
district - -
Polesskoye
Skvirsky 4 288
district
Skvira - -
Stavishchansky 4 390
district
Stavishche - -
Tetiyevsky I 185
district
Tetiyev - -
Fasfcovsky 4 227
district

4 : 5
-

I 30
-

-

I 100
-

3 134

— —

3 134
- -

I 80
-

I 40
-

I 40
-

Chernobylsky - - -
district
Gornostaypol - - 2 48
Yagotinsky 10 1213
district
Yagotin - I 108

87 IOI84 25 1362
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It was constructed in total 87 new villages and 25 blocks of
flats in towns and villages. Side by aide with dwelling-houses the
social objects were built and among them, as we can see from Table
2 - schools, kindergartens and day-nurseries, shops, bath-houses,
etc.

Table 2. Social objects built for evacuated population in
Kiev region

Objects Quantity

Schools 33
Kindergartens 46
Shops 31
Medical establishments 22
Bath-houses 19
Dining-rooms 14
Complex reception services 22
Local official quarters 29

Equally with the social problems the legal questions were de-
cided - the evacuated people had the advantage before other citi-
zens in the insurance of job, health and consumer services. The
medical follow up of their health was instituted. In order to in-
form health protection bodies and establishments about evacuated
persons in proper time the national information system was created.
On its basis is formed the All Union registry of evacuated popula-
tion, closely connected with the All Union distributed Registry.
It will give an opportunity to embrace the evacuated population by
the scientific investigations on many aspects: demographic, dose,
epideraiologic, clinical, as well as estimate immediate and delayed
radiation effects.

The data from the figure 3 show that during the first year
after the accident the following system of settling was formed:
about 85^ of evacuated remained to live in their own republic, mo-
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Eig.3- Places of residence of population evacuated from the
Ukrainian SSR on the territory of the USSR (according to
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re than. 60% of them - in the same regions. About 5% of evacuees
were settled on the territory of the country. Up to IQ?£ of eva-
cuated had changed the place of residence once more and we are de-
fining it more precisely now. In the process of migration the dép-
lacements within the settlements, connected with the change of
temporary residences for constant ones, prevail. There are also
attempts of some evacuated to return home within the limits of 30
km radius zone. These are eldery persons and the persons of old
age, who can not leave native locality by force of habit.

According to the data of retrospective observations (fig. 4-7)
the territories of the Ukrainian SSR adjacent to the accident zone
are characterized by a high birth-rate in the towns and a low
birth-rate in the rural areas, and significant scatter of death-
rate data. The most inauspicious indices of natural movement of
the population were recorded in Chernigov region, where the natu-
ral increase was practically absent. At the same time in Kiev the
birth-rate was considerably exceeding the average, the death-rate
v/as 3O% lower than that in Ukraine, the balance of natural increa-
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se was positive. In the Byelorussian zpne of the accident, that is
mainly agricultural, the indices of natural movement of the popu-
lation were considerably higher than these of the Ukrainian SSR
and approximated the average indices of the country, and mainly
due to the high birth-rate. The area of Russia takes the interme-
diate place among the above named territories according to the in-
vestigated indices. For all aones the fluctuations in the indices
of death-rate on causes are characteristic. There is a certain
dependence of these indices on diseases, when the level of urbani-
zation and medical assistance is important. However, during the
recent years (1983-1986) in all the followed regions the growing
posative tendencies in demographic indices began to apper; these
tendences were linked with the growing popularity of "healthy mode
of life".
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—«-o — ,0 Chernigov region

Fig.4-. Birth-rate on the territories of the Ukrainian SSR
adjacent to the zone of Chernobyl NPP accident(per
1000 inhab it ant s).
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As we can see from figure 4, the natural increase of popula-
tion during the first post-accident year didn't differ from the
usual. The considerable changes in the birth-rate and death-rate
were not registered, either see the data of fig. 5i6. The exeption
were some regions of the Ukrainian S3R, adjacent immediately to
the zone of the accident. There the insignificant (8 - 239J) tran-
sitory lowering of birth-rate was observed. Having thoroughly
studied the sex and age structure of population living on these
territories, migration activity of the population, the frequency
of abortions, we came to the conclusion that the lowering of birth-
rate is connected with the removal of pregnant women for sanita-
tion, with the departure of women of fertile age from theoe terri-
tories and, to a certain extent, with the changea in family plan-
ning strategy under the conditions of post accident radiophobia.

As for the child mortality, we can see from figure 7, that
since 1985 it continue to lower in Ukraine as well as in Byelorus-
sia, though the rate of its lowering slightly reduced.
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In the causes of child mortality we didn't reveal any changes
in their structure in compairison with the pre-accident period.
The outcomes of pregnancy, health status of children born by wo-
men who were pregnant at the moment of the accident, we have' no
grounds to speak about any changes in the population reproduction.

The foregoing data permit us to make the following principal
conclusions:

1. Under the conditions of a large scale accident of NPP
reactor the evacuation of the population from the zone of ionizing
radiation influence becomes necessary. Unlike the large scale acci-
dent on other industrial objects, the nuclear accident make the
evacuation permanent, because due to the actual radiological si-
tuation re-evacuation to the settlements situated near NPP would
be hardly possible within the next few years. Evacuation in its
turn results in the intensification of mechanic movement of this
category of the population, i.e. the change of one of demographic
indices.

2. The hightened migration activity of the population doesn't
always promote its social well being. But taking into considera-
tion that in connection with the measures undertaken by the state
in the new places of residence of evacuated people the conditions
of life and work, social and medical services were improved, there
is every reason to expect their favourable influence on the health
of the people of this category.

3. The NPP reactor accident of lerge scale and the ionizing
radiation influence connected with it don't exert influence upon
the principal indices of natural movement of population (birth-
rate, death-rate, natural increase, child mortality) during the
first post accident year.
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ORGANIZATIONAL, METHODOLOGICAL AND INFORMATION
ASPECTS OF THE MASS INDIVIDUAL DOSIMETRIC
SURVEYS CARRIED OUT IN CONTAMINATED AREAS
FOLLOWING THE CHERNOBYL ACCIDENT

A.F. TSYB, V.F. STEPANENKO, V,A. PITKEVICH,
E.A. ISPENKOV, V.K. IVANOV, E.G. MATVEENKO,
M.A. MAKSYUTOV, O.G. POL'SKIJ, R.N. TURAEV,
A.E. ROMANENKO, N.I. OMEL'YANETS, B.A. LEDOSHCHUK

Abstract

The dositnetric surveys carried out after the Chernobyl accident relied
on a preliminary evaluation of radiation conditions shortly after the
explosion and were backed up by special arrangements on the personnel and
organizational side, as well as by appropriate information techniques and
methodology.

The calculational part of the work involved the use of mathematical
models and a special computer program for the dosimetric calculations. The
models include parameters agreed upon by leading experts of NCRP (USSR
Ministry of Health) and make it possible to adapt the dosimetric calculations
to various situations corresponding to the sex, age, height and body mass of
those examined, their whereabouts and type of nutrition in the controlled
zone, and the frequency of contact with radioactivity. The computer programs
are designed for speedy calculations and allow an assessment of absorbed doses
in field conditions (using small computer technology) and in hospital
conditions (at different levels of the ail-Union distribution register).

The main part of medical measures on population health pro-

tection after Chernobyl accident is the timely and adequate do-

simetry of all the individuals subjected to radiation exposure.

The main objectives of this examination are:

- Immediate classification of the examined population accor-

ding to dose risk groups;

- For the groups of enhanced risk, provision of urgent pro-

phylaxis and treatment measures according to dosimetry data;

- Decision making for minor risk groups about the character

arid extend of protection, prophylaxis, treatment and consequent

follow-up;

- Obtaining necessary data for the Registry with the conse-

quent long-term medical follow-up.
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In case of inadmis sib ly high level of radioactive contami-
nation, neccesitating urgent population evacuation, dosimetry is
conducted with the aim of immediate estimation of contamination
levels of skin, clothes, private things. Through dosimetry exa-
mination, including estimation of body radionuclide content and
internal doses has to be conducted soon after evacuation of
population from dangerous territories.

Irradiation doses from the enhanced gamma-background can be
estimated on the basis of dosimetry data of environmental conta-
mination and individual inquest about the behaviour in the con-
trolled area. For the population of permanently controlled zone
dosimetry may be restricted by the assessment of the average ab-
sorbed dose of external irradiation for a concrete settlement
(excluding th« territories with high exposure rate gradients).

Besides, absorbed doses of internal irradiation due to in-
halation of radioactive substances have to be estimated separate-
ly for each case basing on individual spectro- and radiometry and
the inquest of examined individuals about their behaviour regime
in dangerous zone and the peculiarities of diet. The individual
approach is necessary due to the revealed individual differences
in internal doses that have the character of lognormal distribu-
tion. That is stipulated by both individual peculiarities of ra-
dioactive substances metabolism in body, and by the specific
features of food-stuff consumption and behaviour in controlled
areas, as well as cattle farming, adopted protective measures,
local irregularity of radioactive contamination of the territory.

In may 1986 and autumn 1986 as well as in spring and autumn
1987 mass individual dosimetry examinations were conducted, that
embraced the population of territories subjected to radioactive
fall-outs with relatively low contamination that did not require
evacuation. The time of ex?jnins.tions was chosen according to sea-
sonal peculiarities of cattle farming (pasture and stalled cattle
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keeping) that is the main link in transport chain of radioactive
substoJQces from environment to human body. In autumn 1986 and
1987 dosimetry was conducted within total medical screening of
the controlled contingents.

Dosimetry investigation was based on the results of preli-
minary assessment immediately after the accident and had metho-
dical, personnel, organizational and informational support.

The estimation of the situation was aimed at the correct de-
termination of contaminated areas, decision making about popula-
tion protection, expediency of individual dosimetry examinations
as well as at the choise of adequate methodical support with the
regard of future works. Situation estimation included determina-
tion of external gamma-background, selective measurements of radio-
nuclide composition and environmental contamination level, as
well as contamination of food stuffs and corresponding territory
quartering. For these and other works connected with the mentio-
ned problems complex working plan was developed and adopted. It
included medical establishments, sanitary-epidemiologic service,
civil defence boards, research institutes of the USSR and Repub-
lican Ministries of Public Health and Academy of Medical Sciences,
establishments and institutions of Goscomhydromet and Gosagroprom.
Organizational support was provided by the Party and Soviet bodies.

As far as at the acute period of the accident the main dan-
ger was that from radioiodine affecting thyroid gland, and the
critical group from this point of view are children and pregnants
(foetus), in May 1986 this group was subjected to individual thy-
roid examination. Data obtained were immediately addressed to me-
dical establishments for decision on protective and prophylaxis
measures.

Individual dosimetry survey of radiocesium content was
started later (autumn 1986, spring - autumn 1987). This examina-
tion involved both children (including unborn) and adults. Toge-
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ther with dosirnetry total medical screening of the population was
launched» Primary medical documents were compiled. Data obtained
were entered into a computer database and served as basis for da-
ta array of dosimetry information for the All-Union Distributed
Registry of individuals subjected to irradiation as a result of
the Chernobyl accident.

Methodical support included hardware and calculation parts.
Various instruments from laboratory equipment were widely used:
multichannel and singlechannel spetrometers, whole body monitors,
thyroradiometers and portable field dosimeters. Methods of field
radiometry and spectrometry were urgently assimilated to the ac-
tual situations, corresponding instructions were worked out and
distributed. Significant contribution in medical support of these
works was done by specialists from Moscow Institute of Biophysics
(USSR Ministry of Public Health) and Leningrad Institute of Radi-
ation Hygiene (Ministry of Public Health of Russian Federation).

On contaminated territories measurements were conducted, as
a rule, in stone or concrete appartients. That decreased gamma-
background significantly. Measures were taken against radioactive
contamination of appartments.

Most important methodical points are: thorough preliminary
and then periodical calibration and intercollation of all the in-
volved instruments on radioiodine and radiocesium on phantoms of
thyroid gland and whole body, containing standard ammount of ac-
tivity. Positive was the experience of calibration with voluntary
phanton-carriers who had uptaken standard ammount of radiocesium
and who were regularly checked. This calibration was conducted in
field conditions for various body positions. The involved equip-
ment, means of dosimetry, phantoms, were checked and calibrated
by special expert commission, formed on the dercee of the USSR
Ministry of Public Health. Age dépendance of calibration factors
and shielding coefficients as well as their dependence on body
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weight and position were determined with body physical phantoms
and calculations - with specially developed adoptable mathemati-
cal age-dependent phantoms of whole body and thyroid gland.

The methodical support includes mathematical models and do-
simetry calculation software. The models include parameters coor-
dinated by the leading experts of NCRP (USSR Ministry of Public
Health) and allow to adopt dosimetry calculations to various si-
tuations corresponding to the age, sex, height, weight of the
examined individual, the character of this diet in the controlled
area, the duration of his presence in the zone of radiation ef-
fects. This software provide rapid estimation of absorbed doses
both in field (small computers) and stationary conditions (on
different levels of the All-Union Distributed Registry).

Personnel of dosimetry examinations includes specialists and
specially trained in spectro- and radiometry individuals. More-
over, every medical team must include at least two dosimetry spe-
cialists and one specialist in dosimetry registry. One specialist
on computer methods is capable to process the data provided by
7-10 medical teams.

Organizational support is mainly connected with transport
means, immediate connection between the teams and the centre busy
with active data processing, decision making, detrmination of
schedule of works, intersubstitutability of specialists, instru-
ment service.

The experience gained makes possible to conclude that the
principle point at mass dosimetry examinations is informational
support of the work. Taking into account the low level of radiolo-
gical knowledge in lay population, with the aim of prevention and
prophylaxis of unreasonable radiophobia, elusidative works have
to be launched together with dosimetry. Information of mass media.
is also of great importance.
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The following criteria of this informational support can be
singled out:

- reliability and uncontradictory character of information,
which implies preliminary expert assessment of all the published
data without any exclusion as well as formation of centralized
information centre;

- competence and independence of Informators, necessary par-
ticipation of specialists, preferably physicians, confident for
the population;

- regularity and immédiateness of information, regular pub-
lishing of bulletins, constant information in mass media, fixed
information time on TV and radio; fast reaction on any changes
in the situation, prevention of rumours;

- Openness of information, that is possible by helding regu-
lar brieffings, meetings of specialists with lay population, con-
sultations of "question-answer" type, including anonimous.

The above information is of great importance because the ne-
gative consequences of radiophobia may turn out highly essential
from both medical and social points of view.
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DATABASE FOR A SYSTEMS ANALYTICAL APPROACH
TO STUDYING THE MEDICAL ASPECTS OF THE
CHERNOBYL ACCIDENT

I.I. LINGE, K.K. DUSHUTIN, LG. ZAJTSEVA,
L.N. KOVGAN, S.G. LABUZOV, A.A. NIGIYAN,
V.F. KHOKHLOV

Abstract

The main elements of the program data base were the all-Union
distribution register and the SDACHA computer system (Chernobyl accident data
system) which ensured reliable functioning of the PRIORRA expert system
[acronym stands for "taking of optimum decisions in the event of a radiation
accident"].

The development of criteria for the optimum selection of
counter-measures follows three paths - medical, economic and social - and is
based on a regulatory document entitled "Criteria for taking decisions or
measures to protect the population in the event of a reactor accident".

The long-term program for studies of medical aspects in the
Chernobyl accident has a general task to develop and realize on
the base of Chernobyl experience effective therapeutical and pro-
philactic measures aimed at protection and support of human health
in large radiation accidents.

An active component inherent to the task determines a due
considéracion of the multifactor character of the effects resul-
ting from accidental consequences. In these circumstances the use
of a systemic analysis has been essentially justified,

As a system we shall consider detriment characterized by
harmful effects on the population caused by the accident in
Chernobyl (investigations of its scope and specific features,
possibilities and methods of its decrease, assessment of the ef-
ficiency of measures directed at its decrease or prevention which
were already realized or are in the stage of realization and deve-
lopment of a complex of highly effective measures for protection
of the population in large radiation accidents).

The difficulty of describing the system under study is deter-
mined by the large number of acting factors, objects against
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which, the effects are directed and types of reactions of these
objects to the effects.

As the main factors of action it is necessary to consider
the following: proper radiation effects resulting from the
Chernobyl accident ; information on the fallout and harmful
radiation effects on to the human health causing the so-called
radiophobia; social, economic and hygienic measures for the
liquidation of the consequences of the accident, practical
actions of public health authorities and special organizations
in the course of investigation and liquidation of the consequ-
ences of the accident. The objects against which these factors
act are various populational cohorts: those evacuated from the
zone of CNPP ; those living at the territory contaminated by
radioactive fallouts; members of the working teams for elimi-
nating the consequences of the accident and individuals who were
not exposed to radiation but who are sure that they were;
authorities of public health and research medical establishments .
Reaction of the system to the action of the above given factors
realizes itself in the following negative phenomena: social
and demographic eventsf mass radiophobia, increased morbidity
not caused by radiation effects; diversion of resources and means
of public health to the search of diseases induced by radiation.
The positive reactions of the system include early diagnosis of
diseases by mass screening; accumulation.of experiences useful
in case of radiation accidents.

The study of this system is impossible without a reliable
information base- The main directions in its development are:

1. Creation of the data bank for investigating regula-
rities in the formation and determination of individual and
collective radiation doses to the population and members of
the working teams eliminating the consequences of the accident.
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2. Creation of the data record for individuals exposed to
radiation aa a result of the Chernobyl accident to provide a

long-term automatic registration of these individuals, their
children and future generations, radiation doaes and estimates
of their health and its changes.

3. Collection, analysis and systématisation of investiga-
tion results of the consequences of the accident and experi-
ence of their elimination, i.e. effective use of all informatio-
nal resources.

4-. Provision of efficient management of the research and
practical work for the liquidation of the consequences of the
accident.

The Ail-Union Distributing Register (I) realizing p. 2 of
the directions and the computer system CJA^A (in Russian)
(Data System of the Chernobyl Accident) which must provide pp. 1,
3, 4 of the directions have become central components of the
information base in the studies.

The data base (DB) of the system CflAHA includes organi-
zational (scope and types of measures and examinations perfor-
med) instructional and methodical (methods and approaches used
in carrying out examinations and measurements) and factographi-
cal information on all recorded data from the inputs and outputs
of the system.

These information objecta are divided in two specific
types : factographical and documental sections.

The documental section of DB-(Pig. 1) includes the follo-
wing subsections: registrational data of the documents; working
plans; contents of the documents; responsible workers«

The above mentioned sections include (respectively):
- title, authors, key words and registrational data of all

documents on the subject;
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FIG.i. STRUCTURE OF THE DOCUMENTAL SECTION

OF THE SYSTEM
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- programs, plana, time allowed, stages of vrork and degree
of its fulfilment;

- most important text sections of the documents including
regularities, instructions and methods;

- information about organizations and experts - participants
in the work.

During one-two years the whole number of documents included
into DB will reach 1-1,5 thousands (without about 500 papers of
the foreign authors )•

In creation of the factographical section of DB specifica-
tions of the accumulated information fund and long-term, planning
of the work were taken into account.

Data sets on radioactive contamination of soil, vegetation,
environmental objects and food products were created. They also
included data on measurements of the incorporated activity„
individual dosimetry, health state of some population groups and
on other indices. The systems of information computer analysis were
widely used for therapeutical purposes in such fields as hemato-
logy, biochemistry, immunology and drugs. Models developed earlier
were used for integral estimations of radiological consequences
of the accident.

Finally the following structure of the factographical
section was accepted (Pig. 2). Generalized data were records for
5000 populated locations in the USSR, (including "clean" - control
ones) rivers and other water reservoirs. The complete list of
items in üüs Register was not determined, so it can be enlarged to
1-2 thousands of items in accordance with reguirements of a
systemic analysis of the subject- The items concerning
populated locations, in particular include:

- administrative and territory divisions, size of the popul?-
tion and its groups, date and year of the measures performed,
dynamics of changes in gamma dose rates ;
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F A C T O G R A P H I C A L S E C T I O N
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FIG 2. STRUCTURE OF THE FfiCTOGRflPHIC SECTION

OF THE SYSTEM
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- dynamics of changes in radionuclide contamination density
in soil, vegetation, food produced within the controlled area,
mean doses of internal and external irradiation of the population
as a whole and its occupational and age groups, results of medical
examinations of the population, etc.

In case of necessity the distribution characteristics of
these values are given. The individualized subsection of DB
includes the lists of individuals from the population and proffe-
cional workers with the résulta of their dosimetric examinations.
In this case the list of indices will be enlarged only at the

expense of an addition of more detailed data on incorporated
activity and radiation doses. Other subsections of the lower row
contain archives of the original data including radionuclide
content in samples of soil, vegetation and food, results of
detailed radiation and hygienic examinations, etc»

Data supply to DB of the system CflAHA is performed either
on computer carriers from the data banks of organizations and
individual research workers or from scientific reports» articles
and other materials. The structure of the information obtained
is changed in accordance with the registration objects in DB.

The problem of excess information is solved by an analysis
of data supplied for treatment and by optimization of the infor-
mation relations. It should be noted that by a number of indices
characterizing the first days after the accident excess of the
information in DB is not ruled out. It makes it possible to
increase credibility of data and to accelerate their treatment.

Software provision of DB allows one to increase without
any limit nomenclature of the data stored in the factographic
section, to form depending on the character of an inquiry
separate documents or sets of text documents, tables of any
form, charts and schemes. Besides the existing programs for s ta-
tistical treatment the system C.HAHA will be provided with the
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fund of programs for calculating dose values, radionuclide
transfer, algorythma of essential factor selection, multifactor
and cluster analysis.

To sum up, the computer system CßAMA provides the effec-
tive control of working plans, the search for references and
methodic s in certain scientific directions» reliable storage
of factographic data on the subject; it also provides:

- effective access and possibility of computer treatment
of the generalized information;

- systematization and generalization of data on medical
effects of the accident ;

- possibility of using data for estimating the effects of
not projected accidenta at plants;

- centralized provision of the All-Union Distributing Regi-
ster with all data for calculating individual radiation doses.

The existing experience of handling the problems of diagno-
sis, prediction and planning proves the advantage of the expert
system for making decisions on radiation protection. The computer
system CßA^A can provide the use of stored information and
research data on the effects of the accident for creating such
an expert system.

In this case the task of making desisions is characterized
by the following:

- the possibility of quantitative determination of the
magnitude of the acting factors;

- the necessity quickly to select the most economical (for its
cost) and the most effective (for the given situation) decision
out of many possible ones;

- the great number of variable quantities characterizing the
situation;

- the lack or low credibility of some original data.
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These characteristics substantiate the use of the expert
system primarily for the practical purposes of public health
at the following levels of administrative division: raion (dist-
rict), oblast* (region) and at higher levels and also in regions

near Plant but in this case with account of the local conditions.
The model of the expert system ÜPMOPPA (in Russian)

(Making Optimum Decisions in Radiation Accident) is being created
by the following scheme :

1) accumulation of facts ;
2) set of production rules (i.e. expertise rules);
3) mechanism of a logical conclusion together with the

structure of knowledge;
4) mechanism of making the conclusion on the base of uncer-

tain and incomplete origional data;
5) mechanism of explanation and inspection of each conclu-

sion made by the system.

Analytical abilities of the system are provided by encoding
expert knowledge as a set of production rules in the forin;

ECM (premises), TO (action), (IIO), where 00- index of deter
mination which can be calculated by one of the adequate methods
e.g. credibility coefficients, conditions of probability, etc.

The work of the expert system is carried out in accordance
with the following unit—scheme (Pig. 3) where oblast* is used as
a region.

The expert system is supposed to perform a constant
generation of the plan of actions providing greater accuracy in
estimating a radiation and hygienic situation.
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Fig. 3 (cont.)

7. Generation of the plan of detailed radiation situation
8. Measurements according of the plan Y..
9« Express prediction of the doses for populated locations
10. Estimation of radiation doses
11. Algorythos of dose calculation
12. Plan of the measures M..
13- Search of an adequate measure
14- Catalogue of measures
15« Expertise rules
16. Optimization by medical, social and economic criteria
17. Realization of the plan MI
18. System of explanations and inspections

When the amount of accumulated data is sufficient for
making decisions generation of the plan of actions is performed.
At the next iterations it is corrected with the account of newly
coming information about the radiation situation and plan realiza-
tion* The unit of plan generation includes, in particular input
of information on the levels of gamma radiation, concentration
and density of contamination by radionuclides of soil, water,
vegetation and food«

The unit of radiation dose estimation provides the calcula-
tion of average (for populated locations) and maximum individual
doses of external gamma irradiation of the whole body, internal
irradiation of the whole body and the thyroid by inhalation and
ingestion intake of radionuclides.

The unit of the search of adequate actions is supposed to
achieve the final aims: prevention of radiation disease and pro-
tection from exceeding the permissible dose values to the cri-
tical organs in the groups of increased risk. Decrea.se of the
mean dose down to the limit of accidental irradiation and lower
is desirable.
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Development of criteria of the optimum selection of measures
is carried out by three directions: medical, economic and social
and is based on the normative document "Criteria for making
decisions on protective measures against the effects of reactor
accident". Generation of the plan of actions requires information,
on the resources in the region: drugs, transport, "clean" food
and water. These data as well as information on the number of
population and geography of the region must be supplied when the
system is established in the region,

The unit "Explanation System" is supposed to provide the
possibility of inspection of the decisions made by the system.
The explanations are made by references to the points of norma-
tive and instructional documents. The experience of creating
DB CÄAHA shows that the summary number of these documents
does not exceed 150.

Realization of the system ÏÏPKOPPA is carried out at
Personal computers»

In conclusion the authors express their acknowledgement
to the academician of the Academy of Medical Sciences of the
USSR L.A. Ilyin for putting the problem constant attention
and support of the work.
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Abstract

The ail-Union distribution register is a multilevel information and
control system covering almost all parts of the country.

This register is to be kept for many decades: it is a large-scale
project of great significance for the selection of strategies and tactics for
the development of nuclear power, for the use of ionizing radiations in the
economy, and for effect ive and complete solutions to radiation safety
problems. Smooth and well-co-ordinated work by all specialists and
organizations involved in its preparation is therefore essential.

Ministry of Public Health of the USSR has adopted a largescale
program on the development of the All-Union Distributed Regist-

ry immediately after the reactor accident at Chernobyl to ensu-

re a long-term automatized personal follow-up of accidentally

irradiated individuals, their children and subsequent genera-

tions, radiation doses, health status and its changes. The Ail-

Union Distributed Registry is an information and operative mul-

tilevel system that includes practically all the regions of the

country and provides automatized support to:

- the measures on prophylactic medical examination of the

population

- the necessary treatment-and-sanitation measures on dis-

pensary system results
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- the study of the structure, nature, dynamics of disease
tendencies and their outcome in the followed contingent

- special and scientific programs on medical consequences
of the reactor accident at Ghernobyl.

Specificity of the All-Union Distributed Registry is de-
termined not only by its large scale from the point of view
of territory and quantity ( more than 600.000 subjects, and a
half of them,i.e. about 300 000 subjects are on the union level
of the registry), by the quantity of the various specialists in-
volved and the absence of prototype of the created system but
also by the fact that it was necessary to begin the work on dis-
pensary examination and its information supply as early as possib-
le to evaluate medical consequences of the reactor accident and
to take necessary measures. That*s why the draft decisions of
the Ail-Union Distributed Registry were being corrected according
to the experience gained in the process, of operation of its se-
parate components and subsystems.

The optimal hierarchical structure of the Registry inclu-
des region, area, republic and union levels of the follow-up.
This structure of the All-Union Distributed Registry makes pos-
sible maximum dynamic follow-up of the appropriate individuals,
the effective use of computer technology ( large, medium and
personal computers) and mathematical software of different com-
plexity, communicational binding of the examination data in ma-
gnetic tapes.

Before getting to the union level, the data on dispensary
system of the detected groups of population undergo a comlex pro-
cessing, i.e. official registration in the central region hos-
pital or city hospital, the examination, magnetic tape informa-
tion transfer, logical machine check of the data in the repub-
lic computation centres before sending off data array to Ob-
ninsk and the ultimate logical program check on the union level.
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It should be emphasized that this control system provides for
quite satisfactory quality of documents received on the union
level of the Registry. The system of double control ( visual one
at the examination comission and a machine check in the computing
centres) practically excludes the possible registration of the
false documents which are not higher than 0.5 per cent.

The All-Union Diatributed Registry consists of three main
objective subsystems of support:

- organization- and-niedicine
- mathematical software
- dosimetry

The main functions of subsystems:

1) wording out of formalized medical documents and instru-

ctions to fill them up

2) magnetic tape control, database maintenence, informa-

tion processing with special computer program

3) calculation and reconstruction of individual radiation

doses, separation of risk groups.

Now we discuss the structure and function of the registry

subsystems mentioned above.

The first subsystems, i.e. organisation-and-medicine sup-

port includes Registry Regulations which determine the purposes,

structure and executive institutions. These Regulations also con-

trol the order of information processing on different levels, the

study population, as well the volume and frequency of prophy-

lactic and treatment-and-sanitation measures. The most impor-

tant aspect of the Ail-Union Distributed Registry function is

a preparation of medical documents for computing, i.e.:
- a record card filled up once

- a medical card with the data on initial and subsequent

examinations

- dosimetry data list
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Organisation-and-medieine support of the Registry also is
composed of a number of instructions and recommendations rela-
ting- to the correct registration of the documents mentioned
above on the region level and information transfer to magnetic
tapes. At present a large volume of the local instructional-
methodical work has been done to provide the right official re-
gistration of the original documents.

The second subsystem ( mathematical software ) consists of
three blocks: control and correction of the initial documents,
database management system and an analytical block.

Logical machine check includes two complexes of software.
One of them provide test and correction of all initial materi-
als personally. The second one associates with the whole data
bulk. The machine check results in an error protocol in a sui-
table form and a compiled magnetic tape with false documents
for correction.

The second block, i.e. the All-Union Distributed Registry
data-base provides information storage and multipurpose informa-
tion access. The choice of DBMS for the All-Union Distributed
Registry follow-up of the persons entered into the Registry and

also the realization of complicated queries.

The third analytical block records output data on the All-
Union Distributed Registry status and dynamics and also reveals
tendencies in health status of the study groups.

The dosimetry subsystem of the registry effects the auto-
mated calculation and transfer to database the individual absorbed,
doses of the internal and external exposure which are accumulated
in the thyroid gland and the whole body. For this, the informa-
tion entering into the Registry after filling up the initial
documents is used. The dosimetry subsystem exercises logical
control of the dosimentry registry information besides the ca —
culation and reconstruction of the absorbed doses.
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Right before this Conference, in Obninsk was held the mee-

ting of the leading experts of the country. They have developed

concrete proposals concerning the development of regional and

central informational search systems of radiation hygienic data

about environmental contamination and contamination of food pro-

ducts. These systems, function within the Registry, will form

the informational basis for individual d ose reconstruction for

future Registry functioning.

Creation and introduction of the Registry, provision of

long-term automated personified registration of individuals

subjected to the action of ionizing radiation is a complicated

organizational,medical, scientific and technical task. Long-term

character of the Registry functioning ( several decades ) , its

large scale, demand good organized coordinated work of every in-

volved specialist and organization.

As an example, we can take data retrieval on the children

who had thyroid dose exceeding in a number of cases 300 mSv (the-

se children compiled about 2-3?5 of the retrieval ). The total vo-

lume of the retrieval was about 40 000 children. For these child-

ren we had the information about the levels of thyroid hypophy-

sial hormone. THH in blood serum. Radioimmunoassay of the serum

was conducted after 6 months after radiocontamination.

The concentration of THH is in the norm ( within 0,5-4,5

med/1), that shows the absence of alterations in the function of

thyroid gland. Every registered child is followed according 00

the programme of dyspancerization.

One more example concerning one of the regions of Ukraine,

Among 65 000 of evacuated and lining on the controlled

territories on the day of the accident there 1007 pregnant wo-

men. Pregnancy was preserved in. 97,4?& of the women, 96/5 of them

had no pathology in the course of pregnancy. 98?£ had timely de-
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livery. These data show the effect iveness of the undertaken com-

plex measures of treatment and sanitation.

For bhe future development of the Registry we must conduct

multilevel analysis of the huge volume of collected data and

provide for long-term dynamic functioning of the Registry.
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ORGANIZATION AND PLANNING OF WORK INVOLVED
IN THE LONG TERM CLINICAL OBSERVATION OF
CHILDREN WITH A HIGH RADIATION RISK

V.N. BUGAEV, E.I. BOMKO, E.M. BRUSLOVA,
A.I. AVRAMENKO, L.A. BULDAKOV, N.F. RUBEL'

Abstract

Operation of the register involves analysing the basic parameters
characterizing the health of children, carrying out epideroiological studies on
various types of disease, refining dose parameters and reconstructing actual
doses, establishing spatial and temporal dose distribution patterns, providing
systematic information in support of the register, and so on.

By 16 May 1986, thyroid dose monitoring had been carried out and
detailed blood analyses performed on 140 000 children, who were also given
complete medical examinations by specialists. In 95% of these children, the
calculated caesium intake at the end of the year following the accident was
less than 1 rem.

Further information support for the register of the child population
with the same comprehensive volume of medical information will make it
possible to study the teratogenic effects of ionizing radiation and abnormal
growth and development of children exposed at an early age, and to determine
risk coefficients as a function of time, teratogenesis and cancer of the more
sensitive tissues, as well as the effects of small doses of ionizing radiation.

Elaboration of prophylactic measures of social and medical

nature to be taken after the accident at the Chernobyl NPP was

based primarily on knowledge of quantitative and qualitative in-

dicators, characterizing the health status of residents, taking

into account the dose burden. This is of particular significance

for pédiatrie contingent, being the most vulnerable critical

group of population, and forming at the same time the foundation

of future health and well-being of the nation.

Accordingly, it seems evident, how important it is to deve-

lop a specialized register for pédiatrie contingent, exposed to

ionizing radiation following the accident at Chernobyl NPP, to

be able to ensure long-term computer-aided personal registration

of pédiatrie patients, radiation doses, state of their health

and changes in the latter.
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So far, no uniform concept has been accepted in our country
regarding development and functioning of registers, and provi-
sion of substantiated criteria, categories, levels of observa-
tion, organized support of such computerized systems» In the li-
terature available there are presented data on design and func-
tioning of clinical-dosimetric registers, specifically, for re-
sidents of Hiroshima and Nagasaki who survived atomic bombing,
and also for minera from uranium mines. A special feature in
functioning of these registers is that they were compiled in a
retrospective way and include partial clinical data obtained
through sociologie polls on morbidity mortality rate, general
condition of injured persons. At the same time, keeping of such
registers for a long time showed that a desire to enter maximal
amount of information in a data base is hardly warranted, since
it becomes impossible to process the material, to generalize it,
and thus the number of errors increases in avalanch-like manner.

Therefore, at the stage of designing a specialized clinical-
dosimetric register, the top-priority tasks are to develop a uni-
form concept of its functioning, substantiate criteria, levels,
categories of observation, provision of software, and organiza-
tional support of a register.

Functioning of register envisages analyses of principal
parameters, characterizing the health status of pédiatrie pati-
ents, epidemiologic studies, clarifying various nosologie forms,
assessment of dose parameters, their reconstruction and normali-
zation, elucidation of temperospatial distribution of doses, sup-
ply of systematic information for support of register, elabora-
tion and correction of prophylactic measures, and, finally, wor-
king out of recommendations of social and medical character
aimed at maximally possible lessening of effects of ionizing ra-
diation.

Proceeding from the above, composing and functioning of a
register for pédiatrie contingent included forming and collect!-
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on of input information, its formalization, development of a.
data "base, analysis and prognosis of possible disorders in health,
status of pédiatrie population due to effects of ionizing radi-
ation, and, finally, making of decisions and their implementa-
tion (Pig. I).

Subject brunch

Data collection

Forming of entrance
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Real i 23 t ion
of decisions

DATA BANK

Dec i sion
mak i ng
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Other
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P'-ognost icafc ton

FIG. 1.
SCHEME ÜF ARRANGfNG AND FUNCTIONING OF REG [STEP FOR PF.DIATRIC

POPULATION.
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The first stage of work on the register appears essential
and in many respects crucial for its successful functioning,
and its adequacy to the real situation. This stage comprises the
following items:

- perception, abstraction and description of application
domain;

- clarifying and elucidation of users* information demands}
- design of conceptual infological model and external info-

logical models of application domain;
- datalogical design.
In view of the above, the following tasks were set at the

first stage of work:
1) to identify the groups of persons eligible for entering

in the register;
2) to define the volume and content of information, needed

for composing the register;
3) to choose the way of obtaining the required information

and to organize its collection;
4 ) to collect, formalize and enter information into compu-

ter.
The principal criterion for entering in a specialized sub-

register for further in-depth scientific studies of pédiatrie
contingent with increased radiation risk were doses of thyroid
exposure over 2 Gy. The information was supplied through the
following scheme (Fig. 2)

To accomplish the above-mentioned tasks the Ministry of
Public Health of the UkrSSR has organized 203 republican medical
teams consisting of a therapist, pediatrician, obstetrician-gyne-
cologist, laboratory assistant, dosimetrist. The work performed
allowed determining of groups to be included in prophylactic obser-
vation depending on thyroid dose of iodine radionuclides.
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Till May 16, 1986, 140 thousand infanta and children under-
went radiation monitoring of the thyroid gland. Parallel to this,
comprehensive analysis of blood was made and pédiatrie contingent
was examined by doctors of various specialities. Owing to devised
organizational measures it became possible to start on 10th of
May evacuation of pédiatrie population in an organized manner to
southern regions of the UkrSSR where infants and children could
improve their health. The stages of evacuation of pédiatrie con-
tingent and pregnant women are depicted in Pig. 3«

Efficient system of prophylactic examination of pédiatrie
contingent was organized with special reference to the value of
radiation dose. A.t the same time there was established the Repub-
lican specialized dispensary on radiation protection of popula-
tion. This dispensary has a consultation clinic and specialized
laboratories with hématologie, endocrinologie, neurologic, and
differential diagnostic units. Further, mobile human radiation
counters (HRC) were made available.

To determine cesium intracorporeal content, the study enrol-
led primarily residents of Polessky and Ivankov districts of
Kiev region, Narodichi district of Zhitomir region, and persons
evacuated from the city of Pripyat and Chernobyl district.

In 95 % of children and infants the calculated dose of
cesium intracorporeal content was found to be less than I rem
from the moment of accident till the end of the year.

On the 10th of October there was initiated the second stage
of prophylactic examination of pédiatrie contingents from northern
districts of Kiev, Zhitomir, Chernigov regions and those evacu-
ated from the city of Pripyat.

This examination was carried out by mobile medical teams
consisting of a pediatrician, endocrinologist, hematologist, la-
boratory assistant, neuropathologist ophthalmologist. The pati-
ents were checked for blood thyroxin content, and also blood
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comprehensive analysis was made. If any somatic pathology was
detected, the pédiatrie patients were hospitalized in correspon-
ding units of regional hospitals. Infants younger than a year
were admitted to the Kiev Research Institute of Pediatrics, Ob-
stetrics and Gynecology, or, depending on the dose burden, to
the Republican specialized dispensary on radiation, protection,
and Kiev Research Institute of Endocrinology and Metabolism ,

To these teams local bodies of the public health system
have recruited paramedical personnel including manipulation
nurses. The teams were equipped with laboratory instruments
and had transport facilities.

Blood smears were analyzed on the spot, while to check the
blood for TTH, T,, T. content, the ampules every day were deli-
vered to Kiev RI of Endocrinology and Metabolism.

The medical teams were instructed at the Ministry of Public
Health of the UkrSSR by the head of board for treatment-and-pro-
phylactic maternal and pédiatrie assistance and by the head of
department of specialized aid. 86 thousand of pédiatrie patients
were examined by 60 medical teams within 2,5 months.

The obligatory condition in the work of medical teams was
to fill in a specially devi sed information paper medium, a form
of child development history, where diagnoses of all specialists
were recorded, and if the necessity arose, recommendations were
given regarding further follow-up and treatment of pédiatrie pa-
tients.

In the All-Union Scientific Center of Radiation Medicine
(AUSCRM), AMS, USSR, all the forms were thoroughly analyzed and
the expert opinion was expressed whether or not they were filled
in correctly, and the pathology disclosed was related to data
of radiation monitoring.

Prom the entire array of registered madical information, ob-
tained for 86 thous« pédiatrie patients in the course of organi-
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zed by Ministry of Public Health large-scale prophylactic exami-
nation of infants and children in the northern regiona of the
UkrSSR, researchers from USSCRM have selected file of documents
for 5800 pédiatrie patienta whose thyroid radiation dosea excee-
ded 2.0 Gy (Pig. 4).

Though, of people

150-

May August

1 9 8 6

I - Stage of instrumental data collection
II — Machine processing of data, dose estimation
IH- Collection of registration - medical documentation
IV - Organization of special subregister of children of

excessive radiation risk group
FIG. 4.

DYNAMICS OF FORMING OF SPECIAL SUBREGISTER FOR PEDIATRIC

POPULATION OF THE UKRAINIAN SSR / D > 2OO Rem /.
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Formalized input information on magnebic medium provided

the possibility to compose a data base which served as a basis for

specialized register for pédiatrie contingent being under obser-

vation, and also to derive first results reflecting the state of

pédiatrie health.

Comprehensive assessment of pédiatrie health included the

following indices:

- functional state of organs and systems;

- degree of physical and neuro-physic development and its

harmonious character;

- presence of chronic pathology (including congenital one).

By the state of their health all infants and children were

assigned to the following health groups:

I group - healthy pédiatrie contingent, without any signs of

disorders in the health statua and who have not fallen ill during

the observation period.

II group - infants and children with functional disturbances,

who are at risk of developing a chronic pathology and show higher

disease incidence;

III, IV, V groups - diseased infants and children with chro-

nic pathology at the stage of compensation, subcompensation and

decompensation.

During the analysis the attention was given to distribution

of pédiatrie patients by health groups, relationship between num-

ber of pédiatrie patients with revealed nosologie forms and con-

ditions, which may be associated with risk factors (primarily,

such factors as thyroid hyperplasia) and the total number of in-

fants and children examined. Further analysis elucidated percen-

tage of individual, most frequently occurring diagnoses, in total

structure of morbidity. These data were related to thyroid radi-

ation dose, taking also into account the patient 's place of re-

sidence.
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Assessment of health status of pédiatrie patients with in-
creased dose-related risk revealed, that percentage of infants
and children assigned to 3d and 4th health groups was low in
different dose groups and amounted to 4-8 % in Narodiohi,
Ovruch, Polessky, Ivankov, Kozelets, Repkin districts end to
13-17,5 % in Chernigov and Chernobyl districts. No patients from
the 5th health group were identified in She contingent examined
(Fig. 5).
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M - average for Ukraine in 198O 1965

FIG. 5.
INCIDENCE OF CASES RELATED TO 3 - 5 HEALTH GROUPS AMONG PEDIATRIC

PATIENTS WITH VARYING DOSES GF THYROID RADIQIÛUINE IRRADIATION <••'•

Presence of chronic or primary detected diseases and pre-

morbid conditions was not influenced by belonging to a dose

group. Only territorial differences were disclosed. For the peri-

od of examination the number of pédiatrie patients with deter-

mined diagnoses was the lowest in Ovruch district of Zhitomir

region (24,5 %) and the highest one was in Chernobyl district

of Kiev region (52 %).
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In order to analyze the structure of morbidity for all pédi-
atrie patients included in the specialized register, first, the
incidence of each of determined diagnoses has been appraised.
These findings revealed 5 most frequently occurring diagnoses
of premorbid conditions, the percentage of which was on average
65 % from the entire number of ascertained nosologie forms of
pathological and premorbid conditions: thyroid hyperplasia, chro-
nic diseases of tonsils and adenoids, acute and chronic infecti-
ons of upper respiratory tract, iron deficiency anemia, disea-
ses of teeth and their supporting apparatus.

Some territorial special features have been disclosed in
the incidence of thyroid hyperplasia with respect to the total
number of determined diagnoses in each group. In fact, the pro-
portion of thyroid hyperplasia (TH) in the structure of morbi-
dity of pédiatrie patients with increased radiation risk in
Zhitomir region equalled 34,2 $, in Ovruch district, and 36,8 %
in Korodichi district. These values differed substantially in
various districts of Kiev region: in Chernobyl district the TH
proportion was I6j4 %, in Ivankov district it amounted to 28,0 %t
and in Polessky district it reached 60,3 %. No clear-cut diffe-
rences in the TH proportion were found in surveyed districts
of Chernigov region, where it amounted to 45,9 - 74 % from the
total number of all diagnoses.

In addition, the analysis of age-related distribution of
the TH demonstrated successive increase in TH incidence with
advancing age. For instance, the incidence of detected TH in
pédiatrie contingent from Uarodichi district in the age groups
under 3 years, 3-6 years, and 7-14 years varied from 15.6 to
17.6 and 27.8 %\ in pédiatrie patients from Ovruch district it
ranged from 5.7 to II.4 and 14.3 #, while for Chernigov district
it was from 12.6 to 27.8 and 38 %.
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The TH incidence may be regarded as an evidence for iodine
deficiency in the given region (Pig. 6). Prom this viewpoint
the situation is the most favourable in Narodichi and Ovruch
districts of Zhitomir region. In these districts, in the course
of prophylactic examination mean TH incidence in pédiatrie pati-
enta with increased risk was found to be 15.5 %. In Chernigov
region this value amounted on average to 28.6 % in pédiatrie con-
tingent with increased radiation risk. In Kiev region the TH in-
cidence varied considerably in different districts: in Checnobyl
and Ivankov districts this pathologic condition was identified
in 10.2 of pédiatrie contingent, and in Polessye this value re-
ached 33.4 %.
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FIG. 6.
INCIDENCE OF THYROID HYPERPLASIA IN PEDIATRIC PATIENTS KITH
VARYING DOSES OF THYROID RADIOIÜDINt IRRADIATION (•/.)

Therefore, primary analysis of input information of a spe-
cialized subregister for pédiatrie contingent with increased ra-
diation risk revealed peculiarities in the health status of in-
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fants and children in the surveyed districts of Kiev, Chernigov
and Zhitomir regions, and also disclosed the incidence of the
most frequently occurring diseases. These findings will form the
basis for further long-term dynamic follow-up of pédiatrie pati-
ents exposed to ionizing radiation, and will provide the possi-
bility to elaborate measures aimed at minimizing the consequen-
ces of radiation effects.

Further information support of the pédiatrie register pro-
vided under the same conditions of expanded volume of medical
information will allow the researchers to clarify the following
scientific issues:

- teratogenic effects of ionizing radiation, particularly
cases of mental retardation, delayed development and growth;

- developmental and growth anomalies in. pédiatrie patients
exposed to radiation at early age;

- ascertainment of risk coefficients, depending on time,
teratogenesis, cancer of the most sensitive tissues, elucidation
of effects of low doses of ionizing radiation.

And, finally, it became possible to tackle the problem of
standardizing the values discussed proceeding from the extent of
harm caused to human health.
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DISCUSSION

S.P. YARMONENKO (USSR)

The sad experience of the Chernobyl accident has revealed
shortcomings in knowledge of physicians about biological effects
of ionizing radiation. That results in certain difficulties in
involvement of these physicians to the works on the accident
consequences liquidation as well as in the fact that this lack
of special education of medical personnel is one of the main
reasons of radiophobia among general public.

My proposition is to introduce into the Resulting Document
of the Conference the following point:

to improve the education, of the contemporary physicians in
the field of radiation medicine. For this purpose to introduce
the course of this discipline for medical students.
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STATEMENT BY PARTICIPANTS

The human mind has discovered unprecedented possibilities
in the sphere of use of nuclear energy for peaceful purposes.
Today, everything depends on what nuclear energy will be used
for — either the creation and development of mankind's creative
potential, or its destruction.

We, participants in the Conference, resolutely come out
in support of creation — the peaceful coexistence of 'all sta-
tes and the common use of the enormous energy of the atom for
the development of science, engineering and prosperity of
all peoples. The destructive force of the military atom must
never be let out of control, for otherwise there will be a glo-
bal catastrophe for all life on Earth.

The Chernobyl accident has once again confirmed the nece-
ssity of the governments of all countries to take measures
which would rule out any mischances in the use of nuclear
energy. We welcome any steps which may be taken in this direction.

Having thoroughly discussed the medical consequences of the
accident at the Chernobyl Nuclear Power Station, we believe
that today the duty of each state and each citizen is to become
aware of their historical responsibility for reducing nuclear
armaments.

We are convinced that the new thinking and new realistic
principles of interstate relations, based thereon, will eventually
place the energy of the atom entirely at the service of mankind.
The Soviet-American Treaty on the Elimination of Medium- and
Shorter-Range ML asiles, signed by Mikhail Gorbachev and Ronald
Reagan, provides a groundwork for our optimism.

All of us, our patients, children and grandchildren need
a world without missiles and nuclear weapons.

Join in the chorus of physicians and medical scientists!
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CONCLUDING SPEECH

A.E. ROMANENKO

Esteemed participants of the Conference!
Dear guests!
Ladies and gentlemen!
Comrades!

Here,in the capital of the Soviet Ukraine, we have held a
major scientific conference concerned with medical aspects of
the accident at the Chernobyl Nuclear Power Station, which,
judging by the keen attention shown in it by specialists and
broad sections of the public, has acquired global significance.

Despite tbe fact that two years have already passed since
the accident, the interests taken in everything that is connec-
ted with Chernobyl does no L diminish. This is evidenced by the
accreditation at the Conference of almost 140 newsmen, inclu-
ding over 30 foreign journalists, who represent 26 Soviet and
23 foreign mass media.

The Conference was attended by specialists from 26 minist-
ries and departments of the USSR and Union republics, 45 research
establishments, as well as more than 60 foreign scientists,
representatives of the IAEA and a number of international or-
ganizations.

It is no mere chance that such a great interest is dis-
played in the accident at the Chernobyl NPS: its scale, despite
the preceding experience in other countries, proved unexpected,
thus posing before the country's public health services extre-
mely difficult problems and tasks of the protection of
health of people in the areas involved in that situation. These
problems and tasks called for scientific comprehension, quick
response and timely decisions.
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The accident at the Chernobyl NPS had a number of distinc-
tive features which prevented making full use of the results
of numerous theoretical and applied studies previously carried
out both in this country and in foreign and international orga-
nizations, which dealt with problems of radiation safety. On
the other hand, as shown by the experience of Chernobyl, the
complexity and manysidedness of the problems of population
protection in the case of radiation accidents, which know no
state boundaries, call for large-scale international coopera-
tion.

The two years that have passed were remarkable not just
for the strenuous work aimed at neutralizing the accident and
eliminating its immediate consequences, but also for the urge
to undertake further exploration of the problems of coexistence
of mankind and the peaceful atom. Amidst all these problems,
prominence has been given to researches in the field of radio-
logical medicine — a rapidly developing branch of medical
science, vital to which are the cooperation of various branches
and involvement of many countries.

Twenty-nine reports have been made at the Conference.
Running all through the reports was this: for the first time
in world practice, large-scale state-organized measures have
been implemented, basically new decisions have been made, and
the entire medical experience has been tapped to maintain the
health of those who took part in the elimination of the
accident's aftermath, as well as the residents of the acci-
dent—stricken areas.

The participants and guests of the Conference had an
opportunity to visit the Chernobyl Nuclear Power Station,
the town of Slavut ich built for its personnel, to familiarize
themselves with the work of the All-Union Center of Radiation
Medicine under the USSR Academy of Medical Sciences and a
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number of research and medical-and-prophylactic establishments
directly involved in tackling medical problems stemming from
the Chernobyl accident, as well as some other medical-and-pro-
phylactic establishments in Kiev.

Allow me to extend ray sincere gratitude to all our quests,
representatives of international organizations, such as the
United nations Scientific Committee for Atomic Radiation Effects,
the World Health Organization, and the Inbernational Atomic
Energy Agency, who participated in the Conference.

The invitation to the Conference of the world's leading
scientists and specialists enabled us to launch a wide discus-
sion of the data obtained, and to map out ways and prospects
of further studies. Generalization and utilisation of the
experience gained during the elimination of the aftermath of
the accident ab the Chernobyl Nuclear power Stab ion, as well
as other radiation accidents, will facilitate the protection
and maintenance of people's health in the context of ongoing
development of nuclear power engineering.

It is v;ith the feeling of great satisfaction that we can
state: the Conference has been held in the atmosphere of mutual
understanding and cooperation. This has been a meeting of col-
leagues united by the vital importance of the tasks we are
faced with, highly humane aims and the responsibility before mankind.

Today, many in the West argue that Russians proved to be
unprepared for such an accident. However, as testified by the
entire work of the Conference, this was not the case. The
questions of organization and effectiveness of the measures
that were taken were based on medical approaches which had
been worked out in advance and their proper organization. In
my opinion, this is the most important thing that can be inferred
from the Kiev meeting, for it undertook a thorough scientific
analysis of the Soviet public health system.
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Along with this, as was with good reason pointed out in j'ae
debates, the elimination of the accident's aftermath revealed
serious shortcomings. In particular, there was lack of 3. comp-
rehensive system approach to the elimination of a large-scale
radiation accident, physicians showed inadequate practical
knowledge in the field of radiation pathology, while the radio-
logical service was short of dosimeters and radiometers. A.
considerable part of equipment proved to "be outdated and ob-
solescent. The sanitary-and-educational and explanatory work
among the population was obviously inefficient.

At the same time, it should be noted once again that the
Conference has convincingly proved: our experience of a truly
titanic and effective effort to eliminate the consequences of
the accident at the Chernobyl Nuclear Power Station is of great
importance not only for Soviet but also world science and
practice. This experience is invaluable for further development
of nuclear engineering and prevention of nuclear war.

Allow me once again to thank all the participants and
guests of the Conference, as well as those who delivered reports
and spoke in the debates, I wish you all good health and every
success in your work. I hereby declare the Conference closed.

In a few minutes, a press conference for Soviet and
foreign newsmen will be held in this hall.
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