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<1.p.1-10>
Current Topics about the Radiological Consequences by the Chernobyl
Accident
Tetsuji IMANAKA

Research Reactor Institute, Kyoto University
Kumatori-cho, Sennan-gun, Osaka, 590-0494 Japan: imanaka@rri.kyoto-u.ac.jp
Abstract

Basic radiological factors of the Chernobyl accident are reviewed such as radioactivity discharge,
the size of contaminated area, radiation dose, radiation risk assessment efc. Roughly estimating,
50-60 % of *'I and 30-50 % of *’Cs in the reactor core were released into the environment, which
correspond to 40-50 MCi and 2-4 MCi, respectively, as the activities at the time of the accident. The
total area in 13 European countries with the '>’Cs contamination more than 1 Ci/km” amounts to
190,000 km®. The collective thyroid dose for the entire populations in the most affected three
countries (Belarus, Ukraine and Russia) is estimated 1.6 x 10° person-Gy. The collective effective
dose (excluding thyroid dose) for 5.16 million people living in the main contaminated territories in
three countries is estimated 4.26 x 10* person-Sv during 10 years after the accident. Using these
collective doses together with radiation risk coefficients of ICRP (1990), 13,000 thyroid cancer and
2,100 other cancer deaths are expected among the corresponding populations.

Other articles in this report indicate the followings. About 4,400 cases of radiation-induced
thyroid cancer were observed in Belarus by the end of 2000. There are also observed some increasing
tendencies of other cancers among inhabitants in the contaminated areas and liquidators. Health
deteriorations and mental retardations are observed among the children living in the contaminated
areas and having received irradiation in utero. All these findings suggest the necessity of well
organized epidemiological studies before giving conclusions about the health consequences of the
Chernobyl accident as well as applicability of ICRP radiation risks to the related populations.

An interesting map is shown representing dose rate around the Chernobyl NPP on June 1, 1986.
Using the dose rate in this map for reconstructing radiation dose for evacuees, the possibility of acute

radiation sickness was confirmed among a substantial part of evacuees from some villages within the
30 km zone.
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<2.p11-27>
The Chernobyl Reactor: Design Features and Reasons for Accident.

Mikhail V. MALKO
Joint Institute of Power and Nuclear Research, National Academy of Sciences of Belarus
Krasin Str.99, Minsk, Sosny, 220109, Republic of Belarus: mvmalko@malkom.belpak.minsk.by
Abstracts
The report describes the main features of the Chernobyl reactor and possible reasons of the
accident that happened on 26 April 1986. Analysis of scientific results established after the accident

demonstrates that shortcomings in the design, and freak infringements of safety regulations for the
construction as well as inadequate documentation for reactor operation were the main reason of the

Chernobyl accident. Various scenarios proposed for this accident are also analyzed in the report. It is
concluded that a very high probability of the nuclear explosions at the reactor of the Unit 4 of the
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Chernobyl accident exists. The power of it could be equivalent to 200 tons of the trinitrotoluene
(TNT).
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<3.p.28-44>
The Causes and Scenario of the Chernobyl Accident, and Radioactive Release
~ on the CHNPP Unit-4 Site
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Boris I. GORBACHEV .




National Academy of Sciences of Ukraine, The Interdisciplinary Scientific and Technical Center “Shelter”
36-a, Kirova st., 07270, Chernobyl, Ukraine: gorbachev26@mail.ru gorbachev@slavutich.kiev.ua
Abstract
On the basis of analysis of old and new data, a realistic version regarding the causes of the

Chernobyl accident was developed. In contrast to the previous official versions, this version gives a
reasonable explanation to the accident process itself and the various circumstances around the
moment of the accident that have not been properly explained up to now. According to this version,
the personnel of the Unit-4 rushed to push the emergency shutdown button, AZ-5 after the first
explosion occurred in the reactor core, and the seismic impact by the second explosion, which was
more intensive than the first one, was registered at three seismic stations located 100 — 180 km from
the CHNPP. Little-known experimental data regarding the nuclear fuel release around the 4-th Unit
building are also presented.
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<4.p45-58>
Nuclear Fuel in the Destroyed 4th Unit of Chernobyl NPP

Volodymyr M. PAVLOVYCH
Institute for Nuclear Research of the National Academy of Science of Ukraine,
01028, Pr.Nauki, 47, Kyiv, Ukraine, e-mail: paviovich@kinr.kiev.ua

Abstract

The main question, which determines the nuclear safety of the 4™ destroyed unit of the
Chernobyl NPP, as well as the question about the amount and distribution of nuclear fuel inside the
“Sarcofagus” is discussed in the paper. The methods of determination of nuclear fuel quantity inside
the “Sarcofagus” and the quantity thrown out of its boundaries are considered in detail. Special
attention was paid to the quantity and distribution of the fuel in the under-reactor premise 305/2,
which is looked as the most nuclear dangerous. On the base of such investigation and also taking into
account the results of fuel containing material sample analysis, it is possible to make some
calculation of the fuel containing material criticality and scenario of self-sustaining chain reaction
development in the hypothetical situation of nuclear danger. Some of the results of such calculation
are also presented in the paper.
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<5.p59-73>
Analysis of Radioactive Contamination in the Near Zone of Chornobyl NPP

Alexander GAYDAR and Oleg NASVIT*
Institute of Nuclear Research, NASU,
Prospekt Nauki, 47, Kyiv-28, 03680, Ukraine: gaydar@ukr.net
*Research Innovative Implementation Enterprise “Stroom”, Office “Stroom-Kyiv”
284, Artema St.,Kyiv, 04053, Ukraine: nasvit@public.icyb.kiev.ua
Abstract

As aresult of the Chornobyl accident a large amount of radionuclides have been turned out to
the environment and spread over a large territory. The largest part of radioactive depositions is
located on the territories adjacent to Chornobyl NPP.

The paper presents a brief review of the history and the current state of investigation of the
Chornobyl accident deposition around the territories adjacent to Chornobyl NPP where a massive
amount of reliable data have been accumulated about contamination levels and radionuclide
compositions by using improved techniques for sampling and measurements. A geostatistical
analysis of the obtained data provided a possibility to reveal the regional tendencies for levels and
composition of the contamination, and to compile detailed maps of the contamination levels on
the investigated territory for radionuclides such as "*’Cs, *°Sr, **'Am and plutonium isotopes. The
contributions to the transuranium contamination due to Chornobyl were estimated by separating
the contributions due to global depositions, and a prognostic map of **'Am contamination was
developed.

New geoinformation technologies elaborated by the authors are shown to provide a
possibility to reveal the influence of landscape factors upon the contamination structure formation.
An explanation of peculiarities of the shape and location of highly contaminated areas is proposed

~on the bases of landscape approach.
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Radioecological Situation in the Cooling Pond of Chornobyl NPP

Oleg NASVIT
Research Innovative Implementation Enterprise “Stroom”, Office “Stroom-Kyiv”
284, Artema St.,Kyiv, 04053, Ukraine: nasvit@public.icyb.kiev.ua
Abstract ' ; -

Analysis of the monitoring data on the radionuclides specific activity in water of the Cooling
Pond of Chornobyl NPP revealed the regular seasonal cycling of the 13Cs concentration but did not
reveal this for *Sr. It is strongly supposed that this phenomenon is caused by the
microbial-controlled seasonal dependant flux of *’Cs from the bottom sediments to the water.
Analysis of the *’Cs profiles in deep water sediment (silt) provides additional forcible argument in
favour of this supposition. '

The data obtained during radioecological survey carried out in August 2001 proved that on the
eve of its decommissioning the Cooling Pond of Chornobyl NPP entered the stage of stabilisation of
radioecological situation. The amounts of major radionuclides accumulated in the bottom sediments
of the Cooling Pond are estimated to be 4,400, 650 and 18 Ci for *’Cs, *°Sr and **' Am, respectively.
About 70% of *'Cs, 50% of *°Sr and 80% of **' Am that are present in the Cooling Pond will
remain under the water after the water level will have been dropped down to the natural elevation.
The data on the concentration of *’Cs and *°Sr in different fish and water plant species as well as in
bivale mollusc Dreisena are also presented. k

?I)l// TAVJRE iﬂlﬂlln_a'o‘(jéﬁﬁj EAERBRDIRIK
Oleg NASVIT
A IN= 5 VR EEIEE Stroom”

F N/ TA Y FEFHREMUIT 2KPBREE=F Y 77— F OfffTERIE, v v
L 13T BEOEHMAZHERNZR LTS, —FH, ARV FTAIIKONTITED L
5 RMEMIIRBD bheh ok, BV L 13T O ZORBERIL, MAEMEEIC X > TXELS
N5 WEEDHAF~OEY Y A 13T BITORHEMIC LB LOTH S Z L NR TR S
Nic, KRDORE fx?ﬁﬁf“k:}oh‘é{’?iﬁq:'f@t‘/ﬁlx 137 @?’“E/\?ﬁf\ffﬁ% DOHER & B
LTW5%,

2001 4 8 AICEH LFZEIC J:o‘f{a‘roﬂ’bﬁ_'}“‘“?‘i @tﬂﬂmtf‘aﬁgc%éﬁﬂrm#
MU BEAREERICRE L BRICH B 2 L 2R LTS, MAMOMEHICERS L TWS
A EERIZ. BV T AIST. A MR FTAINT AU V75241 ITOWT, EREh 4,400,
650, 18 Ci LHEESN TS, HABIEICL 2> THATERERL A ETET LS

—10—




BBV AT DT0%, A brYF T LD 0%, TAY T L2410 80%A, K
TIREEEDLTHS D LFHMESN TS, MAMIZART 2 SE SHARE KEMEY. R
BOERT =5 bR T 5.

<7.p.86-96>
Todine-131 Contamination, Thyroid Doses and Thyroid Cancer in the
Contaminated Areas of Russia
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Abstract , :
About 1,800 PBq of I-131 was deposited in the environment as a result of the Chernobyl
accident. The most contaminated territories in Russia are located in Bryansk, Tula, Orel and Kaluga
regions. About 80% of total I-131 deposition was formed during the first week after the accident.
Direct measurements of deposition densities of I-131 were very limited as far as this radionuclide
decayed very fast (with half time about 8 days). In contrast, Cs-137, which is long-lived radionuclide,
was investigated much more extensive. As a result all available information about the ratio of I-131
to Cs-137 has been used to estimate deposition densities of I-131 for the purpose of thyroid dose
estimation. The results of direct measurements of radioactive 1odine content in human thyroid gland
together with the available data on I-131 and caesium-137 contamination of the soil were used for
development of semi-empirical model for reconstruction of thyroid absorbed doses in cases when the
measurements were not performed in 1986.
~ According to the estimations, which are based on the results of direct measurements of 1-131
activity in thyroid (Kaluga and Bryansk regions), the median of individual thyroid dose values in
Kaluga region (7 districts) varies from 30 mGy for children to 8 mGy for adults. In Bryansk region (5
‘ districts) the median dose values for adults are in the range from 140 mGy to 30 mGy. Collective
thyroid doses over the territories where the density of Cs-137 soil contamination exceeded 3.7
kBg/m* (0.1 Ci/km?) in the most contaminated 4 regions were estimated to be 72,600, 16,900, 13,400
and 3,400 person-Gy for Bryansk, Orel, Tula and Kaluga regions, respectively.

The data on annual thyroid cancer morbidity over 1986-2000 years in residents of the most
affected Bryansk region, aged 0-50 years at the moment of the accident, is also presented. During the
first five years after the accident (1986-1990) annual thyroid cancer morbidity in different age groups
(0-4 years, 5-9, 10-14, etc.) remained at quite stable levels. Since 1991 a stable increase of the
number of thyroid cancer in all age groups of the studied population has started. The semi-empirical
model was applied to reconstruct individual thyroid dose for 26 thyroid cancer cases (0 - 18 years old
at the moment of the accident) in the most contaminated 4 districts of Bryansk region. The tendency
of dose dependence of thyroid cancer incidence was found.
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Radioactive Contamination of Food in Stepanivka Village, Zhytomyr Region,
Ukraine: in 1992 and in 2001

Volodymyr TYKHYY
Institute of Mathematical Machines and Systems, the National Academy of Science of Ukraine
42 Glushkova str., Kyiv 187, Ukraine: eeic@gluk.org
Abstract

Two series of measurements of radioactive contamination in food samples were performed in
1992 and in 2001 in a village contaminated by the Chernobyl accident. The village, Stepanivka is
located 120 km to the west of Chernobyl NPP and has a typical level of Cs-137 surface contamination
around that area (3 — 5 Ci/km®). The study was performed by the Independent Environmental
Laboratory in Kyiv, jointly founded by the Ukrainian NGO "Green World", Greenpeace International
and the International Renaissance Foundation.

It is shown that the Cs-137 contamination in milk in 2001 became 9 times lower than in 1992,
while the Cs-137 contamination in wilde mushrooms and berries remained at the same level. Annual
intake of Cs-137 by the people in Stepanivka;thly‘ough food products and water was about 3 times
lower in 2001 than in 1992. On the contrary to the trend of Cs-137, activity of Sr-90 in milk and dried
berries was significantly higher in 2001 than in 1992.
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Abstract
Recent data on radionuclide contents of Chernoby! origin in food products and drinking water

for the Belarusian population are reviewed. Strontium-90 and Cesium-137 are main radionuclides
contributing to internal irradiation to the population. Contamination levels in food products from the
social sector of agriculture (collective farms, agricultural co-operatives) are found to be generally
below the current legal admissible level of RAL-99 that are defined to make internal dose of the
population less than 1 mSv/yr. On the other hand, exceedings of RAL-99 are often found in food
products from the private sector, especially in settlements of Gomel region where the contamination
is the most serious in Belarus. Special attention should be paid to the non-farm products in the
contaminated areas: mushrooms, berries, fish and meat of wild animals. For example, about 37,000
Bg/kg of *’Cs in fresh mushroom was registered in a settlement of Gomel region, which corresponds
to 100 times of RAL-99 values. Concerning drinking water, the situation is quite good and no
execeedings have been registered for the last 10 years.
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Long-Term Observation of Radioactivity Contamination in Fish around
Chernobyl

Igor N. RYABOV
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Leninski pr. 33, Moscow, 117071, Russia: platon@genome.eimb.relarn.ru

Abstract ‘ ' ‘
Dynamics of *’Cs accumulation by marketable fishes in different kinds of water bodies (cooling
pond, water reservoir, lake) polluted by radionuclides after the Chernobyl accident has been studied.
The highest concentration of *’Cs, reaching 500 kBq/kg w.w. (wet weight) was registered in fish
inhabiting the cooling pond of ChNPP in 1986. During the last 15 years the level of radionuclides in
fishes of all water bodies came down, but rates of lowering are different. Peculiarities of *’Cs

accumulation by fishes depending on the trophic level have been revealed. During the first months
after the Chernobyl accident the concentration of '*’Cs in peaceable species of fishes in Kiev
Reservoir was by 10 times higher than in pike. After 1987 predatory fishes have the concentration of
7Cs by 2-3 times higher than peaceable fishes. Higher indices have been marked in pike and large

perches. By 2001 the content of ">’Cs in fishes in the cooling pond did not exceed 5 kBg/kg w.w., in
River Teterev — 0.09 kBg/kg w.w., in Kiev Reservoir — 0.5 kBg/kg w.w. High content of B7Cs
remained in the lakes of Bryansk region of Russia and in Mogilev region of Belorussia, which have
low content of +K in water and stagnant water, although these lakes are situated 100 - 200 km from
the place of the accident. Biological effects of fishes in morphology of body and reproductive system
have been marked in all studied water bodies. The largest quantity of abnormalities in . the
reproductive system has been marked in predatory fishes. :
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Abstract

The paper is devoted to review of development and application of EPR dosimetry with teeth in
Ukraine. It deals with specific features of the EPR dosimetry protocol, which was developed and is
practically used in SCRM for retrospective dosimetry of clean-up workers (liquidators). Extensive
methodological research was conducted in SCRM in order to develop an original version of EPR

dosimetric protocol as well as to investigate the effects caused by confounding factors and develop
approaches to their account and mitigation. The proposed EPR dosimetric protocol addresses the
demand for high accuracy and reproducibility, low sensitivity threshold as well as high throughput of
the techmque. High qualities of SCRM version of EPR protocol were proven in the course of
elaborate quality assurance program, which included a series of international intercomparisons.
Creation and continuous operation of the nationwide tooth acquisition network is another key to the
success of EPR dosimetry in Ukraine.

Particular attention in the paper is paid to definition of the most optimal way of application of
EPR dosimetry for dosimetric support of the post-Chernobyl medical follow-up. The main
applications of EPR dosimetry in Ukraine are both routine high precision reconstruction of doses to
Chernobyl clean-up workers and the use of EPR dose estimates as a reference dose for validation of
other retrospective dosimetry techniques. The latter proved to be the most efficient application of
EPR dosimetry in the post-Chernobyl situation. EPR dosimetry was used for testing such methods of
retrospective dosimetry as FISH, ADR, SEAD and RADRUE. Nowadays EPR dosimetry plays
inevitable role in dosimetric support of the post-Chernobyl medical follow-up studies.
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Retrospective Dose Assessment of Inhabitants in the Contaminated Areas of

Russia by EPR Measurement of Tooth Enamel

~Alexandre I. IVANNIKOV, Valeri G. SKVORTSOV, Valeri F. STEPANENKO
 Medical Radiological Research Center of RAMS,
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Abstract : :
L Results of w1de-scale dose reconstructlon with the use of EPR spectroscopy of tooth enamel are
presented for the population living in the radioactive contaminated territories of Bryansk region of
Rilssia. The population of radiation-free territories of neighboring Kaluga region was examined as the
control group. The excess doses caused by radiation contamination were determined after subtraction
of the contribution into EPR signal in tooth enamel due to the action of the natural background
radiation during the lifetime of teeth. The average excess doses were determined for the groups of
population formed according to the place of residence. The average values were determined with
accuracy ranging from 4 to 25 mGy depending on the number of individuals included into the groups
and on the scattering of individual results. The average excess doses highly varied for different places

of residence and ranged up to 70 mGy. In general, the average doses of external exposure of the
population obtained with EPR spectroscopy of teeth enamel were found to be consistent with the
results based on other methods of direct dosimetry and retrospective dose reconstruction methods.
Essential exceeding of the individual doses above the average level within the population groups was
observed for some persons. That gave a possibility to detect the individuals with overexposure and to
include them into groups of increased radiation risk for medical monitoring.
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Estimations of Radiation Risk for the Population of Contaminated Territory
of Belarus

Viadimir A. KNATKO, M. M. KOMOCHKOV* and A. E. YANUSH
Institute of Radiobiology of the National Academy of Sciences of Belarus
Kuprevich str. 2, 220141 Minsk, Belarus: V_Knatko@radbio.bas-net.by
*Joint Institute for Nuclear Research, 141980 Dubna, Moskow Region, Russia
Abstract
Accumulated doses for adult residents of contaminated regions of Belarus were calculated for
different periods after the Chernobyl accident. The average dose during the period of 1986-2001 was
evaluated to be 50 mSv and 39 mSv in the southern and the eastern contaminated regions of Belarus,
respectively. Data obtained were used to evaluate the excess of the relative risk of cancer mortality
for adult residents of contaminated regions in terms of Two Defence Reactions (TDR) model
developed on the basis of modern results of radiobiological investigations. The results show that the
excess of the relative risk (ERR) of cancer mortality as a result of the Chernobyl accident is about
5-6% during the whole life. The results were compared with risk values estimated in the framework
of the 1990 Recommendation of the ICRP. The ERR values obtained in terms of TDR model is about
six times larger than values calculated on the basis of ICRP recommendations.
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" ‘Estimation of Thyroid Doses from Inhalation of **'I for Population of
Contaminated Regions of Belarus




Vladimir A. KNATKO and Inga N. DOROZHOK
The Institute of Radiobiology, National Academy of Sciences,
Kuprevich Str-2, 220141, Minsk, Republic of Belarus: V_Knatko@radbio.bas-net.by
Abstract
Based on the relationships between *'I and *’Cs content in soil samples and the data on B7Cs

contamination of settlements, the *'I deposition density S,("*'I) was estimated for the settlements

located in the eastern and the southern areas of Belarus (1,079 and 316 settlements, respectively). The
results show that the 90% interval of the S (**'I) quantity is about 500 - 2,300 kBg/m’ and 700 -

3,500 kBg/m® for the eastern and the southern area, respectively. Using assessments of S,(*'I),

thyroid doses from inhalation of >'I were evaluated with taking into account the period and character
of radioactive deposition in various parts of the areas. According to the results, the thyroid doses for
~ adult population of the eastern and the southern areas vary from 3 to 80 mSv and from 40 to 370 mSv,
respectively, while the median doses are about 20 and 130 mSv, for the eastern and the southern area,
respectively. Uncertainties in the calculation of thyroid doses, due to the procedure applied, were

discussed.
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Radiation Epidemiological Studies in Russian National Medical and
Dosimetric Registry: Estimation of Cancer and Non-cancer Consequences

Observed among Chernobyl Liquidators

Marat M. MAKSIOUTOV
Medical Radiological Research Center, Russian Academy of Medical Sciences,
National Radiation and Epidemiology Registry
Koroleva st. 4, Obninsk, 249020, Russia: nrer@obninsk.com

Abstract

In June 1986 the USSR mestry of Health Care 1mt1ated a large-scale program to establish
All-Union Distributed Registry of persons exposed to radiation. The Research Institute of Medical
Radiology of Russian Academy of Medical SCIences in Obmnsk (currently Medical Radlologlcal
Research Center of RAMS) was appomted as the leadmg orgamzatlon to create and manage the
Registry. Two tasks were set before the Regggt;y first, assessment of health effects due to the




Chernobyl accident with a view to develop an optimal strategy for alleviating the accident
consequences for human health and, second, organization of many-years epidemiological studies
primarily directed to estimating the actual radiation risks. By 1 December 2001, the Russian National
Medical and Dosimetric Registry (RNMDR) included medical and dosimetric data for 585,121
persons exposed to radiation as a result of the Chernobyl accident and residing in the territory of
Russian Federation. At present the Registry includes 187,596 liquidators (32.1% of total number of
registered). '

This article presents comprehensive radiological and epidemiological analysis of individual
medical and dosimetric data for the cohort of liquidators available in the RNMDR. Particular
empbhasis is placed on the issue of estimating radiation risks in induction of cancer and non-cancer
diseases. This is due to the fact that the coefficients recommended by ICRP are primarily based on the
Japanese epidemiological studies of 1945 atomic bomb survivors of Hiroshima and Nagasaki (the
LSS cohort). Statistically significant estimates of radiation risk coefficients for the Japanese cohort,
however, were received in the individual dose range-above 0.3 Sv. For low doses (up to 0.2 Sv), only
extrapolation models without direct epidemiological ascertainment were used. Therefore, the
~ RNMDR is the first to estimate radiation risks for low radiation doses using individual medical and
dosimetric information available for the liquidators cohort.

The article consists of five parts. Chapter 1 describes the organizational structure and basic
principles of operation of the Russian National Medical and Dosimetric Registry, and provides
characterization of the liquidators cohort in the RNMDR. Chapters 2-4 deal with direct
radiation-epidemiological studies aimed at estimating and predicting radiation risks using the actual
data of the Registry. Radiation risk estimates derived from incidence data on leukemias, solid cancers
and noncancer diseases among the liquidators are discussed. The last chapter 5 deals with estimating
mortality rate among the Chernobyl liquidators and establishing a possible dose response relationship
for mortality. The submitted material is based on scientific papers prepared by the experts of the
Registry and published in the famous Russian and international scientific magazines.
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Review of Epidemiological Finding in Study of Medical Consequences of the
Chernobyl Accident in Ukrainian Population
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Zoya P. FEDORENKO*, Ludmila O. GULAK*, Mykola M. FuziK
Scientific Center for Radiation Medicine of Academy of Medical Science of the Ukraine,
33, Melnikov str, Kiev, 04050, Ukraine. E-mail root@ucrkiev.ua
*Institute of Oncology of Academy of Medical Science of the Ukraine,

33/43, Lomonosov str., Kiev, 03022, Ukraine. E-mail root@ucr.kiev.ua

Abstract

Evaluation of the health status of different groups of the Ukrainian population affected by the
Chernobyl accident is one of the most important problems in elimination of the consequences of the
Chernobyl disaster. A lot of scientific researches devoted to study of health effects and based on
established registers of victims of the Chernobyl accident had drawn conclusion about worsening of
health of main groups of the affected population: Chernobyl accident recovery operation workers,
evacuces from Prypyat city and 30km zone, and residents of the most contaminated with
radionuclides territories. Most remarkable stochastic effect of radiation due to the Chernobyl accident
is increase of thyroid cancer incidence rate in the above-mentioned groups of the Ukrainian
population. For female breast cancer and some other solid cancers there are suggestions of increases.
Further observation is needed for long term stochastic and non-stochastic effects.
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Intelligence and Brain Damage in Children Acutely Irradiated in Utero
As a Result of the Chernobyl Accident

e e e

Angelina I. NYAGU, Konstantin N. LOGANOVSKY, Tatiana K. LOGANOVSKAJA,
Viktor S. REPIN* and Stanislav Yu. NECHAEV* ,
_ Department of Neurology, Institute for Clinical Radiology, Research Centre for Radiation Medicine of Academy of
' Medical Sciences of Ukraine, WHO Collaborative Centre: nyagu@vent.kiev.ua
: fDepartment of Dosimetry and Radiation Hygiene, Institute for Epidemiology and Prophylaxis of Radiation
Injurés, Research Centre for Radiation Medicine of Academy of Medical Sciences of Ukraine, WHO Collaborative
Centre. 53 Melnikov Street, Kiev, 04050, Ukraine
Abstract
The objective of the study was psychometric, neurophysiological and neuropsychiatric
characterisation of acutely prenatally frradiated children. 100 randomly selected children who were in
“utero (born between April 26™, 1986 and February 26™, 1987) at the time of the Chernobyl accident and
their mothers evacuated to Kiev as well as 100 classmates of the children were examined by the
Wechsler Intelligence Scale for Children (WISC), electroencephalography (EEG) and clinical methods
 at the age of 10-12 years old. Foetal doses in the acutely exposed group were 11-92 mSyv, in the
comparison group — 0-3 mSv; foetal thyroid doses — 0.2-2 Gy and 0-0.04 Gy, respectively. The
acutely exposed group showed a lower mean verbal IQ than in the comparison group (105.3+13.1 vs.
118.1+13; p < .001) and a lower mean full scale IQ (112.1+15.4 vs. 120.9+11.5; p < .001). In addition
the followings were observed in the acutely exposed group; WISC performance/verbal discrepancies
‘with verbal decrements; a higher frequency of low-voltage and epileptiformal EEG-patterns and left
hemisphere lateralised dysfunction; an increase (p < .001) of 8- and B-power and a decrease (p < .001)
of 0- and o-power; an increased frequency of paroxysmal and organic mental disorders, somatoform
autonomic dysfunction, disorders of psychological development, and behavioural and emotional
disorders. Cerebral dysfunction was etiologically heterogeneous. This study suggests that prenatal

irradiation at a thyroid foetal dose range of 0.2-2 Gy and a foetal dose of 11-92 mSv can result in
detectable brain damage.
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Health State of Belarusian Children Suffering from the Chernobyl

Accident: Sixteen Years after the Catastrophe

Alexander N. ARYNCHYN, Tatiana V. AVHACHEVA, Nika A. GRES,
Ekaterina I. SLOBOZHANINA*
Research Clinical Institute Jor Radiation Medicine and Endocrinology; Aksakovschma 223032 Minsk,
 Belarus: arynchyn@hotmail.com
*Instztute of Photobzology, AMS:  Kuprevich str. 2, 220141 Minsk, Belarus

Abstract

A prospective cohort study was carried out to investigate the health state of Belarusian children
suffering from the Chernobyl accident. The main group consisted of 133 children permanently residing
in the radioactively contaminated territories, while the control group was 186 children permanently
residing in the territories with natural radiation background. During the period of observation the
constantly increased level of the annual summary effective dose of radiation (0.13-2.24 mSv) were
revealed in the children of the main group. All members of both groups were clinically examined at
least two times during the follow-up of 1990 - 2001. Heavy metals burden of Pb, Cd and Hg were also
measured in urine excretion. The results of clinical examination clearly indicate that the frequency of
complaints, as well as the frequency of major clinical syndromes and diagnoses, was increasing in both
groups. A growth of the gastrointestinal pathology, as well as an increase in cardiovascular
manifestations of the vegetative dysfunction syndrome, was the most important. It should be noted that

practically all forms of studied nosology were more prevalent in the main group than in the control
both at the first and the second examination. High values of relative risk (RR) of the main group were
obtained for arterial hypotension (RR=2.21 and 3.73 at the first and the sécond examination,
respectively) and cardiac metabolic dysfunctlon (RR=4. 66 and 3. 33). Aggravatmg situation of the
health state of Belarusian children requlres urgent prophylaxm measures for pathologles that are
enhanced by envuonmental factors oo :

FIL/TA U%Eﬁlld&"“ bT’/\'J)l/—-*JOD?f 7'750)&%%4#%‘3 BN S516HF
A]exanderN ARYNCHYN Tatzaua VAWJAOHEM Nika A. GRES,
E‘katerma [ SLOBOZHAMNA*

.




NS —RIBE - IR EF A W F Ea R 7 AT
NS —DRFEPTI— - FEWEHFAT

FxN ) TAVERC LV ER LT A — VO T b OREEREETAET 5720, 8
mE OEFEERREL M L, #R 27— 7 I3 eE iRz 37> E BEL TV 5 133
ADFHET, RN — 713 B REFRRTS T OIS EA TV S 186 ADFHTH B, %
BRI, BRI N — T BRI T EMEDREIL 0.13~2.24mSv ThoTz, W7 N—
TOFTRTOFHEIE, 1990 FE~2001 EDRIICH L &b 2EOBERES 511, 8.
FITA KELWVWSEEEBRORFTEEGHIE L, BIKRECHERIZ. M/ —7I2k
WT, BRERRCERRAGERPEFH & & HITHEMLTHD Z L 2R LTS, BEMRRK
TEIC L b2 ) DIERBRRKE L WERREEOMNNA b oL bEETh o, 1EEE
2 [B] B O G OBRBREICINT, TRTOFRBER T, RN — T TOEEPHRI L
—7 LD b RED 0T, WRIN—TITRITBRERMERY A7, EOEE (1EB L2
BB TZhZh RR=221 & 3.73) 72 b N LEESE (RR=4.66 & 3.33) TRHLILE,
NI N—2DFHRI B OEFEEMT, BEERICK > TEML TV SRR LTERROT
BAxf SR EAT 5 MBEMARL TN D,

li}

<19.p.242-257>
Chernobyl Radiation-induced Thyroid Cancers in Belarus

Mikhail V. MALKO
Joint Institute of Power and Nuclear Research, National Academy of Sciences of Belarus
Krasin Str. 99, Minsk, Sosny, 220109, Republic of Belarus: mvmalko@malkom.belpak.minsk.by

Abstract

Assessment of incidence and mortality for thyroid cancers carried out for the Belarusian
population is described in the present report. It is found that in the period of 1987-2000 about 4,400
radiation-induced thyroid cancers appeared in Belarus: 692 cancers among children and 3,709
cancers among adolescents and adults. The number of lethal thyroid cancers in this period of time in
Belarus was assessed as about 350 cases. The excessive absolute risk, EAR, of thyroid cancer
incidence assessed for the period of 1987-2000 on the basis of given data on the morbidity and the
assessed collective thyroid dose of irradiation is (2.5 — 5.0) per 10* PYGy. The EAR value of thyroid
cancer mortality is assessed as (0.20 - 0.40) per 10* PYGy. The excessive relative risk, ERR, of
thyroid cancer incidence is assessed as (11.2 — 22.4)/Gy. The radiation risks of thyroid cancers found
in the present report are higher than the risk coefficients established for atomic bomb survivors that
were irradiated with dose rates some thousand times higher than populations of Belarus affected by

- the Chernobyl accident. The absence of marked latency period is another feature of radiation-induced

thyroid cancers caused in Belarus as a result of this accident.
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Analysis of Chromosome Aberrations in Human Lymphocytes after
Accidental Exposure to Ionizing Radiation

Galina SNIGIRYOVA and Vladimir SHEVCHENKO*
Russian Scientific Center of Roentgeno-Radiology, MOH RE,
Profsoyuznaya st. 86, GSP-7, 117997 Moscow, Russia: snigiryova@mrids.rssi.ru
*N.1 Vavilov Institute of General Genetics, RAS,
Gubkin st. 3, 117809 Moscow, Russia: Shevchenko@yvigg.ru

Abstract
Aim: Analysis of the results of cytogenetic examination and reconstruction of irradiation doses by the
frequency of chromosome aberrations in the liquidators of the consequences of the Chernobyl NPP
accident.

Materials and methods: Over 1500 people who worked in the zone of the accident predominantly in
1986 and in 1987 have been examined since 1986. All of them were examined by means of the
classical cytogenetic method which makes it possible to assess the level of unstable chromosome
aberrations. 64 patients (including 12 professional workers of the Kurchatov Institute) were examined
by the FISH method which permits the estimation of the level of symmetrical translocations.

Results: The cytogenetic examination performed in 1986 revealed a high level of cells with dicentrics
(exceeding 16-fold the control level) in the group of liquidators. In succeeding years this level
significantly decreased. However even in 15 years after the works in the zone of the accident were
completed the frequency of cells with dicentrics in the group of liquidators significantly exceeds the
control level. Using the frequency of cells with dicentrics and the calibration dose-response curve, the
dose of irradiation was determined for the group of liquidators examined in 1986. The average dose
of irradiation made up 0.14 Gy. The frequency of translocations was used to estimate the exposure
dose for the group of 52 liquidators. The average dose for the whole group was estimated to be 0.16
Gy. For 18 patients in whom the frequency of translocations significantly differed from the control
level the individual doses of exposure were determined. The scatter in the doses was from 0.22 to 1.0
Gy.

In 1996, 22 workers of the Kurchatov Institute were examined. In most of them (13 patients) the
frequency of dicentrics in peripheral blood lymphocytes was significantly higher than the control
values. In five patients, cells with multiple chromosome aberrations were discovered. Three
examined workers were exposed to super-high doses. The frequency of dicentrics in peripheral blood
lymphocytes of these patients was 100 and even 1000 times higher than the control level. The doses
of irradiation estimated for five workers of the Kurchatov Institute by the frequency of translocations
using the calibration curve were in the range betWeenO 21 and 2.51 Gy. These doses were calculated
without correction coefficients, i.e. without takmg mto account the fact that those workers were for
several years exposed to multlple irradiations at different dose rates. Consideration of these
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conditions will lead to an increase of the estimated absorbed doses.

Conclusion: The cytogenetic methods are sufficiently sensitive for assessing the condition of the cell
hereditary structures. Analysis of unstable chromosome aberrations is a decisive method in
monitoring of large groups of people exposed to radiation as a result of nuclear accidents. The data of
cytogenetic examination can be one of the criteria in the formation of groups with an increased risk of
development of different diseases. One of the most promising cytogenetic methods of biological
; dosimetry is the analysis of stable translocations by the FISH method. The lower limit of dose

. estimation by the frequency of translocations is 20-25 cGy. \
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Natalia M. SLOZINA and Elizaveta G. NERONOVA
All-Russian Center of Emergency and Radiation Medicine, EMERCOM of Russia,
Lebedeva 4/2, 194044, St.Petersburg, Russia: cytogen@ARCEM spb.ru
Abstract , ,

A cytogenetic study was carried out on 359 clean-up workers who worked at the Chernobyl
station in 1986-1989. The investigation was performed 6-12 years after irradiation. Chromosome type
damages, i.e. double fragments, dicentrics and rings were significantly increased in the clean-up
workers conipared to the control. Chromatid exchanges were found only in the clean-up workers. A
temporal change of radiation makers was also investigated based on the data of 243 persons who
worked at Chernobyl in 1986. The temporal variation of dicentric frequency shows an inexplicable
tendency towards the increase of dicentrics rate for the period of 8-12 years after irradiation. The
association between the frequency of different types of chromosomal aberrations and such variables
as smoking habits, coffee, tea, alcohol consumption, efc. was also analysed using a stepwise multiple
regression analysis. A statistically significant association was only observed between smoking and
chromatid exchanges. This type of aberrations was significantly higher in the smoking subgroup than
in the non-smoking subgroup of the clean-up workers. The fact of an increased level of unstable
chromosomal aberrations in a remote period after irradiation allows us to suppose that other pathways
of genomic burden may exist in addition to straight radiation action at the time of irradiation.
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- Abstract
A comparative cytogenetic examination of 33 self-settlers in the 30 km ChNPP Exclusion Zone

and 31 residents in villages of Yahotyn district, Kyiv region was carried out in 1998-99. The levels of
soil contamination of their residential areas with B7Cs, °Sr and ZP*2*Py were 74-477 kBg/m®,
’33—288 kBg/m%and 1.5-10.0 kBq/m® respectively for the former, and 1.9-5.8 kBg/m® 0.6-2.8
‘kBq/m and 0.01-0.05 kBq/m?, respectively for the latter. Using various data about the radiation
situation in the Exclusion Zone, the effective doses on whole-body of the self-settlers were estimated
to be 30-333 mSv for the whole residing period after the accident. The mean frequencies of aberrant
cells and chromosomal aberrations for the Zone self-settlers were significantly higher than those for
the residents in Yahotyn district, while the values of the latter group were found to be above the
spontaneous levels reported in literatures. The individual variability in the distribution of the same
indices was significantly larger for the self-settlers than for the Yahotyn residents. The compared
'gi'Oups also differ in the distribution of aberrations in cells. A repeated examination of 20 Zone
self-settlers was conducted in 2001. A significant decrease in chromosome type aberration frequency
‘was found at the expense of fragments frequency decrease. However, the total frequency of
chromosomal aberrations didn’t differ in 1998-99 and in 2001.
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Cytogenetic Effects of Radiation on Agricultural Plants Observed in the
Chernobyl region during the First Years after the Accident
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Abstract
The cytogenetic consequences of radioactive contamination by the fallout after the accident at
the Chernobyl NPP in 1986 to agricultural crops have been studied. In the acute period after the
accident (1986), when the absorbed dose was mostly provided with external B- and y-radiation, the
radiation injury of agricultural crops resembled the effect produced by acute y-radiation at
comparable doses as basic cytogenetic tests testify. The yield of cytogenetic damage in leaf meristem
of plants grown in the 10-km zone of the ChNPP in 1987-1989 (the period of chronic, lower level
radiation exposure) was shown to be enhanced and dependent on the level of radioactive
contamination. The rate of decline with time in cytogenetic damage induced by chronic exposure
lagged considerably behind that of the radiation exposure. Analysis of genetic variability in three
sequential generations of rye and wheat revealed increased cytogenetic damage in plants exposed to
chronic radiation during the 2™ and the 3 years.
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