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GENERAL ABBREVIATIONS, UNIT ABBREVIATIONS, AND TERMINOLOGY
AMS – Academy of Medical Sciences.
ACS DB DEMOSMONITOR - Automated control system of data bases of monitoring of
medical and demographic consequences of Chernobyl catastrophe.
ARS - Acute Radiation Syndrome.
AТR - Attributive risk.
BSSR - Belorussian Soviet Socialistic Republic.
Bq (kBq) - Becquerel (Bq·103), radioactivity unit, in the SI system.
CER - Clinical and Epidemiological Register.
CFS - Chronic Fatigue Syndrome.
CLL - Chronic lymphoid leukaemia.
CI - Confidence Interval.
Сi·km-2 - level of radioactive contamination of the territory, outdatednon-system unit (1
-2
Сi·km =37 kBq·m-2)
CNS - Central Nervous System.
DCS - Diseases of the Circulatory System.
DS – Department of Statistics of Ukraine.
CMU - Cabinet of Ministers of Ukraine.
EAR - Excess Absolute Risk.
ERR - Excessive Relative Risk.
ED – Effective Dose.
FGI - French-German Initiative for Chernobyl.
Gy - Grey, absorbed dose unit, in the SI system.
GR - Growth Rate.
IAEA - International Atomic Energy Agency.
ICD - International Classification of Diseases.
IChP-1991 - International Chernobyl Project.
ICRP – International Commission on Radiological Protection.
IPHECA - International Program on Health Effects of the Chernobyl Accident.
IQ - Intelligence Quotient.
JSDF - Japan Self-Defense Force.
kBq·m-2 - level of radioactive contamination of the territory, in the SI system.
ME - Ministry of Ukraine of Emergencies and Affairs of Population Protection from the
Consequences of Chernobyl Catastrophe.
MH - Ministry for Health.
MIAU - Ministry of Internal Affairs of Ukraine.
NAMSU - National Academy of Medical Sciences of Ukraine.
NASU - National Academy of Sciences of Ukraine.
NCRPU - National Commission on Radiation Protection of Population of Ukraine.
NPP - Nuclear Power Plant.
NRER - National Radiation and Epidemiological Registry.
OR - Odds Ratio.
PTSD – Post-traumatic Stress Disorder.
RADRUE - Realistic Analytical Dose Reconstruction and Uncertainty Analysis.
RCR – Radioactively Contaminated Rayon.
RCT – Radioactively Contaminated Territories.
Rem - roentgen equivalent in man, the biological equivalent of Roentgen, outdatednonsystem unit for effective expose dose, 1 rem=0.01 Sv.
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RF - Russian Federation.
RR - Relative Risk.
RSFSR – Russian Soviet Federation Socialistic Republic.
RSSU_97 - Radiation Safety Standard of Ukraine_97.
NRCRM - State Institution «National Research Centre for Radiation Medicine of NAMS of
Ukraine».
SIR – Standardized Incidence Ratio.
SRU - The State register of Ukraine of the persons survived after the Chernobyl
catastrophe», State Registry of Ukraine.
Sv (mSv) - Sievert (milliSievert) - effective dose unit, in the SI system.
TEPCO - Tokyo Electric Power Company.
UACOS – Ukrainian-American Chernobyl Ocular Study.
UNSCEAR – United Nations Scientific Committee on the Effects of Atomic Radiation.
USSR - The Union of Soviet Socialistic Republics.
UkrSSR - The Ukrainian Soviet Socialistic Republic.
WHO - World Health Organization.
Clean-up workers (liquidators, recovery operation workers, Chernobyl emergency
workers) - citizens of the USSR including the UkrSSR who had participated in any activities
connected with damage control and mitigation of the catastrophe and its consequences in the
exclusion zone regardless of number of working days in 1986-1987, and at least 30 calendar days in
1988-1990. Citizens temporarily sent on mission to work in the exclusion zone, including
servicemen, employees of state, public and other enterprises, establishments and organizations
irrespective from their departmental relation, and also those who worked at least 14 days in 1986 at
functioning points of population sanitary treatment and decontamination of technical devices or at
their building are also attributed to the clean-up workers
Radioactive contamination - presence of radioactive substances in or on a material or the
human body or elsewhere being undesirable or potentially harmful. Units of measurements are:
Bq·l-1, Bq·kg-1, Bq·m-2, Ci·l-1, Ci·kg-1, Ci·km-2.
Radiation effect - effects, for which a causative role of radiation exposure is proven; there
are deterministic and stochastic effects.
Radioactively contaminated territories (RCT) – territories in Ukraine (Law of Ukraine,
1991a) with a stable contamination of environment by radioactive substances above a pre-accidental
level, that with due regard for the natural-climatic and complex ecological characteristics of specific
territories could result to irradiation of population to above 1.0 mSv (0.1 rem) per year, and which
requires measures of radiation protection of population. Territories subjected to radioactively
contamination, are divided in zones:
1) exclusion zone is a territory, which has been radioactively contaminated after the
Chernobyl catastrophe, and from which the population has been evacuated in 1986.
2) zone of obligatory (compulsory) resettlement is a territory exposed to intensive long halflife radionuclide contamination with density of soil deposition at a threshold values of 15.0 Ci·km-2
(555 kBq·m-2) and above for isotopes of caesium, or 3.0 Ci·km-2 (111 kBq·m-2) and more for
strontium, or 0.1 Ci·km-2 (3.7 kBq·m-2) and over for plutonium. As a result the average bysettlement radiation dose of an equivalent human irradiation dose in a view of factors of
radionuclides migration to the plants and other factors can exceed 5.0 mSv (0.5 rem) per one year is
above the dose levels, been received in the pre-accident period;
3) zone of guaranteed voluntary resettlement is a territory with soil contamination density by
isotopes of caesium from 5.0 up to 15.0 Ci·km-2 (185 up to 555 kBq·m-2), or strontium from 0.15 up
to 3.0 Ci·km-2 (5.55 up to 111 kBq·m-2), or plutonium from 0,01 up to 0.1 Ci·km-2 (0.37 up to 3.7
kBq·m-2), where the average settlement of an equivalent human irradiation dose in a view of factors
4

of radionuclide migration to the plants and other factors can exceed 1.0 mSv (0.1 rem) per one year
above the doses, been received in the pre-accident period;
4) zone of strict radio-ecological control is a territory with soil contamination density by
isotopes of caesium from 1.0 up to 5.0 Ci·km-2 (37 up to 187 kBq·m-2), or strontium from 0.02 up to
0.15 Ci·km-2 (0.74 up to 1.85 kBq·m-2), or plutonium from 0.005 up to 0.01 Ci·km-2 (0.185 up to
0.37 kBq·m-2) provided that the average settlement of an equivalent human irradiation dose in a
view of factors of radionuclide migration to the plants and other factors exceeds 0.5 mSv (0.05 rem)
per one year above the doses, been received in the pre-accident period.
Resettlement - because of possible exceeding of a life dose over 350 mSv in the inhabitants
of the RCT the Government of the USSR in 1990 has accepted the decision to resettle from these
districts in UkrSR, BSSR and RSFSR more than 200.000 people. About 50.000 persons had to be
resettled to the clean districts in UkrSSR. The resettlement had to be carried out in 1991-1992.
Further, in Ukraine the resettlement proceeded from zones of obligatory (compulsory) resettlement,
guaranteed voluntary resettlement and strict radio-ecological control.
Chernobyl catastrophe survivors. The following population groups in Ukraine are
recognised as the Chernobyl catastrophe survivors:
1) evacuees from the exclusion zone (including persons who at the moment of evacuation
were at a fetal life period, later they have been born and become the adult persons nowadays) and
person who had moved from zones of obligatory (compulsory) resettlement and guaranteed
voluntarily resettlement;
2) individuals been permanently resident within the territories of obligatory (compulsory)
and guaranteed voluntarily resettlement zones at the moment of the catastrophe, or having resided at
least for two years on the territory of obligatory (compulsory) resettlement zone as of January 1,
1993, or at least for three years within the territories of guaranteed voluntarily resettlement zone,
and individuals relocated or migrated themselves from those territories;
3) individuals been permanently resident or working in zones of obligatory (compulsory)
and guaranteed voluntarily resettlement under condition that they have lived or worked there in the
zone of obligatory (compulsory) resettlement for at least two years as of 1, January, 1993, and in the
zone of guaranteed voluntarily resettlement – for at least three years;
4) individuals been permanently resident or working within territories of strict radioecological control zone under the condition that they have lived or worked there for at least four
years as of January 1, 1993;
5) individuals having worked temporary since the moment of the catastrophe till July 1,
1986 for at least 14 calendars days or at least 3 months during 1986-1987 on the territory of
obligatory (compulsory) resettlement zone under the condition that they were sent to that zone by
an order of ministries, establishments, executive committees of oblast Councils of Peoples'
Deputies;
6) children with thyroid irradiation doses exceeding the threshold levels established by the
MH of Ukraine.
Notes:
1. Units of measurement used in the report are those presented in submitted documents.
Recalculation in the International system units is stated in brackets behind them.
2. Territory of and Ukraine and of Belarus consists of several provinces (called "oblasts"), in
turn each "oblast" consists of several districts (such district is called "rayon" or region).
3. The name for the city of Kiev in Ukrainian is "Kyiv", and for the city of Chernobyl is
"Chornobyl". The spellings "Kiev" and "Chernobyl" are used in this report being known and
recognised internationally.
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1 INTRODUCTION
The fifth anniversary of the 3.11 Fukushima nuclear accident i.e. the meltdowns at Fukushima
Daiichi nuclear power plant (NPP) in Japan and the 30th anniversary of the 4.26 Chernobyl NPP
accident in Ukraine (former USSR) will be in 2016. Both events are the largest manmade radiation
accidents in the history of humankind. A sudden power output surge during a system test caused the
reactor vessel rupture leading to a series of blasts, caused the Chernobyl accident. A magnitude 9.0
earthquake followed by a tsunami caused the cooling systems to fail, followed by series of fuel
generated hydrogen explosions, in Units 1, 2, 3 and 4 at the Fukushima Daiichi NPP. Both
accidents resulted in an intensive release of radioactive substances into environment with
subsequent radioactive fallout. In both cases, it has had a serious impact on nature, society, and
people. Due to the Chernobyl accident, radioactive contamination occurred at a large part of the
globe and many billions of people were irradiated at a wide dose range (Atlas, 1998). The
Fukushima disaster has been officially recognized as the “second Chernobyl” (Fukushima Daiichi
NPP, 2011; Fukushima. Report of IAEA, 2011).
In the former USSR, the scale and aftermath of the Chernobyl catastrophe have been downplayed
for many years. At the end of first quinquennium upon the disaster the international community has
shared this point of view (IChP, 1991). Disagreements with the latest were expressed by
Omelyanets (1992). The international community is grateful to the International Atomic Energy
Agency (IAEA), World Health Organization (WHO) and other international organizations and
societies for the compilation and preparation of the Chernobyl forum papers (2005, 2006) on the
catastrophe consequences to environment and human health (Report, 2005; Health, 2005;
Chernobyl’s Legacy, 2006, WHO, 2006, etc.). However, the conclusions of these reports resulted
in disagreement and criticism concerning the underestimation of disaster aftermath (Ruff, 2007;
Yablokov et al., 2009).
Findings received at the research institutes in Ukraine both with results of national and international
follow-up studies have proved the fact that irradiation after the Chernobyl NPP accident resulted in
radiation-induced health disorders and diseases. The acute radiation syndrome (ARS), radiation
cataract, thyroid cancer in clean-up workers and evacuees, leukemia in clean-up workers, and breast
cancer in female clean-up workers are among the health effects. An increase in frequency of other forms of
solid cancers could be expected. The fundamental data were obtained showing that the Chernobyl
catastrophe and its consequences have become a source of both direct and indirect effects of
ionizing radiation on the human body, its organs and systems, and cell population (Bazyka, 2014).
Excess incidence of thyroid cancer among children due to exposure to radioactive iodine has
become a tragedy for Ukraine, Republic of Belarus and Russian Federation (RF). The current
number of thyroid cancer cases is 33-fold higher vs. the pre-Chernobyl annual level (60-fold
among children and 14-fold in adolescents). As of 2009 there were 6,049 cancer cases operated in
Ukraine among persons exposed to ionising radiation aged under 18 years old (Tronko et al., 2012). As
of 04.01.2014, their number has reached 10,432 (Information NRCRM, 2014). The rate of noncancer diseases, especially of diseases of the circulatory system (DCS) has increased. There are
many deteriorated demographic indicators. In general, the new scientific knowledge proves that the
Chernobyl disaster and its consequences have caused and will still induce the long-term adverse
health effects.
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Despite some differences between the Chernobyl and Fukushima radiation catastrophe they are at
the same time quite similar from radiological point of view. However the Fukushima meltdown is
inferior in scale than the Chernobyl disaster.
The period of 30 years is around a half-life of the most hazardous radionuclides. These 30 years are
also about a half of lifetime of persons born in 1986. On the eve of the two anniversaries it is very
important to review and consider the health effects of both catastrophes.
The objective of this Report is to summarise the accumulated knowledge for the future.
Authors take full and complete responsibility for the content of this Report, authenticity of
publications, discussion, and conclusions.
(N. Omelianets, D. Bazyka)
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2 CHERNOBYL: HEALTH EFFECTS ASSOCIATED WITH THE NUCLEAR
CATASTROPHE

2.1 Radiation Exposure 30 years later
Data collected in the past 30 years after the explosion of a nuclear reactor at the Chernobyl NPP
testify to some unusual health consequences due to the impact of ionising radiation. Considering the
declared levels of radiation doses in survivors as low, one could think no such consequences should
occur (Report, 2005; Health, 2005). Therefore it is important to estimate once again the scale and
consequences of the largest in human history nuclear accident.
2.1.1 The number of victims of the Chernobyl catastrophe
As a ground for estimations we have retrieved the data on individual radiation doses of more than
3.3 million citizens of Ukraine who according to the national legislation have received the status of
the Chernobyl catastrophe survivors. According to the national legislation the survivors are
included to the «The State Register of Ukraine of the persons who had survived after the Chernobyl
catastrophe» (SRU) and annually undergo the health check-up i.e. the so-called “dispensary
supervision” (Law of Ukraine, 1991). The follow-up control of health and study of the immediate
and remote health consequences in all Chernobyl catastrophe survivors is the objective.
Data shown in Table 2.1 demonstrate the number of the Chernobyl catastrophe survivors over the
last years. It was the least just after catastrophe and the largest in 1998-2000 (3,364,475-3,361,870
persons). As of 2015 it exceeds 2 million. The number of children who had received the status of
survivor is 1,264,329 (National Ukrainian Report, 1996; 2001; 2006; 2011). It is worth noting that
until 1990 the maps of radioactive contamination and radiation doses in population were classified
both in USSR and UkrSSR (National Ukrainian Report, 2011).
Table 2.1 - Number of the citizens of Ukraine assigned the status to the Chernobyl catastrophe
survivors, as of beginning of a specific year
Indices
Survivors in total
from them:
- clean-up workers
- other survivors except
children*)
- children**)

1987

1991

2000

2005

2010

2015

264,587 1,536,270 3,361,870***) 2,646,106 2,254,471 2,025,141
83,327 180,144

376,639

179,799 1,269,553

2,985,231

43,645 350,223

1,264,329

358,459

260,807

222,498

2,287,647 1,993,664 1,802,643
643,030

498,409

442,343

Notes: *) the group of survivors includes evacuees and inhabitants is of RCT;
**) age of children is 0-14 years till 2005, and 0-17 years after that;
***) the maximum number of certified survivors was 3,364,475 in 1998

(N. Omelianets)
2.1.2 Radiation exposure of clean-up workers
For the first years after accident the levels of radiation exposure in the clean-up workers were
reviewed on a sample of about 200,000 persons from those involved in emergency works from the
entire USSR (Baryakhtar, 1997; Omelianets et al., 2004; Omelianets et al., 2015a). There were
83,327 of them from Ukraine (former UkrSSR). It was estimated that in 126,000 clean-up workers
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of 1986-1987 years of participation the external radiation doses were within 150-180 milliSievert
(mSv) (154 on average), in more than 177,000 subjects (1986-1988 years of participation) doses
were 120-126 mSv, and at about 34,000 ones involved in work in 1988-1990 doses were 37 mSv
dose in average. Finally in 28,400 clean-up workers the doses could exceed 250 mSv.
Ahead of the 25th anniversary of the Chernobyl catastrophe (National Ukrainian Report, 2011)
certain projects were conducted in Ukraine on reconstruction of individual radiation doses in the
clean-up workers. With the use of a RADRUE method (Realistic analytical dose reconstruction and
uncertainty analysis) the individual whole-body and red bone marrow radiation doses were
reconstructed in 1,010 clean-up workers who were the subjects of the Ukrainian-American research
project on leukaemia in Chernobyl catastrophe liquidators. The dose values turned out to be from
about zero up to 3.2 Sievert (Sv) with 90 mSv arithmetical mean and 12 mSv geometrical mean.
The highest average individual radiation doses were received by professional staff of NPP i.e. the
nuclear industry staff members (381 mSv), workers of Ministry of Internal Affairs of Ukraine
(MIAU) (203 mSv), and clean-up workers of 1986 year of participation (105 mSv). The average
dose values varied from 31 up to 78 mSv in all other clean-up workers. According to the results of
these works it is stated marked in the National report that the sample of subjects in this study was
representative and therefore dose values established are enough meaningful and can characterize the
radiation doses of Ukrainian clean-up workers in general.
The individual beta-radiation doses on crystalline lens were reconstructed for 8,607 participants of
the Ukrainian-American Chernobyl Ocular Study (UACOS) (Sergienko and Fedirko, 2002;
Chumak et al., 2007). Is was shown that highest doses (median 502 mSv) were received by the
clean-up workers of the first days and weeks of participation in emergency works. The military
clean-up workers had received 121 mSv dose in average. The median value of radiation dose in all
groups surveyed emergency workers was 123 mSv. The 1,600 individual doses of the NPP
employees and persons temporarily assigned to the NPP staff were assayed in 1986-1996 using the
calculation method. Individual doses of about 43,000 military clean-up workers were verified also.
Under at the 100%-coverage of the described cohort dosimetry control its results were shown being
of the lowest accuracy.
That is why by the 25th anniversary of Chernobyl catastrophe the individual whole-body radiation
doses were reconstructed in Ukraine for more than 54,000 clean-up workers with red bone marrow
doses reconstructed for 1,010 of them, and beta-irradiation doses on crystalline lens in 8,607
subjects. Doses were reconstructed mainly by the staff of the State Institution "National Research
Сentre for Radiation Medicine of National academy of Medical Sciences of Ukraine" (NRCRM)
using modern dosimetry methods.
However for the 30 years anniversary almost no progress was made in the field of individual
internal radiation dose and thyroid irradiation doses reconstruction in the clean-up workers. Dose
reconstruction is still required for more than 44,000 clean-up workers, who after an acute exposure
to ionising radiation during the emergency activities lived within radiologically contaminated
territories. According to our records as of 1997 the dosimetric data were available for only 110,618
(67.45%) of 164,000 clean-up workers registered in the SRU. From them 51.9% participated in
clean-up works in 1986-1987, and 83.0% in 1988-1990 respectively. Radiation doses in 95.63% of
cases (from those in whom dose values were available) were less than 250 mSv. Data comparison
resulted in the conclusion that a share of the clean-up workers having recorded dose values
exceeding 250 mSv in the SRU it is less than stated in scientific publications (Health status, 2001;
Health status, 2001a). As of 2011 it was only specified that about 95% of the dose records in the
SRU are attributed to the military clean-up workers (National Ukrainian Report, 2011).
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The works on identification and verification of individual doses is underlined in all analyzed
sources.
(N. Omelianets)
2.1.3 Radiation exposure of evacuees
According to data available (Baryakhtar, 1997; Likhtarev et al., 1994; Repin, 1996) the external
radiation doses in evacuees (persons evacuated within about 10 days after the accident) made up to
50 mGy in 48,659 persons (98.58%) of 49,360 inhabitants evacuated from the Prypiat city and in
34,673 persons (86.17%) of 40,239 ones evacuated from other settlements of the 30-km zone (now
– the exclusion zone). About 1,300 subjects had received doses more than 100 mGy, 40 persons more than 250 mGy, and 12 persons - above 500 mGy. The average individual dose is 13.4 mGy in
Prypiat city inhabitants, and 24.0 mGy in population of the 30-km zone.
The calculated values of internal radiation doses and radiation on specific body organs and tissues
are available only for the evacuees but not other groups of survivors. The median dose values are 30
mSv to a lung, and 8 mSv to a lower small intestine. Total doses of external gamma- and betairradiation were 70 mSv to the skin epidermal epithelial cells, and 20 mSv to a crystalline lens.
Later with the use of stochastic imitation modelling simulation based on the direct measurements of
dose rates and personal interviewing data from 12,632 inhabitants of the Prypiat city the average
effective external radiation doses were established. Up to the moment of evacuation they have
received 10.1 mSv. Doses of more than 25 mSv were recorded in 534 persons, and over 50 mSv in
18 of them. The 75 mSv dose was the maximal recorded dose in this group. The individual effective
doses in 14,084 evacuees as for the moment of evacuation were available for about 25% of them
amounting to 15.9 mSv. Radiation doses of more than 50 mSv were recorded in 1,260 persons,
more than 100 mSv in 120 of them, and over 200 mSv in only one subject.
Thus the average effective dose (ED) value of 15.9 mSv here was 14% lower vs. the dose
established in previous studies (18.2 mSv). The researchers consider that doses were reconstructed
in the cohort of interviewed survivors being representative for the inhabitants of 104 settlements
within the exclusion zone if not including the cities of Prypiat and Chernobyl. The whole-body and
thyroid gland radiation doses are known for evacuees at the routes of their evacuation (Likhtarev et
al., 2013; Tronko et al., 2014). As it is marked in the National Ukrainian Report (2011), the levels
of the latter exceeded the dose values received up to the moment of evacuation. Contribution of a
dose under evacuation to a total radiation dose was about 50% and this fact strongly changes
general pattern of radiation exposure in evacuees. Data on external doses and thyroid irradiation
doses in evacuees are available at the SRU only for about 1,000 persons.
(N. Omelianets)
2.1.4 Radiation exposure of population
The problem of radiation dose reconstruction and registration in population of RCT is especially
serious in Ukraine. Intensity (density in Ukrainian terminology) of soil contamination with
radionuclides was accepted instead of radiation dose as a criterion of radiation safety in May, 1986.
Territories with intensity of soil contamination by 137Cs at 555 kBq·m-2 and more, or by 90Sr at 111
kBq·m-2 and more, or by 238,239,240Pu at 0.37 kBq·m-2 and more were designated as radioactively
contaminated areas. With this background there were 686 settlements within contaminated
territories with a population of 640,000 in Belarus, Russia and Ukraine. These territories were
designated as rayons of strict radiation control and only there the arrangements of radiation
protection were applied. There were 8 such regions in Ukraine in 1986, and 6 since 1987.
10

The density of 137Cs and 90Sr deposition on the territory of Ukraine before the accident varied from
0.74 to 3.7 kBq·m-2 with an average value of 2.2 kBq·m-2, and of 239+240Pu was 0.037 kBq·m-2 in
average (Baranovskaya et al., 1966). Taking into consideration the available maps of radioactive
contamination (National Ukrainian Report, 2011; Atlas of Ukraine, 2008) and having accepted the
double excess of radioactive contamination density vs. pre-accident level as a criterion we have
calculated the parameters of the extent of RCT in the country. Data shown in tables 2.2-2.4 testify
that the all oblasts of Ukraine (237,400 km2 from the area of the whole country 603,628 km2) is
contaminated by 137Cs at a level twice exceeding the pre-accident one, whereas a doubled level of
90
Sr and 238+239+240Pu deposition is characteristic for the 21 oblasts.

Table 2.2 - Levels and scales of contamination of the territory of Ukraine with
10.06.1986 over the level before accident
Excess over the pre-accident
level
Number of oblasts
with contamination

2-fold
10-fold
(>4
(>40
kBq·m-2) kBq·m-2)
all oblasts, 14 oblasts,
237,400
28,800
2
km
km2

137

Cs as of

25-fold
277-fold
740-fold
(>100
(>555
(>1480
kBq·m-2)
kBq·m-2)
kBq·m-2)
8 oblasts, 2 oblasts and 2 oblasts and
8,800
exclusion zone, exclusion zone,
2
km
1,000 km2
600 km2

Table 2.3 - Levels and scales of contamination of the territory of Ukraine with 90Sr as of 10.06.1986
over the level before accident
Excess over the pre-accident
level
Number of oblasts with
contamination

2-fold
10-fold
50-fold
500-fold
(>2
(>4
(>10
(>100
kBq·m-2)
kBq·m-2)
kBq·m-2)
kBq·m-2)
21 oblasts, 21 oblasts, 10 oblasts, 1 oblasts and
156,400 km2 43,200 km2 10,000 km2 exclusion zone,
200 km2

735-fold
(>1480
kBq·m-2)
exclusion
zone,
200 km2

Table 2.4 - Levels and scales of contamination of the territory of Ukraine with
10.06.1986 over the level before accident

238+239+240

Excess over the
pre-accident level

250-fold
(>10.0
kBq·m-2)
exclusion zone,
840 km2

Number of oblasts
with contamination

2-fold
(>0.08
kBq·m-2)
21 oblasts,
129,300 km2

10-fold
(>0.4
kBq·m-2)
3 oblasts
and exclusion
zone, 4,170 km2

25-fold
(>1-2
kBq·m-2)
3 oblasts
and exclusion zone,
3,750 km2

Pu as of

Data shown in the tables along with authorized adopted criteria show that 277-fold excess of 137Cs
soil deposition, 500-fold excess of 90Sr deposition, and the hundreds time excess of plutonium
isotope deposition over the pre-accident levels was approved by MH of the USSR as a criterion of
safe living of the population.
The restrictions of modes of life, work, agricultural industry, conducting of animal livestock
management, and forest management were to be introduced only under the high levels of wood,
land etc. contamination. Prohibition of use of foodstuffs of local industrial production and produced
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in the individual farms, change of public nutrition to consumption of clean i.e. non-contaminated
and imported products, and the free-of-charge three-time a day nutrition for children in preschool
institutions and schools were introduced (Omelianets et al., 2014).
Levels of 137Cs contamination over 1,480 kBq·m-2 and of 90Sr more than 111 kBq·m-2 were the
criteria for the decision-making about evacuation (resettlement). Levels of 137Cs contamination over
2,960 kBq·m-2 - were the reason to phase down the agricultural production. According to the data
generated for the Ministry for Health (MH) of the Union of Soviet Socialist Republics (USSR)
(they were under seal with a signature stamp "«confidential") till 1991 there were about 10
settlements in Ukraine, and a hundred settlements in Belarus where the contamination density of
soil by caesium exceeded 3,700 and 5,500 kBq·m-2. However, not any additional arrangements on
population protection were introduced. The situation in RCT of Polesiye region in Ukraine was also
a challenge because due to an increased transition of caesium from soil into the plants the radiation
doses in population there had reached value of several mSv despite a relatively low soil
contamination density of 37 kBq·m-2.
To prevent the excess of irradiation of the population, the following dose thresholds were
established by the MH of the USSR: up to 100 mSv in 1986, 35 mSv in 1987, and 20 mSv in 19881990. Hence, integrally until 1990 the inhabitants of RCT of Ukraine could receive up to 195 mSv
radiation dose. However, no comparison of the received doses to criteria was conducted further in
subsequent studies.
In connection with incomplete application of measures on radiation protection that resulted in
protests of the RCT inhabitants and to resolve the issue of the return of the population to the
traditional (preceding the accident) way of life and activity in rayons of strict radiation control, the
MH of the USSR adopted in 1988 the «Radiologic concept of constant permanent safe residing of
the population was of territories of RSFSR, UkrSSR and BSSR, which have undergone to the
radioactive contamination as a result of accident on at the Chernobyl accident» (protocol # 36-1
from 21.10.88). Two periods setting references for irradiation of the population were established i.e.
the emergency period (from 26.04.1986 till 01.01.1990) and the recovery period (from 01.01.1990).
Individual maximal life-span doses in the population of the regions under control were set in both
periods equal to 35 rem (350 mSv) including a dose received for the period since 26.04.1986 for till
01.01.1990 due to the Chernobyl NPP accident.
Taking this into account the rayons of strict radiation control were distributed in 3 groups: 1) where
the population could be subject to a life-span irradiation at a dose of up to 350 mSv (437 settlements
with 181,100 population), 2) where population could be subject to the life-span irradiation at a dose
of 300-500 mSv (141 settlements with 43,900 population), and 3) where the population could be
exposed to the life-span irradiation at a dose of 500 mSv and more (108 settlements with 22,200
population). No limitations of population lifestyle or labour activity were introduced in the first
group of settlements. In the second group the restrictions could be rejected under the circumstances
of centralised implementation of certain complex of agricultural and agromeliorative modifications
and providing the non-contaminated fodder to the cows at private farms. Under the maintenance
and preservation of existing protective measures system and restrictions the proposed dose level
still could be exceeded. Limit of the life-span dose could be exceeded in Ukraine in settlements
with a population of about 50,000. According to the USSR program on 1990-1991 the latter
population should be resettled to the non-contaminated regions (Union-Republ. program, 1990).
Resettlement however is not completed until now and radiation doses in the migrants are unknown.
Transition to the dose criteria for estimation of catastrophe consequences appeared one of the
important results of this concept. However, it was not the last concern about individual radiation
doses.
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Until 1997 any information on radiation doses in population of contaminated territories was
inconsistent and established for the specific groups through recalculation from the values of 137Cs
soil density contamination (National Ukrainian Report, 1996; National Ukrainian Report, 2001). In
the National reports to the 20th and 25th anniversaries of the Chernobyl catastrophe the doses on
separate population groups were provided in an integrated manner.
Data on reconstructed radiation doses of the RCT population were published in Ukraine only in
1998 (Collection 7, 1998). The dose levels were represented in average by settlements, from 1986
untill 1997 by years, and after 1997 till 2056 (for 70 years of life) by periods. Review of the
submitted dose values provided the basis for the National commission on radiating protection of
population of Ukraine (NCRPU, 2006) to consider them biased and underestimated. The radiation
doses within the first year after catastrophe in particular were considered underestimated by a factor
of tens and hundreds. Doses for 1986 were estimated as few percents from a total dose for 70 years,
although they should make up to 50-90% of it, and the dose levels of 1986 were by factor of ten less
vs. the 1987-1997 period. All that was considered the background for reconsideration of doses for
1986. In the Report of the Chernobyl forum (Report, 2005), the situation with doses in Ukraine was
reflected inadequately, as the Forum based on the data, which were prepared at a national level,
with no critical analysis1).
No review was carried out. Using the published data on Collection 7 (1998) we have calculated the
average radiation dose levels in population of the most intensively contaminated rayons for the first
12 years after the catastrophe. Data are shown in Table 2.5.
These dosimetry data as well as previous ones were neither registered in the SRU nor actually used
in epidemiological research of health effects of the Chernobyl catastrophe.
According to the Concept (1991) the calculated settlement ED of extra irradiation to the critical
population group (children born in 1986) in Ukraine due to the Chernobyl catastrophe should not
exceed 1.0 mSv (0.1 rem) per one year and 70.0 mSv (7.0 rem) for the whole life (over a dose
received by population before the accident in specific natural environmental conditions).
The RCT were divided into the 4 zones (see of General abbreviations, unit abbreviation, and
terminology) in line with levels of radioactive contamination according to the official legislation
(Law of Ukraine, 1991; Law of Ukraine, 1991a). We have carried out the review of data sets of
dose values indicating that in 1991 from 2,302 settlements, the dose data were available only in 541
(23.5%) of them, where doses of the whole population amounted to or exceeded 1 mSv. There were
136 such settlements in 1997.
Dosimetric passportization of the settlements is implemented in Ukraine since 1991 and will be
carried out onward. It is a standardised system of estimation and assigning of a passport dose to the
settlement according to the results of radio-ecological and dosimetric monitoring of the territory and
inhabitants of the settlement. The passport dose of the settlement is an ED which can be received
within one year by each of its inhabitants from all the sources of both Chernobyl and any other
industrial origin. It is not an individualized radiation dose due to the Chernobyl catastrophe and is
used only under the administrative decision-making on planning of measures of public radiation
protection.
___________________________________
1)

NCRPU, 2006. The National Commission of Radiating Protection of the Population of Ukraine to the
Prime Minister of Ukraine from 31.01.2006 No 01/01-04 (in Ukrainian).
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Table 2.5 - Individual average annual total radiation doses in 1986-1997 in population of the most
intensively contaminated rayons, mSv·year-1
Parameters

Average
Average
Average

Average
Average

Average doses by years:
1986 1987 1988 1989 1990 1991 1992 1993 1994
Zhitomir oblast
Narodichy rayon. Number of settlements: 61
8.16 4.32 3.09 2.43 1.91 1.55 1.30 1.11 0.96
Luginy rayon. Number of settlements: 48
5.77 5.09 3.69 2.87 2.24 1.78 1.48 1.24 1.07
Ovruch rayon. Number of settlements: 150
5.15 4.67 3.39 2.67 2.06 1.65 1.36 1.14 0.98
Kiev oblast
Ivankov rayon. Number of settlements: 81
2.98 1.42 1.04 0.84 0.67 0.55 0.48 0.42 0.36
Polesskoe rayon. Number of settlements: 31
1.61 0.89 0.65 0.51 0.40 0.32 0.27 0.23 0.20

1995 1996 1997

0.83 0.75 0.66
0.91 0.80 0.70
0.83 0.74 0.64

0.32 0.29 0.26
0.17 0.16 0.13

Activities on dosimetric passportization were carried out mainly by the NRCRM staff and their
results were generalized in the special Collections of papers. The passportization results testified to
a decrease of the radioactive contamination levels and passport dose values. Passportization
activities in 2011 (Collection 14, 2012) were especially important, specifically as of the end of 2011
the passport dose in 1851 of 1977 settlements was less than 0.5 mSv·year-1, and in 101 of them
varied from 0.5 up to 1.0 mSv·year-1.
According to the national criteria (Law of Ukraine, 1991a), the settlements with a dose under 0.5
mSv·year-1 cannot be regarded as radioactive contaminated any more. The 25 settlements in
Zhitomir and Rivne oblasts where the doses ranged from 1 to 5 mSv·year-1 can be referred to ‘zone
3’, the 101 of them with 0.5 to 1 mSv·year-1 doses - to ‘zone 4’. There are not any settlements now
where the doses exceed 5 mSv·year-1, i.e. such that should be attributed to ‘zone 2’. This lay of the
land was confirmed by the results of year 2012 (Collection 15, 2013). Over the results of these two
dosimetric passportization have formed the background for elimination of the zone 4 (zone of a
strict radio-ecological control) from the RCT scope with subsequent repeal of benefits both with all
privileges and indemnifications to survivors (clause # 23 excluded in the Law of Ukraine, 1991).
A rather challenging scenario with radiation doses occurs during the last years in the RCT. Study
results by Vasylenko et al. (2012); Vasylenko et al. (2013); and Bilonyk et al. (2014) testify, that
because of economic crisis in the country and increased consumption of local food products by
population, the annual exposure doses have increased by 30-80% since 1994. In some settlements
the internal radiation doses after 1996 exceeded values of the first years after the Chernobyl
catastrophe. Children in particular have received doses higher as compared to adults.
Restricted funding of the measures on radiologic protection of the population and environmental
rehabilitation within the RCT (table 2.6) can result in an increased irradiation of population from
now onwards. Almost complete termination of monitoring of both contamination levels and
radiation doses is also a challenge in Ukraine (Gunko et al., 2010; Information materials, 2013;
Annual report, 2014).
As to the issue of applicability of dosimetric passportization instead of radiation dose estimation
specified by Prister et al. (2011) one should agree with this critical review of the unlearned lessons
of the Chernobyl disaster. We also believe that the consequences of the catastrophe to assess the
levels of radiation doses of the population.
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Table 2.6 – Expenditures of the State budget of Ukraine in 2012-2014 on realization of measures on
radiological protection of the Chernobyl catastrophe survivors, million UAH
The name of the State budget program
Radiologic protection of population and ecological rehabilitation of territory,
which has undergone radioactive contamination
Maintenance of environmental safety in zones 1 and 2

2012 2013 2014
4.8

4.3

2.2

32.4 32.4 16.2

During the last years, the NRCRM staff has carried out work on reconstruction of individualized
internal, external, and total radiation doses in inhabitants of the RCT registered in SRU (Likhtarov
et al., 2014; 2014a). The individualized internal irradiation doses are reconstructed already for the
28,711 inhabitants of Rokitny rayon of Rivne oblast, 18,790 inhabitants of Ivankov rayon of Kiev
oblast, 41,585 inhabitants of Ovruch rayon of Zhitomir oblast, 27,811 inhabitants of Koselets rayon,
and 14,553 - ones of Repki rayon of Chernigov oblast. On average the data by regions are received
for 50-60% of survivors from those registered in the SRU. Results of dosimetry are given as
average dose values for the period of 1987-2012.
Distribution of inhabitants of various oblasts is lined up by dose intervals (absorbed doses from
both internal and external exposure for all the survey period). The received data are passed for
inclusion to the SRU.
Thus, in a view of the carried out works in last years the individualized doses are reconstructed in
131,450 persons from more than 1,800,000 people having the status of a survivor.
Data comparison of doses reconstructed as of 1988 (Collection 7, 1998) and as of 2014 (Likhtarov
et al., 2014) within one of the most intensively contaminated Zhitomir oblast, testify that the dose in
2015 was only 1.09 mSv more than in 1986. For all next years the nowadays-reconstructed annual
doses are actually in 1.5, and the absorbed doses - in 1.4 times lower vs. reconstructed earlier.
Data review from the main peer-reviewed publications by the foreign scientific experts indicates
that after 2011 the researchers only have repeated all the data, which were generated in proceedings
of the Chernobyl Forum in 2005. No new data are available on radiation doses in the Chernobyl
catastrophe survivors in Ukraine.
To some extent it can be explained by the aspect that according to the requirements of the clause
#11 of the Law of Ukraine (1991а) all scientific information and research of scientific institutions
which are received within RCT are the property of Ukraine and can be used only under a special
licence (approval) by the Cabinet of Ministers of Ukraine (CMU). Therefore, since 2012-2013 the
Ukrainian scientists were obliged to terminate all the contracts with foreign experts and institutions
in the field of Chernobyl problems (Nasvit, 2015).
(N. Omelianets)
2.2 The recognised consequences
Looking at general trends in the data on cancer incidence and tendencies of its variation pattern
after almost 30 years after the Chernobyl catastrophe and evaluation of cancer radiation risks are
not only of a practical but also of a theoretical interest. Such studies are performed not only in the
three countries most severely affected due to the Chernobyl catastrophe i.e. Ukraine, Republic of
Belarus and RF but in other countries as well. It has to be pointed out that the majority of them are
descriptive, devoted mainly to study of the distribution of variables, for example the disease
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frequency level, its time trends and territorial differences. In addition, there are ecological studies
in which the units of analysis are populations or groups of people rather than individuals. Analytical
studies are dedicated to identifying and measuring the impact of risk factors on health. They are
cohort and case-control studies directed to assessing the disease risk being studied in exposed vs.
unexposed groups of the population. Due to its significant financial expenditures, they are
performed jointly with scientists from abroad and supported by their national and international
organizations. For example, some collaborative projects are performed in Ukraine jointly with
scientists from the USA in order to study the leukemia and thyroid cancer risk in Chernobyl
catastrophe clean-up workers (Romanenko et al., 2008; Zablotska et al., 2013; Ostroumova et al.,
2014), thyroid cancer in a cohort of subjects whose age at the time of accident did not exceed 18
and who inhabited the most radioactively contaminated territory of Ukraine (Tronko et al., 2012).
Such collaboration is performed in Belarus as well (Zablotska et al., 2011).

2.2.1. Thyroid cancer
Among the specific forms of malignant tumours, thyroid cancer is of special concern because of
dramatic incidence increase soon after the accident in the youngest age group residing in districts
closely adjacent to the Chernobyl NPP. Based on results of long-term monitoring of the population
exposed to external radiation (Jacob et al., 2006), it is expected that thyroid cancer cases related to
the Chernobyl catastrophe will be registered for many years.
The ecological study performed in children and adolescents ageing from 1-18 years and residing in
three regions (oblasts) of Northern Ukraine most heavily contaminated with radioactive iodine
within the 1990–2001 observation period (Likhtarov et al., 2006), allowed to evaluate some basic
indices of thyroid cancer risks, namely the excess relative risk per Gy (ERR·Gy-1) – 8.0 (95%
confidence interval (CI): 4.6-11.0) and excess absolute risk per 104 person-years Gy – (EAR 10-4
person-years) 1.5 (95% CI: 1.2-1.9). In the estimation of coefficients of radiation risk, it is assumed
that the observed increases in thyroid cancer incidence are due to radiation exposure.
Comparative analysis of thyroid cancer incidence rate 20 years after the Chernobyl catastrophe in
Ukraine with consideration of the thyroid irradiation doses average per oblast absorbed by children
and adolescents (accounting an age at the time of accident) showed a significant correlation
between factorial (dose) and resulting (incidence) parameters (Fuzik et al., 2011,2013). Special
attention was drawn to the youngest subcohort at exposure i.e. individuals born in 1982-1986. Upon
the applied correction for the screening effect (through the comparison of thyroid cancer incidence
rate in this subcohort and another one with persons born after the accident - i.e. in 1987-1991), a
significant radiation excess in the subcohort exposed in age 0-4 years was suggested. At attained
age of 10-14 years, the thyroid cancer incidence rate in the exposed subcohort was 9.7 times higher
vs. unexposed one, and at the attained age of 15-19 such excess was 3.4-fold. Along with it, during
the observed period an excess of the age-specific thyroid cancer incidence rates was spread to the
adult age groups. In 1991 an excess of thyroid cancer incidence was registered in the group aged 034 and in 2001 at age range of 0-54 (at the moment of the Chernobyl accident). A special situation
was observed in the female age group of 40-49 at the time of Chernobyl catastrophe i.e. the agespecific thyroid cancer incidence rates were significantly higher in the “high exposure” regions vs.
“low exposure” ones during all the years of observation within 1989-2009.
The analytical Ukraine–American project deserves attention here (Tronko et al., 2012) as its main
objective was to quantify the risks of thyroid cancer in the framework of a classical cohort study,
comprising subjects who were aged under 18 years at the time of the catastrophe, in whom the
direct measurements of thyroid gland 131I radioactivity taken within two months after accident were
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available, and who were residents of three severely contaminated northern regions of Ukraine
(Zhitomir, Kiev, and Chernigov oblasts). Four 2-year screening examination sessions were held
from 1998 till 2007 to study the thyroid cancer risks due to the iodine incorporation caused by the
Chernobyl catastrophe. The arithmetic mean of an individual thyroid absorbed dose over the entire
cohort was 0.79 Gy. At the stage of cohort formation between 1998 and 2,000 the 13,243 subjects
were screened. As a result of the four session of screening examination, 110 cohort members were
operated for the thyroid cancer. The excess relative risk per Gy (ERR Gy-1) was estimated at
5.25·Gy-1 (95% CI: 1.70-27.5) during 1998-2000. In 2001-2007 the ERR·Gy-1 was estimated to be
1.91 Gy-1 (95% CI: 0.43-6.4) and excess absolute risk - EAR was estimated to be 2.21 per 10-4
person-years (95% CI: 0.04-5.78). This result especially in terms of excess relative risks differ
somewhat from the results obtained in above mentioned (Likhtarov et al. 2006) ecologically study
and may be the consequence of different study design.
In another ecological study (Tronko et al., 2014) dedicated to the epidemiology thyroid cancer in
Ukraine among exposed children and adolescents (aged 0-18 years at the time of accident), a higher
incidence rate was observed in 6 most contaminated regions in comparison with 21 lowcontaminated regions for all post-accident study period (1990-2010). By age at diagnosis, the peak
incidence in childhood and adolescent groups was observed in 1995-1997 and 2000-2002,
respectively. Since 2002, there were no exposed subjects (including the in utero cohort) in the
childhood group and since 2006 in the adolescent group. Thus, in these age categories all childhood
and adolescent cases of radiogenic thyroid cancer have been realized. In corresponding groups of
unexposed subjects aged 0-14 and 15-18 years at the time of diagnosis, the thyroid cancer
incidence is comparable to the average rate in European countries.
Unlike thyroid cancer incidence increase in exposed children and adolescents, the effect of
irradiation in adult age remains not enough clear. Studies of thyroid cancer morbidity in adults
suggest an insignificant increase of thyroid cancer incidence due to ionizing radiation. According
to the conclusion of UNCSEAR (2006) report there is a little suggestion in various exposed
population groups to the increased thyroid cancer incidence among those exposed as adults in
general population. Among adults the most meaningful evidence comes from the studies of clean-up
workers. An elevated rate of this disease vs. the general population has been reported, but no clear
association with external radiation dose has been found. Moreover, no estimates have been carried
out of the thyroid irradiation doses from the inhaled radioiodine to those who worked on the
Chernobyl site in April-June 1986. Thyroid doses only exist for a very small number of workers; it
is not possible to give a valid average value for the whole group (UNSCEAR, 2008). The influence
of annual screening and active follow-up of these cohorts make comparison with general population
problematic. Therefore, there is some evidence of a detectable effect in the group of clean-up
workers, but this is far inconclusive.
In contrast to the abovementioned, another study by Shalimov et al. (2006) and Prysyazhnyuk et al.
(2007) performed in the framework of the French-German Initiative (FGI) in adolescents and adults
in territories of Chernigov, Kiev and Zhitomir oblasts with different levels of 131I deposition from
the fallouts, a dependence was revealed of the thyroid cancer incidence rate on a level of
radioiodine contamination. Effect of exposure to this radionuclide tends to increase in time. The
sufficient statistical power of this study allowed making quite an important conclusion that an
increased exposure to 131I results to increase in thyroid cancer incidence rate.
The Chernobyl catastrophe clean-up workers received the highest radiation doses. It motivated the
participants of the Ukrainian-American project to study the thyroid cancer frequency in a cohort of
150,813 male Chernobyl clean-up workers from Ukraine by calculating a standardised incidence
ratio (SIR) using national cancer statistics (Ostroumova et al., 2014). Follow-up of clean-up
workers with the SRU was launched in 1986 and continued through 2010. There were 196 incident
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thyroid cancer cases in the study cohort with an overall SIR of 3.50 (95% CI: 3.04-4.03). A
significantly elevated SIR estimate of 3.86 (95% CI: 3.26-4.57) was calculated for the clean-up
workers who had their first clean-up mission in the Chernobyl zone in 1986, when there were
highest levels of external and internal exposure to radiation. SIR estimates for later calendar years
of the first clean-up mission, while significantly elevated, were lower than for the first year. SIR
estimates were elevated throughout the entire follow-up period but were especially high 10-18 years
the after catastrophe, namely 4.62 (95% CI: 3.47-6.15) and 4.80 (95% CI: 3.78-6.10) for the periods
of 1995-1999 and 2000-2004, respectively. These findings support the growing evidence of
increased thyroid cancer rates among the Chernobyl clean-up workers. Although this could be
partially attributed to an increased medical surveillance, the observed pattern of SIR increase
substantiate further investigation of a potential contribution of radiation exposure to the elevated
thyroid cancer rates in this large population.
In a collaborative case-control study nested within cohorts of Belarus, Russian and Baltic countries
an evaluation of the radiation-induced risk of thyroid cancer was performed (Kesminiene et al.,
2012). A statistically significant dose-response relationship was found with total the thyroid
irradiation doses (external and internal). The ERR per 100 mGy was 0.38 (95% CI: 0.10-1.09). Risk
estimates were similar when doses from internal 131I and external radiation were considered
separately, although for external radiation the ERR was not statistically significantly elevated. In
the estimation of coefficient ERR, it is assumed that the observed increases in thyroid cancer
incidence are due to radiation exposure.
In conclusion it should be pointed out that research devoted to thyroid cancer risk in children and
adults in the Chernobyl post-accident period are mainly descriptive and describe the incidence timetrends. A small number of studies are of a cohort or case-control design. Along with evidence of an
increased risk of thyroid cancer in children and adolescents exposed to radioactive iodine, there is
doubt as to the thyroid cancer risk in adults and particularly to the clean-up workers. However,
separate studies in survivors primarily those who took part in eliminating the consequences of the
Chernobyl accident provide a basis for further analytical studies referring to the long-term
observation of adult cohorts.
(A. Prysyazhnyuk)

2.2.2 Leukemia
Leukemia is associated with exposure to ionizing radiation in different populations, including the
A-bombing survivors in Hiroshima and Nagasaki, patients subjected to radiation therapy, and
population groups subjected to occupational radiation exposure in health care and nuclear industry
(Report, 2005). Leukemia risk increases 2-5 years after exposure with the ERR per unit of radiation
dose being one of the highest (especially in children) among any other radiation-induced
malignancies (BEIR VII, 2006). Leukemia incidence and mortality are being often considered as a
“marker” of radiation effects in exposed population. Risks from acute exposure to high doses of
ionizing radiation for the most leukemia types are well known, but risks associated with protracted
exposures and association between radiation impact and chronic lymphocytic leukemia (CLL) are
not clear.
Results of studies in residents of territories contaminated with radionuclides after the Chernobyl
accident concerning leukemia risk in children and adolescents were not enough convincing (Davis
et al., 2006). Hatch et al. (2015) have analyzed for the period 1998-2009 the incidence of
nonthyroid cancers during the post-Chernobyl period in a well-defined cohort of 13,203 individuals
who were <18 years of age at the time of the accident. No evidence was found of a statistically
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significant elevation in cancer risks in this cohort of subjects exposed at radiosensitive ages,
although some cancer trends, particularly for leukemia (SIR=1.92, 95% CI: 0.69-4.13), should
continue to be monitored.
Recent reports suggest an increase in incidence of leukemia among the clean-up workers from the
Belarus, the RF, Ukraine and Baltic countries. The limitation of these studies include low statistical
power, uncertainties in dose reconstruction, and internal inconsistencies that suggest a potential bias
or confounding factors that are difficult to address (UNSCEAR, 2008).
This limitation was avoided in the large-scaled Ukrainian-American project for study of leukemia
risk in clean-up workers, exposed to radiation when they worked in the Chernobyl zone
(Romanenko et al., 2008). A cohort of 110,600 participants of the clean-up works in 30-kilometer
zone in 1986-1990 was formed. During the period of observation (i.e. 1987-2000) a calculated ERR
value was 3.44·Gy-1 (95% CI: 0.47–9.78, Р<0.01). A follow-up study in 2001-2006 showed a
diminution of this value to 1.26·Gy-1 (95% CI: 0.03-3.58) (Zablotska et al., 2013). It should be
pointed out, that the revealed tendency corresponds with results of studies of the clean-up workers
of the RF (Ivanov et al., 2012) and A-bombing survivors in Japan (Hsu et al., 2013).
Study of the risk of chronic and non-chronic lymphocytic leukemia under a protracted exposure to
low-dose ionizing radiation in Ukrainian clean-up workers in the last period (2001-2006) of
Ukrainian-American project gave the reason to conclude the significant increase of risk of these
leukemia types as both are radiosensitive (Zablotska et al.,2013).
In conclusion, it should be pointed out that epidemiological studies of leukemia risk as a result of
radiation exposure due to the accident at the Chernobyl NPP are mostly descriptive and focused on
children and adolescent contingents. In general, taking into account the low-dose radiation
exposure, there is a low probability of high risk of childhood leukemia according to the results of
Ukrainian and Belarusian studies. In contrast, the analytical study in clean-up workers of the
accident indicates the existence of an increased risk of leukemia in this group of survivors in
Ukrainian and Russian studies. The first established in Ukraine fact of radiation dose dependence of
chronic lymphocytic leukemia in clean-up workers draws attention here.
(A. Prysyazhnyuk)
2.2.3 All cancers
In the papers by Shalimov et al. (2006) and Prysyazhnyuk et al. (2007, 2007a) the main results are
presented concerning cancer incidence in the main group of affected population of Ukraine. Those
are the Chernobyl catastrophe clean-up workers who had participated in the clean-up works in
1986-1987 (a 100,000 cohort), evacuees (50,000 subjects), and residents of territories most heavily
contaminated with radionuclides (180,000 subjects). In these three groups the incidence of cancer
(of all sites of the body) exceeded the national level (SIR=117.2%, 95% CI: 114.1-120.3) only in
the clean-up workers, whereas in evacuees and residents of contaminated territories those rates were
lower than national one.
Kashcheev et al. (2015) presented the results of retrospective cohort study of cancer incidence and
mortality for the 1992-2009 follow-up periods among the Russian emergency workers at the
Chernobyl catastrophe. A statistically significant increase in solid cancer incidence in emergency
workers was found. The average excess over the entire follow up period was 18%, SIR=1.18 (95%
CI: 1.15-1.22). This value is the same as a figure in Ukrainian emergency workers (Prysyazhnyuk et
al., 2007, 2007a). Values of excess relative risk of cancer incidence and mortality per Gy (ERR·Gy
-1
) are 0.47 (95% CI: 0.03-0.96, P=0.034) and 0.56 (95% CI: 0.002-1.25, P=0.049) respectively, the
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attributable risk is 5.8%. The estimated ERR value are in a good agreement with results published
by this team in previous years (Ivanov, 2007; Ivanov et al., 2009) and with results obtained in the
life span study cohort of atomic bomb survivors (Preston et al., 2007).
As to another cohort exposed in consequence of the Chernobyl catastrophe i.e. Baltic emergency
workers the conclusions are in contrast: no consistent evidence of an increase in radiation-related
cancers was observed. Results here are to some extent uncertain because of known impact of health
examination approaches including thyroid screening among the clean-up workers (Rahu et al.,
2013).
Thus, given the results of malignant tumour risk studies due to the radiation exposure as a result of
the Chernobyl NPP accident there is an increased risk of this disease in Ukrainian and Russian
clean-up workers. Among the other groups of survivors, namely evacuees from the exclusion zone
and residents of RCT the cancer incidence rates do not exceed the national level.
(A. Prysyazhnyuk)
2.2.4 Breast cancer
After the Chernobyl catastrophe the breast cancer also draws attention because of vulnerability of
breast to carcinogenic effect of ionizing radiation. Breast cancer incidence after the Chernobyl
catastrophe was studied mainly in descriptive epidemiologic studies aimed to reveal any possible
stochastic effects in affected groups of population. A significant increase (in 1.6 times) of breast
cancer incidence was registered in female clean-up workers in 1986-1987 years of participation
(Prysyazhnyuk et al., 2007b, 2008).
Epidemiological analysis of combined data of Belarusian and Ukrainian population showed a
statistically significant 2-fold increase of breast cancer incidence in 1997-2001 in female residents
of the most heavily contaminated with radionuclides territories vs. residents of less contaminated
areas (Pukkala et al., 2006). In districts of Ukraine with average accumulated dose in population of
40 mSv and more, the relative risk (RR) was 1.78 Sv-1 (95% CI: 1.08–2.93). These results confirm
the necessity of profound investigation of possible role of radiation in breast cancer incidence rate
in the entire population and in separate population groups most affected after the Chernobyl
catastrophe.
Thus the fact of impact of radiation on the increased risk of breast cancer for the first time revealed
in a Japanese cohort also confirmed in the study of female clean-up workers at the Chernobyl NPP.
Separate studies of breast cancer incidence rate in women primarily those who took part in
eliminating the consequences of the Chernobyl accident provide a basis for further analytical
studies referring to the long-term observation of affected people.
Summing up the data from listed publications one can conclude.
Significant excess of thyroid cancer in main groups of affected population that might be caused by
radiation exposure of thyroid due to radioactive iodine fallouts. Excess of thyroid cancer incidence
was observed not only in children and adolescents but in adults as well. Effect of radiation exposure
was manifested by extra thyroid cancer cases and trended to increase during the time.
Exposure to low and medium dose radiation was associated with significant increase of leukemia
incidence rate in recovery operation workers which is consistent for Russia liquidators as well as
Japanese atomic bomb survivors. Last performed in Ukraine study gave evidence radiosensitive
origin of chronic lymphatic leukemia.
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As to total cancer incidence rate only in recovery operation workers 1986-1987 these figures
exceeded national level. Significant increase of breast cancer incidence rate was registered in
female participated in recovery operation works in 1986-1987. Moreover, this review suggests the
significant difficulties in evaluation of carcinogenic effects of the Chernobyl catastrophe. Clear
estimation of radiation doses and comprehensive data on number of cancer cases in main groups of
exposed population are required to receive some more substantial arguments.
Principal conclusions from the reviewed articles are as follows:
- there are radiation-dose related thyroid cancer risks in population groups exposed to radioiodine in
children age;
- there is an increased thyroid cancer risk due to irradiation in the Chernobyl catastrophe clean-up
workers;
- results of studies of thyroid cancer risk in adult population groups with irradiated thyroid evidence
to the need of extended monitoring to obtain the reliable results;
- the dose-dependent leukemia radiation risks in the Chernobyl catastrophe clean-up workers
correspond to the radiation leukemia risks in A-bomb survivors (Hibakusha);
- in contrast with Hibakusha the study results of the Chernobyl catastrophe clean-up workers
evidence to the dose dependence of chronic lymphocytic leukemia; the stated inconsistence may be
due to the genetic differences of these two populations;
- data on inhabitants of RCT suggest the absence of increased risk of radiation-induced leukemia;
- breast cancer incidence rate in female Chernobyl catastrophe clean-up workers in 1.6 times
exceeded the level of morbidity of female population in Ukraine;
- taking into account the long latency periods of development of radiation-induced cancer of many
organs and systems there is an need to continue the monitoring of this disease in a remote postaccident period.
(A. Prysyazhnyuk)
2.2.5 Radiation cataract
The crystalline lens in the human eye appears to be more radiosensitive than it was previously
assumed. In 2013, the International Commission on Radiological Protection (ICRP) (IAEA, 2013)
established a new dose limit to the lens for occupational exposure of 20 mSv per year (former limit
was 150 mSv). The reduction of the limit for the dose to the lens of the eye to 20 mSv per year has
been passed in the current Euratom Directives (2013) (Bruchmann et al., 2015). Accumulated
evidence from the Japanese atomic bomb survivors, Chernobyl liquidators, US astronauts, and
various other exposed groups suggests that cortical cataracts may be also associated with impact of
ionising radiation, although there is little evidence that nuclear cataracts are radiogenic. The doseresponse appears to be linear (Little, 2013).
However, there are critical opinions concerning radiation cataractogenesis following exposure to
low doses of ionising radiation (Yeltokova, 2013; Seals et al., 2015). There are many factors,
including genetic, metabolic, nutritional, and environmental involved in cataractognesis. At the
same time nowadays the tissue of the lens is considered radiosensitive, thus, lens opacities are
possible late effects of exposure to ionising radiation (Belyy et al., 2015).
An analysis of research results for 30 years since the Chernobyl catastrophe testifies that an eye is
one of basic targets of radiation influence (Buzunov and Fedirko, 1999; Fedirko, 2000, 2001, 2002).
Radiation cataract, which is examined as a deterministic effect, was traditionally considered a basic
consequence of radiation effect on the eye (Fedirko, 2000).
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Examinations performed after the Chernobyl catastrophe proved that radiation cataract is observed
upon exposure at the doses significantly less than it was early considered (Fedirko, 1999, 2000
2001, 2002). Results of the UACOS studies are an evidence of possible presence of a threshold but
at the level about 0.1 Gy for some age groups, i.e. significantly lower than 2 Gy (Chumak et al.,
2007); a threshold is dependent on cataract form and can be higher than 0.7 Gy (Worgul et al.,
1999, 2007). A dose threshold for radiation cataract was not fixed in any other study. A latent
period can exceed 24 years. Data of studies and mathematic modelling are indicative in favour of
the view that radiation cataract is a stochastic effect of radiation exposure (Fedirko, 2002).
It has been shown that such appearance of non-typical changes in the lens of children and
adolescents is possible as partial opacities and changes in optic infiltration without decreasing of
visual acuity by certain time and are only diagnosed under the purposeful examination as a chronic
radiation effect. Presence of the dose dependence was proved for this disease (Fedirko, 2002).
(N. Omelianets)
2.2.6 Mental health
The long-term mental health consequences have been recognized by the UN Chernobyl Forum and
supported by further evidence-based International studies as one of the main medical and social
problem of the Chernobyl catastrophe aftermath. First of all, they are the stress-related disorders,
effects on the developing brain, organic mental disorders in clean-up workers, and suicides (WHO,
2006; Bromet et al., 2011; Bromet, 2012–2015; Havenaar, 2015; Igumnov, 2015; Loganovsky,
2013–2015). The UN Chernobyl Forum also suggested the excesses of mortality, due to
cardiovascular disease (including cerebrovascular), in the clean-up workers of the Chernobyl NPP
accident. At the same time, the effect of low doses of radiation on the brain are among the research
priorities for exploring of non-cancer effects of radiation, however, they are still at issue
(Loganovsky, 2009, 2012, 2013; Bazyka et al., 2013a, b, 2014). This sub-chapter is an overview of
the recent peer reviewed publications and proceedings of international conferences of the evidencebased studies on mental health aftermath of the Chernobyl accident recognized by the International
community.
Effects on the developing brain as well as organic mental disorders in the clean-up workers are
explained in subchapter “2.3.9.3. Neuropsychiatric effects”. Among them there are both recognised
consequences and those not fully recognised by the International community.
Radiation accidents, radiological terrorist attacks, as well as nuclear conflicts and nuclear war are
substantially different from natural disasters and wars without use of weapons of mass destruction.
Clinical features here include the major criteria of post-traumatic stress disorder (PTSD) "immersion" in the experience, "avoidance”, "hyperexcitability”, and "social functioning deficit"
(Rumyantseva et al., 2007; Rumyantseva and Stepanov, 2008). Psychological stress about the
future (the risk of oncological and other diseases, congenital malformations in the descendants etc.),
long-term radioactive contamination, evacuation and resettlement, as well as incomplete and
imperfect legislation regarding social benefits to the victims all make a significant contribution to
the development of psychopathological responses (Rumyantseva et al., 2007; Loganovsky et al.,
2014).
The male Chernobyl liquidators who met the DSM-III-R criteria for current PTSD group scored
significantly higher than the non-PTSD group on all the measures of PTSD and general psychiatric
symptomatology, state and trait anxiety, depression. There is a determining role of individual
perception and assessment of radioactive hazard in the development of post-traumatic stresses
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placing this problem among the most important ones in studying of psychological consequences of
radioactive threat experiencing. The real working conditions and the level of information also
affected the workers’ estimate of the severity of the radiation hazard in Chernobyl (Tarabrina et al.,
1996).
We have conducted standardised psychiatric interviews using the Composite International
Diagnostic Interview with 295 clean-up workers and 397 controls 16-18 years after the catastrophe
and report on common psychiatric disorders, suicide ideation and severe headaches. Prior to the
Chernobyl catastrophe being consistent with healthy worker effect, the clean-up workers had
significantly lower rates in anxiety and alcohol disorders. The clean-up workers had significantly
higher rates of depression (18.0% vs. 13.1%) and suicide ideation (9.2% vs. 4.1%) after the
catastrophe, but not alcoholism or intermittent explosive disorder. In the year preceding the
interview, the rates of depression (14.9% vs. 7.1%), PTSD (4.1% vs. 1.0%), and headaches (69.2%
vs. 12.4%) were elevated. The affected liquidators with depression and PTSD had lost more
working days vs. controls. Exposure level was associated with current somatic and PTSD symptom
severity. Thus, the long-term consequences of Chernobyl catastrophe on mental health were
observed in the clean-up workers (Loganovsky et al., 2007, 2008).
Recent studies show that the rates of depression and PTSD remain elevated two decades later. Very
young children and those been in utero who lived near the plant when it exploded or in severely
contaminated areas, have been the subjects of considerable research, but the findings are
inconsistent. Recent studies of prenatally exposed children conducted in Kiev, Norway and Finland
point to the specific neuropsychological and psychological impairments associated with radiation
exposure, whereas other studies found no significant cognitive or mental health effects in exposed
children grown up. General population studies report the increased rates of poor self-rated health as
well as clinical and subclinical depression, anxiety, and post-traumatic stress disorder. Mothers of
young children exposed to the disaster remain a high-risk group for these conditions, primarily due
to the lingering worries about the adverse health effects on their families. Thus the long-term mental
health consequences continue to be a concern (Bromet et al., 2011).
The UN Chernobyl Forum (WHO, 2006) has defined the suicides in the clean-up workers as one of
important issues within the post-accident period. Suicide is a leading cause of death in the Estonian
liquidators (Rahu et al., 2006) and in Lithuania the suicide mortality among the clean-up workers
has exceeded the population level (Kesminiene et al., 1997). The major finding of epidemiological
studies in the Estonian clean-up workers mortality is an increased risk of suicide (Rahu et al.,
2013a, 2015). Whereas exposure to low radiation doses is the risk factor of suicidal behavior, or this
is a socio-psychological phenomenon only, is still at issue (Loganovsky, 2007).
The toll of cleanup work was evident 24 years after the Chernobyl catastrophe among the Estonian
clean-up workers indicating the need for focused mental health interventions. The strongest
difference was found for somatization being three-fold more likely in the cleanup workers vs.
controls to score in the top quartile (odds ratio (OR)=3.28, 95% CI 2.39-4.52), whereas for alcohol
problems the difference was half as large (OR=1.52, 95% CI 1.16-1.99). Among the cleanup
workers and arrival at Chernobyl in 1986 (vs. later) was associated with sleep problems,
somatisation, and symptoms of agoraphobia (Laidra et al., 2015). These data are the same as in
Ukraine concerning current alcohol abuse among liquidators (Postrelko et al., 2013).
Mental health drives physical health. Research on mental health has led to development of new
terminology to describe the health problems associated with stress (chronic fatigue syndrome,
health anxiety). Radiation risk perception is the primary risk factor for health anxiety related to the
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accident. Mothers of young children and former liquidators are at the highest risk of developing
mental health effects (Bromet, 2015).
Arkhangelskaya and Zykova (2003), Zykova and Arkhangelskaya (1999a, b), Zykova et al. (2000)
used the term “radiation anxiety” to determine the psychological effects of the catastrophe, that
include emotional disorders inadequate to the real radiation hazard, concern about their own health,
the health of their children and their future. There is a change of values, personal and social
motivation, decreased personal activity until complete indifference. Among 519 residents of the
contaminated Narovlya rayon in Gomel oblast of Belarus the health state is worrisome for 94.8% of
them, the level of radioactive contamination for 91.3% of them (of which 64.2% are extremely
concerned), and 86-90% are disturbed by various aspects of the future existence. The study of
radiation risk perception among young people within Gomel oblast of Belarus showed that 84% of
students believe that the Chernobyl catastrophe consequences have had a negative impact on their
health and will continue to influence it. In addition the 98% of girls and 70% of boys are concerned
about possible violations of the health in their future children. High level of radiation anxiety is
associated with low level of public awareness about ionizing radiation and its effects on human
health. In 2005 the socio-psychological monitoring was carried out of various groups of population
living in contaminated areas of Bryansk, Kaluga, Tula and Orel oblasts of Russia, as well as Gomel
oblast of Belarus. The monitoring results showed that 45% of respondents living in the evacuation
zone had no knowledge of radiation and peculiarities of life in the radiation-contaminated areas.
Doctors, other experts and representatives of the authorities were most informed (Marchenko et al.,
2006).
Thus, despite 30 years of studying the consequences of the Chernobyl catastrophe, the information
on harm of radiation is controversial. The conflicting information about the radiation danger, which
are disseminated by the mass-media, only exacerbate the situation and provoke in population the
development of radiation anxiety and psychosomatic disease not directly related to ionizing
radiation. There are concerns about the quality of medical care, use of non evidence-based
diagnostics and treatments, and lack of knowledge in the population about the signs of both physical
and mental disorders (Samet and Patel, 2011). Unfortunately, there is lack of studies on effective
interventions to deal with these problems at an individual and population level (Bromet et al.,
2011). This situation needs further prospective long-life investigations of mental health of people
suffered as a result of radiation disasters.
It is necessary to develop and improve the system of emergency and long-term psychological and
psychiatric care under radiological catastrophes. At present these studies must be focused on the
long-term mental health consequences, neurocognitive deficit, emotional-behavioural and psychotic
disorders with advanced biophysical (dosimetric) support on the base of analytical epidemiology. A
further study is needed that should endeavor to collect more objective measures of exposure and
physical health, consider possible cognitive impairment and psychotic symptoms, and conduct more
rigorous psychiatric evaluations (Bromet, 2015; Havenaar 2015; Igumnov, 2015; Loganovsky,
2015).
(K. Loganovsky)
2.3 Obvious, but not recognized consequences
Our analysis shows that assessment of health effects of the Chernobyl catastrophe in Ukraine is now
almost impossible. Following termination of funding the MH halted publication of the annual
statistical book “Indicators of health and providing medical care to victims owing to accident on the
Chernobyl NPP” since 2006. Until 2009 this document was however still available on electronic
media. No data summarisation on annual statistical reporting forms # 15 “Report of the medical
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service of the population that was exposed to radiation in connection with the accident at the
Chernobyl nuclear power plant and to be included in the State registry distributed for ____ year”
and # 16 “Report of the disease and the causes of disability and death of population, which is
subject to inclusion in the State register of Ukraine of the persons survived after the Chernobyl
accident for ____ year” of the MH is conducted in subsequent years. Since 2007 the DS has
cancelled the annual statistical reporting by forms # 1 (Chernobyl) "Report on the resettlement of
residents of settlements victims by the Chernobyl catastrophe", # 2 (Chernobyl) "Report on
admission to non-contaminated zones of residents from settlements affected as a result of the
Chernobyl catastrophe" and # 3 (Chernobyl) "Report on population living in zones of radioactive
contamination after the Chernobyl catastrophe". In this regard there is no information about the
inhabitants of the contaminated territories in recent years. It is almost impossible to obtain
information in the country on the number of citizens who have the status of victims of the
Chernobyl catastrophe. SRU is still not functioning in Ukraine. As a result, the country and world
community lose highly relevant data on health effects of the Chernobyl catastrophe in Ukraine.
Data stated above testify that the catastrophe and its consequences became a cause of health
deterioration in irradiated persons. The above-mentioned radiologic effects were proven in the
cohort studies. Hereinafter we will review some parameters, which confirm the negative impact of
the Chernobyl catastrophe on health of the population of Ukraine. For the last 10 years there are in
general a limited number of scientific publications about the groups of victims and population of the
country. Among them there are monographs (Vozianov et al. 2007; Serdiuk et al., 2011; Tronko et
al., 2014; Omelianets et al., 2015), collections of scientific works (Problems of radiation medicine,
2012-2014), and conference proceedings (Radioecology-2014; Radioecology-2015).
Hereinafter we will focus on the results of population studies. They were based on the analysis and
evaluation of medical and demographic situation in Ukraine for 5 years before and 29 years after
the Chernobyl catastrophe. Studies have covered all territories of the country classified according to
the national law as radioactively contaminated with population of about 22,000,000 people.
Research accounting a wide range of health and demographic indices was performed for each
territories separately and also for territories grouped with other of contamination zones, population
groups (all population, urban population, rural population), groups of victims (clean-up workers,
evacuees, residents of contaminated territories and children), genders (males, females, both sex),
ages (19 age groups), and main causes of death. «Automated control system of data bases of
monitoring of medical and demographic consequences of Chernobyl catastrophe» (ACS DB
DEMOSMONITOR) was the informational base of research established under our leadership by
order of the ME of Ukraine (Omelyanets et al., 1997; Omelyanets, 2000; Buzunov et al., 2011).
State statistical reporting from Ministry of Statistics was the source of studied parameters. All the
studied parameters were subjected to statistical and mathematical analysis.

2.3.1 Loss of territories for residence
As of 1991 according to the national legislation the 53,454 km2 of soils (4.8% of territory of the
country), 4,600,000 hectares of agricultural land (12% of the total area) and 25,357 km2 of woods
(40% of the total area) in Ukraine were contaminated with 137Cs at intensity exceeding 37 kBq·m-2.
2,293 settlements, 74 administrative rayons and 12 oblasts are recognised as contaminated. They are
divided in radiation hazardous (include of the exclusion zone and zone of obligatory (compulsory)
resettlement) and radioactively contaminated (include zone of guaranteed voluntary resettlement
and zone of strict radio-ecological control) (Law of Ukraine,1991a).
The exclusion zone (an area of 1,210 km2) and the zone of absolute (obligatory) resettlement (area
of 6,490 km2) are referred to radiation hazardous territories. Permanent residing of people and main
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kinds of activity there are forbidden. They are in 11 administrative rayons of seven oblasts. The
91,600 inhabitants were evacuated in 1986 from the exclusion zone. Today there are no inhabitants
in 76 settlements in exclusion zone and in 92 in absolute (obligatory) resettlement. Those populated
places are excluded from the list of settlements. However, for all years few thousand so-called
squatters constantly lived there. In 1991-1992, about 50,000 of people had to be resettled to the
clean districts from the zone of absolute (obligatory) relocation. However, resettlement is not
completed until now. As of 2015, the 170 people still live in 10 villages of this zone. The territory
of both zones is secured. Various measures on minimisation of distribution of radioactive
substances are constantly carried out; works on construction of new safe shelter and transformation
of zones in ecologically safe state are actively conducted. However, because of insufficient funding
such measures are carried out not to full extent. Fires often occur. Due to the levels of
contamination they remain being an unsafe source of human irradiation.
In recent times the issues of the future of exclusion zone and absolute (obligatory) resettlement zone
are discussed in the country. Return of population there is a most important issue. Meanwhile it is
also proposed to organize the Chernobyl biosphere reserve in these zones. The future of these zones
was discussed this year at the Parliament hearings (Recommendations, 2015).
Zones of guaranteed voluntary resettlement and of strict radio-ecological control are attributed to
radioactively contaminated ones. First zone of 23,620 km2 covered the territories of 33
administrative rayons and 8 oblasts. About 600,000 people with more than 150,000 of children
lived in 835 settlements in it. Second zone of 22,480 km2 covered 68 rayons and 12 oblasts. There
were 1287 settlements in it with more than 1,600,000 population including more than 300,000
children. As previously mentioned about 25 settlements can remain in a zone of guaranteed
voluntary resettlement according to results of dosimetric passportization 2012. The zone of strict
radio-ecological control and settlements located on it are excluded from the list is radioactively
contaminated since January 1, 2015 (Law of Ukraine, 2014).
Thus, 30 years after the explosion of a nuclear reactor on the Chernobyl NPP in Ukraine, 7,700 km2
of radioactively contaminated soil remain unsuitable for residing of people. An area of 45,000 km2
is still radioactively contaminated. As the scope of state arrangements on radiation protection in the
country is considerably reduced, these territories will remain dangerous to the people even for many
decades.
Inhabitants of these zones were subject to the greatest emergency exposure. By way of exposure
prevention only evacuation was effective. However, irradiation of evacuees remained after their
domiciling in territories with high levels of contamination, from which after 1991 they were again
moved to non-contaminated districts.
Hence, the Chernobyl catastrophe resulted in radioactive contamination of huge territories and some
of them are still unsuitable for residing of the people. It is an indisputable proof of danger of the
Chernobyl catastrophe and its consequences for life and health of the people.
(N. Omelianets)

2.3.2 Territorial redistribution of population
About 200,000 people were evacuated, resettled or independently migrated for 29 years from
contamination zones to the clean (uncontaminated) regions. According to our sources (figure 2.3.1),
most of all resettlements were in 1986 and in 1987-1989. Since 1991, the resettlement from zone of
absolute (obligatory) resettlement was carried out. After 2004 it was limited and till now is not
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completed. Evacuated and displaced persons in 1987-1989 were settled in areas throughout the
country, but since 1991 mainly within the confines of oblasts. Evacuated and resettled persons were
necessarily provided with free-of-charge habitation and the employment was guaranteed to them.
As of 2013 the 37,768 families were on the waiting list for housing, from them 9,822 were families
of the Chernobyl invalids and 14,943 of voluntary resettlement from the contaminated territories
(Information materials, 2013).
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According to data of vital statistics generated by us (statistical books of the Ministry statistics of
Ukraine, nowadays Department of statistics (DS) of Ukraine), the population in radioactively
contaminated territories decreased since 1986 till 1990 by 46,400 persons (by 3%) in Zhitomir
oblast, by 26,600 persons (by 1.36%) in Kiev one, and by 63,200 persons (by 4.46%) in Chernigov
oblast.

Years

In the control Poltava oblast contrariwise there was a gain of population (by 17,200 persons).
Number of rural population was especially reduced i.e. by 18.4% in Zhitomir oblast and by 20.6%
in Chernigov oblast. In the control Poltava oblast a decrease has made 9.6%. In Kiev oblast where
the evacuees mainly are living the decrease has made only 6.9%. In 1991-2012 the number of rural
population in Kiev oblast was reduced by 23.9%, in Zhitomir oblast by 22.2%. On this evidence the
countryside of these areas can be reasonably named a zone of accelerated depopulation.
Depopulation was statistically significant in the most contaminated Ovruch (-24.43%), Ivankov (26.65%), Luginy (-27.98%), Narodichy (-45.2%), and Polesskoe (-76.56%) rayons.
Hence, the Chernobyl catastrophe has caused a departure of about 200,000 people from radiation
hazardous territories and RCT of Ukraine. Thirty years later a depopulation of radioactively
contaminated zones goes on. It is more intensive than in not contaminated districts.
(N. Omelianets)
2.3.3 Degradation of population structure within radioactively contaminated territories
Families having children up to 14 years old, pregnant women, and persons with medical
contraindications were given the right to independently leave from RCT in the post-accident period.
Together with evacuation it immediately has had an effect on the structure of the population. The
number of males in the population structure has decreased in Zhitomir oblast by 17.4%, of females by 16.9%, in Kiev oblast - by 9.9% and 13%, in Chernigov oblast - by 17.4% and 19.3%,
respectively. In the control Poltava oblast the decrease was 2-3-fold less (5.6% and 10.9%
accordingly). Share of women of childbearing age and children of younger age groups decreased
considerably in population suffered from radiation exposure and those living in the controlled
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territories. It has had an effect on reproduction of population in the future. It has already an affect
on reproduction of population in the radioactive contaminated areas in the past and will affect in the
future.
(N. Omelianets)
2.3.4 Birth rate

Per 1,000

Down to recent times any possible occurrence of unfavourable consequences of the Chernobyl
catastrophe on fertility was completely denied. However, the results of our research show
otherwise. So, Omel'anets et al. (1989) showed that in the first and second years after the accident
there was a decrease in birth rates within most intensively radiologically contaminated zones of
Ukraine (Figure 2.3.2).
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Review of a set of parameters characterizing birth rates (fertility rates by maternal age, rates of
stillbirth, medical abortions, spontaneous abortions, deaths of infants aged 0-6 days) and radiation
dose values afforded a ground to believe that fertility rate drop in 1987 was due to impact of
excessive within first year after the catastrophe. Of course, it was still under the influence of many
other factors that could play a role, such as evacuation, stress, etc.
Degree of birth rate reduction depended on the category of contamination zone i.e. the highest one
was peculiar to the zone of obligatory (compulsory) resettlement (‘zone 2’) and zone of guaranteed
voluntary resettlement (‘zone 3’). Decline of birth rate was also in the control rayons. These birth
rates were as described above the levels of radioactive contamination and radiation doses of the
population.
Review of the birth rate trend over the 1991-2012 periods showed its significant changes (figure
2.3.3). From 12.1 per 1,000 in 1991 it decreased to 7.7 per 1,000 in 2001. For the three years this
level was the lowest since records began in the country. Recent years it was within 11 per 1,000.
Integrally the birth rate declined in Zhitomir oblast with annual growth rate (GR) of 0.02 per 1,000
in 1991-2012. In Kiev, Volyn and Rivne oblasts it on the contrary increased i.e. annual GR were
0.08, 0.04, and 0.02 per 1,000 respectively. These differences, however, were not statistically
significant (p>0.05). Statistically valid reduction at that was in Luginy and Narodichy rayons of the
Zhitomir oblast. In other nine studied rayons the changes of fertility rate were not statistically
significant vs. control and average for the country.
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Reproductive activity in Ukraine also continues to decline. Just total fertility rate in the country
decreased from 1.77 (1991) to the lowest value in the history of 1.09 child per female of
childbearing age in 2001-2012. Value of the total fertility rate decreased by 6.2% in Rivne, 9.4% in
Volyn, 17.6% in Zhitomir, and 2.6% in Kiev oblasts. In Rivne and Volyn oblasts the elevated total
fertility rate is attributed, first of all, to the prevalence of the rural population, which is
characterized by a greater intensity of births and tradition of having many children associated with
religiosity.
Revealed changes in fertility were confirmed by international research under the French-German
initiative for Chernobyl (FGI) (Dzikovich et al., 2004; Omelyanets et al., 2004, 2004a). It was
proved due to dependence on existing levels of radiological contamination, thyroid and the whole
body radiation doses.
Gender disproportion in newborns is one of the negative consequences of the Chernobyl
catastrophe. It is generally stable in populations accounting 104-105 boys per 100 girls. The value is
under impact of many factors including ionizing radiation. Pattern of gender change after the
irradiation is believed being resulted from damage of sex chromosomes, mainly of X-chromosome.
The result depends on the gender of the irradiated person. There will be more boys in gender ratio
of newborns upon irradiation of male genital organs. Death of embryo leads to miscarriages and
stillbirths. The born children may have different abnormalities and damages occurred during fetal
life. In turn, there will be fewer boys in gender ratio of newborns upon irradiation of female genital
organs. Upon irradiation of gonads of both parents, of mother's body during pregnancy, and of
foetus the male embryos die predominantly and proportion of boys among newborns is reduced.
There were no significant fluctuations of gender ratio at birth both at the national level and in
radiologically contaminated rayons for the entire period of our observations. At the same time, the
variability of parameter at a rayon level was quite noticeable. In the most severely contaminated
rayons it ranged within 110-120 boys per 100 girls. There were also some rayons with
predominance of girls in the birth structure.
(N. Omelianets)
2.3.5 Mortality
Mortality indices will be analysed on a selected population sample split in two groups. The
population of radioactively contaminated territories represents the first group, the second one
includes survivors of the Chernobyl catastrophe.
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2.3.5.1 Mortality in population of radiologically contaminated territories
According to our data (Omelianets et al., 2007, 2011, 2011a, 2015, 2015a; Dubova et al., 2011), the
mortality increase began in Ukraine since 1991. In fact, it is ongoing. Its value in the population of
RCT was statistically significance higher (p<0.05) than in control. In 2012 the mortality in Ivankov
rayon was 24.55±2.70 per 1,000, in Polesskoe – 26.42±4.56, in Luginy – 19.86±2.26, in Narodichy
– 26.17±3.28 and in Ovruch - 19.32±2.11 per 1,000. These levels are significantly higher vs.
average in Ukraine (15.14±0.95 per 1.000).
Our comprehensive and in-depth research revealed a number of important regularities, trends and
new facts about the impact of radiation from Chernobyl on mortality, for example regarding the
mortality values depending on levels of radiological contamination (by category of contamination
zone) and adopted regulations of secure residence (criteria for radiation dose levels). As can be seen
from Figure 2.3.4 the highest mortality rates are in population living in ‘zone 2’ i.e. zone of
obligatory (compulsory) resettlement. Mortality rate is also high in ‘zone 4’ (zone of strict radioecological control. The high mortality rate in ‘zone 2’ we attribute high individual doses of
radiation (more than 5 mSv·year-1). Large mortality rates in ‘zone 4’ compared to ‘zone 3’ can be
attributed to differences in the levels of collective dose. In ‘zone 4’, where the calculated level is
800 man-Sv·year-1, the mortality is higher than in ‘zone 3’, where its level is 600 man-Sv·year-1.
We attribute the establishment of heterogeneity phenomenon to new knowledge. It manifests itself
as an effect of selection (Michalski et al., 2008) in which the most vulnerable individuals die earlier
and over time the population becomes "more stable". In demography it is when the rate of mortality
increase in the oldest ages (75+) is reduced and in the epidemiology of cancer when the cancer
incidence is declining among the geriatric population (75+).
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Figure 2.3.4 - Mortality rates
depending on category of
contamination zone and total
irradiation dose level set by the
law in 1991-2006, per 1,000
population
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It is confirmed by the data shown in Figure 2.3.5 meaning that mortality rates began to rise already
from the age of 15 and have been great to 65-69 years in inhabitants of five most intensively
contaminated territories vs. unexposed population. At the age of 70+ the mortality rate was over 22
per 1,000 of the population less vs. before the accident. There were almost no such trends in
mortality rates in population of Ukraine. Modest increase in mortality rate in 2009 vs. 1986
occurred in this group only beginning from age of 35 years. Mortality rates of those aged 70+ were
almost equal (108.3 and 108.9 per 1,000).
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Figure 2.3.5 – Age-specific
mortality rates in residents of
five the most intensively
RCR in 1986 and 2009, per
1.000 persons of the relevant
age group
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Death rate from neoplasms increased in the first years after the catastrophe. During 1981-2000 it
increased to 0.03 per 1,000 in RCT, whereas only to 0.02 in controls and to 0.01 in Ukraine as a
whole. It was statistically significant (p<0.05) in comparison with pre-accident period. In all studied
territories the highest increase of this mortality rates was accounted for the second quinquennium
since catastrophe with prevalence of males in its structure. Subsequently there was an increase of
mortality rate from non-cancer diseases with Diseases of the Circulatory System in their structure.

Age groups, year
1986

2009

Females appeared being prevalent in mortality structure (t>2.8, p<0.05). These features of mortality
were confirmed by calculations of standardised indices and RR. Risk analysis of individual causes
of death has testified to its increase at the expense of mortality in both genders from somatic
diseases and in males from external causes.
(N. Omelianets)
2.3.5.2 Mortality of the Chernobyl catastrophe survivors
There were two classifications of survivors used in Ukraine after 1991 (Buzunov et al., 2011;
Omelyanets et al., 2011a). First one was introduced in the former USSR in 1986 for persons
exposed to radiation as a result of the Chernobyl NPP accident. Survivors were subdivided into 4
accounting groups and 5 categories of observation. First group of accounting included the accident
and its consequences clean-up workers in the controlled zone. Second group comprised the
evacuees, third one spanned the inhabitants of territories of observation and migrants out of there.
Fourth group included children born from irradiated parents. Another i.e. second classification was
approved by the national legislation in 1991 (see List of the designations, abbreviations and terms).
By 1991 the number of registered persons has increased almost 6-fold and as of 1998 more than 11fold. After that their population decreased due to deaths, change of residence, and the exclusion
from the group of survived children after they reach the adulthood.
After 1991 the first classification continued to be used in the healthcare statistical reporting forms
#15 and #16 and in the SRU. Data of forms #15 and #16 for the most part were each year
summarised and published by the MH in statistical reference data books. The last one was issued in
2007 (Statistical handbook, 2007). The first classification is also used as a building block in SRU.
The second classification was of countrywide application being applied for registration of citizens
recognised the Chernobyl catastrophe victim as in accordance with the law. It was the basis for
planning of arrangements on liquidation of consequences of catastrophe, financing and provision of
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social, health, and radiological protection of victims and general population. According to this
accounting the number of survivors exceeded the number registered in healthcare system by more
than 600,000. Having regard to the above we have repeatedly expressed the opinion that existence
of these two incompatible classifications of survivors and respective reporting forms is the source of
confusion both at the national and international levels regarding data on their number in the country
and estimates of health effects (Omelyanets et al., 2011b).
Today the health assessment in survivors (except for cohort studies) can only be based on the MH
data before 2007. Health estimates in survivors by the groups established by the national legislation
cannot be made.
Figure 2.3.6 shows the highest mortality rate in inhabitants of the RCT which were exposed to
relatively high doses of acute irradiation in 1986 and to low-dose chronic irradiation later for 19
years (Statistical handbook, 2007).
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Figure 2.3.6 - Mortality rates
in survivors of the Chernobyl
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The clean-up workers who were exposed to acute irradiation at high doses when they participated in
the emergency works especially in 1986-1987 the trend of increasing mortality are on the second
place. Evacuees i.e. those who were briefly exposed to increased levels of radiation until evacuation
are third in descending order of mortality rates. Children born from irradiated parents occupy the
fourth place. Particularly intense mortality increase occurred upon 2000 i.e. 15 years after the onset
of exposure. Mortality of children born from irradiated parents was highest among all the observed
paediatric population (i.e. evacuees, living in the RCT, and born from irradiated parents). Until
1994 its level was 6-fold higher vs. mortality in evacuated children.
The analysis shows that DCS, cancer, diseases of respiratory and digestion organs are the leading
causes of death in adult and adolescent survivors. The most dramatic increase of mortality from
diseases mentioned above was within 15 years after the catastrophe.
Some changes in mortality structure occurred by the 20-th anniversary of the catastrophe. Increase
of mortality rate due to DCS (116.5-131.3 per 10,000 survivors vs. 68.0-71.0 in total population in
2000-2004) was a main feature. Share of DCS in the structure of causes of death reached 67.9%.
Mortality rate due to diseases of digestive organs increased by 46.8%. Mortality rate due to cancer
almost has not changed for this period. Levels and proportion of mortality due to diseases of
respiratory and endocrine systems decreased at that. Consequently the increase of mortality rates
occurred in the entire group of the survived adults and adolescents mainly due to diseases of DCS
32

and digestive organs. Mortality due to DCS in survivors was nearly twice the mortality in
population.
Injuries and poisonings were the leading cause of death (33.8%) in survived children. Congenital
malformations were at the second place (16.2%). In a due course however the death rates from them
have decreased (from 0.24 per 1,000 in 1992 to 0.11 in 2004). Mortality from diseases of the
nervous system in 2004 appeared at the third place. Fourth place in mortality rates was shared by
cancer and certain disorders originating in perinatal period (8.8%). Mortality from former decreased
and from latter increased. No significant differences in mortality rates between the survived
children and paediatric population of the country were found.
In the absence of data on radiation doses it is impossible to establish any link between the mortality
rates in survivors and impact of ionising radiation.
Not any other new peer reviewed publications on this problem are available.
In virtue of the already published data (Omelyanets et al., 2011a; Omelyanets et al., 2015) we can
conclude that 30 years later:
1) more than 1,800,000 survivors representing more than two thirds of their total number still live in
the zones of radiological contamination in Ukraine; there are more than 400,000 children among
them; there are no data on their radiation doses which diminish the validity of estimates of health
effects of acute and long-term radiation exposure;
2) mortality rates in population of RCT are higher vs. in population of Ukraine in general;
3) share of non-cancer diseases and of DCS in particular increased in the structure of causes of
death;
4) the worst mortality rates among all survivors including the affected children are peculiar to those
born from irradiated parents.
(N. Omelianets)
2.3.6 Demographic losses
It is well known that various natural and social disasters (earthquakes, epidemics, wars, revolutions,
catastrophes) give rise to the human or demographic losses. Both last mentioned are estimated in
demography by the changes in number and composition of population. Taking into consideration
the scale of the Chernobyl catastrophe it was important to determine an impact of its consequences
on this parameter.
The only research on the analysis and assessment of demographic losses after the Chernobyl
catastrophe was conducted in the NRCRM concerning at that only data available for Ukraine
(Omelianets et al., 2015). Level of losses was assessed by the number of unborn children,
premature deaths and migrated outside in zones of radiological contamination since 1979 till 2004.
Values for the most heavily contaminated territories were compared vs. control and vs. average
values for oblasts and the entire country.
It was established that demographic loss is from the birth rate decrease, excessive mortality, and
forced migration of population after the catastrophe in Ukraine. Since 1986 till 2003 urban areas in
radioactively contaminated rayons born less on average 8 newborns per one thousand population
and in rural areas on average 11 of them. There were on 4 and 2 newborns less, respectively, in
control populations. The rate of loss due to unborn children per 1,000 females of childbearing age
increased from 8 in 1986 to 76 in 2001, i.e. in 9.5 times. In 2003, 17 years after the catastrophe it
amounted to 41.1 per 1,000 females of childbearing age. Values in the control rayon and the
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national average were the same and amounted to 14.2 per 1.000 females, i.e. been 3-fold lower.
Contribution of females aged 20-29 years to the total value of losses due to unborn was most
pronounced. There was "not received" from 39 children (Poltava oblast) to 215 kids (Narodichy
rayon) per every thousand in the post-accident period. In Ukraine this index was 15.5.
The post-accident period in Ukraine was characterized by high mortality rates (Omelianets et al.,
2007, 2011). Excessive mortality evolved mainly in population of 60 and more years old (86% of
total losses). At younger ages, on the contrary, there was a slight increase in saved lives. The
greatest decrease in absolute number of deceased children was observed at the age of 1 year (about
3.0 % of total losses). Through 1986-2003 the loss of population of working age (15-59 years)
ranged from 7.5 % (Zhitomir oblast) to 12.3 % (Kiev oblast) of the total amount of losses and was
lower than in the control rayon (16.8 %) and Ukraine as a whole (18.7 %). This lower level of
losses can be associated with a lower proportion of persons in this age group in the population of
the affected oblasts.
The greatest loss of population was due to deaths from non-cancer diseases, primarily from diseases
of circulatory system. They are responsible for about 40.0 % of female and almost 24.0 % of the
male losses. Neoplasms have occupied the second place in structure of losses especially in
contaminated rayons. Their contribution to the total loss of population in 1986–2003 accounted for
35.1 % while being 15.9 % in the country as a whole. The major part of human losses from
neoplasms occurred in the age group of 45-75 years old. The scale of mortality from external causes
became threatening in the post-accident period. Population size and structure have worsened due to
the migratory losses. They were within entire period of observation in Zhitomir oblast, at most since
1994 in Kiev oblast, and since 1996 in the control Poltava oblast. In the rayons of radiological
contamination losses ranged from 10,400 to 28,300 being only 2,400 in the control population. As a
result of intensive outflow of young people, mostly female, the demographic basis of population
reproduction was radically compromised in rural areas. Features and peculiarities of demographic
losses identified in the most heavily contaminated oblasts suggest to the increasing depopulation
there and loss of their labour potential both with deterioration in social, economic and household
fields. To resolve these issues the continued recovery of radiologically contaminated territories is
required up to the pre-accident condition by the radiation factor. This will provide an opportunity to
mitigate social and psychological stress in survivors, strengthen demographic setting for
childbearing, and stop chronic exposure to low radiation doses being a basis for the formation of
destructive changes in organisms of humans and excessive mortality.
(N. Omelianets)
2.3.7 Vital index of the population
Vitality index i.e. birth-death ratio was used in our research as an integral indicator of health in the
RCT population. It is calculated as ratio of births to deaths within a population during a given time.
When the value of the index is over five over a year the population is considered viable and has a
good ability for reproduction. In case of an index value less than one the population is considered
inviable.
Table 2.3.7 shows that since 1990 population of the most intensively contaminated Zhitomir and
Kiev oblasts had begun to lose vitality. A year later the overall Ukrainian population had become
inviable. The lowest values of vital index were observed in 2001 i.e. on the fifteenth year after the
catastrophe. In Zhytomyr and Kiev oblasts this decrease is primarily the result of the drop of birth
and increasing of mortality in the most radioactively contaminated rayons as result of the Chernobyl
catastrophe. Until the end of 2012 it had never reverted. In Volyn and Rivne oblasts far-field from
the accident site the vital index under one occurred since 1995 and 1999 respectively. Years with
lowest registered values were virtually the same as nationwide. Twenty years after the disaster it
began to return to pre-accident level.
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Table 2.3.7 – Vital index of population in the most intensively contaminated oblasts and in Ukraine
overall in 1986-2012
Years Zhytomyr oblast
Kiev oblast
Ukraine
Volyn oblast
Rivne oblast
1986
1.29
1.30
1.40
1.73
1.97
1989
1.04
1.11
1.15
1.49
1.67
1990
0.92
0.95
1.05
1.36
1.49
1991
0.89
0.83
0.94
1.16
1.35
1995
0.68
0.58
0.62
0.92
1.08
1996
0.68
0.57
0.60
0.93
1.03
1997
0.65
0.55
0.58
0.89
1.05
1998
0.60
0.51
0.58
0.89
1.03
1999
0.54
0.46
0.53
0.80
0.94
2001
0.49
0.43
0.50
0.78
0.88
2002
0.50
0.46
0.52
0.79
0.86
2005
0.52
0.51
0.54
0.79
0.88
2006
0.56
0.55
0.60
0.88
0.98
2007
0.59
0.58
0.62
0.91
0.98
2008
0.62
0.65
0.67
0.99
1.05
2009
0.69
0.72
0.73
1.05
1.13
2010
0.69
0.69
0.71
1.03
1.14
2011
0.74
0.75
0.76
1.06
1.24
2012
0.75
0.77
0.79
1.12
1.28
Note. Cell shading delineate areas of population invitality; figures in bold show minimum values during the
observation period.

Among the all 74 RCRs a vital index value of more than one in 1986 was in 26% of rayons (Gunko
and Dubova, 2012). In 1999 their number decreased almost 3.5-fold. In the eleven RCRs where coauthors and we conduct a research at NRCRM (table 2.3.8) the vital index value in 2012 ranged
from 0.47 (Narodichy rayon) to 2.35 (Rokitny rayon).
It was the worst in rayons of Zhitomir and Kiev oblasts. Since 1991 till 2012 the decline was
statistically significant (p<0.05) in six of them. In Kamin-Kashyrsky, Ivankov, Zarichne, Rokitny
and Sarny rayons the decrease was insignificant. The worst indices were in the most intensively
contaminates Narodichy and Polesskoe rayons.
Table 2.3.8 – Vital index of inhabitants of radiologically contaminated rural rayons and Ukraine by
the size of grouping in 1986-2009
Distribution of rayons according to vital index, %
Years
Vital index
0.51-1.0 1.01-1.5
1.51-2.0
2.01-3.0
<0.51
>3.0
Ukraine
1986
1.9
57.8
24.9
9.4
5.6
0.4
1.04
1990
16.9
61.1
16.4
4.4
1.2
0.0
0.81
2000
65.5
30.2
3.5
0.8
0.0
0.0
0.49
2009
43.5
50.0
5.5
1.0
0.0
0.0
0.64
RCR
1986
4.1
69.9
9.6
8.2
6.8
1.4
0.98
1990
31.5
52.1
9.6
2.7
4.1
0.0
0.69
2000
78.1
13.7
4.1
4.1
0.0
0.0
0.47
2009
61.7
30.1
4.1
4.1
0.0
0.0
0.57
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The data received indicate that there are not only ill-being in population regarding birth rate and
mortality rate indices but also the reduction of its vital index due to oligonatality and high mortality.
(N. Omelianets)

2.3.8 Disability
The disability of survivors is a main peculiarity of the health consequences of the Chernobyl
catastrophe.
After the Chernobyl catastrophe the examination to evaluate the disability in connection with
exposure to ionizing radiation was introduced in the former USSR. In Ukraine the law regulates an
establishment of a causal link with the disease and the Chernobyl catastrophe impact (Law of
Ukraine, 1991) and the Order of MH (Order MH, 1997; Order MH, 1997a). The list of diseases for
which a causal link can be identified with the impact of ionising radiation or other harmful factors
in survived adults and children was set by Order (1997a). The Law stated that the relationship of
disease and disability is determined regardless of the radiation dose to a survivor. According to the
State classification these survivors are attributed to #1 category of Chernobyl disability.
Unfortunately, the problems of disability due to exposure to ionising radiation was considered or
concerned neither in national nor in international studies on Chernobyl health effects for 30 years.
Most fully this problem is addressed only in the Statistical handbook (2007) and National Ukrainian
Report (2011).
Published data suggest the following conclusions:
1. Over the last 29 years there was a constant increase in the number of disabled people from 9,040
in 1992 to more than 100,000 (Table 3.2). Their share among survivors is increasing and now
reaches 5.59%.
2. Among persons with disabilities the proportion of survivors, namely evacuees and residents of
contaminated territories is increasing in recent years.
3. Among persons with disabilities up to 3,500 disabled children are registered annually. In 2013
there were almost 2,700 of them.
Table 3.2 – Time pattern of the number of Chernobyl catastrophe survivors and persons assigned
the #1 category of Chernobyl disability
Parameters
All survivors
Including:
clean-up workers:
of these, #1 category (disabled)
other survivors:
of these, #1 category (disabled)
Total #1 category (disabled)

2009
2,317,147

2011
2,210,605

2013
2,132,257

2015
2,025,141

268,003
255,862
243,456
222,498
66,613
66,489
67,509
63,210
2,049,144
1,954,743
1,888,801
1,802,643
43,895
46,240
49,249
50,058
*)
*)
*)
110,508/4.76 112,729/5.09 116,758/5.47 113,268/5.59*)

Note. *) in the denominator - percentage share in the total number of survivors

4. For all the period after the catastrophe a large number of emergency workers and evacuees live
within contaminated territories. Radiation doses to them are not known. Health effects from longterm chronic exposure have not been studied.
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5. In recent years the primary tumours, the DCS, and diseases of the nervous system are the
considerable cause of disability.
6. Disabled survivors aged less than 40 years are characterised by a large proportion of cases due to
malignant neoplasms, DCS, and diseases of the nervous system vs. unexposed disabled persons of
this age.
7. The problem of disability in children is insufficiently taken into account within system of
evaluation of the Chernobyl NPP accident health affects. The pattern of their disability by cause is
different from that in children in Ukraine as a whole.
8. In the national classification of survivors there was one other category – a person being the legal
guardian of a child whose parent had died because of the Chernobyl catastrophe impact. We imply
here the deaths from diseases caused by the Chernobyl catastrophe or its consequences. According
to the government statistics there were 24,024 such cases in 2009; 26,862 in 2010; 28,588 in 2011;
30,599 in 2012; 32,406 in 2013; and 35,033 in 2015. I.e. from 2009 to 2015 their number increased
by 11,009 people. Given that cancer is a cause of disability in more than 50% of cases it can be
assumed that this disease (cancer) might be the cause of more than a half of all deaths.
(N. Omelianets)
2.3.9 Non-cancer Health Effects
2.3.9.1 Children's health
Health deterioration of the child population is one amongst the most unfavourable biomedical
consequences of the Chernobyl catastrophe (Fetisov et al., 2008; Yablokov et al., 2009; Stepanova,
2011a). Despite intensive efforts and arrangements on its preservation and restoration, there is a
decrease of proportion of the apparently healthy subjects among all population groups of the
survived children. There is also a 3.12-fold increase of the crude incidence rate of all diseases in
children 0 through 14 years old since the Chernobyl catastrophe (Stepanova, 2011a; Stepanova et
al., 2011b).
The true reasons of children's health deterioration remain debatable with controversial role of
radiation. Largely it is due to a limited application of epidemiological research tools for the
available data analysis and improper dosimetric support of both clinical and just epidemiological
studies.
Further prospective and retrospective radio-epidemiological studies using the refined whole-body
count (WBC) measurements and ecological model dose estimations in conjunction with findings
from animal toxicological studies should help to elucidate the possible radiogenic health effects
associated with chronic low-dose internal exposure to 137Cs (Jelin et al., 2015). Some
epidemiological studies were conducted recently in the field of low-dose radiation impact on the
specific body systems in children.
The available data show a statistically significant reduction in red and white blood cell count,
platelet count and haemoglobin content along with the 137Cs soil contamination density increase at
the place of residence. Over the six-year observation period the hematologic indices were
improving. This improvement was more pronounced for the platelet count and less for the red blood
cell count and haemoglobin content in children exposed to higher radiation doses born before the
catastrophe. There was no interaction with exposure time for the white blood cell count in the 702
children who were born after the catastrophe. The initial exposure gradient persisted in this subsample of children. Another study has provided the first longitudinal data analysis for a large cohort
of children after the Chernobyl catastrophe. Findings suggest the persistent adverse haematological
effects associated with residential 137Cs exposure (Stepanova et al., 2008).
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According to study findings, the other research project was expedient using more comprehensive
exposure assessment including the individual WBC measurements of 137Cs (Bq·kg-1). The crosssectional study sample examined within 2008-2010 included 590 children in the age of 0-18 years
old. Children with higher individual (radio)activity in the body (WBC data) had a significantly
decreased haemoglobin content with both lowered erythrocyte and platelet count. Effect of highincorporated activity on a decreased platelet count was only seen in children over 12 years old.
Average by village activity value of 137Cs (kBq·m-2) in soil was only indirectly associated with a
decreased blood count with accounting the 137Cs body content as an intermediate variable. Children
in this study were born at least 4 years after the catastrophe thus being exposed to low doses of
ionising radiation from the 137Cs. This cross-sectional study indicated that low levels of radiation
exposure might be associated with a decreased blood count. However, we cannot exclude that these
results are due to impact of some residual confounding factors (Lindgren et al., 2015).
Epidemiological analysis on serum concentration of the main classes of immunoglobulins (IgG,
IgA, IgM) in children living in the settlements with different density of 137Cs soil contamination
showed a strong correlation of residential soil contamination in 2008 with individual body burden
by the 137Cs. Serum IgG and IgM concentrations had increased between 1993 and 1998. Children
from the locations with higher 137Cs soil exposure had lower serum IgG levels, which however was
increased in a small cohort surveyed between 1997 and 2010. Children within the fourth quintile of
137
Cs soil exposure (266-310 kBq·m-2) had higher IgM serum concentrations between 1993 and
1998 however with further decline between 1997 and 2010. These findings indicate to the radiationrelated alterations of immunoglobulin content, which by itself is not an adverse health effect.
Further investigations therefore are necessary to understand how these deviations affect the health
status (McMahon et al., 2014).
Decreased content of the main classes of immunoglobulins, imbalance of immunoregulatory T-cell
subpopulations, and depressed phagocytic activity of neutrophilic granulocytes with secondary
immunodeficiency onset in children living on contaminated territories were stated by various
researchers (Sheikh Sajjadieh et al., 2010; Sheikh Sajjadieh et al., 2011; Kolpakov et al., 2011;
Stepanova et al., 2010; Baleva et al., 2011)
Taking into account a significant protective role of IgA at the respiratory mucous membranes the
children and adolescents with low level of IgA were considered at a high risk of respiratory diseases
with an appearance of pulmonary disease which steady increase was observed along the postaccident period (Stepanova et al., 2003).
Predisposition to prolonged natural history of a disease is noticeable along with an increased
incidence of respiratory disorders in the survived children. Bronchial hyperresponsiveness,
abnormal function of pulmonary surfactant system, activation of free-radical reactions, and
depression of local protective factors in respiratory organs revealed in child population of
contaminated territories is the basis for that. Assay of the fatty acid content by the gas liquid
chromatography in an expired breath condensate (EBC) revealed the lipid peroxidation process
against a background of a depressed antioxidant properties of pulmonary surfactant and metabolic
disorders of polyunsaturated fatty acid at the stage of the bioregulator-eicosanoid formation
(Parkhomenko et al., 2012).
Epidemiological analysis showed that children living in villages with soil 137Cs contamination at the
highest quintile were 2.6 times more likely to have a forced vital capacity (FVC) <80% of predicted
value [95% confidence interval (CI), 1.07-6.34] and 5.08 times more likely to have a ratio of forced
expiratory volume in 1 sec (FEV1) to FVC <80% (95% CI, 1.02-25.19). We have found a
statistically significant evidence of both airway obstruction (FEV1/FVC %, peak expiratory flow,
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and maximum expiratory flow at 25%, 50%, and 75% of FVC) and restricted forced vital capacity
correlating with an increasing soil 137Cs contamination (Svendsen et al., 2010).
In 2008-2010, a consecutive cross-sectional study conducted in the same pediatric population used
whole body burden of 137Cs as a refined measure of the individual exposure. The decrements in
percentage predicted the FEV1/FVC ratio and an increased odds of bronchodilator responsiveness,
restrictive impairment, and FVC less than lower limit of normal were associated with a log increase
in weight-adjusted 137Cs whole-body burden. Thus, children in the region just outside of the
Chernobyl contamination zone continued having radiation-related respiratory disorders as recently
as in 2010 (Svendsen et al., 2015).
These disorders were combined with some abnormal indices of non-respiratory lung function such
as reduction of respiratory moisture and aerosol excretions from respiratory organs being
accompanied by a falling concentration of superficial active substances from pulmonary surfactant
and by a decrease in phospholipids and total lipids in its content. Intensification of oxidative freeradical processes in the EBC was revealed. It is evident from the rise of a light sum indices and
amplitude of instantly flash-initiated chemiluminescence of EBC. Inhibition of antitrypsic EBC
activity indicating a decrease in the local respiratory protection was established (Parkhomenko et
al., 2008; 2009; 2010).
Functional abnormalities of cardiovascular system were revealed in the 40.0% of children exposed
to ionizing radiation on the contrary to the 14.5% (p<0.05) in the control group. The sinus
tachyarrhythmia was registered on the ECG in 32.0% of cases, bradyarrhythmia – in 45.0%, signs
of moderate and pronounced metabolic disorders in the heart muscle – in 42.4% and 3.8%,
respectively. Data from rheographic studies of the regional hemodynamics were characterised by
the signs of dystonia and presence of venous stasis often with blood flow interhemispheric
asymmetry, pronounced tendency to increased vascular tone, decreased pulse rate and rate of
arterial circulation in the extremity vessels. Decreased stroke and minute volumes of blood,
significant incidence of hypotonic (22.3%) and dystonic (31.5%) reactions to a physical loading,
more intensive and less efficient work of ventilation apparatus both with reduction of some
efficiency indices were established in a "steady condition" by assessing the indices of the central
hemodynamics and external respiration using dosed physical load of the average intensity. The
increase of oxygen debt (by 14.8%, p<0.05), total oxygen inquiry to work (by 22.6%, p<0.01),
periods of restoring to the initial indices of pulmonary ventilation (by 18.6%, p<0.02), and oxygen
consumption (by 20.1%, p<0.01) after loading were indicative of that (Stepanova et al., 2011b).
Autonomous neural regulation of cardiovascular system in children of both major groups differed
by the insufficient input from sympathoadrenal system during a physical exercise that can be
attributed to characteristic features of vegetative homeostasis in this period (Kondrashova et al.,
2014a).
Some experts consider the abnormal pathways of health deterioration with an increased incidence of
multifactor disease from the following points. According to contemporary opinions, the cell nuclei
and membranes are the most sensitive targets for ionising radiation. The free-radical pathways are
activated under the radiation impact leading to origination of the active toxic oxygen species. Lipid
peroxidation is a key link between a radiation impact and damage to membranes with disorders of
their structure and functions (Vartanian et al., 2010).
Cellular capacity for a specific function is closely related to the properties of its surface. Radiation
exposure induces numerous structural displacements in cellular membranes that remain for a long
time upon irradiation episode and lead to the functional cellular disorders (Benderitter et al., 2003).
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The red blood cells being ontogenically and phylogenically linked to many tissues originated from
mesenchima represent a universal model for evaluation of the impact of a range of factors including
radiation on cellular membranes. All that provides considering the superficial erythrocyte
membrane as the most available study subject reflecting the state of cellular membranes is the
organism.
A decrease of discocyte number with an increase of pre-haemolytic and degenerative forms was
observed in children residing in radiation-contaminated territories. A concavo-concave discoid
shape of normal erythrocytes i.e. discocytes is optimal for the gaseous exchange. Structural
abnormalities of superficial membrane in erythroid cell population were most pronounced in a
group of children having the incorporated 137Сs level from 6845 to 16522 Bq (Stepanova et al.,
2013a).
Abnormal shape and surface relief of superficial erythrocyte membrane is a sign of membrane
destabilisation not only in these cells but a reflection of cellular membrane damage in a body as a
whole.
Significant disorders of submicroscopic organisation of intracellular organelles especially of
mitochondria in circulating lymphocytes are established. The most expressed abnormalities were
found in children having the incorporated 137Сs level exceeding 6845 Bq. Structural and
dimensional variability of mitochondria was noted both with an increase of the condensed-type
mitochondria number and a decreased number of organelles of a canonical configuration.
Appearing of the giant forms was specified. Swollen mitochondria, unclear outer membranes,
unclear mitochondrial cristae with their abnormal orientation, and pallor or homogenisation of some
organelle matrix were observed. Sometimes mitochondria with an almost disordered structure were
found (Stepanova and Litvinets, 2013b).
Impact of ionising radiation gives place to mDNA damage, 80-90% activity decrease of key
enzymes of mitochondrial energy metabolism, and leads to enzymatic activity dyscoordination in
the Krebs cycle and glycolysis. Secondary mitochondrial failure occurs being attributed to disorders
of cellular bioenergetics. Pathogenetic pathways of mitochondrial diseases induced by ionising
radiation are represented by the organ and tissue functional incapacity stipulated by the lack of
energy (Beregovskaya and Maiboroda, 1995; Gritsuk et al., 2002).
A suppressed activity of cellular succinate dehydrogenase is a cytochemical marker of abnormal
mitochondrial energy production, whereas an increased serum lactate level and abnormal ratio of
lactate to pyruvate are the biochemical markers here.
Some efforts are applied to elucidate the pathophysiological pathways of these disorders. It is
believed that a launch of the free-radical oxidation and lipid peroxydation under the impact of
unfavourable environmental factors including radiation are the trigger for such effects. It was shown
that the consequences of a low-dose radiation impact on human are of systemic (syndromic) nature
possibly sharing some mutual pathogenetic pathways linked to mitochondrial activity (Kovalenko
and Kovalenlo, 2008).
Thus, the review of available literature data for the recent years indicates that low doses of ionizing
radiation received after the Chernobyl catastrophe can lead to dysfunction of some organs and body
systems and give place to deterioration of children health. The latter is characterized by a decreased
number of apparently healthy children in population and respective increase of number of children
with chronic somatic diseases.
(E. Stepanova, S. Igumnov)
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2.3.9.2 Diseases of the Circulatory System
The results of health monitoring in survivors testified the graceful deterioration of their health.
According to the annual health check-ups since 1988 till 2010 the number of healthy persons among
clean-up workers in Ukraine decreased from 62.0% to 3.1%, among the adult evacuees from 67.7%
to 18.7%, and among all the inhabitants of RCT from 41.3 to 12.3%. The proportion of clean-up
workers with chronic diseases increased from 12.8 to 83.1%, and of evacuees from 31.5 to 80.3%
(Health indicators, 2010).
Studies conducted at the NNCRM (Buzunov et al., 2010, 2011a; Pirogova et al., 2010; Voychulene,
2011; Krasnikova et al., 2013) on survivors registered in the SRU and Clinical and Epidemiological
Register (CER) only for NNCRM indicated the increased incidence of DCS in the clean-up workers
and evacuees. The highest incidence levels were recorded 12 to 22 years after the exposure. In RCT
residents the level had increased within first 10 years.
The epidemiological studies proved a relation between these diseases and external radiation doses
in a range of 0.05-1.0 Gy. The greatest risks were established in the clean-up workers who were
exposed at the age less than 40 years. Risk levels and RR excess were found at doses of 0.25-0.7
Gy.
A link of an increased incidence of disease in the cohort of RCT residents with accumulated
radiation doses in the range of 21-50 mSv for the period from 1988 to 2010 was also credible.
The data obtained are to some extent consistent with the results of health monitoring in Hibakusha
i.e. the A-bombing survivors in Japanese cities of Hiroshima and Nagasaki (Shimizu et al., 2010;
Preston et al., 2003). Previously an increased incidence of DCS was observed in the clean-up
workers residing in Russia (Ivanov et al., 2006).
Using the pooled data on morbidity and mortality we can recognise that impact of ionizing radiation
due to the Chernobyl catastrophe was the cause of DCS in the clean-up workers, evacuated adults
and adult residents of RCT. Morbidity and mortality occur in survivors at a younger age than in the
entire population.
(N. Omelianets)
2.3.9.3 Neuropsychiatric effects
The opinions on the point of genesis of the Chernobyl neuropsychiatric aftermath are extremely
controversial. At the same time, the cerebral effects of low doses of ionizing radiation, especially
the cerebrovascular disease and cognitive impairment are in the focus of research interest
worldwide (Bazyka et al., 2013a, b, 2014; Loganovsky, 2012, 2013). This sub-chapter is an
overview of the recent peer reviewed publications and proceedings of international conferences and
evidence-based studies on neuropsychiatric effects of the Chernobyl. There are recognised ones
among them and also those not been fully recognized by the International community.
An increasing pool of data supports the radiosensitivity of the central nervous system (CNS). There
are several mechanisms of radiocerebral effects, namely the disrupted neurogenesis in the
hippocampus, changes in the gene expression profile, neuroinflammatory response, neurosignaling
alterations, apoptotic cell death, cell death and injury mediated by secondary damage, “glialvascular union”, etc. At the same time, the cortical-limbic system is a target for the radiation brain
damage where hippocampal neurogenesis dysfunction is crucial (Loganovsky, 2009, 2012;
Marazziti et al., 2012; Picano et al., 2012).
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It is axiomatic that the developing brain is extremely radiosensitive. The problem of brain damage
in utero as a result of the Chernobyl catastrophe is highly discussible. An extrapolation of the
Japanese atomic bombing experience and the general medical radiological experience on
radiological accidents at the Chernobyl NPP and probably at Fukushima Daiichi NPP also is
incorrect because of presence of internal prenatal exposure to radioiodine in these nuclear accidents.
The World Health Organization (WHO) in 1992–1995 implemented a pilot project «Brain Damage
in Utero» within «International Program on the Health Effects of the Chernobyl Accident»
(IPHECA). Analysis of the results in Belarus, the RF and Ukraine showed the following facts: 1)
prevalence of mild mental retardation in children exposed in utero is higher than the same in the
control groups; 2) increasing trend in the incidence of emotional and behavioural disorders in
children exposed in utero; 3) increased prevalence of borderline neuropsychiatric disorders in
parents of prenatally exposed (WHO, 1996). However, these results have not been definitely
recognized internationally. Possible relation of neuropsychiatric effects and doses of prenatal
exposure remained unstudied, whereas the assessment of mental health of children exposed in utero
and aetiology of neuropsychiatric disorders revealed in them is still contradictory.
In this regard a thorough research was performed in Ukraine in 1998–2004 within the framework of
the French-German Initiative for Chernobyl, looking at potential effects of prenatal exposure on the
brain. The 154 children born between 26 April, 1986 and 26 February, 1987 to mothers evacuated
from the city of Pripyat to Kiev, and 143 of their classmates were examined. Among children of
Pripyat there were 52 (33.8%) persons with equivalent dose to the thyroid gland in utero >1 Sv,
and 20 (13.2%) of them had a dose of fetal exposure >100 mSv. In the prenatally exposed examined
children no cases of severe mental retardation or microcephaly were found. A significantly
increased incidence of abnormal psychological development, emotional-behavioural and organic
mental disorders and paroxysmal states were diagnosed in them. In prenatally irradiated children the
full scale of intellectual quotient (IQ) was lower due to lower values of verbal IQ, which caused
higher frequency of disharmonious intelligence. When a disharmony of IQ (nonverbal IQ - verbal
IQ) in the prenatally exposed children exceeded 25 points it was correlated with fetal irradiation
dose. Mothers of both groups had similar verbal abilities, however, the evacuees experienced a
significantly greater real stressful events, having higher level of depression, posttraumatic-stress
and somatoform disorder, anxiety, insomnia and social dysfunction (Nyagu et al., 2004).
According to Bromet et al. (2011) the very young children and those exposed in utero who lived
near the plant when it exploded or in severely contaminated areas have been the subject of intensive
research, but the findings are inconsistent. Recent studies of prenatally exposed children conducted
in Kiev (Nyagu et al., 1998, 2004; Loganovskaja, Loganovsky, 1999; Loganovsky et al., 2008,
2012; Loganovsky, 2015), Sweden (Almond et al., 2007), Finland (Huizink et al., 2008), and
Norway (Heiervang et al., 2010) found out the specific neuropsychiatric impairments associated
with radiation exposure in utero that could increase the risk of neurodevelopmental disorders.
In prospective studies conducted in Ukraine the disharmony of intelligence due to the lowering of
verbal IQ appears to be a radioneuroembryological effect of prenatal exposure as a result of
accident at a nuclear reactor. We suggested already in our first studies a prevailing violation of the
dominant left cerebral hemisphere, especially its cortical-limbic structures, in children irradiated in
utero as a result of the Chernobyl accident (Loganovskaja, Loganovsky, 1999). Later we came to
conclusion concerning a disrupted development of the left (dominant) brain hemisphere after
prenatal exposure from the Chernobyl disaster (Loganovsky et al., 2008, 2011; Loganovsky, 2012,
2015; Loganovsky and Loganovskaja, 2013).
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In the Ukrainian-American prospective studies in about 300 exposed persons and their 300 nonexposed classmates they have found neither neurobehavioral nor cognitive disorders in persons
exposed in utero in Ukraine (Bromet et al., 2000, 2011; Litcher et al., 2000; Taormina et al., 2008;
Bromet, 2015), as well as in Israel study of the prenatally exposed immigrants from the former
USSR to Israel (Bar Joseph et al., 2004). Much more negative self-evaluations of the evacuees
were linked to a number of risk factors, including multiple hospitalizations, health risk perceptions,
and epidemiologic risk factors. The increased rate of thyroid cancer and other diagnoses no doubt
contributed to the evacuees’ less positive subjective health. The strong effect of the mothers’
perceptions argues in favor of developing of the risk communication programs for families rather
than for mothers or adolescents as separate target groups (Bromet et al., 2009). However, neither
individual radiation doses in utero estimations, nor verbal intellectual abilities assessments were
applied in these studies.
In Belarusian prospective mental health studies of the 250 prenatally exposed vs. 250 non-exposed
persons at the age of 6−7, the prenatally irradiated children had lower averaged full IQ and low IQ
(80−89) rate excess. However, at the age of 10−12 and 15−16 years old there were no statistically
significant differences between IQ in exposed and control groups. No statistically significant
correlation was found in the exposed group between individual thyroid dose in utero as well as
individual antenatal external dose and IQ at the age of 6−7, 10−12, and 15−16 years old. However,
a sub-group of persons with the highest external antenatal doses (more than 30 mGy) has relatively
lower mean full IQ vs. the whole exposed group at the age of 6−7, 10−12, and 15−16 years. An
increased risk of emotional disorders also was found in the exposed group. Visual characteristics of
electroencephalograms (EEG) in both examined groups did not differ significantly (Igumnov, 1996,
2001, 2009, 2015; Kolominsky et al., 1999; Igumnov, Drozdovitch, 2000, 2002, 2004).
In Belarus they have come to conclusion that a decisive role in the origin of borderline intellectual
functioning and emotional disorders in prenatally exposed children was played by the unfavourable
socio-psychological and socio-culturological factors (Igumnov, 1996; Kolominsky et al., 1999;
Igumnov, Drozdovitch, 2000, 2001, 2002, 2004), although the average IQ of the most exposed ones
(with doses to the thyroid in utero >1 Gy) was lower compared to all other exposed children
(Igumnov, Drozdovitch, 2000). Moreover the neurophysiological abnormalities in prenatally
exposed persons in Belarus were normalized and their EEG did not differ from the non-irradiated
controls (Igumnov, 2001, 2009). They came to conclusion that the borderline intellectual
functioning and emotional disorders in the exposed group of children are due to unfavourable
psychosocial and sociocultural factors such as a low educational level of parents, break of
microsocial contacts and difficulties of adaptation, which appeared in the wake of evacuation and
relocation from the contaminated areas. However, the hyperkinetic disorders, disorders of scholastic
skills and borderline intellectual functioning at a junior school age could be regarded as significant
predictors of stable conduct disorders at adolescent age (Igumnov and Drozdovitch, 2002). Thus the
cognitive and mental disorders in prenatally exposed residents of Belarus are attributed mainly to
the social and psychological factors (Igumnov, 2015).
The radiation risks of cerebrovascular disease in liquidators were reported at radiation doses >0.15
Gy (Ivanov, 2007). Radiation risks of mental disorders and cerebrovascular disease including the
mortality from stroke in liquidators were found at doses >0.25 Gy (Buzunov et al., 2011a). There is
a significantly increased level of mental and behavioural disorders, vascular dementia, alcohol
abuse, dysthymia and PTSD in liquidators and evacuees. Liquidators have an increased incidence of
organic mental disorders, namely depressive, anxiety, emotional labile (asthenic), and personality
ones (Loganovsky et al., 2011). Prevalence of alcohol dependence syndrome and alcohol abuse is
significantly increased in liquidators (Postrelko et al., 2013; Laidra et al., 2015). These syndromes
develop secondarily as a result of the already arisen mental disorders (Postrelko et al., 2013).
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Cognitive impairment induced by ionizing radiation is a paramount neuropsychiatric effect.
Experimental exposure to low radiation doses (0.2–0.6 Gy) of rats has proved a resulted severe
neurocognitive hippocampus-dependent deficit (Britten et al., 2012). Postradiation cognitive
disorders mainly at the level of Mild Cognitive Impairment (MCI) have been constantly reported in
liquidators (Zhavoronkova et al., 1998, 2006, 2012; Polyukhov et al., 2000; Turuspekova, 2002;
Antipchuk, 2004; Gamache et al., 2005; Antypchuk et al., 2008; Loganovsky, 2009, 2012, 2015;
Loganovsky et al., 2009, 2009a, 2015, 2015a; Volovyk et al., 2010; Bazyka et al., 2013a, b, 2014;
Krasnov et al., 2015) and the Acute Radiation Sickness (ARS) survivors (Antypchuk, 2003;
Loganovsky and Zdorenko, 2012).
The neurocognitive deficit in the Chernobyl catastrophe survivors with PTSD is higher than that in
Afghanistan war veterans. The “postradiation” PTSD is characterized by a projection of fear and
insecurity about the future (“anticipatory stress”) concerning cancer, congenital malformations in
the descendants, etc. The risk of stroke and atherosclerosis is increased in liquidators with PTSD, as
well as dysfunction of neocortex, hippocampus, and deep cerebral structures (Loganovsky and
Zdanevich, 2013).
A significant number of consistent studies was recently published on the neurophysiological
(Zhavoronkova et al., 1995,1998, 2006, 2008, 2010, 2012; Loganovsky and Yuryev, 2001, 2004;
Loganovsky et al., 2011; Denisuk, 2004; Mel’nikova et al., 2010), neuropsychological
(Zhavoronkova et al., 1998, 2006, 2008, 2010, 2012; Polyukhov et al., 2000; Turuspekova, 2002;
Antypchuk, 2004; Gamache et al., 2005; Loganovsky et al., 2009a, b, 2011; Loganovsky and
Zdorenko, 2012), neuroimaging
(Bomko, 2004; Kholodova et al., 2007; Kholodova,
Zhavoronkova, 2011) and neuroimmune (Bazyka et al., 2013a, b, 2014) deviations in liquidators in
whom as a whole the organic brain damage was verified. Summarising the results of these studies it
should be emphasized that various authors independently found the comparable and/or even the
same evidences of neurocognitive deficit, cerebrovascular disease, and accelerated aging of the
CNS in liquidators of the Chernobyl accident.
The radiation-induced neuropsychiatric effects include accelerated aging and neurodegeneration
(Polyukov et al., 2000; Bazyka et al., 2004; Kholodova et al., 2007) which could be associated with
cell senescence and telomere changes (Bazyka et al., 2013a, 2014). Polymorphic disorders in the
clean-up workers cohort, which fit into the concept of psycho-organic syndrome, are based on the
multifactorial aetiology and specific pathogenesis with the influence of biological, psychological,
and social factors. The complex of these factors leads to early onset of cerebrovascular disease that
manifests as a variety of symptom-complexes with the core symptom-complex of cognitive
impairment (Krasnov et al., 2015). Moreover, the demyelinating disorders of the nervous system
including multiple sclerosis in exposed people should be constantly monitored. Preliminary data
testify to the excess of multiple sclerosis in population of the most RCT in Ukraine (Kolosinskaja,
2011).
The dose-related cerebral abnormalities following an exposure to >0.3 Gy doses and radiation brain
markers at doses >1 Gy (Acute Radiation Sickness) were revealed by the NRCRM staff
(Loganovsky and Yuriev, 2001, 2004; Bomko, 2004; Denisuk, 2006; Loganovsky et al., 2011;
Loganovsky, 2012, 2015;). We had proposed the cortical-limbic dysfunction in the dominant
hemisphere as an important cerebral mechanism of neuropsychiatric effects following exposure to
radiation (Loganovsky and Loganovskaja, 2013) that has been independently confirmed by the fact
of cognitive auditory event-related potentials impairment in liquidators (Zhavoronkova et al., 2010,
2012). At the same time some other authors (Mel’nikova et al., 2010) believe that dysfunction of
the left hemisphere is only the first step in the development of psycho-organic syndrome in
liquidators.
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Loganovsky and Loganovskaja (2000) suggested a possible role of ionizing radiation in the genesis
of schizophrenia spectrum disorders. Exactly due to the left-hemispheric fronto-temporal
dysfunction and shizotypal features on the base of the diathesis-stressor hypothesis it was proposed
that ionizing radiation could be a risk factor for schizophrenia spectrum disorders (Loganovsky and
Loganovskaja, 2000; Loganovsky et al., 2005) that is still at issue. However, recently the radiation
exposure of adults was considered a new model of schizophrenia (Iwata et al., 2008) and the same
have been shown in experimental radioneuroembryological schizophrenia models (Korr H. et al.,
2001) including the nonhuman primates (Schindler et al., 2002; Selemon et al., 2009; Friedman and
Selemon, 2010; Selemon and Friedman, 2013).
Loganovsky (2000) first suggested the Chronic Fatigue Syndrome (CFS) as a characteristic aftereffect of radio-ecological disaster. Currently, the National Chronic Fatigue Immune Dysfunction
(CFIDS) Syndrome Foundation (NCF, USA) has officially the link between CFS and radiation
exposure in low doses (http://www.ncf-net.org/PressReleases.htm#nal). A prospective study of
personnel working on transformation of the Chernobyl NPP Object “Shelter” into an ecologically
safe system showed that exposure to radiological (0–56.7 mSv, М±SD:19.9±13.0 mSv dose) and
industrial risk factors may lead to the onset of cognitive CFS characterized by a dysfunction of
cortical-limbic system mainly in the dominant (left) hemisphere with an important involvement of
hippocampus. An effect of selection of the “radiation resistant worker” was found. That is the
individuals who have been earlier exposed to radiation with no any health consequences were more
resistant to further irradiation (Perchuk, 2010; Loganovsky et al., 2015, 2015a).
Thus, radiation exposure has multiple effects on the brain, behaviour and cognitive functions. These
changes depend largely on the radiation dose.
Summarising, the mental health and neuropsychiatric consequences of the Chernobyl catastrophe
could be outlined as follows: 1) psychological and psychosomatic disorders; 2) long-term
disturbance in mental health including the alcohol abuse; 3) celebrovascular and other organic
diseases of the CNS, 4) cognitive disorders; 5) effects on the developing brain; 6) potential
radiocerebral effects, 7) CFS, 8) suicides. Further prospective psychological-psychiatric and
neuropsychiatric studies with an advanced dosimetric support on the base of analytical
epidemiology are urgent (Loganovsky, 2015).
There is a strong necessity to improve the system for neuropsychiatric care for the Chernobyl
disaster survivors. This system should include the intensive neuropsychiatric, emergency
psychological and psychiatric crews, networks of crisis and rehabilitation centers, neuropsychiatric
outpatient and inpatient units in the general hospitals.
Further studies on biological mechanisms of low-dose related cerebral effects in Chernobyl
survivors with the radiation doses verification are necessary.
(K. Loganovsky)

2.3.9.4 Genetic effects
Issue of genetic effects in the first and further generations of descendants of the exposed parents is
even more challenging and yet unsolved.
Exposure to radiation in pregnancy after the A-bombing in Hiroshima and Nagasaki had led to no
increase of congenital malformations of dysplastic nature in children. However, there was an
increased incidence of somatic and mental retardation mainly in those exposed at the gestation
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terms of 8 to 15 weeks. Mental retardation was accompanied by a small head size in some children
(Otake and Schull, 1998).
No reliable evidence of genetic abnormalities in suffered children population is stated in the
conclusions of the Chernobyl Forum (Chernobyl's Legacy, 2006.).
Contrary to the above-mentioned statement the epidemiological study by Wertelecki et al. (2014)
has shown one of the highest incidence of neural tube malformations in Europe, blastopathy,
microcephaly, and microphthalmia (Yuskiv et al., 2004) in children born on contaminated territories
in Ukrainian Northern Polessye (Rivne oblast). The available results are sufficient to justify the
continuation and expanding of studies on malformations in regions of chronic low-dose radiation
impact in Ukraine.
To assess possible mutagenic and teratogenic effects of environmental factors including ionizing
radiation, it is proposed to study the incidence of congenital birth defects, sentinel phenotypes, and
minor birth defects as well (Stepanova et al., 2007).
It has been established that the exposure to radiation during organogenesis leads to development of
morphogenetic variants with minor birth defects. The younger the gestational age and the higher the
radiation dose, the more minor developmental abnormalities are presented in a child (Stepanova et
al., 2007).
Results of cytogenetic studies indicate the increased incidence of stable and unstable chromosometype aberrations in children residing on the contaminated territories of Ukraine. The incidence
positively correlated with level of radioactive contamination and radiation dose to the fetal bone
marrow (Pilinskaia et al., 2011; Stepanova et al., 2002).
Phenotypes of children born upon father’s participation in the clean-up work after the Chernobyl
catastrophe featured multiple small developmental abnormalities in association with a complex of
signs characterizing the connective tissue dysplasia syndrome. More than half of them have had the
syndrome of heart structures connective tissue dysplasia (HSCTD) with a broad spectrum of minor
developmental abnormalities. The prolapse of mitral and tricuspid valves, and abnormal left
ventricular chords were most prevalent at that.
Children suffering HSCTD had mainly a dysplastic type of somatic development i.e. the asthenical
organization of the body with poor muscular development (Kondrashova et al., 2014).
In the study by Dubrova et al. (1996) the frequency of mutations in children born in heavily
contaminated areas of the Mogilev oblast in Belarus after the Chernobyl catastrophe was found
twice as high as in the control group. Mutation rate in families from the Mogilev province
correlated with the level of 137Cs soil contamination being consistent with radiation induction of
germline mutations.
Similar data were received within examination of the family members in the region of Techya River
(Dubrova et al., 2006).
Increase in 5.6 times of mutation rate in microsatellite DNA fraction was registered in children born
in families of the Chernobyl clean-up workers after the accident vs. their older brothers and sisters
born before father’s participation in the Chernobyl catastrophe clean-up works (Weinberg et al.,
2001).
Radiation disorders induced in parental germ cells can be revealed in descendants at various stages
of ontogenesis. The “small” mutations persisting in heterozygous state and giving place to the
hereditary structures destabilization are presumably realized in the postnatal period. Vorobtzova
(2006) predicted this phenomenon being the basis of the so-called “physiological inferiority” and
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decreased vital capacity of descendants of exposed parents. Multiple dismorphic abnormalities,
visceral dysplasia, and increased incidence of chromosome aberrations and mutations of
microsatellite DNA-fraction can be the consequences of inherited genome instability in descendants
of irradiated persons (Barber et al., 2006). All that predispose to disorders of adaptation to existing
conditions, increased risk of development and realization of multifactor disorders, and health level
decrease in children born from parents exposed to ionizing radiation.
Nowadays the possible pathways of trans-generational instability are studied and extensively
discussed. The possibility to predict the genetic consequences of radiation impact on human, the
goal of genetics for the last five decades, is however far from reality. Nevertheless, just now they
suppose that the trans-generational instability can increase the cancer risk and risk of congenital
malformation in offspring. Possibly due to the progress in the new contemporary technologies some
answers will be found to the numerous yet unclear questions and issues associated with the
development of unfavourable effects in children exposed to low-dose ionizing radiation and
children born from the exposed individuals.
(E. Stepanova, S. Igumnov)
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3 REHABILITATION

3.1 Ukraine
In recent years the governing authorities of oblasts, which suffered from the Chernobyl catastrophe,
have continued to implement the measures to mitigate its consequences. Main attention was focused
on radiological, social, and economic rehabilitation of the contaminated territories. The purpose was
to return them to a normal life, to provide people with work and create the opportunities for the
towns, cities, settlements and citizens to realize their economic potential.
Realisation of the measures mentioned above was conducted in Ukraine according to the «State
Program on liquidation of consequences of the Chernobyl catastrophe for 2006-2010» (Program 1
Ukr, 2006). This program was mainly focused on the completing of the process of economic
recovery of the inhabited territories outside the exclusion zone and other settlements and locations
heavily populated with evacuated people in order to realize further social, medical and
psychological rehabilitation and radiation protection. The scheduled measures also included the
financing from the state budget, development of legal background for the solution of rehabilitation
issues, as well as the increase of the radio-ecological knowledge level and informing/education of
population and staff that conduct measures on liquidation of consequences of the catastrophe. The
framework of the program also included elaboration of the State program of rehabilitation of
contaminated territories.
Unfortunately this program was not fully realized (Recommendations, 2012). It was stated by the
Parliament of Ukraine that the Cabinet of Ministers of Ukraine had introduced no projects on the
following:
- creation of legal mechanisms to stimulate the steady development of contaminated territories;
- intensification of industrial activity and increase of their investment attractiveness;
- solution of the problems of complex social and economic development of the territories and places
of compact residence of evacuated of people;
- launch of agricultural production on these territories;
- providing survivors with housing.
Supplying the radiologically safe agricultural products, restoration and development of traditional
branches of agriculture on contaminated territories has not been provided. No work has been done
on the budget program “Radiological protection of the population and ecological improvement of
sanitary conditions of the territory exposed to the radioactive contamination”. Since 2008 no works
have been financed on soil lime treatment, and since 2009 – on radiological examination of lands,
evaluation of efficiency of counter measures, special programmes in stock-raising, purchasing the
equipment for radiological control, its repair and maintenance, fire-prevention measures in forests,
dosimetric monitoring. Nowadays the liquidation of the consequences of the catastrophe has been
conducted outside the state program framework. The CMU has submitted no draft for the review by
the Parliament of the State program of liquidation of the consequences of Chernobyl catastrophe for
2012-2016, and later for 2014-2018. Deadline of the final submission of the project was repeatedly
postponed and the last date was in May, 2013. However, there is no Program up to now.
There is no long-term strategy for liquidation of the consequences of the Chernobyl catastrophe in
Ukraine yet. Some issues of the further measures on liquidation of the consequences of the
catastrophe are outlined in Recommendations (2015). In particular, it was recommended that the
CMU should submit for consideration to the Parliament the draft of the State program for
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overcoming the consequences of the Chernobyl catastrophe for 2016-2026. The following measures
are envisaged for consideration there:
- improvement of health care and sanitary conditions of people survived after the Chernobyl
catastrophe as well as providing them with medicines;
- complex social and economic development of the territories, which were exposed to radioactive
contamination and places of compact residence of evacuated people;
- providing the catastrophe survivors with housing;
- monitoring the radiological consequences of catastrophe, manufacturing of radiologically safe
agricultural products;
- radiation protection of population and ecological improvement of sanitary conditions of territories
exposed to the radioactive contamination;
- informing the citizens on the issues of radiation conditions at the territories;
- providing of scientific research works and information systems.
It was also suggested that some amendments should be introduced to the laws in connection with
the liquidation of the zone of the intensive radio-ecological control with respect to the requirements
of the State hygienic norms “Radiation Safety Standard of Ukraine_97” (RSSU_97) and the results
of dosimetric passportization of populated areas. Unfortunately, up to November 1, 2015 no
decision has been adopted on the official level of Ukraine on the measures for the 30-th anniversary
of the Chernobyl catastrophe.
Taking into account all the stated above it is to be supposed that the liquidation of the Chernobyl
catastrophe consequences in Ukraine will take the indefinitely great while.
(N. Omelianets)

3.2 Belarus
The existing health programmes in Belarus, Russia and Ukraine are different for the convalescents
of acute radiation sickness, clean-up workers, population of contaminated territories, and the entire
population.
To realise these goals the Council of Ministers has adopted two government programs in Belarus.
On 11.01.2006 the Council of Ministers of the Republic of Belarus approved the State program for
2006-2010 (Program 1 Bel, 2006). It was aimed at the socio-economic and environmental
rehabilitation of radio-contaminated territories, creation of conditions for economic activities
without restrictions by the radiation factor and further reducing of the health risks.
The medical part of the Program was aimed at a special healthcare supervision (clinical
examination) of about 1,300,000 people affected by the disaster including about 260,000 children.
This population is under the control for malignant tumours of the thyroid gland, nodular and
multinodular goitre, malignant tumours of respiratory tract organs, breast, and digestive system. The
function of the State Register was provided within Program framework by filling it with data on
health state of the survived population.
The implemented sub-program "Children of Chernobyl" within the Presidential program "Children
of Belarus" covered the health resort treatment and rehabilitation of the survived population.
On December 31, 2010 the Council of Ministers of the Republic of Belarus issued a Resolution
#1922 approving a new State Program for 2011-2015 and for the period up to 2020 (Program 2 Bel,
2011). Its objectives are to reduce further the risk of adverse health effects in the Chernobyl
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catastrophe survivors, facilitate the transition from rehabilitation of territories to their sustainable
economic and social development with the obligatory provision of radiation safety requirements.
By the end of 2014 there were 1,600,000 people, including 261,500 children and adolescents (0-18
years old) under a special healthcare supervision (outpatient check-up) in healthcare institutions of
Belarus. During the year 2014 the 1,500,000 people were examined, including 261,500 children and
adolescents. The costs for the health check-ups of population amounted to 647,8 billion Roubles of
the National Bank of Belarus (about 43,200,000 US Dollars at the exchange rate in 2014). The
number of citizens involved in the local programs of health rehabilitation is about 89,800 including
81,500 children (Bashilov et al., 2015). The State Registry branches are launched in 207 healthcare
institutions of Minsk city and regions with a total number of 278,800 registered people (Program 2
Bel, 2011).
According to the Resolution of the Council of Ministers of the Union State of December 13, 2013,
No 21, the Program of joint activities to overcome the consequences of the Chernobyl disaster for
the period until 2016 was approved within the framework of the Union State of Russia and Belarus
activities (Program 3 Bel, 2016).
The objective of the Program is to improve the overall policy on life safety of citizens of Belarus
and Russia who were exposed to radiation as a result of the Chernobyl catastrophe as well as the
quality of life of the people living within contaminated territories; and to ensure a cooperation
between Russia and Belarus in case of emergency response at the contaminated territories. For this
purpose keeping with the Unified Chernobyl Register of Belarus and Russia the joint study group
was formed from citizens of Russia and Belarus with high radiation risk of various radiationinduced diseases. The uniform standards for diagnosis and treatment were developed.
Despite a large scope of work conducted in Belarus, the consequences of the Chernobyl catastrophe
are not yet eliminated. As of January 1, 2010 the area of farmland contaminated with 137Cs was
1,021,200 hectares of which 350,600 hectares also contaminated with 90Sr. From 2000 to 2010 the
area of such land has decreased by 21% (from 1,297,000 to 1,021,200 hectares). The total area of
contaminated territories of Ukraine, Belarus and Russia is 145,000 km2. The 1,400,000 people
including 222,800 children and adolescents affected by the Chernobyl catastrophe are under a
special healthcare supervision in the country. Health check-ups covers the 100% of children and 9899% of adults (Program 2 Bel, 2011).
(S. Igumnov)

3.3 Russian Federation
The regions of the RF most affected by the Chernobyl catastrophe are Bryansk, Kaluga, Orel and
Tula. As of January 1, 2011 (Rus. nat. report, 2011) in the areas of radioactive contamination were
4,414 settlements, inhabited by about 1,600,000 people, also in the areas of radioactive
contamination of the Bryansk, Kaluga, Orel and Tula regions - about 1,200,000 people. In just 25
years among the liquidators (this is a little more than 190 thousand people) died from all causes of
about 40 thousand people. The most common cause of death was chronic ischemic heart disease
(1,763 cases), and in the group of solid cancers the greatest contribution was made by malignant
tumors of the bronchi and lungs (485 cases). Herewith overall mortality of the liquidators,
according to the data of the National Report (Rus. nat. report, 2011) does not exceed the
corresponding values or the male population of Russia.
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According to the results of monitoring it can be concluded that nowadays in areas contaminated by
the Chernobyl catastrophe, the radiation situation has been stabilized (Bruk et al., 2014). By 2014,
the population dose due to the Chernobyl catastrophe has been significantly reduced. In 13 of the 14
regions of the RF affected by the Chernobyl catastrophe there are no localities where the average
dose of the critical groups of population exceeded 1.0 mSv·year-1. Only in 299 settlements of the
Bryansk region the average annual radiation dose to the critical group of the population still exceed
1.0 mSv·year-1. Wherein the maximum value of the average annual dose of critical groups of
inhabitants is 5.9 mSv·year-1, and for all the inhabitants of settlements as a whole - 3.1 mSv·year-1.
However, the maximum radiation dose, which locals could receive in the absence of radiation
protection and self-restriction in consumption of local foods (SGED90), is 8.0 mSv·year-1.
With RF Government Decree of October 8, 2015 N0 1074 (Decree, 1074) was approved a new
version of the list of settlements subjected to radioactive contamination as a result of the Chernobyl
catastrophe. From contaminated areas were excluded 558 settlements, and 383 settlements were
converted to a lower level of contamination in connection with a change in the radiation situation.
The list of benefits for the citizens living in the contaminated areas has not been changed.
During the period 1992-2010 by the Government of the RF have been adopted and implemented
four federal (state) targeted programs for overcoming the consequences of the Chernobyl accident
(1993, 1996, 1997 and 2001, respectively), four programs for the protection of the child population
(1990, 1993, 1997 and 2000.), and two programs for providing housing for the liquidators of the
Chernobyl accident (1995 and 2002). Furthermore, in 1998-2010 was carried out the complex of
measures within the framework of the three Russian-Belarusian programs of joint activities to
overcome the consequences of the Chernobyl catastrophe within the Union State (1998, 2002 and
2006). About 80% of the total quantity of work has been carried out in the framework of targeted
programs, which have been implemented in 1992-1995 (Rus. nat. report 2015). Since 2002 all
activities on overcoming the consequences of the Chernobyl accident have been carried out in the
framework of the federal target program "Overcoming the consequences of radiation accidents for
the period up to 2010". In generally, within the framework of programs of overcoming the
consequences of the Chernobyl accident succeeded to perform a significant amount of work: in the
1992-2010 were put into operation more than 1,300,000 m2 of total area of residential buildings,
schools for more than 19,000 pupils, hospitals with 3,827 beds, outpatient clinics for more than
10,000 visits per shift, gas and water supply networks with a total length of more than 4,000 km,
roads with total length of over 880 km, and others.
Up for now, had two targeted programs:
- Government of the RF of February 12, 2011 N0 186-p has adopted the federal target program
“Overcoming the consequences of radiation accidents for the period up to 2015” (Fed. Program2011);
- The Council of Ministers of the Union State on May 24, 2013 N0 2 has adopted a joint program of
“The program of joint activities to overcome the consequences of the Chernobyl disaster within the
Union State for 2016” (Union Program-2013).
The objectives of the programs are differed in some ways. The Federal program has focused mainly
on social and economic development of the affected regions, while the Union program aimed at
harmonizing legislation in the field of security of residents of the affected regions, cooperation
between Russia and Belarus to the emergency response, development and effective use of advanced
technology medical care and rehabilitation.
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The results of the Programs implementation are widely published (Rus. nat. report, 2011; Bel. nat.
report, 2011; Analytical report, 2013; Chlistun, 2014). Certain joint actions of Ukraine and Russia
were carried out to eliminate the health effects of the Chernobyl catastrophe (Serdiuk et al., 2011a).
Establishment of the National Radiation and Epidemiological Registry (NRER) - was a progressive
step in the elimination of the Chernobyl catastrophe consequences in the RF. Its objective is to use
the results of medical observation of the registered citizens to provide them with the addressed
health care and to make prognosis regarding medical radiological consequences, including the
long–term ones. The Medical Radiological Research Center of A.F. Tsyb provides the unified
federal database register with the scientific-methodological basis and organizational-technological
support. NRER functions since 1986. The Russian State Medical Dosimetric Register has become
its basis. It was part of the Soviet Union Distributing Register, established by the USSR MH in
1986, soon after the Chernobyl disaster.
NRER provides supervision to all the subjects living in Russia exposed to ionizing radiation as a
result of radiation accidents. It includes 12 categories of those exposed to ionizing radiation
resulting from the Chernobyl catastrophe. Among them the following categories exist: Category 1
(CHAES-1): acute radiation sickness, category 2 (CHAES-2): handicapped, category 3 (CHAES-3):
clean-up workers 86-87, category 4 (CHAES-4): clean-up workers 88-90, Category 5 (CHAES-5):
employed (alienation zone), category 6 (CHAES-6): evacuees, category 7 (CHAES-7): living (zone
with the right of resettlement), category 8 (CHAES-8): living (resettlement zone), category 9
(CHAES-9): employed (resettlement zone), category 10 (CHAES-10): those who left, category 11
(CHAES-11): military, Category 12 (CHAES-12): descendants.
At present the United Federal Register database contains information from 9,563,495 forms. The
total number of registered in the NRER subjects is 804,597. Of those currently 530,245 people are
under the observation.
The particular feature of the NRER is that it is common for Belarus and the RF. Unlike in Ukraine,
its data are the basis for majority of international "Chernobyl" Programs. Unfortunately, the data of
the NRER in the RF are not fully comparable with Ukrainian ones in SRU due to certain differences
in observation categories.
The results of the NRER observation and generalization are regularly published in the Bulletin of
the National Radiation and Epidemiological Registry (Radiation & Risk. Bulletin). The latter has
been published since 1992 with the periodicity of 4 issues per year. Its publications summarize the
major radiological and medical consequences of the Chernobyl catastrophe.
Establishment and maintenance of the International Chernobyl Project Portal (ICRIN) is one of the
important achievements of Russia.
(S. Igumnov, N. Omelianets)
3.4 Future of the radioactively contaminated territories
Data stated above show that the Chernobyl catastrophe and its aftermath caused considerable
environmental and public health impact. Countermeasures managed by the authorities of affected
states expectedly still have not enough result on the Chernobyl catastrophe consequences, i.e. the
effects were reduced to some extent.
Even 30 years after the catastrophe the passport radiation dose exceeded 1 mSv·year-1 in 541
settlements out of the 2,302 ones where the dosimetric passportization was provide in Ukraine.
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Doses in the range of 1-5 mSv·year-1 were assessed in 26 settlements. According to the Law of
Ukraine as of 1.01.2015 the zone of strict radio-ecological control (‘zone 4’) was excluded from the
list of radioactively contaminated ones. As a result more than 1,287 settlements with population of
about 1,600,000 people including more than 300,000 children were qualified as not contaminated
ones. However, the government has not approved the list. At the same time, the country has in fact
stopped to conduct the radiation protection of population and rehabilitation of RCT with
settlements, and monitoring of radioactive contamination levels. Given the fact that natural
rehabilitation processes are not sufficient (Kaschparov et al., 2011) and the radionuclides of
caesium, strontium, transuranium elements and their fission products will be maintained in
contaminated soils for hundreds of years one may expect a very long period until the pre-accident
conditions will appear. Actually the contaminated territories have become a radiation geochemical
province of anthropogenic origin. Moreover, for all subsequent years its inhabitants and their
descendants will be the subjects of post-accident extra exposure to ionising radiation. With
humanistic, scientific, and applied points of view the living conditions and health of these people
should be the key issue within state activities. Returning of these territories to the pre-accident
radiation levels should be an objective here. Scientists should have the opportunity to investigate
the effects of such unique phenomena as radiation geochemical province of anthropogenic origin on
nature and public health.
To solve these problems Bazyka and Omelianets (2014) have made suggestions on possible concept
of elimination of consequences of the Chernobyl catastrophe in Ukraine in the current century.
Authors suggest considering zones of radiation hazard, contaminated lands, and radiobiological
province among the RCT in Ukraine. Zones of radiation hazard include the territory of the
exclusion zone and part of the zone of obligatory (compulsory) resettlement from where the
population have been already resettled. Contaminated lands correspond to the part of zone of
obligatory (compulsory) resettlement from where the population was not yet resettled and the zone
of guaranteed voluntary resettlement where the irradiation doses are greater than 0.5 mSv·year-1.
The radiobiological province comprises the territory of zone of guaranteed voluntary resettlement
and of a strict radio-ecological control in which the radiation dose will not exceed 0.5 mSv·year-1.
In the zone of radiation hazard it is proposed to implement the measures envisaged by the Concept
of the exclusion zone of the Chernobyl NPP in Ukraine (Concept, 2012) and the Law of Ukraine on
the removal of the Chernobyl NPP from operation and Shelter Object conversion into an
ecologically safe system (Law of Ukraine, 2009). As we have mentioned above both experts and
practitioners for many years cannot come to a consensus concerning the return of evacuees and
possibility of the “Chernobyl tourism” (Chernobyl-tour, 2015). There has been a debate on the
establishment of the Chernobyl exclusion zone biosphere reserve i.e. a reserved area (Baryakhtar et
al., 2015). The Parliament of Ukraine requested the CMU to accelerate the preparation of proposals
for the establishment of the reserve (Recommendations, 2015).
In the zone of radiation contaminated land the liquidation of consequences of catastrophe it is
recommended to be continue subject to the provisions stipulated by the requirements of the current
Chernobyl legislation. In the zone of radiobiological province it is proposed to abolish any
measures of limitation of additional exposure of population, and to create the conditions for secure
economic activity, residence and employment of population without restrictions due to the radiation
factor if the dose from additional exposure does not exceed 0.5 mSv·year-1, and finally to continue
the monitoring of radioactive contamination. Radiation protection of population should be based on
the requirements of the Radiation Safety Standard of Ukraine_97 (RSSU_97). Residents of this
zone should continue to have the status of the Chernobyl catastrophe survivors and corresponding
healthcare supervision. Preferences can be set only to the persons with diseases for which a causal
link can be identified with the impact of ionising radiation or other harmful factors. Descendants of
irradiated people are of a particular concern. In the absence of funding in the healthcare system after
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2008 no information was summarised on the health of children born to persons who were children
at the time of the accident. In this regard, the ability to track the stochastic effects of radiation,
teratogenic and genetic disorders is lost.
These propositions are put forward for the further scientific justification of objectives and measures
to eliminate the consequences of the catastrophe in remote period, and of the State program for
overcoming the consequences of the Chernobyl catastrophe for 2016-2026.
(N. Omelianets)
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4 FUKUSHIMA: HEALTH EFFECTS ASSOCIATED WITH THE NUCLEAR
CATASTROPHE

For the Fukushima part of the report, the authors largely relied on dose information from the IAEA,
UNSCEAR and WHO that is publicly available, as well as on findings reported in peer-reviewed
scientific articles available to date. In light of the experience with IAEA and WHO data on
Chernobyl, there are clear constraints when using available, and rather limited, data on Fukushima.
A critique of this information is however not within the scope of this report, but this uncertainty
should be considered when assessing future health estimates. We recommend sufficient support for
peer-reviewed scientific studies on estimations of dose exposure from Fukushima.

4.1 Radiation Exposure 5 years later
The Chernobyl catastrophe for the first time in the history of mankind provided a vast amount of
information on health effects of radiation in a wide dose interval. After almost thirty years of
research a lot of answers have been obtained to the key questions in radiation biology and radiation
protection. However some issues are still not clear and need more concern and understanding in the
future.
The observed health effects of Chernobyl could be divided into major groups: effects due to
ionizing radiation (high-dose and low-dose); effects due to a combined action of radiation and
confounding factors; and effects due to influence of psycho-social factors (Serdiuk et al., 2011).
Such division thus providing a background for the assessment of radiation effects is to a great extent
an artificial one as the majority of diseases including the stochastic effects exhibit a multifactorial
origin and could be triggered by a set of mutations combined with an incapability of the
homeostatic systems. Such approach should be applied to the health effects of Fukushima too.
The Fukushima Daiichi nuclear accident on 11 March 2011 was a consequence of the 9.0
magnitude Tōhoku earthquake and the following tsunami. A series of ongoing equipment failures in
several units of the power plant led to releases of radioactive material into the atmosphere and the
seawater. Based on these emissions, the accident was regarded as a level 7 (major accident) on the
International Nuclear and Radiological Event Scale (INES) (Thielen, 2012).
The Government of Japan recommended the evacuation of about 78,000 people living within a
20-km radius of the power plant and the sheltering in their own homes of about 62,000
other people living between 20 and 30 km from the plant. Evacuation of these people was
performed between March 12 and mid-June 2011. Later, in April 2011, the Government
recommended the evacuation of about 10,000 more people living farther to the north-west of
the plant (referred to as the deliberate evacuation area) (UNSCEAR, 2014).
The United Nations Scientific Committee on the Effects of Atomic Radiation (UNSCEAR) experts
considered atmospheric releases of iodine-131 and caesium-137 (two of the more significant
radionuclides from the perspective of exposures to people and the environment) in the ranges of 100
to 500 petabecquerels (PBq) and 6 to 20 PBq, respectively. These estimates are lower, indicatively,
by a factor of about 10 and 5, respectively, than corresponding estimates of atmospheric releases
resulting from the Chernobyl accident. Winds transported a large portion of the atmospheric
releases to the Pacific Ocean. In addition, liquid releases were discharged directly into the
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surrounding sea. The direct discharges amounted to perhaps 10 and 50 per cent of the corresponding
atmospheric discharges for iodine-131 and caesium-137, respectively; low- level releases into the
ocean were still ongoing in May 2013 (UNSCEAR, 2014). Media reports since that date indicate
that these releases remain ongoing (Stapczynski 2015, Takenaka 2015), though there are no peerreviewed publications so far to confirm that.
So, the environmental impact of the Chernobyl accident was much greater than of the Fukushima
accident on land. For Chernobyl, a total release of 5,300 PBq (excluding noble gases) has been
established, while for Fukushima - of 520 (340–800) PBq. In the course of the Fukushima accident,
the majority of the radionuclides (more than 80%) was transported offshore and deposited in the
Pacific Ocean. In contrast to Chernobyl, no fatalities due to acute radiation effects occurred in
Fukushima (Steinhauser et al., 2014). Recently published estimates suggest total release amounts of
12–36.7 PBq of 137Cs and 150–160 PBq of 131I. (Aliyu et al., 2015).
From the end of March to early April 2011, extremely high activities were observed in the coastal
surface seawater near the Fukushima NPP. 134Cs release in the North Pacific Ocean was estimated
to be 15.3 ± 2.6 PBq. The amount of 137Cs released by the Fukushima NPP accident increased the
North Pacific inventory of 137Cs due to bomb testing during the 1950s and early 1960s by 20%.
(Inomata et al., 2015).
In regard to the long-term effects of radioactive contamination in the environment, 137Cs is the most
important radionuclide, both in Chernobyl and Fukushima-1. The contaminated area around
Chernobyl is more than 10 times larger than Fukushima-1. It is noteworthy, however, that although
the Chernobyl NPP is surrounded by land, the eastern half of the surroundings of Fukushima
Daiichi NPP is in the Pacific Ocean, and most of the discharged radioactivity from Fukushima-1 is
believed to have streamed toward the ocean, blown by the prevailing westerlies over Japan
(Imanaka et al., 2015). However, it should be mentioned the higher population density in Japan
compared to the population density around Chernobyl, to account for the fact that even though the
area of terrestrial contamination may be smaller, this does not mean less people are affected.
The nuclear catastrophe following the Great East-Japan earthquake and tsunami has indicated
several important conclusions albeit not final ones. Firstly, the probability of large-scale accidents
occurred to be higher than estimated before, thus showing a need for further development of
radiation protection. The need for increased international preparedness for the accidents is an
important conclusion. Input of the international organizations (IAEA, UNSCEAR, ICRP, WHO
etc.) was substantial; reports and recommendations exhibit high levels of expertise (UNSCEAR,
2014).
At the same time, the media has a lot of consistent critical reports of lack of efficacy of the Japanese
authorities and the Tokyo Electric Power Company (TEPCO) in preventing and overcoming the
consequences of the accident at the Fukushima Daiichi NPP for the environment and health,
inadequate information policy and risk communication, hiding, late, contradictory and even falsity
of official information about the actual scale of the disaster with the underestimation of its
consequences. As well as, it is considered that the radioactive pollution of the Pacific Ocean is
significantly higher than expected.
According to the Center for Marine and Environmental Radioactivity Woods Hole Oceanographic
Institution (http://www.whoi.edu/cmer), the release of radioactive contaminants from Fukushima
remains an unprecedented event for the people of Japan and the Pacific Ocean. In the aftermath of
Fukushima - after years of relative complacency - the public and policymakers have expressed
renewed concerns about radioactive contamination. In addition, radioactive wastes have piled up
without safe places to store them.
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In web-media there is information on peculiarities of environmental and health effects. Due to the
wind direction to the East, the majority of radioactive release of the Fukushima Daiichi NPP
catastrophe fell into the Pacific Ocean, As a result, the ground radioactive contamination was not as
severe as it could have been if all of the radioactivity released had fallen on the terrestrial
compartment.. We hypothesize that consumption of seafood, which is naturally rich in stable iodine
(Shih-Wen Huang, 2005; National Academy Press, 2001; Mason, 2011), may play a significant role
in the prevention of the thyroid gland exposure to radioactive iodine. In particular, seaweed
consumed may contain up to 2110 µg/g (dry weight) of iodine (van Netten, 2000). Indeed,
according to a literature-based analysis (Zava & Zava, 2011), daily iodine intake from edible
seaweeds in Japan is amongst the highest in the world and was estimated at between 1,000 and
3,000 µg/day, based on dietary records, food surveys, urine iodine analysis and seaweed iodine
content. For comparison, daily recommended dietary intakes of iodine are in the range of 90
µg/day (for children of 1 to 8 years old) to 290 µg/day (for lactating females) (National Academy
Press, 2001; Mason, 2011). At the same time, daily iodine intake by the Ukrainian population was
reported at 44.7 µg/day and 48.1 µg/day (median and geometric mean, respectively) in a duplicate
portion study from 25 regions in Ukraine (Shiraishi et al., 2009). Therefore, the traditional Japanese
diet provides a high level of iodine intake and resulting saturation of thyroid with iodine. The latter
not only avoids the iodine deficiency that otherwise predisposes individuals to higher intakes of
radioactive iodine in any nuclear emergency but also may exerts some kind of protective effect.
This could be due to a lower capacity of an already partially iodine saturated thyroid to capture the
radioactive iodine as compared to a thyroid in an iodine deficient/unsaturated state.
Health effects of the catastrophe can be estimated based on the categories (type) of exposed people
and their radiation doses. The exposed groups included the emergency and clean-up workers of the
TEPCO, its contractors and subcontractors, and general population. UNSCEAR latest estimate
for the global average annual exposure to naturally occurring sources of radiation is 2.4 mSv
and the average annual absorbed dose to the thyroid from naturally occurring sources of
radiation is typically of the order of 1 mGy (UNSCEAR, 2014).
Workers. By January 31, 2014 the number of workers that had been involved in the clean-up
activities after March 11, 2011 was 31,386. Of them, 4,086 represented the TEPCO staff, and the
27,297 were employed by contractors or subcontractors. According to their records the average ED
of the 25,000 workers recorded over the first 19 months after the catastrophe was about 12 mSv.
About 35% of the workforce received total doses of more than 10 mSv over that period according to
the records, while 0.7% of the workforce received doses of more than 100 mSv (U3). According to
the MH, Labour and Welfare of Japan there has been no significant internal exposure reported since
October, 2011. The average combined internal and external cumulative ED since March, 2011 till
December, 2013 was reported to be 23.60 mSv for the TEPCO workers and 10.97 mSv for the
contractors (Ministry of Health, 2011).
According to Hasegawa et al. (2015) emergency workers seem to have been successfully protected
from radiation. According to a 2013 TEPCO report, less than 1% of all such workers were exposed
to a radiation dose (effective dose, combined external and internal sources) of 100 mSv or higher;
the average dose was 11.9 mSv. However, the findings of this report from TEPCO cannot be
verified through reference to peer-reviewed publications. Among 173 workers whose exposure dose
exceeded 100 mSv, 149 (86%) were skilled TEPCO workers. The exposure dose of six emergency
workers exceeded 250 mSv; however, no worker received a radiation exposure dose of more than
the reference level recommended by the ICRP, ie, 1000 mSv, to avoid severe deterministic injuries.
Notably, most injuries or illnesses were not related to radiation exposure. The maximum exposure
dose among Japan Self-Defense Force (JSDF) personnel and firefighters involved in the emergency
work was 81.2 mSv. Thus, no acute effects of radiation exposure such as ARS were reported after
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the Fukushima Daiichi NPP accident. Emergency workers seem to have been successfully protected
from radiation. However, for emergency workers with radiation exposure of more than 100 mSv, a
small increase in incidence of cancer attributable to radiation exposure might be expected
(Hasegawa et al., 2015).
The thyroid irradiation doses due to the catastrophe vary in a wide range (Serdiuk et al., 2011). The
UNSCEAR reported on the data of internal exposure for the 12 most exposed TEPCO workers and
confirmed that they had received absorbed thyroid irradiation doses in the range of 2 to 12 Gy,
mostly from inhalation of 131I (UNSCEAR, 2011). Intakes of the more short-lived isotopes of iodine
were not analysed, causing possible dose underestimation. In 5 members of a disaster medical
assistance team of Fukui Prefectural Hospital who have worked on March 15-16 at a distance of 40
km from the Fukushima Daiichi NPP the thyroid activity values were from 249 to 1,082 Bq with an
inverse relationship between age and thyroid activity (UNSCEAR, 2011). For the 12 workers
whose exposure data were scrutinized by the UNSCEAR and in whom the received absorbed the
thyroid irradiation doses from 131I intake were estimated separately in the range of 2 to 12 Gy, an
increased risk of thyroid cancer and other thyroid disease developing can be inferred. According to
the loss of infrastructure there was a delay in the beginning of measuring of the 131I incorporation to
the thyroid gland, so the thyroid irradiation doses in a large proportion of TEPCO and contractor
companies workers have to be reconstructed.
TEPCO reported about more than 160 additional workers who received an ED over 100 mSv,
predominantly from external exposures. Increased radiation-induced cancer risks are suggested for
this group. Of course any statistically significant excess can not be registered in a such limited
group. However, such prognosis is based on some threshold dose values representing the mean
doses in the subjects of analytical studies. The range of doses in cases is broader, i.e. in the
NRCRM leukemia study in cleanup workers the doses varied from 3.7×10-5 to 3.170 mGy. The
experience of Chernobyl demonstrates a need in follow-up examination of all workers, but not only
those having the ED above 100 mSv. They will be specially examined, including the thorough
annual examinations of the thyroid, stomach, large intestine and lungs for the potential late
radiation-related health effects.
Apart from those groups, the in vivo monitoring of the 8,380 members of personnel affiliated with
the United States Department of Defense was carried out between March 11, 2011 and August 31,
2011. About 3 per cent of those monitored had measurable activity levels with a maximum ED of
0.4 mSv and a maximum absorbed dose to the thyroid of 6.5 mGy (UNSCEAR, 2014).
According to the UNSCEAR white paper (UNSCEAR, 2015) no dеtеrministіс effects from
radіаtіon ехроsure have been observed among the workers. Diseases registered during the recovery
operations were not related to radiation exposure. As the dose values were in a low-dose range any
information on the other effects can only be obtained within epidemiological studies at a longer
time period. Follow-up programs would need to be conducted.
General population. The most important early countermeasures after Chernobyl and Fukushima
included evacuation of general population (Serdiuk et al., 2011; UNSCEAR, 2011; UNSCEAR,
2014). The levels of decision making however were different: after Chernobyl the unprecedented
evacuation was performed under the central government decisions, while in Japan the Government
had only recommended the evacuation but the decisions required an adoption at prefectural levels.
In the first days about 78,000 people living within a 20-km radius around the NPP were evacuated
and re-settled mainly within Fukushima Prefecture. For the 62,000 of people living at the distance
from 20 to 30 km from the plant the evacuation was preceded by sheltering. Evacuation was
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performed between March 12 and mid-June 2011. In April 2011 about 10,000 more people living at
the contaminated north-west territories were evacuated (UNSCEAR, 2014).
Individual radiation doses in general population as estimated based on various surveys were low or
very low. Nagataki et al. (2013) reported that the individual external radiation doses, determined by
a behaviour survey in the “evacuation and deliberate evacuation area” (“deliberate evacuation
areas” were designated as the area excluding restricted area where the annual cumulative dose of
radiation was expected to reach 20 mSv·year-1 after the accident ) in the first 4 months, were <5
mSv in 97.4% of residents (maximum: 15 mSv). Doses in Fukushima Prefecture were <3 mSv in
99.3% of 386,572 residents analyzed. External doses in Fukushima City were <1 mSv during 3
months (September–November, 2011) in 99.7% of residents (maximum: 2.7 mSv). Thyroid
radiation doses, determined in March using a NaI (TI) scintillation survey meter in children in the
evacuation and deliberate evacuation area, were <10 mSv in 95.7% of children (maximum: 35
mSv). Therefore, all doses were less than the intervention level of 50 mSv proposed by international
organizations. Internal radiation doses determined by 134Cs and 137Cs whole-body counters (WBCs)
were <1 mSv in 99% of the residents, as was shown by measurements conducted 4 month after the
accident (Hayano et al. 2014) and 33-49 months after the accident (Hayano et al. 2015), and the
maximum thyroid equivalent dose by 131I WBCs was 20 mSv (Nagataki et al., 2013).
In June 2011 a health survey of the local population (the Fukushima Health Management Survey)
was initiated. Research activities were launched in October 2011. It is planned to be continued for
the 30 years and to cover more than 2,000,000 inhabitants. A thyroid ultrasound survey is of key
importance in 360,000 children aged up to 18 years at the time of the catastrophe. The increased
number of thyroid nodules and cysts was among the first findings at ultrasound investigation. A
high level of basic investigation enables avoiding the screening effect that is a point of discussion
when analyzing the Chernobyl data.
After the launch of the health survey the ultrasound thyroid screening was performed on all
residents of the Fukushima Prefecture aged less than 18 years. The first round of screening included
298,577 examinees, and a second one has began in April, 2014. At the timepoint of 20–30 months
after the catastrophe, Watanobe et al. did not confirm any discernible deleterious effects of the
emitted radioactivity on the thyroid of young Fukushima residents (Watanobe et al., 2014).
Later Tsuda et al. (2015) analyzed the prefecture results from the first and second round up to
December 31, 2014 in comparison with the Japanese annual incidence and the incidence within a
reference area in Fukushima Prefecture. From the 2,251 ultrasound screen-positive cases by the end
of December, 2014 the 2,067 cases were examined in secondary examinations, where 110 thyroid
cancer cases were detected, as indicated by the presence of cancer cells under cytological tests after
the fine-needle aspiration biopsy. Among the 110 cases, 87 ones were operated by the end of
December 2014. The 86 cancer cases were histologically confirmed (83 papillary carcinomas and 3
low-differentiated carcinomas). A benign tumor was finally diagnosed in one case. The highest
incidence rate ratio at a latency period of 4 years was observed in the central district of the
prefecture compared with the Japanese annual incidence (Incidence RR = 50; 95% CI=25, 90). The
thyroid cancer prevalence was 605 per million examinees (95% CI=302, 1.082) and the prevalence
odds ratio vs. reference district in Fukushima Prefecture was 2.6 (95% CI=0.99, 7.0). In the second
screening round even under an assumption that the rest of examinees were disease-free, an
incidence RR of 12 has already been observed (95% CI=5.1, 23). An excess of thyroid cancer has
been detected by ultrasound among children and adolescents in Fukushima Prefecture within 4
years of the radioactive release, and according to authors is unlikely to be explained by a screening
surge (Tsuda et al., 2015).
(D. Bazyka)
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4.2 Certain consequences 5 years later

4.2.1 Thyroid Cancer
Evaluation of possible radiation consequences is based on data on the amount of radiation exposure.
Attention is drawn to different estimates of radiation emissions. According to Nagataki, Takamura
(2014) the amount 131 I released to the environment following Fukushima accident was 120
petabecquerel, wich is one – tenth that in the Chernobyl accident. Some other assessment
presented in publication of Tsudo et al. (2015): radiation released into the atmosphere from the
Fukushima accident was estimated to be approximately 900 petabecquerel (131I: 500 petabecquerel, 137Cs:
10 petabecquerel). The radiologic equivalence to 131I International Nuclear Event Scale was approximately
one-sixth of the 5,200 petabecquerel calculated to have been released by the Chernobyl accident.. These

data evidence possible influence of radioiodine on thyroid cancer incidence rate.
In the longer term an exposure to radionuclides with long half-lives, including 137Cs and 134Cs, with
physical half-lives of 30 and 2 years, respectively is of an another concern (Fushiki, 2013).
Another type of childhood cancer related to radiation exposure is childhood leukemia, which was
well described in A-bomb survivors. Unexpectedly, there was no increase in childhood leukemia
after the Chernobyl catastrophe, indicating that in contrast indicating that in contrast to the internal
exposure to radioactive iodine the external radiation exposure had no distinguishable effects in
terms of cancer induction in children (Suzuki et. al., 2015).
Ivanov and Tsyb (2013) have developed a prognosis of possible additional thyroid cancer incidence
rate in the population residing near the “Fukushima-1” NPP, in relation to age at the moment of
exposure and accumulated radiation doses. The Chernobyl epidemiologic data and international
standards were taken in account. According to estimations the risk of thyroid cancer in irradiated
children is 3-fold higher than in adults.
Yamashita and Suzuki (2013) accentuated that implementation of a prospective epidemiological
study on human health risks from low-dose radiation exposure and comprehensive health protection
from radiation should be emphasized on a basis of lessons learnt from the Chernobyl catastrophe. In
contrast to Chernobyl, the vast majority of population in Fukushima did not receive a high enough
dose to expect a discernible increase in cancer incidence and other radiation-induced health effects
in the future (Yamashita and Suzuki 2013).However, public concerns about the long-term health
effects of radioactive environmental contamination have increased in Japan. Since May, 2011 the
Fukushima Prefecture started the Fukushima Health Management Survey Project with the purpose
of long-term health care administration and early medical diagnosis/treatment for the prefectural
residents.
Review of Fushiki (2013) focuses on what happened after the accidents at the Three Mile Island
nuclear power station in 1979 and the Chernobyl NPP in 1986 in terms of the effects of these
incidents on human health. The most critical issue when considering the effects of radiation on the
health of children was the increase of thyroid cancer, as it was clearly demonstrated among people
who were children or adolescents at the time of the Chernobyl catastrophe. Therefore, in early days
after a catastrophe the efforts to prevent the exposure of children to radioactive iodine through
inhalation and ingestion should be the primary concern, because radioactive iodine is preferentially
accumulated in thyroid gland.
As pointed out Nagataki, Takamura (2014), residents near the Fukushima nuclear plant were
evacuated within a few days and foodstuffs were controlled within 1 or 2 weeks. Therefore the
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thyroid irradiation doses were less than 100 mSv (intervention levels for the stable iodine
administration) in the majority of children, including less than 1 year olds, living in the evacuation
areas. Because the incidence of childhood thyroid cancer increased in those residing near the site
following the Chernobyl catastrophe a thyroid screening of all children (0-18 years old) in
Fukushima Prefecture was started. To date the screening of more than 280,000 children has resulted
in the thyroid cancer diagnosis in 90 children (approximate incidence 313 per million). Thus,
although the dose of radiation was much lower, the incidence of thyroid cancer appears to be much
higher than that following the Chernobyl catastrophe. This result is partly due to a screening effect.
Nevertheless as pointed out Tsuda et al. (2015) among those ages 18 years and younger in 2011 in
Fukushima Prefecture, approximately 30-fold excesses in external comparisons and variability in
internal comparisons on thyroid cancer detection were observed in Fukushima Prefecture within as
few as 4 years after the Fukushima NPP accident. The result was unlikely to be fully explained by
the screening effect.
As pointed out (Jacob et al., 2014) thyroid cancer is one of the main health concerns after the
catastrophe in Fukushima. Ultrasonography survey is being performed in persons residing in the
Prefecture at the time of the accident with an age of up to 18 years. The expected thyroid cancer
prevalence is assessed based on an ultrasonography survey of Ukrainians, who were exposed at age
of up to 18 years to 131I released during the Chernobyl catastrophe, and on differences in equipment
and study protocol in two surveys. The prediction of radiation-related thyroid cancer in the most
exposed fraction (a few ten thousand persons) of the screened population of the Fukushima
Prefecture has a large uncertainty with the best estimates of the average risk of 0.1-0.3%, depending
on average dose.
As pointed out by Mabuchi et al. (2013) it is important that regulatory bodies and advisory
organizations have as complete understanding as possible of the risks according to gender, age at
exposure, time since exposure, health status and other related variables to protect the workers and
public from harmful effects of radiation exposure. The 2011 catastrophe at the Fukushima complex
again alerted the world to the possibility that large groups, including many adults, can be exposed to
131
I. It reminds us that it is important to understand the effect of age at exposure on cancer risk to
achieve effective radiation protection and to plan the responses to future nuclear catastrophe or
terrorist events involving radiation.
The main conclusion of reviewed publications is an excess of thyroid cancer incidence rate which
can only partly be explained by wide implementation of screening. Other forms of cancer leukemia and solid tumors since 5 years after Fukushima accident in the reviewed publications not
yet mentioned.
The Chernobyl catastrophe and Fukushima events evidence an existence of radiation accidents risk
even in modern industry, where any nuclear technology is involved.
(A. Prysyazhnyuk)

4.2.2. Non-cancer Health Effects of the Fukushima catastrophe
Past nuclear disasters, such as the atomic bombings in 1945 and major accidents at nuclear power
plants, have highlighted similarities in potential public health effects of radiation in both
circumstances, including health issues unrelated to radiation exposure. Since nuclear disasters can
affect hundreds of thousands of people, a substantial number of people are at risk of physical and
mental harm in each disaster (Ohtsuru et al., 2015).
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There are main health risks of the Fukushima catastrophe as follows: radiation exposure, heat stress,
psychological stress, and infectious diseases (Hiraoka et al., 2015). At high doses, and possibly at
low doses, radiation might increase the risk of cardiovascular disease and some other non-cancer
diseases (Kamiya et al., 2015).
Less than 1% of all emergency workers were exposed to external radiation of >100 mSv, and to
date no deaths or health adversities from radiation have been reported for those workers in peerreviewed publications (Shimura et al., 2015). The individual external doses of 421,394 residents for
the first four months (excluding radiation workers) had a distribution as follows: 62.0%, <1 mSv;
94.0%, <2 mSv; 99.4%, <3 mSv. The arithmetic mean and maximum for the individual external
doses were 0.8 and 25 mSv, respectively. So, the estimated external doses were generally low and
no discernible increased incidence of radiation-related health effects is expected (Ishikawa et al.
2015).
No acute effects of radiation exposure such as ARS were reported after the Fukushima Daiichi NPP
accident. However, for emergency workers with radiation exposure of more than 100 mSv, a small
increase in incidence of cancer attributable to radiation exposure might be expected (Hasegawa et
al., 2015). Moreover, the results from medical examinations conducted in 2012 of workers who
were engaged in clean-up works in 2012 showed that the prevalence of abnormal findings was
4.21%, 3.23 points higher than the 0.98% that was found prior to the accident (Yasui, 2015).
By the end of September, 2014, 754 workers received medical treatment at the site. Five deaths
were reported: three workers had acute myocardial infarction and cardiac arrest; one patient had
aortic dissection; and another person had asphyxia caused by a landslide during construction of a
pile foundation. In 2011–2014, heat illness increased in May–July. 88 workers had heat illness;
however, no severe cases, such as heatstroke, were reported (Hasegawa et al., 2015).
Evacuation-related mortality risks for vulnerable elderly populations are increased. Experiencing
the disasters did not have a significant influence on mortality (hazard ratio 1.10, 95% confidence
interval: 0.84-1.43). Evacuation was associated with 1.82 times higher mortality (95% confidence
interval: 1.22-2.70) after adjusting for confounders, with the initial evacuation from the original
facility associated with 3.37 times higher mortality risk (95% confidence interval: 1.66-6.81) than
non-evacuation (Nomura et al., 2016).
Among the aged evacuees living in temporary housing after the Great East Japan Earthquake 62.0%
residents had chronic pain, including 29.6% those with relatively severe pain, as well as their
quality of life was assessed to be significantly lower, when compared with the national standard
values (Yabuki et al., 2015).
Residents proximal to the evacuation zone (median age, 64 years) showed significant post-disaster
increases in body weight, body mass index, systolic and diastolic blood pressure, blood glucose
levels, and triglyceride levels (Tsubokura et al., 2014). Body weight and the proportion of
overweight/obese people increased among residents, especially evacuees, in the evacuation zone of
Fukushima prefecture after the Great East Japan Earthquake (Ohira et al., 2015). The prevalence of
atrial fibrillation increased (before: 1.9% vs. after: 2.4%, P<.001) among residents in the evacuation
zone of Fukushima prefecture after the Great East Japan Earthquake, with excess alcohol intake and
obesity associated with an increased risk of atrial fibrillation (Suzuki et al., 2015). After the
disaster, the prevalence of diabetes increased significantly among evacuees than among
nonevacuees. Evacuation was significantly associated with the incidence of diabetes (Satoh et al.,
2015).
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Life as an evacuee after the Fukushima Daiichi NPP accident is a cause of polycythemia: red blood
cell count, hemoglobin levels, and hematocrit significantly increased in both men and women
evacuees. Common causes of polycythemia are polycythemia vera (myeloproliferative disease),
secondary polycythemia caused by diseases such as pulmonary heart disease that induce a chronic
lack of oxygen or an erythropoietin-producing tumor, and relative polycythemia or stress-induced
polycythemia (Sakai et al., 2014). At the same time, no marked effects of radiation exposure on the
distribution of white blood cell counts, including neutrophil and lymphocyte counts were detected
within one year after the disaster in the evacuation zone (Sakai et al., 2015).
Non-radiation effects of a radiation catastrophe, such as economical, social and psychological could
prevail and be much more important for the community than purely the radiation factor. For the
exposed population after Fukushima, the almost total devastation and loss of infrastructure in the
area was a powerful factor. The fact that for the first 10 years after the Chernobyl catastrophe the
health effects were significantly different from predicted ones is of importance for the estimation of
further consequences of Fukushima. Stress, alimentation changes and other negative factors brought
a significant contribution to the health decline of all categories of exposed population and form a
background for the induction of a wide range of non-cancer somatic and psychosomatic diseases,
and also influencing disability and mortality. Lack or drawbacks of the prepared guidelines
understandable to population and authorities on protection from this complex of factors have
contributed to the induction of the non-radiation health effects.
The non-radiation factors of the catastrophe could be the substantial risk modifiers. Influence of the
mentioned non-radiation factors as well as genetic predisposition could be substantial and has to be
encountered when analyzing such radiation-induced effects as leukemia or solid cancers in
population exposed to radiation doses several times exceeding the natural radiation background.
The longitudinal follow-up studies of traditionally recognized health effects due to ionizing
radiation are needed for radiation workers, evacuees from the 20-kilometer zone, persons with highdose exposure of thyroid gland, females pregnant at the moment of exposure and children. Special
attention should be delivered to the non-cancer diseases, cognitive dysfunction, and cataracts.
So, the estimated external doses were generally low and large-scale discernible increased incidence
of radiation-related health effects are not expected (Ishikawa et al., 2015).
(K. Loganovsky)

4.2.3 Mental health impact
The Great East Japan Earthquake with trio impact (earthquake, tsunami and radiation catastrophe at
the Fukushima NPP) provides new challenges to emergency psychiatry. This sub-chapter is an
overview of the relevant peer reviewed papers and proceedings of the International Conferences
related to the mental health effects of the Fukushima disaster.
Traumatic effects of emergencies were described since the Civil War in USA (1861–1865) as a
psychological and psychosomatic aftermath. There is an excess of morbidity from depression, posttraumatic stress disorder (PTSD), and alcoholism, one year post disaster. The rates vary widely i.e.
from 25 to 75% during the first year, depending on the magnitude of the event. Both natural and
human-made disasters have acute effects. The human-made disasters have more long-term effects.
Events involving radiation may have the most prolonged and complex effects, namely not only
depression, PTSD, alcoholism and smoking, but also the health-related anxiety taking the form of
medically unexplained physical symptoms (Bromet, 2013).
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A chronic shortage of mental health resources had been previously reported in the Tohoku region,
and the triple disaster worsened the situation. Eventually a public health approach was implemented
by providing a common room in temporary housing developments to build a sense of community
and to approach evacuees so that they could be triaged and referred to mental health teams. Japan
now advocates using psychological first aid to educate the first responders (Yamashita and
Shigemura, 2013). The levels of distress and PTSD are higher in Fukushima Daiichi workers.
Discriminations/slurs are associated with higher distress (Shigemura et al., 2012).
The risk of radiation-associated health consequences of residents in Fukushima is quite different
from that of Chernobyl and is considerably lower based on the estimated radiation doses received
during the catastrophe for individuals. A large number of people have received psychosocial and
mental stresses aggravated by radiation fear and anxiety and remained in an indeterminate and
uncertain situation having been evacuated but not relocated (Yamashita and Takamura, 2015).
According to Bromet (2014) the emotional consequences of NPP disasters include depression,
anxiety, PTSD, and medically unexplained somatic symptoms. Preliminary data from Fukushima
indeed suggest that workers and mothers of young children are at a risk of depression, anxiety,
psychosomatic and post-traumatic symptoms both as a direct result of their fears about radiation
exposure and as an indirect result of societal stigma. Thus, it is important that non-mental health
providers learn to recognize and manage psychological symptoms and that medical programs be
designed to reduce stigma and alleviate psychological suffering by integrating psychiatric and
medical treatment in their clinics (Bromet, 2014).
Current mental health outcomes of Fukushima mainly included the PTSD, depression, and anxiety
symptoms. Physical health changes, such as sleeping and eating disturbances, also occurred. In
Fukushima the radioactive release induced massive fear and uncertainty in a large number of
people, causing massive distress among the affected residents, especially among mothers of young
children and nuclear plant workers. Stigma was an additional challenge to the Fukushima residents.
The disaster emergency workers, children, internally displaced people, patients with psychiatric
disorders, and the bereaved persons are the most vulnerable groups (Harada et al., 2015).
One month after the Great East Japan Earthquake the radiation exposure was a concern for the 9.2%
of workers of disaster medical assistance teams. The concern was especially increased in men, but
did not appear significant in women. The authors came to conclusion that concern over radiation
exposure was strongly associated with psychological distress. At the same time reliable and
accurate information on radiation exposure might reduce the deployment-related distress in disaster
rescue workers (Matsuoka et al., 2012).
Symptoms of depression were found in 28% of mothers having babies in Soso (the region in which
the NPP is located), and mothers that had changed obstetrical care facilities. In contrast, mothers in
Iwaki and Aizu, regions with relatively low radiation levels, were significantly less likely to be
screen-positive for depression (Goto et al., 2015). A higher proportion of Fukushima mothers with
fetal loss, especially those with miscarriage and stillbirth, had the depressive symptoms compared
to those who experienced normal childbirth (Yoshida-Komiya et al., 2015).
Nuclear disasters can affect hundreds of thousands of people, and a substantial number of people
are at risk of physical and mental harm. During the recovery period after a nuclear disaster the
physicians might need to conduct screening for psychological burdens and provide general physical
and mental health care for many affected residents who might experience a long-term displacement
(Ohtsuru et al., 2015).
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Five major nuclear accidents have occurred in the past – i.e, at Kyshtym (Russia [then USSR],
1957), Windscale Piles (UK, 1957), Three Mile Island (USA, 1979), Chernobyl (Ukraine [then
USSR], 1986), and Fukushima (Japan, 2011). The effects of these accidents on individuals and
societies are diverse and enduring. Accumulated evidence about radiation health effects on atomic
bomb survivors and other radiation-exposed people has formed the basis for national and
international regulations about radiation protection. In addition to health effects of radiation
exposure (i.e., acute radiation syndrome and increased incidence of cancer), adverse effects on
mental health were reported after the Fukushima Daiichi and Chernobyl NPP accidents. The
Fukushima Daiichi NPP accident showed the health risks of unplanned evacuation and relocation
for vulnerable people such as hospital inpatients and elderly people needing nursing care, and
failure to respond to emergency medical needs at the NPP. Displacement of a large number of
people has created a wide range of public health-care and social issues. However, past experiences
suggest that common issues were not necessarily physical health problems directly attributable to
radiation exposure, but rather psychological and social effects. Additionally, evacuation and longterm displacement created severe health-care problems for the most vulnerable people, such as
hospital inpatients and elderly people (Hasegawa et al., 2015).
The evacuees frequently had got chronic pain and lower physical and mental quality of life scores
compared to the national standard values (Yabuki et al., 2015). Fukushima might cause social
isolation among the elderly, leading to the mental disorders and alcohol use disorder. Early
diagnosis and intervention might be beneficial for individuals presenting the above symptoms.
Patient health questionnaire 9 (PHQ-9) scores of 10 or greater were found in 12% of the residents
proximal to the evacuation zone, indicating that a substantial number had major depression
(Tsubokura et al., 2014).
Suicides are a very important problem following the Japan Earthquake (Orui et al., 2014).
Devastating disasters may increase suicide rates due to mental distress. Previous domestic Japanese
studies have reported decreased suicide rates among men following disasters. In disaster-stricken
areas, post-disaster male suicide rates decreased during the 24 months following the earthquake.
This trend differed relative to control areas. Female suicide rates increased during the first seven
months (Orui et al., 2014).
Mental health problems associated with stress, depression, anxiety, evacuation, loss of loved ones,
inability to return home, stigma, and fear of radiation effects for self and children are being
recognized as the most serious health consequence of the catastrophe (Matsuoka et al., 2012;
Shigemura et al,. 2012; Bromet, 2013). Indeed, Fukushima disaster mental health effects, on the
base of the current radiation dose estimations, at present could be mainly attributed to the severest
stresses and their further mental, psychosomatic, and physical health aftermath (Loganovsky and
Loganovskaja, 2011, 2013). However, similarly at least 5 years after the Chernobyl disaster, the
International community did not recognize any radiological effects from. Thus further health effects
studies in Fukushima with radiation dose verifications are necessary.
Bromet (2013) considers the main lessons of Fukushima as follows: 1) given physical/mental
comorbidity the mental health measures should be integrated into medical research and surveillance
studies (and vice versa); 2) primary care providers should be educated to recognise and manage the
health anxiety, depression, and impairment in daily functioning after exposure events; 3) it is
necessary to create alliances with appropriate participants (community advisors, community
ambassadors, sharing findings directly). E. Bromet is considering from radiological point of view
the Fukushima nuclear catastrophe rather closer to the Three Mile Island (TMI) crisis (1979) than to
the Chernobyl catastrophe (1986) as the estimated radiation doses in Fukushima were reported to be
significantly lower than in Chernobyl. As reported by Bevelacqua (2012), the similarity of TMI and
65

Fukushima accidents relates to “the fuel damage sequence, release of fission products within the
facility, contamination of onsite structures, and onsite recovery actions. However, “since the extent
of TMI-2 reactor building damage was insignificant compared to the Fukushima Dai-ichi NPP
damage, the required tasks in Japan are significantly more demanding.”
In many ways we share E. Bromet’s point of view. At the same time, there is much common
between the Chernobyl and Fukushima, namely the stress-related disorders are practically the same.
There is one main psychological-psychiatric lesson of Chernobyl unclaimed in Fukushima: the
equally inadequate information policy and risk communication, secrecy, untruthfulness,
untimeliness,
non-transparence,
non-professionalism,
contradictory,
and
politicization/commercialization - all together they are dramatically increasing stress, fear, anxiety
and psychosomatic disorders, etc. Moreover, suicides, potential cerebrovascular disease, cognitive
deficit, neurodevelopmental disorders, psychosis, and alcohol abuse should be monitored
(Loganovsky and Loganovskaja, 2011, 2013).
The most important issues here are the organization, improvements, and support of constant
medical and psychologic-psychiatric care and/or interventions. This should include annual general
medical and neuropsychiatric examinations, early diagnostic and treatment of physical and mental
problems, mother’s mental health care and psychological care for children and their parents,
individual relevant educational programs, no separation of children from parents and relatives,
radiation risk perception management.
There is a strong necessity to develop and implement the system of emergency and long-term
psychological and psychiatric care for the survivors of earthquake, tsunami, and radiation
catastrophe in Fukushima. This system should include the emergency psychological and psychiatric
crews/teams, networks of crisis and rehabilitation centers, neuropsychiatric outpatient and inpatient
units.
Further prospective studies on mental health and potential neuropsychiatric effects in Fukushima
disasters clean-up workers and survivors are needed with verification of radiation doses.
(K. Loganovsky)

4.3 Expected consequences
A comparison of the Chernobyl impacts due to radiation and forecasted Fukushima effects are
presented in a Table 4.3.1 (Bazyka, 2014),
Table 4.3.1 - Projection of Chernobyl health effects due to ionizing radiation to Fukushima
Parameters

Chernobyl

Fukushima

Level be the IAEA scale

7

7

131

I release (Bq)

1.76 х 1018

1.5 х 1017

137

Cs release (Bq)

8.6 х 1016

1.2 х 1016

132

Te release to atmosphere 1.15x1018
(Bq)
2014)
Acute
cases

radiation

(UNSCEAR, 8.8×1016 (Tagami et al., 2013.
Tagami et al., 2013)

syndrome 134

Not observed
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Immunology /Cytogenetics

Marked changes in cleanup
workers during first years
and population
Radiation cataracts
Observed to higher extent
than expected
Non-chronic
lymphoid ERR 2.73/Gy
leukaemia (15 years follow-up)
Chronic lymphoid leukaemia ERR 4.09/Gy
(15 years follow-up)
Thyroid cancer in children
Incidence
higher
than
expected
Thyroid cancer: Screening Observed
effect

Could be observed. Additional data
needed
Could be observed in exposed to
less than 0.5 Gy radiation doses
ERR similar with regard to smaller
dose & # of exposed people
Uncertain
Risks could be less than in
Chernobyl
Could be minimal due to the early
start of ultrasound screening
programs
No

Contribution of stable iodine Present
deficiency
Other cancers
Increase in some population Uncertain
groups
Cardiovascular disease
High incidence & mortality Low incidence in population
Cerebrovascular disease
cognitive dysfunction
Benign thyroid abnormalities

Mental health changes
children exposed in utero

& High incidence

To be analyzed

Controversial

in Analysis in process

Unexpectedly high background
rates of thyroid nodules and cysts
at the diagnostic ultrasound survey
Not expected: severe mental
retardation, microcephaly and
seizures.
Potentially expected: long-term
psychosocial disadaptation and
different
neurodevelopmental
disorders, cognitive disharmony,
maybe mild cognitive impairment,
stress-related
disorders
psychosomatic disorders – mental
and physical diseases

The data presented shows that after the destruction of the four reactors at Fukushima NPP the extent
and levels of radioactive contamination are slightly lower than those in Chernobyl. Nearly 20-fold
less number of workers were involved in liquidation of the Fukushima catastrophe compared to
Chernobyl. Doses from external and internal exposure were several times lower compared to
Chernobyl. In quantitative terms the evacuation of people from the 30–km zone was quite similar to
that in Chernobyl. External radiation doses and thyroid irradiation doses in the total population were
lower in Fukushima. As in Chernobyl, the incidence of thyroid cancer in Fukushima has begun to
increase 4 years after the catastrophe. The higher incidence of thyroid cancer under the lower
radiation doses are unexpected and surprising. Some other diseases that are compared in Chernobyl
and Fukushima catastrophes i.e. the radiation cataracts, cardiovascular disease, cerebrovascular
disease, cognitive dysfunction, and benign thyroid abnormalities are still being analysed and it is
expected that the hazardous effect of radiation in Fukushima may be lower. No deterministic effects
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of radiation among the workers were registered. Well-designed epidemiological research is
necessary to evaluate the health effects in workforce in the remote period.
(D. Bazyka)
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5 HEALTH EFFECTS OF CHERNOBYL AND FUKUSHIMA: AN OVERVIEW

5.1 IAEA, WHO, and UNSCEAR reports: methodological issues

At the initiative of the IAEA an UN Chernobyl Forum was created in 2003. It was composed of
experts from the IAEA, WHO, several departments of the United Nations, and representatives of
the governments of Ukraine, Belarus and Russia. This organisation has the objective of arriving at a
clear scientific consensus about the consequences of the Chernobyl NPP catastrophe. The results of
the researches are published in reports of the UN Chernobyl Forum (Report, 2005; Health, 2005;
Chernobyl's Legacy, 2006).
The positive fact is that the Chernobyl forum declared the Chernobyl NPP catastrophe as "the
greatest nuclear disaster in human history". It summarized a large amount of research, which is
most important for the human community in answering the question on possible radiation hazards
to the health.
The provisions presented in Reports are the following:
(a) For the health of clean-up workers, evacuees, and people who lived in contaminated areas the
irradiation is not dangerous, as at most 3,940 individuals could die from cancer due to radiation
exposure;
(b) The radiation from the accident is not harmful to people because from many thousands of the
thyroid cancer cases there are only 9 documented deaths from this disease in children and adults in
the three affected countries at this time;
(с) The radiation from the accident is not harmful to humans because direct radiationepidemiological studies have not found any association of the exposure with an increase of
mortality in the total population, in particular of mortality from leukemia and solid cancers (except
the thyroid cancer in children) or growth of the non-cancer diseases vs. the spontaneous level;
(d) The people who received an additional exposure doses of the low level die from the same causes
as the people, who are not accident survivors. The actual number of deaths caused by the accident
can never be exactly known.
(e) No convincing evidence was revealed of an increased incidence of leukemia among children or
adults who reside in the exposed territories in Russia and Ukraine;
(f) The obtained doses were generally small and therefore not harmful to humans; there is no
evidence of any radiation effects on Diseases of the Circulatory System and mortality from them;
(g) The cataractogenesis can occur at radiation of lower than those observed before, namely to
about 250 mGy;
(h) Among the population that survived after the accident there is no evidence or any possible cases
of the decreased male and female fertility as a direct result of radiation exposure. The radiation
doses are also unlikely to affect the number of stillbirths, pregnancy outcomes, and complications of
childbirth or children's health;
(i) The levels of fertility in contaminated areas can be lower through the fear to have children and
high incidence of medical abortions. Because of low risk ratios no significant growth in hereditary
effects caused by radiation is expected;
(k) The large number of thyroid cancer cases is the only confirmed result of the radiation impact;
(l) The affected countries unreasonably spent resources to protect the people from radiation.
The experts of the Chernobyl forum recognize only the presence of radiation induced effects, which
are associated with acute exposure at the high doses (ARS, thyroid cancer, leukemia, solid cancers).
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As for the DCS identified in the clean-up workers in Russia the experts make comments that these
data should be interpreted cautiously in connection with possible influence of additional factors
such as stress and unhealthy lifestyle.
The methodology of work of the experts was based on the analysis of peer-reviewed literature and
some selected international journals. In this time the valuable results of scientific works of
researchers from the different countries of the world were ignored.
Evaluation of the radiation effects and calculation of risk were conducted on the data from Abombing of Hiroshima and Nagasaki. Such approach to calculation resulted in a reduced value of
risk from the Chernobyl because there was quite another nature and level of exposure after the Abombing.
The Chernobyl fallout and radiation doses not observed or registered in any countries except in
Belarus, Ukraine and Russia have not been discussed in the reports.
The conclusions of the Chernobyl Forum were opposed by international organisations (Greenpeace,
2006) and scientists (Horishna, 2006; Burlakova, 2006; Yablokov et al., 2009; Masurenko, 2010).
The data of this Report do not confirm the opinion of the experts of the Chernobyl Forum. The
epidemiological studies in recent years and conclusions of scientists suggest that:
1) An increased incidence of thyroid cancer is registered not only among children and adolescents,
but also in adults, namely in the clean-up workers and evacuees;
2) The increased risk of leukemia development in the clean-up workers is proven. The fact of a
dose-dependent nature of chronic lymphocytic leukemia in the clean-up workers was proved for the
first time in Ukraine;
3) There is an the increased risk of breast cancer in female clean-up workers;
4) There is an increased risk of malignant tumors in Ukrainian and Russian clean-up workers;
5) There is an increased risk of radiation cataracts.
Taking into account the long latency periods of the development of radiation-induced cancer of
many organs and systems, it is necessary to continue the monitoring of this disease in a remote
post-accident period.
Various non-cancer health effects in 10-27 years after the catastrophe that have been proven:
- Cardiovascular disease and mortality in the clean-up workers;
- Vascular eye disease in different groups of exposed persons;
- Cerebrovascular disease and cognitive dysfunction in the clean-up workers;
- Thyroid abnormalities;
- Menthal health disorders in children exposed in utero.
Data for the 30 years of observations show that the Chernobyl catastrophe and its consequences
have caused harm to the survivors. These data give a reason to believe that estimates made by the
IAEA and WHO on the 20th anniversary of the Chernobyl catastrophe were understated.
In contrast to Chernobyl, after the catastrophe at Fukushima on March 11, 2011 in Japan the
existing rules of the alert of the national and international authorities and organizations about the
catastrophe have been complied (Fukushima Daiichi NPP, 2011). The IAEA joined the cooperation
to render help in the investigation of the causes and consequences of the catastrophe. Its report was
presented to the Ministers on issues of nuclear safety on the meeting in Vienna on June 20-24, 2011
(Fukushima. Report of IAEA, 2011). Recognition of the fact that the Japanese government,
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developers and operators of the Fukushima Daiichi NPP have underestimated the danger of
tsunamis was the main conclusion of the report. Some more reports followed. A report on the
supposed consequences of the catastrophe at Fukushima NPP on the health of the Japanese was
prepared in 2013 (Fukushima. Report of IAEA, 2013). In May 2015 the IAEA published a report on
liquidation of the consequences of the catastrophe at Fukushima NPP. At the 59th General
conference of IAEA in Vienna (September, 2015) a fundamental report was presented about the
organisation of liquidation of consequences of the Fukushima catastrophe. The report included five
technical tomes of applications (Fukushima. Report of IAEA, 2015).
Taking into account current information technology the experts and public have the unrestricted
opportunities to receive information about the catastrophe at Fukushima and arrangements on
liquidation of its consequences.
(D. Bazyka, N. Omelianets)
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CONCLUSIONS

A. 30 years later, using Ukraine as an example we can draw the following conclusions
about the Chernobyl catastrophe and its consequences

1. The Chernobyl catastrophe has led to radioactive contamination of large territories of Ukraine.
Practically the whole territory of Ukraine was polluted by 137Cs above twice pre-accident level. It
has also led to deterioration of the environmental life-quality in the affected areas. Dangerous and
unsuitable for the human habitation areas appeared and remain in the zones adjacent to the accident
site. They have become also unsuitable for the production and support of life. Last years the
improvement of the radiological situation and decrease in radiation exposure to the people are
noted.
By the results of dosimetric passportization (2011-2012) as of the end of 2011 the passport dose in
1851 settlements was less than 0.5 mSv·year-1, and in 101 of them varied from 0.5 up to 1.0
mSv·year-1. According to the national criteria the settlements with a dose under 0.5 mSv·year-1
cannot any more to be regarded as radioactively contaminated. The 25 settlements where the doses
make range from 1 up to 5 mSv·year-1 can be referred to as zone of guaranteed voluntary
resettlement, the 101 settlements with dose range from 0.5 up to 1 mSv·year-1 - as zone of strict
radio-ecological control. There are no more settlements where the doses exceed 5 mSv·year-1, i.e.
such that should be attributed to a zone of obligatory (compulsory) resettlement. Zone of the strict
radio-ecological control and settlements located within it are excluded from the list is radioactively
contaminated ones since January 1, 2015.
The rest of the contaminated territories are stigmatised with destruction and degradation. With this
consideration the maintenance of emergency response concerning the radioactive contamination
will be persisting for many years. A new strategy for radiation protection and health care of the
population in the remaining radioactively contaminated areas is required.
Social and health protection of survivors as important measures for preserving their health should
be continued. In 30 years after catastrophe the exclusion zone remains highly dangerous because of
intensive releases of radioactivity and fallout.
2. Taking into account the content and amount of accidental release of radionuclides as a result of
the Chernobyl catastrophe the Ukrainian population has been exposed to external and internal
irradiation in low doses following the combined, complex and synergistic action of acute exposure,
stress and other factors. As a result all that increased an impact of ionizing radiation. Exposure to
ionizing radiation resulted in health effects involving the whole body, organs and tissues.
3. At the same time, the Chernobyl catastrophe consequences, obviously, cannot be attributed to the
radiation only. The dramatic social changes, inadequate governmental informational and social
insurance policy, psychosocial impact and stress-related disorders (PTSD, depression, anxiety,
somatoform and psychosomatic disorders, psychoactive substance abuse, suicides) following
radiation emergencies are of great importance.
4. 3,364,475 citizens in Ukraine were categorized as the Chernobyl catastrophe survivors. There are
376,639 clean-up workers of the Chernobyl catastrophe and 2,985,231 other survivors including
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1,264,329 children among them. Data on irradiation doses to them are contradictory thus being
mainly represented as averaged for groups (clean-up workers) or by settlements (in the inhabitants
of RCT). Individual total irradiation doses in the clean-up workers were partially reconstructed by
the 25th anniversary of the catastrophe in the framework of cohort studies within international
projects. Among the 376,639 liquidators the radiation doses have been estimated for about a half of
them. Inhabitants of the RCT have been provided the worst dosimetric assessment. Density of soil
contamination by radionuclides has been accepted as safety criteria instead of the real radiation dose
since May, 1986 till 1991. The radiation doses were estimated then on the basis of the 137Cs
contamination density. These criteria dated by 1986 concerning the 137Cs contamination exceeded
the pre-accident values 277 times, regarding the 90Sr contamination 500 times, and for the
plutonium isotopes - in hundreds times. These criteria were extrapolated also to the territories with
natural radiation background due to the caesium contamination with density up to 100 kBq·m-2. The
individual radiation doses have been calculated for the 131,450 persons from more than 1,800,000
RCT inhabitants in 2015. An absence of individual radiation doses for evacuees and inhabitants of
the RCT in the SRU results in limitations of epidemiological research concerning the Chernobyl
catastrophe health effects.
5. The following radiological health effects have been proven by the epidemiological studies in
Ukraine:
- there is a radiation dose related risk of thyroid cancer in population groups exposed to radioiodine
in children age;
- there is an increased thyroid cancer risk due to irradiation in the Chernobyl catastrophe of cleanup workers;
- results of studies of the thyroid cancer risk in groups of an adult population with irradiated thyroid
evidence to the urgent need of extended monitoring to obtain the reliable results;
- the dose-dependent leukaemia radiation risks in the Chernobyl catastrophe of clean-up workers
correspond to the Hibakusha radiation leukaemia risks;
- in contrast with Hibakusha the study results in the Chernobyl catastrophe clean-up workers
evidence to the dependence of chronic lymphocytic leukemia risk on the radiation dose; the stated
inconsistence may be due to some genetic differences between two populations;
- available data on inhabitants of contaminated territories suggest the absence of increased risk of
the radiation-induced leukemia;
- the breast cancer incidence rate in female Chernobyl catastrophe clean-up workers exceeded in 1.6
times the level of respective morbidity of female population in Ukraine;
- taking into account the long latency periods of the development of radiation-induced cancer of
many organs and systems there are urgent needs to continue the monitoring of this disease in a
remote post-accident period.
- there is an excess of cardiovascular mortality in the clean-up workers;
- there is a decrease of cognitive function in the clean-up workers;
- the excess of radiation cataract cases is specific to the clean-up workers.
6. There is an international consensus concerning the severe long-term mental health adverse
consequences of the Chernobyl catastrophe. These catastrophes were, are and will be the greatest
medical and social burden to the society and public health.
There is also an international consensus concerning some major mental/neuropsychiatric problems
following the Chernobyl catastrophe:
- PTSD, depression, anxiety, somatoform and psychosomatic disorders, alcohol abuse; there is a full
coherence of expert opinions here; life-span studies are recommended, psychological-psychiatric
monitoring and care are strongly necessary;
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- effects on the developing brain (cognitive impairment, emotional-behavioural disorders, attention
deficit and hyperactive disorder, neurodevelopmental disorders); there is extensive discussion with
contradictions going on in this issue; effects are to be investigated further, the life-span studies are
recommend with interventions if necessary;
- organic brain damage in liquidators (cerebrovascular disease, neurocognitive deficit,
demyelinating diseases of the nervous system, paroxysmal states etc.); the problem is at issue;
further research is required with life-span studies being recommend; constant neuropsychiatric
monitoring and care are necessary;
- suicides; there is a full coherence of expert opinions here; further studies are necessary, specific
approaches on suicide prevention are urgent.
Such mental health/neuropsychiatric problems as the Chronic Fatigue Syndrom, psychosis, stroke,
multiple sclerosis, epilepsy, attention deficit and hyperactive disorder, etc. are still at issue. Further
research is needed here. The biological mechanisms of cerebral effects due to the impact of low
radiation doses are of great importance and are to be explored. All further studies should be
conducted together with advanced biophysical (dosimetric) support on the base of analytical
epidemiology.
Radiation exposure has multiple effects on the brain, behaviour and cognitive functions. These
changes depend largely on the radiation dose. Points of view on the genesis of the Chernobyl
neuropsychiatric aftermath are extremely controversial. Cerebral effects of low-dose ionizing
radiation especially the cerebrovascular disease and cognitive impairment are in the focus of
research interest worldwide. An increasing pool of data supports the radiosensitivity of the central
nervous system, mainly through hippocampal neurogenesis. The cortical-limbic system is a target
for radiation brain damage where a dysfunction of hippocampal neurogenesis is crucial.
There is a strong necessity to improve the system for neuropsychiatric care for the Chernobyl
catastrophe survivors. This system should include the crews/teams of intensive neuropsychiatric,
emergency psychological and psychiatric care, networks of crisis and rehabilitation centres,
neuropsychiatric outpatient and inpatient units in general hospitals.
The Chernobyl catastrophe in Ukraine has resulted in the loss of territories for living, territorial
redistribution of residents from contaminated territories to the clean i.e. not contaminated ones,
deteriorated age and gender structure of the remaining inhabitants of the RCT, reduction of the
fertility, increased mortality, demographic losses, and decreased viability. Number of disabled
(category #1) survivors increased from 9,040 in 1992 to 116,758 in 2013, and in 2015 was 113,268.
Their share in all the survivors is increasing and now reaches 5.59%. The leading place in the
structure of morbidity and mortality belongs to the DCS. Their prevalence is dramatically
increasing in survivors of a different age, and the development of complications leads to early
disability and mortality. The early retirement in 3-10 years and disability in survivors have a
negative impact on the productive capacity of the country.
7.

8. Deterioration of children’s health is one of the most unfavourable biomedical issues under the
contemporary circumstances. Its reasons, nevertheless, remain debatable and role of ionizing
radiation due to the Chernobyl catastrophe is contradictory. No consensus is reached yet on the
issue of health effects. This is mainly due to the contradictory epidemiological data and imperfect
dosimetric support of both epidemiological and clinical studies. At that, according to the data from
papers published in recent years it is entirely possible that the function of some organs and systems
in children becomes in general abnormal as a result of radiological contamination and low-dose
radiation impact after the Chernobyl catastrophe.
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9. The challenging issue of genetic effects in both first and second generations of descendants of the
exposed parents is intricate and yet unsolved. The pilot epidemiological research in children born in
contaminated territories of Rivne oblast of Ukraine indicates to the highest incidence rate of neural
tube malformations, blastopathy, microcephaly, and microphthalmia in Europe. It is assumed that a
phenomenon of genomic instability that can cause elevation of cancer and congenital malformation
risk appears in children born to exposed parents. Possible pathways of the trans-generation
instability are studied and broadly discussed now. With this consideration in mind the genetic
effects of Chernobyl require further research.
10. A large volume of works on liquidation of consequences of the Chernobyl catastrophe was
implemented in the affected countries. The experience of Ukraine shows that the curtailment of
countermeasures leads to an increase of soil radioactive contamination to the levels of previous
years and increasing exposure to population. This indicates the need to continue the monitoring of
radioactive contamination and radiation doses in population. In Ukraine due to the inadequate
functioning of the SRU is not reached and there is no generalisation of the results of health
monitoring in survivors. In this regard the national and world science is missing the ability to assess
objectively the health consequences of the Chernobyl catastrophe in the country where there the
epicentre of catastrophe is. Further use of the exclusion zone and resettled part of the zone of
obligatory (compulsory) resettlement is an unsolved problem too. The national strategy is necessary
on elimination of the Chernobyl catastrophe consequences in the following years.
11. Russian Federation and Belarus seem to have achieved significant success in reducing the
consequences of the Chernobyl catastrophe. Especially in the field of socio-economic and
radiological rehabilitation of contaminated areas, health protection of exposed individuals, scientific
analysis and forecasting of radiological and medical consequences of the catastrophe. The joint
governmental Programs of the Russian Federation and Belarus also contribute significantly to the
elimination of Chernobyl catastrophe consequences.
However but on the basis of the data obtained from Ukraine, Belarus and Russian Federation it can
be concluded that Chernobyl catastrophe consequences have not yet been eliminated for the last 30
years in these countries.
12. The international efforts are required to continue the liquidation of the Chernobyl catastrophe
aftermath and studying the impact of radiation on population. Firstly, it is important that the
international community should recognise and consider far more extensive data on health effects of
the Chernobyl catastrophe, including those presented in this report that promote making valid
conclusions about their scale and overall impact. In particular, it should be investigated urgently
because of wide discrepancies between the estimates that have been adopted by the IAEA and
WHO. Secondly, in the absence of properly coordinated international approaches to the monitoring
of cancer cases and non-cancer diseases in population within RCT (with special emphasis on the
most intensively contaminated territories) in Ukraine, Belarus and RF, the opportunity has been
missed to explore the full long-term effects of the catastrophe.

B. 5 years later we can draw the following conclusions about the nuclear catastrophe in
Fukushima

13. The catastrophe at the NPP in Fukushima (Level 7 on INES) has been the subject of a careful
study by scientists and specialists around the world. In comparison with the Chernobyl disaster,
almost 20 times less employees participated in liquidation of the catastrophe at the Fukushima NPP.
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The external and internal exposure doses recorded were several times less too. High thyroid
irradiation doses (in the range from 2 to 12 Gy) from radioiodine were received by 12 employees.
They have been carefully studied later on. Due to the loss of infrastructure there was a delay of the
start of 131I measurement in the thyroid gland, therefore the reconstruction of thyroid irradiation
doses is needed. No deterministic radiation effects were registered among the workers.
Epidemiological research in longer period is required to evaluate the health effects in the workforce.
In quantitative terms the evacuation of people from the 20-km zone was close to that in Chernobyl.
The total radiation doses to the thyroid gland were less in the total population. As in Chernobyl, the
incidence of thyroid cancer began to increase in Fukushima 4 years after the catastrophe. Higher
incidence of thyroid cancer at lower radiation doses was unexpected and surprising. Other diseases
that are compared in Chernobyl and Fukushima catastrophes i.e. the radiation cataracts,
cardiovascular disease, cerebrovascular disease, cognitive dysfunction, and benign thyroid
abnormalities are still analysed and it is expected that the hazardous effect of radiation in
Fukushima may be lower.
It is extremely necessary to:
- conduct the longitudinal follow-up studies of traditionally recognized health effects due to
ionizing radiation in workers, evacuees from the 20-km zone, persons with high-dose exposure of
the thyroid gland, females pregnant at the moment of exposure and children;
- deliver special attention to non-cancer diseases, cognitive dysfunction during the prenatal period,
radiation and vascular cataracts;
- consider non-radiation factors of the catastrophe as possible substantial risk modifiers.
14. The health effects 30 years after the catastrophe in Chernobyl are not confirmed by the IAEA
and WHO in the materials of the Chernobyl forum (2006), as allegedly there was no danger from
radiation to the survived population's health. A catastrophe of almost the same magnitude occurred
again 25 years later in Japan at the Fukushima NPP. After 5 years the health effects of Chernobyl
seem to repeat in Fukushima.
15. In light of the wide discrepancies in IAEA and WHO estimates related to dose reconstruction
and predicted radiation-induced health effects from Chernobyl, it is recommended the study of
Fukushima's health effects be as open and transparent as possible, recognize the limitations and
consider an extensive range of data on the possible impacts of Fukushima in the long-term. This
should include the long-term studies of the multi-generational impact of low-level radiation on
human and non-human biota. Indeed, the opportunity has been missed to fully understand the longterm impacts of Chernobyl due to the lack of comprehensive and trustworthy data. Additionally,
long-term mental health aftermath should be in the focus of research and management.
The consequences of this catastrophe will adversely affect the lives and health of many generations.
The dramatic experience of mankind testifies to the possible risk of radiation catastrophe at any
NPP.
In this regard further discussion is necessary on measures to protect the environment and health of
people under the continuing use of nuclear energy to produce the electric power.
(N. Omelianets, D. Bazyka, A. Prysyazhnyuk, K. Loganovsky, E. Stepanova, S. Igumnov,
D. Afanasev)

76

REFERENCES
Aliyu, A., Evangeliou, N., Mousseau, T. et al. 2015. An overview of current knowledge
concerning the health and environmental consequences of the Fukushima Daiichi Nuclear Power
Plant (FDNPP) accident. Environ Int 85: 213–228.
Almond, D., Edlund, L., Palme, M. 2007. Chernobyl’s subclinical legacy: prenatal exposure
to radioactive fallout and school outcomes in Sweden, Discussion Paper No.: 0607-19. New York,
NY 10027: Department of Economics, Columbia University. Analytical report, 2013. Analytical
report for 2013.http://www.mchs.gov.ru/document/3591257 (in Russian).
Annual report, 2014. The annual report of the Ministry of social politics of Ukraine for
2013. К : 74 pp. http://mlsp.kmu.gov.ua/document/158183/2013.pdf. (in Ukrainian).
Antypchuk, Y.Y. 2003. Memory disorders in patients who suffered from Acute Radiation
Sickness as a result of the Chernobyl accident in the remote period. Ukrainian Radiological Journal
11: 68–72 (in Ukrainian).
Antipchuk, E.Yu. 2004. Neuropsychological method in diagnostics of radiation brain
damage. Ukrainian Medical Journa. 3, 41: 121–128 (in Ukrainian).
Antypchuk, Y.Y., Loganovsky, K.N., Perchuk, I.V. et al. 2008. Postradiation cognitive
disorders. International Journal of Psychophysiology 69, 3: 248.
Atlas, 1998. Atlas of caesium deposition on Europe after the Chernobyl accident. Publishing
Luxembourg, Office for Official Publications of the European Communities. ISBN 92-828-3140-X.
Atlas of Ukraine, 2008. Radioactive contamination. Ministry of Ukraine of Emergencies.
K.: 52 p.
Baleva, LS, Iakovleva, IN, Sipiagina, AE. et al. 2011. Clinical immunological disorders in
children from various observation cohorts exposed to radiation factor during various stages of
oncogenesis. Radiats Biol Radioecol 51 (1): 7-19.
Baranovskaya et al. 1966. Information of the Ministry of health of the USSR for the Central
committee of a Communist Party of Ukraine about a radio-activity of external environment and
products of a nutrition in territory of Ukraine. 31.03.1986. Tragedy of the Chernobyl. The
documents and materials. Baranovskaya N.P., Makovskaya N.V., Parfenenko M.D. et al. Naukova
dumka. K.: pp. 72-73.
Barber, RC, Hickenbotham, P, Hatch, T. et al. 2006. Radiation-induced
transgenerationalalterations in genome stability and DNA damage. Oncogene 25 (56): 7336-7342.
Baryakhtar, 1997. Chernobyl Catastrophe. Editor-in-chief V.G. Baryakhtar. K., Editorial
House of Annual Issue "Export of Ukraine". 1997. 572 p.
Baryakhtar et al. 2015. The Chernobyl zone will not forgive levity. V. Baryakhtar, D.
Grodzinsky, B. Priester, V. Shestopalov. Mirror of week 19 (215). 29 May 2015 (in Russian).
Bar, Joseph N., Reisfeld, D., Tirosh, E. et al. 2004 Neurobehavioral and cognitive
performance in children exposed to low-dose radiation in the Chernobyl accident: The Israeli
Chernobyl Health Effects Study. Am. J. Epidemiol., 160 (5): 453–459.
Bashilov et al., 2015.Belarus and Chernobyl: 29 years after. Bashilov AV [et al.]. Gomel:
Institute of Radiology. 114 p. (in Russian).
Bazyka, D.A., Volovik, S.V., K.G. Manton et al. 2004. Ionizing radiation accelerating aging
and neurodegeneration. International Journal of Psychophysiology 54, 1–2: 118–119.
Bazyka, D.A., Loganovsky, K.N., Ilyenko, I.N. et al. 2013. Cellular immunity and telomere
length correlate with cognitive dysfunction in clean–up workers of the Chernobyl accident. Clinical
Neuropsychiatry 10 (6): 280–281.
Bazyka, D., Ilyenko, I., Loganovsky, K., Lyashenko, L. 2013a. Cognitive deficit at the late
period after low dose radiation exposure influences gene expression and cell differentiation. In: La
77

theorie de replicon: 50 ans deja. International conference, Institut Pasteur, March 25–28, 2013,
Abstr. replicon 2013/55
Bazyka, D. 2014. A Review of Health Effects following the Chornobyl Accident: What can
we expect from Fukushima? IAEA Conference, Vienna, 19 February 2014. http://wwwpub.iaea.org/iaeameetings/cn224p/Session7/Bazyka.pdf
Bazyka, D.A., Ilyenko, I.M., Loganovsky, K.N. et al. 2014. TERF1 and TERF2
downregulate telomere length in cognitive deficit at the late period after low-dose exposure.
Problems of Radiation Medicine and Radiobiology 19: 170-185.
Bazyka, D.А., Omelianets, N.I. 2014. The substantiation and suggestions to the new
concept of liquidation of consequences of the Chernobyl catastrophe in Ukraine during the remote
period. Radioecology-2014. Materials of a scientific-practical conference with the international
participation, Kiev, April 24-26.2014. Publishing house of Zhitomir state university by I. Franko.
Zhitomir. pp. 205-210. http://radioekolog.com.ua/ (in Ukrainian).
BEIR VII, 2006. Health Risks from Exposure to Low Levels of Ionizing Radiation. BEIR
VII Report, phase II Washington, DC: NRC. 74 p.
Bel. nat. report, 2011. A quarter century after the Chernobyl catastrophe: results and
prospects of overcoming. National report of the Republic of Belarus. Department for elimination of
consequences of the catastrophe at Chernobyl NPP of the Ministry for emergency situations of the
Republic of Belarus. Minsk, 90 p.
http://chernobyl.info/Portals/0/Docs/BelNationalReport-2011.pdf (in Russian).
Belyy, Y.A., Tereshchenko, A.V., Romanko, Y.S. et al. 2015. Triggering factors and
pathogenesis of radiation cataract.Vestn Oftalmol 131 (4): 97-101.
Benderitter, M, Vincent-Genod, L, Pouget, JP, Voisin, P. 2003. The cell membrane as a
biosensor of oxidative stress induced by radiation exposure: a multiparameter investigation. Radiat
Res 159 (4): 471-483.
Beregovskaya, N., Maiboroda, R. 1995. Mitochondrial DNA damage and efficiency of AT
biosynthesis: mathematical model. J Theor Biol 172 (2): 161-168.
Bevelacqua JJ. Applicability of health physics lessons learned from the Three Mile Island
Unit 2 accident to the Fukushima Daiichi accident. J Environ Radioact. 2012 Feb;105:6–10.
Bilonyk et al. 2014. Radiation-hygienic monitoring on is the radioactive contaminated
territories. Ecology-hygienic situation on is the radioactive contaminated territories. Bilonyk A. B.
Vasylenko V. V. Pikta V. O. Radioecology-2014. Materials of a scientific-practical conference
with the international participation, Kiev, April 24-26. Publishing house of Zhitomir state university
by I. Franko. Zhitomir. pp. 333-335. http://radioekolog.com.ua/
Bomko, M.A. 2004. Morphometric neurovisual characteristic of organic brain damage in
remote period of exposure to ionizing radiation as a result of the Chernobyl accident. 2, 40: 96–101.
Britten, R.A., Davis, L.K., Johnson, A.M. et al. 2012. Low (20 cGy) doses of 1 GeV/u
(56)Fe–particle radiation lead to a persistent reduction in the spatial learning ability of rats. Radiat
Res 177, 2: 146–151.
Bromet, E.J., Taormina, D.P., Guey, L.T. et al. 2009. Subjective health legacy of the
Chornobyl accident: a comparative study of 19-year olds in Kyiv. BMC Public Health 17, 9: 417.
doi: 10.1186/1471-2458-9-417.
Bromet, E.J., Goldgaber, D., Carlson, G. et al. 2000. Children’s well-being 11 years after the
Chornobyl catastrophe. Arch Gen Psychiatry 57 (6): 563–571.
Bromet, E.J, Havenaar, J.M., Guey, L.T. et al., 2011. A 25 year retrospective review of the
psychological consequences of the Chernobyl accident. Clin Oncol (R Coll Radiol) 23 (4):
297−305.
Bromet, EJ. 2013. Mental health consequences of the Chernobyl disaster. J Radiol Prot 32
(1): 71–75.
Bromet, E.J. 2014. Emotional consequences of nuclear power plant disasters. Health Phys
106 (2): 206-210.
78

Bromet, E. 2015. Mental health research after Chernobyl: lessons learned and suggestions
for future directions. Cooperation on Chernobyl Health Research (CO-CHER), Mental Health and
Risk Communication Expert meeting, 23–24 June 2015, IARC WHO, Lyon, France.
Bruchmann, I., Szermerski, B, Behrens, R, Geworski, L. 2015. Impact of radiation
protection means on the dose to the lens of the eye while handling radionuclides in nuclear
medicine.
Z
Med
Phys.
2015
Sep
1.
pii:
S0939-3889(15)00099-9.
doi:
10.1016/j.zemedi.2015.07.002.
Bruk et al. 2014. Exposure of the population of the Russian Federation as a result of the
Chernobyl accident and the main directions of further work in the coming period. G.Ya. Bruk et al.
Radiatsionnaya gigiena 7 (4): 72-77 (in Russian).
Burlakova, E.B. 2006. Chernobyl Catastrophe Consequences on Human Health.
Greenpeace. E.B. Burlakova (ED.). Amsterdam, the Netherlands, 182 p.
http://ibcp.chph.ras.ru/?action=books&book_id=33
Buzunov, V. Fedirko, P. 1999. Ophthalmopathology in victims of the Chernobyl catastrophy
- results of clinical epidemiological study. In: A.K.Junk, Y.Kundiev, P.Vitte, B.V.Worgul (Eds).
Ocular radiation risk assessment in populations exposed to environmental radiation contamination,
Kluwer Ac. Publish., Dordrecht / Boston / London. pp. 57–67.
Buzunov et al. 2010. Epidemiological research and estimates of low doses ionizing radiation
effects on the development of non-tumor diseases among Chornobyl survivors. V. A. Buzunov, L. I.
Krasnikova, E. A. Pirogova, V. M. Tereschenko, Yu. S. Voychulene. Problems of radiation
medicine and radiobiology 13: 56-66 (in Russian, the summary – engl).
http://radiationproblems.org.ua/Problemy_rad_med_radiobiol_13_2007.pdf.
Buzunov et al. 2011. The State Registry of Ukraine of the Persons affected by the Chornobyl
catastrophe. Registries of Affected population. Chapter 3.1.V. Buzunov, B. Ledoschuk, M.
Omelyanets, G. Kartushin, O. Bobylyova, S. Tereshchenko. Health effects the Chornobyl Accident
– a Quarter of Century Aftermath. K.: DIA. pp. 61-66.
http://nrcrm.gov.ua/downloads/monograph1.pdf
Buzunov, V., Tereshchenko, V., Krasnikova, L. et al. 2011a. Effects in the Chornobyl cleanup workers of 1986-1987. In: Health Effects of the Chernobyl Accident: a Quarter of Century
Aftermath. A. Serdiuk, V. Bebeshko, D. Bazyka, S. Yamashita (Eds). K. DIA, pp. 321−346.
http://nrcrm.gov.ua/downloads/monograph1.pdf
Chernobyl's Legacy, 2006. Chernobyl's Legacy: Health, Environmental and Socio-economic
Impacts and Recommendations to the Governments of Belarus, the Russian Federation and Ukraine.
https://www.iaea.org/Publications/Booklets/Chernobyl/chernobyl.pdf
Chernobyl-tour, 2015. Official tours to the Chernobyl zone. http://chernobyl-tour.com.
Chlistun, L. 2014. The effect of dual protection. Launched a new joint program.
http://www.rg.ru/2014/04/24/katastrofa.html (in Russian).
Chumak et al. 2007. Dosimetry for a Study of Low-Dose Radiation Cataracts among
Chernobyl Clean-up Workers. Chumak V.V., Worgul B. V., Kundiyev Y. I. et al. Radiation
Research. 167 5: 606-614.
Collection 7, 1998. Retrospectively-prognosed irradiation doses of the population and
general dosimetric passportization 1997 of the settlements of Ukraine, which were exposed to
radioactive contamination after Chornobyl catastrophe. Summary data for 1986-1997. Collection
7. Ministry of Ukraine of Emergencies et al. K.: 155 p. (in Ukrainian).
Collection 14, 2012. General dosimetric passportization and results of WBC-monitoring in
the settlements, which were exposed to radioactive contamination after Chornobyl catastrophe.
Data for 2011. Collection 14. Ministry of Health of Ukraine et al. http : // zakon.rada.gov.ua
www.mns.gov.ua/files/2012/8/13/Zbirka14.pdf. (in Ukrainian).
Collection 15, 2013. General dosimetric passportization and results of WBC-monitoring in
the settlements, which were exposed to radioactive contamination after Chornobyl catastrophe.
Collection 15. Likhtarev I. A., Kovgan L.N., Vasilenko V. V. et al. K.: 33 p. (in Ukrainian).
79

Concept, 1991. Conception on Residence of Population on the territories of Ukraine with the
increased levels of radionuclide contamination as a result of Chornobyl catastrophe. Confirmed by
the Supreme Council of Ukraine from 27.02.1991. N° 791-12.
Concept, 2012. The concept of implement the state policy in the sphere of development
activities in separate zones of radioactive contamination by the Chernobyl catastrophe. Approved
by the decree of the Cabinet of Ministers of Ukraine from July 18, 2012 No 535-R
http://zakon3.rada.gov.ua/laws/show/535-2012-р (in Ukrainian).
Decree, 1074. "On approval of the list of settlements located within the boundaries of the
zones of radioactive contamination from the Chernobyl catastrophe". The Decree of the
Government of the Russian Federation on October 8, 2015 No 1074. Official web portal Legal
Information State System of Legal Information.
http://www.pravo.gov.ru/laws/acts/79/49485552.html (in Russian).
Denisuk, N.V. 2006. Chronic cerebrovascular disorders within remote period upon radiation
exposure in Chernobyl NPP accident clean-up workers. Ukrainian Medical Journal 53, 3: 54–64.
(in Russian).
Davis et al. 2006. Childhood leukemia in Belarus, Russia, and Ukraine following the
Chernobyl power station accident: result from an international collaborative population-based casecontrol study. Davis S., Day R., Kopecky K. et al. Int .J. Epidemiol 35 (2): 386-396.
Dubova et al. 2011. The mortality rate among of the inhabitants of the most radioactively
contaminated in the Chernobyl catastrophe territories of Ukraine. N. Dubova, N. Omelyanets, N.
Gunko. Twenty-five years after the Chernobyl catastrophe. The safety of the future. Collection of
abstracts of intern. conf. 20-22 April 2011, Kyiv, Ukraine. pp. 171-173. (in Ukrainian).
Dubrova, YE, Nesterov, VN, Krouchinsky et al. 1996. Human minisatellite mutation rate
after the Chernobyl accident. Nature 380 (6576): 683-686.
Dubrova, YE, Ploshchanskaya, OG, Kozionova, OS. et al. 2006. Minisatellitegermline
mutation rate in the Techa River population. Mutat Res 602 (1-2): 74-82.
Dzikovich I., Maksioutov M., Omelyanets N., Pott-Born R. 2004. Infant Mortality and
Morbidity. International workshop on “The French-German Initiative: Results and their implication
for man and environment”. Kiev, October 5th-6th. K.: 50-51.
Fed. Program–2011. Federal target program "Overcoming the consequences of radiation
accidents for the period till 2015": Adopted by resolution of the Government of the Russian
Federation dated June 29, 2011 No 523. http://www.mchs.gov.ru/activities/fcp/fcp_radiation (in
Russian).
Fedirko, 1999. Chernobyl catastrophy and the eye: some results of a prolonged clinical
investigation. Ophtalmol J 2: 69-73.
Fedirko, P. 2000. Radiation cataracts as a delayed effect of the Chornobyl accident. Data of
Sci. Res. 2: 46-48.
Fedirko, 2001. Electrooculographic studies in persons exposed to radiation. Ophthalmic
Research 1: 65-67 (in Ukrainian).
Fedirko, P.A. 2002. Clinical and epidemiological studies of eye occupational diseases in the
Chornobyl catastrophe victims (peculiarities and risks of eye pathology formation, prognosis).
Kyiv. 416 p. (In Ukrainian).
Fetisov, SN, Dubovoĭ, II. 2008. The medical legal grounds of the dispanserization of
children dwelling on the radiation polluted territories in the issue of Chernobyl disaster. Probl
Sotsialnoi Gig Zdravookhranenniiai Istor Med 6: 30-32.
Friedman, H.R., Selemon, L.D. 2010. Fetal irradiation interferes with adult cognition in the
nonhuman primate. Biol. Psychiatry 68, 1: 108–111.
Fukushima Daiichi NPP, 2011.http://www.seogan.ru/aes-fukusima-1.html
Fukushima. Report of IAEA, 2011.
http://joff.ucoz.ru/news/fukusima_otchet_magateh/2011-06-02-599 (in Russian).
80

Fukushima. Report of IAEA, 2013. Experts of IAEA will prepare a report on the
consequences of the catastrophe at Fukushima on the health of Japanese.
http://www.iarex.ru/news/23181.html (in Russian).
Fukushima. Report of IAEA, 2015. (http://ecology.unian.net/nuclearwaste/1077863-magateopublikovalo-doklad-po-likvidatsii-posledstviy-avarii-na-fukusime.html);
http://www.seogan.ru/201509176458/na-generalnoiy-konferencii-magate-v-venepredstavlen-doklad-po-posledstviyam-avarii-na-aes-fukusima-1.html (in Russian).
Fushiki, S. 2013. Radiation hazards in children - lessons from Chernobyl, Three Mile Island
and Fukushima. Brain Dev.35(3):220-7. doi: 10.1016/j.braindev.2012.09.004. Epub 2012 Oct 9.
Fuzik, et al. 2011. Thyroid cancer incidence in Ukraine: trends with reference to the
Chernobyl accident. Fuzik M., Prysyazhnyuk A., Shibata Y. et al. Radiat. Envion. Biophys 50 (1):
47–55.
Fuzik, et al. 2013. Age and gender pattern of thyroid cancer incidence in Ukraine depending
on thyroid radiation doses from radioactive iodine exposure after the Chornobyl NPP accident.
Fuzik M.M., Prysyazhnyuk A.Ye., Shibata Y. et al. Problems of radiation medicine and
radiobiology 18: 144-155.
Gamache, G.L., Levinson, D.M., Reeves, D.L. et al. 2005. Longitudinal neurocognitive
assessments of Ukrainians exposed to ionizing radiation after the Chernobyl nuclear accident. Arch
Clin Neuropsychol 20, 1: 81–93.
Goto, A., Bromet, E.J., Fujimori, K. et al. 2015. Pregnancy and Birth Survey Group of
Fukushima Health Management Survey, 2015. Immediate effects of the Fukushima nuclear power
plant disaster on depressive symptoms among mothers with infants: a prefectural-wide crosssectional study from the Fukushima Health Management Survey. BMC Psychiatry. 26; 15:59. doi:
10.1186/s12888-015-0443-8.
Greenpeace, 2006. The Chernobyl Catastrophe: Consequence on Human Health. General
Ed: A. Yablokov, I. Labunska, I. Blokov.137 p.
http://www.greenpeace.org.uk/MultimediaFiles/Live/FullReport/7578.pdf.
Gritsuk, AI, Matiukhina, TG, Koval, AN. et al. 2002. Mitochondrial oxidation and
ultrastructure of the myocardium on abackground of incorporation of cesium radionuclides.
Aviakosm Ekolog Med 36 (2): 40-44.
Gunko et al. 2010. The estimation of a condition of performance of the measures,
established by the legislation, of antiradiating, medical and social protection of the inhabitants of
territories, is radioactive contamination in result of Chernobyl catastrophe, and offer till them
correction. Gunko N.V., Omelianets N.I., Ozerova Y.Y. et al. Problems of radiation medicine and
radiobiology 15: 114-126 (in Ukrainian).
Gunko, N.V., Dubova, N.F. 2012. Contaminated territories of Ukraine: rural population
vitality index. Problems of radiation medicine and radiobiology 17: 55-61.
http://radiationproblems.org.ua/archive.html#17.
Harada, N., Shigemura, J., Tanichi, M. et al., 2015. Mental health and psychological impacts
from the 2011 Great East Japan Earthquake Disaster: a systematic literature review. Disaster and
Mil Med 1:17.
Hasegawa, A., Tanigawa, K., Ohtsuru, A. et al. 2015. From Hiroshima and Nagasaki to
Fukushima 2. Health effects of radiation and other health problems in the aftermath of nuclear
accidents, with an emphasis on Fukushima. Lancet 386 (9992): 479–488.
Hatch et al. 2015. Non-thyroid cancer in Northern Ukraine the post-Chernobyl period. Hatch
M., Ostroumova E., Brenner A. et al., Cancer Epidemiology 39: 279-283.
Hayano RS, Watanabe YN, Nomura S, Nemoto T, Tsubokura M, Hanai T, et al. Wholebody counter survey results 4 months after the Fukushima Dai-ichi NPP accident in Minamisoma
City,
Fukushima.
J
Radiol
Prot
J
Radiol
Prot.
2014;34(34):787–99.
http://arxiv.org/pdf/1408.4311v1.pdf
81

Hayano RS, Tsubokura M, Miyazaki M, Ozaki A, Shimada Y, Kambe T, et al. Whole-body
counter surveys of over 2700 babies and small children in and around Fukushima Prefecture 33 to
49 months after the Fukushima Daiichi NPP accident. Proc Japan Acad Ser B-Physical Biol Sci.
2015;91(8):440–6.
Havenaar, J. 2015. Psychological consequences of the Chernobyl Disaster, outcomes,
mechanisms and interventions. Cooperation on Chernobyl Health Research (CO-CHER), Mental
Health and Risk Communication Expert meeting, 23–24 June 2015, IARC WHO, Lyon, France.
Health, 2005. Health Effects of the Chernobyl Accident and Special Health Care
Programmes. Report of the UN Chernobyl Forum, Expert Group “Health” (EGH). WHO: Working
draft. August 31. 179 р.
http://www.who.int/ionizing_radiation/a_e/chernobyl/EGH%20Master%20file%202005.08.24.pdf
Health indicators, 2010. Health indicators and the provision of health care suffered as a
result of the Chernobyl catastrophe for the year 2009. Ed. Golubchikov, M. V. K.: 87 p. (in
Ukrainian).
Health status, 2001. Verification of the official records about the doses of participants of
liquidation of accident on Chernobyl NPP. The health status of the population of Ukraine affected
by the consequences of the Chernobyl accident, and health resources in 1999-2000. Part I. Ministry
of health of Ukraine, Ministry of emergency situations of Ukraine. K.: Publishing house of the NPD
"TECHMEDECOL. pp. 11-15 (in Ukrainian).
Health status, 2001a. Analysis of data about the dose of exposure of participants of
liquidation of consequences of the accident. The health status of the population of Ukraine affected
by the consequences of the Chernobyl accident, and health resources in 1999-2000. Part I. Ministry
of health of Ukraine, Ministry of emergency situations of Ukraine. K.: Publishing house of the NPD
"TECHMEDECOL. pp. 16–30 (in Ukrainian).
Heiervang, K.S., Mednick, S., Sundet, K., Rund, B.R. 2010. The Chernobyl accident and
cognitive functioning: a study of Norwegian adolescents exposed in utero. Dev Neuropsychol 35
(6): 643–655.
Hiraoka, K., Tateishi, S., Mori, K. 2015. Review of health issues of workers engaged in
operations related to the accident at the Fukushima Daiichi Nuclear Power Plant. J Occup Health
2015 Aug 12. [Epub ahead of print].
Horishna, O.V. 2006. Chornobyl’s long shadow. Health consequences of the Chornobyl
nuclear disaster. Summary of findings update 2006. Published by the children of Chornobyl relief
and development fund. 60 p.
Hsu et al. 2013. Incidence of leukemia, lymphoma and multiple myeloma among atomic
bomb survivors: 1950-2001. Hsu W.L., Preston D.L., Soda M. et al. Radiat. Res 179 (3): 361-382.
HuizinkA.C., Bartels, M., Rose R.J. et al. 2008. Chernobyl exposure as stressor during
pregnancy and hormone levels in adolescent offspring. J Epidemiol Community Health 62 (4): e5.
IAEA, 2013. IAEA: Nuclear safety review 2013. GC(57)/INF/3. IAEA/NSR, Vienna.
IChP-1991. International Chernobyl Project. Assessment of radiological consequences and
protective measures. М.: АТ. 96 p. (in Russian). ICRIN. International Chernobyl portal project.
http://chernobyl.info/Default.aspx?tabid=385.
Igumnov, S. 1996. Psychological development of Belarus children exposed to radiation in
the prenatal period as a result of Chernobyl disaster. The Acta Medica Nagasakiensia 42: 3-4.
Igumnov, S., Drozdovitch V. 2000. The intellectual development, mental and behavioural
disorders in children from Belarus exposed in utero following the Chernobyl accident. Eur.
Psychiatry 15, 4: 244–253.
Igumnov, S. 2001. Bioelectric activity of brain in children irradiated in utero. New
Commitments for Psychiatrists. International Congress. Madrid. p. 246.
Igumnov, S., Drozdovitch, V. 2001. The prevalence rate of mental and behavioral disorders
among the children from the Republic of Belarus. 7th World Congress of Biological Psychiatry.
Berlin. p. 381 S.
82

Igumnov, S.A., Drozdovitch, V.V. 2002. Antenatal exposure: Neuropsychiatric aspects.
Moscow: REDECON, 208 p. (in Russian with English Abstract).
Igumnov, S.A., Drozdovitch, V.V. 2004. Antenatal exposure of persons from Belarus
following the Chernobyl accident: Neuropsychiatric aspects. 11th International Congress of the
International Radiation Protection Association. 23–28 May, 2004, Madrid, Spain. Abstracts.
Madrid. IRPA. p. 43.
Igumnov, S. 2009. The brain bioelectric activity of the Belarusian persons irradiated in utero
as a result of Chernobyl accident. Activitas Nervosa Superior Rediviva 51 (1-2): 55-60.
Igumnov, S. 2015. Overview on the mental health research among Chernobyl cleanup
workers/”liquidators” in Belarus. Cooperation on Chernobyl Health Research (CO-CHER), Mental
Health and Risk Communication Expert meeting, 23–24 June 2015, IARC WHO, Lyon, France
Imanaka, T., Hayashi, G., Endo, S. 2015. Comparison of the accident process, radioactivity
release and ground contamination between Chernobyl and Fukushima-1. J Radiat Res 2015 Nov
14. pii: rrv074. [Epub ahead of print].
Information materials, 2013.
Information and analytical materials on overcoming
consequences of the Chernobyl catastrophe: parliamentary hearings. Cabinet of the Ministers of
Ukraine. K.: 65 p.
Information NRCRM, 2014. According to the materials of the National Research Сentre for
Radiation Medicine of NAMS of Ukraine. http://www.amnu.gov.ua/news/1/323/zagolovok/ (in
Ukrainian).
Inomata, Y., Aoyama, M., Tsubono, T. et al. 2015. Spatial and temporal distributions of
134
Cs and 137Cs derived from the TEPCO Fukushima Daiichi Nuclear Power Plant accident in the
North Pacific Ocean by using optimal interpolation analysis. Environ Sci Process Impacts. 2015
Dec 11. [Epub ahead of print].International Markets Bureau, 2010. Market Analysis Report - March
2010. The Japanese Consumer Behaviour, Attitudes and Perceptions toward Food Products.
https://www.gov.mb.ca/agriculture/market-prices-and-statistics/tradestatistics/pubs/japan_consumer_report_en.pdf.
IPHECA, 1996. Health consequences of the Chernobyl accident. Results of the IPHECA
pilot projects and related national programmes. Scientific Report: WHO. Geneva. 518 р.
Ishikawa, T., Yasumura, S., Ozasa, K. et al. 2015. The Fukushima Health Management
Survey: estimation of external doses to residents in Fukushima Prefecture. Sci Rep. 2015 Aug 4;
5:12712. doi: 10.1038/srep12712.
Іvanov et al. 2006. The risk of radiation induces cerebrovaskular disease on Chernobyl
emergency workers. Health Phys 3 (90): 199-207.
Ivanov, 2007. Late cancer and noncancer risk among Chernobyl emergency workers of
Russia. Health Phys 93 (5): 470 – 479.
Ivanov et al. 2009. Latent period in induction of radiogenic solid tumors in cohort of
emergency workers. Ivanov V.K., Gorsky A.I., Kashcheev V.V. et al. Radiat. Environ. Biophys 48
(3): 247-252.
Іvanov et al. 2012. Leukemia incidence in Russian cohort of Chernobyl emergency
workers. V.K. Ivanov, A.F. Tsyb, S.E. Khait et al. Radiat. Environ. Biophys 51: 143-149.
Ivanov, VK, Tsyb, AF. 2013. Problems of the thyroid cancer: lessens of the Chernobyl and
prognosis for Fukushima. Bulletin of Russia Academy of Medical Sciences 5: 38-44 (in Russian).
Iwata, Y., Suzuki, K., Wakuda, T. et al. 2008. Irradiation in adulthood as a new model of
schizophrenia. PLoS ONE 3 5: e2283.
Jacob et al. 2006. Thyroid cancer risk in areas of Ukraine and Belarus affected by the
Chernobyl accident. Jacob P., Bogdanova T.I., Buglova E. et al. Radiat. Res 165 (1): 1–8.
Jacob, P., Kaiser, J., Ulanovsky A. 2014. Ultrasonography survey and thyroid cancer in the
Fukushima Prefecture. Radiat Environ Biophys 53: 391–401.

83

Jelin, BA, Sun, W, Kravets, A, Naboka, M. et al. 2015. Quantifying annual internal
effective (137)Cesium dose utilizing direct body-burden measurement and ecological dose
modeling. J Expo Sci Environ Epidemiol, DOI: 10.1038/jes.2015.6.
Kamiya, K., Ozasa, K., Akiba, S. et al. 2015. Long-term effects of radiation exposure on
health. Lancet 386 (9992): 469–478.
Kashcheev et al. 2015. Incidence and mortality of solid cancer among emergency workers
oh the Chernobyl accident: assessment of radiation risk for the follow-up period 1992-2009.
Kashcheev V.V., Chekin S. Yu., Maksiotov M.A. et al. Radiat. Environ. Biophys 54, 13-23. DOI
10. 1007/s 00411-014-0572-3
Kashparov et al. 2011. Radiological problems of agricultural production in contaminated
due to the Chernobyl catastrophe territories of Ukraine. V. O. Kashparov, V. S. Polishchuk, L. M.
Otreshko. Bulletin of ecological state of exclusion zone and the zone of absolute (mandatory)
resettlement 2 (38): 13-31.
Kesminiene et al. 1997. The study of Chornobyl clean-up workers from Lithuania.
Kesminiene A.Z., Kurtinaitis J., Rimdeika G. Acta Med Lituanica 2: 55–61.
Kesminiene et al. 2012. Risk of Thyroid Cancer among Chernobyl Liquidators. Kesminiene
A., Evrard, A-S., Ivanov V.K. et al. Radiation research 178: 425-436. 0337587/12.Doi:10.1667/RR2975.1
Kholodova et al. 2007. Premature aging of an organism and characteristics of its
manifestation in remote period after low dose irradiation. Kholodova N.B., Zhavoronkova, L.A.,
Ryzhov, B.N., Kuznetsova, G.D. 2007. Adv Gerontol 20, 4: 48–55 (in Russian).
Kholodova, N.B., Zhavoronkova, L.A. 2009. Changes in the nervous system in liquidators
of the consequences of Chernobyl NPP accident. Zh Nevrol Psikhiatr Im S S Korsakova 109 (9): 7374 (in Russian).
Kolominsky, Y., Igumnov, S., Drozdovitch, V. 1999. The psychological development of
children from Belarus exposed in the prenatal period to radiation from the Chernobyl atomic power
plant. J Child Psychol Psychiatry 40 (2): 299-305.
Kolpakov, IY, Vdovenko, VN, Stepanova, YI. et al. 2011. Functional state of the respiratory
and immune system in children-residents of the radioactive contaminated territories. Lik Sprava 12: 21-29.
Kolosinskaja, O.O. 2011. Prevalence of multiple sclerosis in Ukraine population taking into
account the region and environment radiaoactive contamination. Problems of Radiation Medicine
and Radiobiology 16: 150–155 (in Ukrainian).
Kondrashova, VG, Kolpakov, IE, Vdovenko, VY. et al. 2014. Balance of autonomic nervous
system in children having signs of endothelial dysfunction, that were born and are domiciled in
contaminated territories. Probl Radiac Med Radiobiol 19: 298-309.
Korr, H., Thorsten Rohde, H., Benders, J. et al. 2001. Neuron loss during early adulthood
following prenatal low-dose X-irradiation in the mouse brain. Int. J. Radiat. Biol 77, 5: 567–580.
Kovalenko, A.N., Kovalenko, V.V. 2008. Systemic radiation syndromes. Mykolayiv State
Humanitarian University Petro Mohyla, Mykolayiv/Ukraine. 248 p. (in Russian).
Krasnikova et al. 2013. Radiation and non,radiation factors impact on development of
cerebrovascular diseases in the Chornobyl clean-up workers. The epidemiological study results. L.
I. Krasnikova, V. A. Buzunov, S. I. Solonovitch. Problems of radiation medicine and radiobiology
18: 82–93. http://radiationproblems.org.ua/18_2013/prmr_2013_18_12.pdf
Krasnov, V., Kryukov, V., Samedova et al. 2015. Early aging in Chernobyl clean-up
workers: long-term study. Biomed Res Int. 2015:948473. doi: 10.1155/2015/948473. Epub 2015 Jan
27.
Laidra, K., Rahu, K., Tekkel, M. et al., 2015. Mental health and alcohol problems among
Estonian cleanup workers 24 years after the Chernobyl accident. Soc Psychiatry Psychiatr
Epidemiol. 50 (11): 1753-1760.
84

Law of Ukraine, 1991. On Status and Social Protection of Population Suffered from
Chornobyl Catastrophe. The law of Ukraine from February 28, 1991 N° 796-ХІІ. Date of Entry into
Force: April 1. http://zakon.rada.gov.ua/go/796-12.
Law of Ukraine, 1991a. About a legal mode of territory, which has undergone to radioactive
contaminate in result of Chornobyl catastrophe. The law of Ukraine N° 791а-ХІІ from 27.02.1991.
http://zakon.rada.gov.ua/laws/show/791а-12.
Law of Ukraine, 2009. On the State program for decommissioning the Chernobyl NPP and
transforming the Shelter object into the ecologically safe system. The law of Ukraine N0 886-VI.
from 15.01.2009. http://zakon3.rada.gov.ua/laws/show/886-17 (in Ukrainian).
Law of Ukraine, 2014. About modification and recognition by such, that have lost force,
some acts of Ukraine. The law of Ukraine from 28.12.2014 No 76-VIII.
http://zakon2.rada.gov.ua/rada/show/76-19/page (in Ukrainian).
Likhtarev et al. 1994. Retrospective reconstruction of individual and collective external
gamma doses of population evacuated after Chernobyl accident. Health Phys 66: 643-652.
Likhtarov et al. 2006. Post-Chernobyl thyroid cancers in Ukraine. Report 2: risk analysis.
Likhtarov I., Kovgan L., Vavilov S. et al. Radiat. Res 166 (2): 375–386.
Likhtarev et al. 2013. Reconstruction of individual thyroid doses to the Ukrainian subjects
enrolled in the Chernobyl tissue bank. Rad Prot Dosim doi: 10.1093/rpd/nct096: 2013. p. 1-17.
Likhtarov et al. 2014. Individualized internal exposure doses reconstruction for the persons
of Ukraine State Register: Report 1. Locally,specific models and doses of persons living in Rokytne
raion of Rivne oblast, Ovruch raion of Zhitomir oblast and Ivankiv raion of Kyiv oblast. Likhtarov
I.A., Kovgan L.N., Masiuk S.V. et al. Problems of radiation medicine and radiobiology 19: 80101. http://radiationproblems.org.ua/home.html
Likhtarov et al. 2014a. Individualized internal exposure doses reconstruction for the persons
of Ukraine State Register: Report 2. Locally, specific models and doses of persons living in
Kozelets and Ripky raions of Chernihiv oblast. Likhtarov I.A., Kovgan L.N., Masiuk S. V. et al.
Problems
of
radiation
medicine
and
radiobiology
19:
102-125
http://radiationproblems.org.ua/home.html
Lindgren, A, Stepanova, E, Vdovenko, V. et al. 2015. Individual whole-body concentration
of 137cesium is associated with decreased blood counts in children in the Chernobyl-contaminated
areas, Ukraine, 2008-2010. J Expo Sci Environ Epidemiol. DOI: 10.1038/jes.2013.60.
Litcher, L. Bromet, E.J., Carlson, G.A. et al. 2000. School and neuropsychological
performance of evacuated children in Kyiv 11 years after the Chernobyl disaster. J. Child. Psychol.
Psychiatry 41: 291-299.
Little, M.P. 2013. A review of non-cancer effects, especially circulatory and ocular diseases.
Radiat Environ Biophys 52 (4): 435-449.
Loganovskaja, T.K., Loganovsky, K.N. 1999. EEG, cognitive and psychopathological
abnormalities in children irradiated in utero. Int. J. Psychophysiol 34, 3: 213–224.
Loganovsky, K.N. 2000. Vegetative-vascular dystonia and osteoalgetic syndrome or
Chronic Fatigue Syndrome as a characteristic after-effect of radioecological disaster: the Chernobyl
accident experience. Journal of Chronic Fatigue Syndrome 7, 3: 3–16.
Loganovsky, K.N., Loganovskaja, T.K. 2000. Schizophrenia spectrum disorders in persons
exposed to ionizing radiation as a result of the Chernobyl accident. Schizophr. Bull 26 4: 751–773.
Loganovsky, K.N., Yuryev, K.L. 2001. EEG patterns in persons exposed to ionizing
radiation as a result of the Chernobyl accident: Part 1: conventional EEG analysis. J.
Neuropsychiatry Clin. Neurosci 13, 4: 441–458.
Loganovsky, K.N., Yuryev, K.L. 2004. EEG patterns in persons exposed to ionizing
radiation as a result of the Chernobyl accident. Part 2: quantitative EEG analysis in patients who
had Acute Radiation Sickness. J. Neuropsychiatry Clin. Neurosci 16, 1: 70–82.

85

Loganovsky, K.N., Volovik, S.V., Manton, K.G. et al. 2005. Whether ionizing radiation is a
risk factor for schizophrenia spectrum disorders? World Journal of Biological Psychiatry 6 4: 212–
230.
Loganovsky, K., 2007. Suicides and exposure to low doses of ionising radiation. Int J Low
Radiation 4 3: 176–183.
Loganovsky, K., Havenaar, J., Bromet, E. 2007. Psychiatric aftermath of the Chernobyl
disaster in clean-up workers. Australian And New Zealand Journal of Psychiatry: World Psychiatric
Association International Congress 2007. 41 (Suppl. 2): A266-A267.
Loganovsky, K., Havenaar, J.M., Tintle, N.L. et al. 2008. The mental health of clean-up
workers 18 years after the Chernobyl accident. Psychol Med 38 (4): 481–488.
Loganovsky, K.N., Loganovskaja, T.K., Nechayev, S.Y. et al. 2008a. Disrupted
development of the dominant hemisphere following prenatal irradiation. J Neuropsychiatry Clin
Neurosci 20, 3: 274–291.
Loganovsky, K. 2009. Do low doses of ionizing radiation affect the human brain? Data
Science Journal, 2009; 8, BR13–BR35 (http://www.jstage.jst.go.jp/article/dsj/8/0/8_BR13/_article).
Loganovsky, K., Antypchuk, Ye., Chuprovskaja, N. et al. 2009. Cognitive disorders and
their risk factors in the late period of exposure to ionizing radiation following the Chernobyl
accident. In: Late Health Effects of Ionizing Radiation: Bridging the Experimental and
Epidemiologic Divide, May 4–6, 2009, Georgetown University Conference Center, Washington,
DC, p. 107.
Loganovsky, K., Antypchuk, K., Kreinis, G. et al. 2009a. Postradiation cognitive disorders.
th
In: 8 International LOWRAD Conference “The Effects of Low Doses and Very Low Doses of
Ionizing Radiation on Human Health and Biotopes”, 28–30 September 2009, Rio de Janeiro, Brazil,
p. 99.
Loganovsky et al. 2011. Nervous system and psychosocial aspects In: Health Effects of the
Chernobyl Accident: a Quarter of Century Aftermath. A. Serdiuk, V. Bebeshko, D. Bazyka, S.
Yamashita (Eds). K. DIA, pp. 461−490.
Loganovsky, K.N., Loganovkaja, T.K. 2011. Fukushima—Sakura blossom? New
Millennium Medicine 1: 14–25 [in Russian] http://nmt-journal.com/category/journalarchive/nmt2011/11-01/
Loganovsky, K.N. 2012. Brain damage following exposure to low doses of ionizing
radiation as s result of the Chernobyl accident. Clinical Neuropsychiatry 9 (5): 203-204.
Loganovsky, K.N., Zdorenko, L.L. 2012. Intelligence deterioration following acute radiation
sickness. Clinical Neuropsychiatry. Journal of Treatment Evaluation 9, 5: 187–194.
Loganovsky, K.N. 2013. Neurophysiologic effects of acute and chronic low dose radiation.
Proceeings, 5th International Cardio Event 2013 “Cardiology Towards the Future, System
Medicine”, Florence, Italy, January 17-19, 2013. pp. 77–85.
Loganovsky, K.N. Zdanevich, N.A. 2013. Cerebral basis of posttraumatic stress disorder
following the Chernobyl disaster. CNS Spectr 18 (2): 95–102.
Loganovsky, K., Loganovskaja, T. 2013. Cortical-limbic neurogenesis asymmetry as
possible cerebral basis of brain laterality following exposure to ionizing radiation Clinical
Neuropsychiatry. Journal of Treatment Evaluation 10, 3-4: 174.
Loganovsky, K. 2015. Overview of mental health and neuropsychiatric disorders in
Ukrainian Chernobyl survivors. Cooperation on Chernobyl Health Research (CO-CHER), Mental
Health and Risk Communication Expert meeting, 23–24 June 2015, IARC WHO, Lyon, France.
Loganovsky, K, Perchuk, I, Marazziti, D. 2015. Workers on transformation of the shelter
object of the Chernobyl nuclear power plant into an ecologically-safe system show qEEG
abnormalities and cognitive dysfunctions: A follow-up study. World J Biol Psychiatry 23: 1–8.
Loganovsky, K., Perchuk, I., Marazziti, D. 2015a. Clinical and psychophysiological data of
the Chernobyl personnel working on transformation of the Object “Shelter” into an ecologically
safe system. Clinical Neuropsychiatry. Journal of Treatment Evaluation 12, 3: 57–63.
86

Mabuchi, K. et al. 2013. Risk of Thyroid Cancer after Adult Radiation Exposure: Time to
Re-Assess? Text /Mabuchi, K., Hatch, M, Little, M. P., Linet, M. S. and Simon S. L. Radiat. Res
179: 254-256. Mason J.B., 2011. Vitamins, trace minerals, and other micronutrients. In: Goldman
L, Schafer AI, eds. Goldman's Cecil Medicine. 24th ed. Philadelphia, PA: Elsevier Saunders: chap
225.
Masurenko, V. 2010. And again remembered about Chernobyl.
http://vnmazurenko.blogspot.de/2010/04/blog-post_26.html
McMahon, DM, Vdovenko, VY, Karmaus, W. et al., 2014. Effects of long-term low-level
radiation exposure after the Chernobyl catastrophe on immunoglobulins in children residing in
contaminated areas: prospective and cross-sectional studies. Environ Health, DOI: 10.1186/1476069X-13-36.
Marazziti, D., Baroni, S., Catena-Dell'Osso, M. et al. 2012. Cognitive, psychological and
psychiatric effects of ionizing radiation exposure. Curr Med Chem 19 (12): 1864–1869.
Marchenko, T.A., Apanasyuk, O.N., Simonov, A.V. 2006. Problems of social and
psychological rehabilitation of the population and territories affected by radiation from the
Chernobyl disaster. Chernobyl: ecology, people, health. Research Workshop, December 6-7, 2006
Exhibition Centre. The collection of materials. Under the general editorship of T.A. Marchenko. M .: Nuclear Safety Institute. 306 p. (in Russian).
Matsuoka, Y., Nishi, D., Nakaya, N. et al., 2012. Concern over radiation exposure and
psychological distress among rescue workers following the Great East Japan Earthquake. BMC
Public Health. 12:249. doi: 10.1186/1471-2458-12-249.
Mel’nikova, T.S., Krasnov, V.N., Iurkin, M.M. et al. 2010. Changes of EEG coherence in
different stages of the formation of the psychoorganic syndrome. Zh Nevrol Psikhiatr Im S S
Korsakova 110, 2: 19–23 (in Russian).
Michalski et al. 2008. Accounting for heterogeneity in radiation risk assessment. A. I.
Mikhalski et al. Automation and remote control 6: 153-159 (in Russian).
Ministry of Health, 2011. Ministry of Health, Labour and Welfare. Radiation Protection of
Workers. http://www.mhlw.go.jp/english/topics/2011eq/workers/irpw/index.html
Nagataki et al. 2013. Nagataki S, Takamura N, Kamiya K, Akashi M. Measurements of
individual radiation doses in residents living around the Fukushima Nuclear Power Plant. Radiat
Res 180: 439–447.
Nagataki, S1, Takamura, N. 2014. A review of the Fukushima nuclear reactor accident:
radiation effects on the thyroid and strategies for prevention. Curr Opin Endocrinol Diabetes Obes.
Oct;21(5):384-93. doi: 10.1097/MED.0000000000000098.
Hasegawa A., Tanigawa K., Ohtsuru A. et al., 2015. From Hiroshima and Nagasaki to
Fukushima 2. Health effects of radiation and other health problems in the aftermath of nuclear
accidents, with an emphasis on Fukushima. Lancet, 386 (9992): 479–488.National Academy Press,
2001. Dietary Reference Intakes: Vitamin A, Vitamin K, Arsenic, Boron, Chromium, Copper,
Iodine, Iron Manganese, Molybdenium, Nickel, Silicon, Vanadium, and Zinc.. Institute of
Medicine,
Food
and
Nutrition
Board.
Washington,
DC..
PMID:
25057538
www.ncbi.nlm.nih.gov/pubmed/25057538.
National Chronic Fatigue Immune Dysfunction Syndrome (CFIDS) Foundation (NCF)
Announces Link between Chronic Fatigue Syndrome and Low Level Radiation Exposure Press
Release - August 20th, 2010 http://www.ncf-net.org/PressReleases.htm#nal).
National Ukrainian Report, 1996. Ten years after accident on Chernobyl NPP. National
Ukrainian Report. Minchernobyl. K.: 99 p. (in Ukrainian).
National Ukrainian Report, 2001. 15 years of Chernobyl catastrophe. Experience of
overcoming. National Ukrainian Report. Chernobylinterinfotm. K.: 148 p. (in Ukrainian).
National Ukrainian Report, 2006. Twenty years of Chernobyl catastrophe: Future outlook.
Atica. K.: 216 p. http://chernobyl.undp.org/english/docs/ukr_report_2006.pdf
87

National Ukrainian Report, 2011. Twenty-five Years after Chornobyl Accident: Safety for the
Future. KIM. K.: 328 p. ISBN 978-966-1547-64-2.
http://www.q-mag.org/media/bv000015.lkdoc.25-chornobyl-angl.pdf
Nasvit O.I., 2015. About removal from operation of the Chernobyl NPP, shelters object and
prospects of development of a alienation zone: materials of parliamentary hearings in the Supreme
Council of Ukraine of March 4, 2015. Committee of the Supreme Council of Ukraine on the
problems of environmental policy, nature management and elimination of the Chornobyl
catastrophe consequences. Parliamentary publishing house. К.: pp. 48-49. ISBN 978-966-922-0004 (in Ukrainian).
NCRPU, 2006. The reference of a National Commission of Radiating Protection of the
Population of Ukraine to the Prime Minister of Ukraine from 31.01.2006 N° 01/01-04 (in
Ukrainian).
Nomura, S., Blangiardo, M., Tsubokura, M. et al. 2016. Post-nuclear disaster evacuation and
survival amongst elderly people in Fukushima: A comparative analysis between evacuees and nonevacuees. Prev Med 82: 77–82.
NRER. National Radiation and Epidemiological Registry. http://www.nrer.ru
Nyagu, A.I., Loganovsky, K.N., Loganovskaya, T.K. 1998. Psychophysiologic aftereffects
of prenatal irradiation. Int. J. Psychophysiol 30: 303-311.
Nyagu, A.I., Loganovsky, K.N., Pott-Born, R. et al. 2004. Effects of prenatal brain
irradiation as a result of the Chernobyl accident. International Journal of Radiation Medicine 6, 1–
4: 91–107.
Ohira, T., Hosoya, M., Yasumura, S. et al. 2015. Effect of evacuation on body weight after
the Great East Japan Earthquake. Am J Prev Med. 2015 Dec 7. pii: S0749-3797(15)00685-6. doi:
10.1016/j.amepre.2015.10.008.
Ohto, H., Maeda, M., Yabe, H. et al. 2015 Suicide rates in the aftermath of the 2011
earthquake in Japan. Lancet 385 (9979): 1727.
Ohtsuru, A., Tanigawa, K., Kumagai, A. et al. 2015. From Hiroshima and Nagasaki to
Fukushima 3. Nuclear disasters and health: lessons learned, challenges, and proposals. Lancet 386
(9992): 489–497.
Omel'anets, N.I., Miretski, G.I., Saurov, M.M., Torbin, V.F. 1988. Medical demographic
consequences of the Chernobyl accident. Medical aspects of the Chernobyl accident. A technical
document issued by the International atomic energy agency. IAEA-Tecdoc-516. Vienna. 1989. pp.
315-325.
http://www-pub.iaea.org/books/IAEABooks/771/Medical-Aspects-of-the-ChernobylAccident-Proceedings-of-the-All-Union-Conference-Kiev-USSR-11-13-May-1988
Omelyanets, N., 1992. Analysis and evaluation of results of the International Chernobyl
project. Ojkumena (Ukrainian ecological bulletin) 2: 12-24 (in Ukrainian).
Omelyanets, N. I. et al. 1997. Automated database management system the medicodemographyc consequences of the Chernobyl. N. I. Omelianets, Torbin V. F., Kuzmin A. V. et al.
Actual problems of epidemiology and primary prevention of health consequences on the Chernobyl
NPP. Mat. sci. Conf. Kyiv, 15-16 October 1997, Kyiv: Chornobylinterinform. p. 216-221.
Omelyanets, N.I. 2000. Combined and complex influence of radiation on health. Archives of
complex environmental studies 2: 1-2, march-august: 1-5.
Omelianets et al. 2004. Medico-demographic consequences of Chornobyl catastrophe in
Ukraine. Omelianets N. І., Dubovaya N. F., Gunko N. V. et al. Chornobylinterinform, K.: 208 p. (in
Ukrainian).
Omelyanets et al. 2004a. Determination of infant mortality and morbidity in the population
of Ukraine affected by the CHNPP accident. Subproject 3.3.1 on the Project 3 "Health Effects of
the Chernobyl Accident" entitled "Franco-German Initiative for Chernobyl". 194 p.
Omelyanets, N. I., Gunko, N. V., Dubovaya, N. F. et al. 2007. Medico-demographic
evaluation of health victims by the Chernobyl catastrophe. Sec. 23. Medical consequences of the
Chernobyl nuclear power plant. K.: DIA. pp. 606-634. (in Ukrainian).
88

Omelyanets, N. Gunko, N. Dubova N. 2011. Basic radio-ecological and social-demographic
consequences of catastrophe. Chapter 10. Medico-demographic changes after Chernobyl
catastrophe. Health effects on the Chornobyl accident - a quarter of century aftermath. Eds A.
Serdiuk, V. Bebeschko, S. Yamashita. R. pp. 303-320.
Omelyanets et al. 2011a. Demographic health indicators in Ukraine of the victims by the
Chernobyl catastrophe 25 years later and ways to improving them. N. Omelianets, N. Gunko, N.
Dubova et al. Twenty-five years after the Chernobyl catastrophe. The safety of the future. Collection
of abstracts of intern. conf. 20-22 April 2011, Kyiv, Ukraine. pp. 198-200 (in Ukrainian).
Omelyanets et al. 2011b. Medico-demographic changes after Chornobyl catastrophe
N. I. Omelyanets, N. V. Gunko, N. F. Dubova. Health effects the Chornobyl Accident – a Quarter
of Century Aftermath. – Kyiv: DIA, 2011. Chapter 10. pp. 303-319.
Omelianets et al. 2014. A free-of-charge nutrition of the victims from accident on ChNPP of
children. Experience of Ukraine. Omelianets Nikolai, Piven Nataliya. Palmarium Academic
Publishing. ISBN 978-3-639-68899-3. 78 p. (in Russian).
Omelianets et al. 2015. The impact of the Chernobyl catastrophe and its consequences on
mortality in the population of inhabitants of Ukraine. N.І. Omelianets, N.V. Gunko, N.F. Dubova.
Radioecology-2015. Materials of scientific-practical conference with international participation,
Kiev, 24-26 April, 2015. Zhitomir. Zhitomir state University named after I. Franko. pp. 233-238.
(in Ukrainian).
Omelianets et al. 2015a. Demographic losses of Ukraine from of Chornobyl catastrophe.
Omelianets N., Gunko N., Dubovaya N., 2015. Palmarium Academic Publishing, Germany. ISBN
978-3-659-60175-0. 184 p. (in Russian).
https://www.palmarium-publishing.ru/catalog/details/store/ru/book/978-3-659-601750/Демографические-потери-Украины-от-Чернобыльской-катастрофы
Order MH, 1997. System expertise for establishing causal connection of diseases, disability
and death with the action ionizing radiation and other harmful sources as a result of the Chernobyl
accident. Approved by order MH of Ukraine from 30.05.97, No 166/129, with subsequent
amendments (in Ukrainian).
Order MH, 1997a. Regulations in diseases in which use may be a causal link with the action
of ionizing radiation and other harmful sources as a result of the Chernobyl accident. Approved by
order MH of Ukraine from 17.05.97, No 150, with subsequent changes (in Ukrainian).
Orui, M., Harada, S., Hayashi, M. 2014. Changes in suicide rates in disaster-stricken areas
following the Great East Japan Earthquake and their effect on economic factors: an ecological
study. Environ Health Prev Med 19 (6): 459–466.
Ostroumova et al. 2014. Thyroid cancer incidence in Chornobyl liquidators in Ukraine: SIR
analysis, 1986-2010. Ostroumova E., Gudzenko N., Brenner A. et al.. Eur. J. Epidemiol 29 (5):
337-342.
Otake, M, Schull, WJ. 1998. Radiation-related brain damage and growth retardation among
the prenatally exposed atomic bomb survivors. Int J Radiat Biol 74 (2): 159-171.
Parkhomenko, VM, Kolpakov, IIe, Briuzhina, TS, Shumeĭko, VM. 2008. Comparative
characteristic of some parameters of the surfactant pulmonary system in children-residents of
radioactive contaminated territories and children born to participants of liquidation of Chernobyl
accident consequences. Lik Sprava 5-6: 12-16.
Parkhomenko, VM, Kolpakov, IIe, Briuzhina, TS. et al. 2009. Estimation of lipid fatty acids
in condensate of expired air in children-residents of radioactive contaminated territories. Lik Sprava
3-4: 35-38. (in Ukrainian).
Parkhomenko, VM, Kolpakov, IIe, Svoĭkinam, SIu. et al. 2010. Comparative characteristic
of fatty acid content of lipids from expired air condensate in children with recurrent bronchitis
residing in radiative contaminated territories and "clear" regions concerning radionuclide
contamination. Lik Sprava 3-4: 26-32.
89

Parkhomenko, VM, Kolpakov, IIe, Studenykina, OM. et al. 2012. Assessment of an
association between fatty acid structure of lipids in pulmonary surfactant and 137Cs content in the
body of children, residents of radiation-contaminated areas. Lik Sprava 3-4: 14-18.
Perchuk, I.V., 2010. Bioelectrical cerebral activity in personnel during works performance
in the Shelter Object. Problems of Radiation Medicine and Radiobiology 15: 173–180.
Picano, E., Vano, E., Domenici, L. et al. 2012. Cancer and non-cancer brain and eye effects
of chronic low-dose ionizing radiation exposure. BMC Cancer 12, 1, 157.
Pilinskaia, MA, Dybskiĭ, SS, Shemetun, EV, Dybskaia, EB. 2011. Somatic chromosome
mutagenesis in residents of Ukraine exposed to ionizing radiation in different periods after the
Chernobyl accident. Vestn Ross Akad Med Nauk 9: 63-68.
Pirogova, Ye. A. et al., 2010. Non tumoridence in adult evacues from Chornobyl 30-km
area: dynamics, impact of low dose ionising radiation (epidemiological study) Ye. A. Pirogova, V.
A. Buzunov, V. A. Tsuprikov, T. Ye. Domashevskaya. Problems of radiation medicine and
radiobiology 15: 100–113 (in Ukrainian, the summary – engl).
http://radiationproblems.org.ua/Problemy_rad_med_radiobiol_15_2010.pdf
Postrelko, V., Loganovsky, K., Chorny, A. 2013. Alcohol dependence syndrome in
Chernobyl NPP Accident clean-up workers. Clinical Neuropsychiatry. Journal of Treatment
Evaluation 10, 6: 245–252.
Polyukhov, A.M., Kobsar, I.V., Grebelnik, V.I., Voitenko, V.P. 2000. The accelerated
occurrence of age-related changes of organism in Chernobyl workers: a radiation-induced progeroid
syndrome? Exp Gerontol 35, 1: 105–115.
Preston et al. 2003. Studies of mortality of atomic bomb survivors. D. I. Preston, Y.
Shimizu, K. Mabuchi. Report 13 : Solid cancer and non-cancer disease mortality: 1950-1997.
Radiat. Res 160: 381-407.
Preston et al. 2007. Solid cancer incidence in atomic bomb survivors: 1958–1998.
Preston D. L., Ron E., Tukuoka S. et al. Radiat. Res 168 (1): 1–64. (2 Suppl.). – S68–S97. – ISSN
0033–7587.
Prister et al. 2011. About unlearnt lessons of Chernobyl: look back, realize, avoid repetition.
Prister B.S., Shestopalov V.M., Kukhar V.P. Bulletin of ecological state of exclusion zone and the
zone of absolute (mandatory) resettlement 1 (37): 21-36.
Problems of radiation medicine and radiobiology 17:
http://radiationproblems.org.ua/archive.html#17.
Problems of radiation medicine and radiobiology 18:
http://radiationproblems.org.ua/archive.html#18.
Problems of radiation medicine and radiobiology 19:
http://radiationproblems.org.ua/archive.html#19.
Program 1 Ukr, 2006. On the State Program of liquidation of the Chernobyl catastrophe
consequences for 2006–2010. Supreme Council of Ukraine; Law, Program on March 14,
2006 No 3522-IV. http/zakon5.rada.gov.ua/laws/show/3522-15 (in Ukrainian).
Program 1 Bel, 2006. State program on overcoming consequences of the Chernobyl accident
in the years 2006-2010: Resolution of the Council of Ministers of the Republic of Belarus,
11.01.2006, No 29. Department in the aftermath of the Chernobyl accident, the Emergencies
Ministry of Belarus. http://www.chernobyl.gov.by (in Russian).
Program 2 Bel, 2011. On approval of the State Program on overcoming consequences of the
Chernobyl accident for 2011-2015 and for the period up to 2020: Resolution of the Council of
Ministers of the Republic of Belarus, December 31, 2010, No 1922. Department in the aftermath of
the Chernobyl accident, the Emergencies Ministry of Belarus. http://www.chernobyl.gov.by (in
Russian).
Program 3 Bel, 2016. On the program of joint activities to overcome the consequences of the
Chernobyl accident within the Union State for 2016: Resolution of the Council of Ministers of the
90

Union State, December 13, 2013, No 21. Department in the aftermath of the Chernobyl accident, the
Emergencies Ministry of Belarus. http://www.chernobyl.gov.by (in Russian).
Prysyazhnyuk et al. 2007. Twenty years after the Chernobyl accident: solid cancer incidence
in various groups of the Ukrainian population. Prysyazhnyuk A., Gristchenko V., Fedorenko Z. et
al. Radiat. Environ. Biophys 46: 43 – 51.
Prysyazhnyuk et al. 2007a. Solid cancer incidence in various groups of population affected
due to the Chernobyl accident. Prysyazhnyuk A., Gristchenko V., Fedorenko Z. et al. The health
effects of the human victims of the Chernobyl catastrophe: Collection of scientific articles, 2006.
Greenpeace International. pp. 124-134.
Prysyazhnyuk et al. 2007b. Breast cancer incidence in female population of Ukraine before
and after the Chornobyl accident. Prysyazhnyuk A. Ye., Fedorenko Z.P., Fuzik M.M et al. J. Acad.
Med. Sci. Ukraine 13(4): 676–687 (in Ukrainian).
Prysyazhnyuk et al. 2008. Epidemiology of breast cancer in Ukraine. Estimation of possible
effect of the Chornobyl accident. Prysyazhnyuk A.Ye., Romanenko A.Yu., Fedorenko Z.P. et al.
Chornobyl scientific bulletin 2 (32): 47-54 (in Ukrainian).
Pukkala et al. 2006. Breast cancer in Belarus and Ukraine after the Chernobyl accident.
Pukkala E., Kesminiene A., Poliakov S. et al. Int. J. Cancer 119 (3): 651–658.
Radiation & Risk. Bulletin of the National Radiation and Epidemiological Registry.
www.nrer.ru.
Radioecology-2014. Materials of scientific-practical conference with international
participation, Kiev, 24-26 April, 2014. Zhitomir. Zhitomir state University named after. I. Franko.
366 p. (In Ukrainian). http://radioekolog.com.ua/ru/files/zbirnyk2014.pdf
Radioecology-2015. Materials of scientific-practical conference with international
participation, Kiev, 24-26 April, 2015. Zhitomir. Zhitomir state University named after. I. Franko.
225 p.
Rahu, K., Rahu, M., Tekkel, M., Bromet, E. 2006. Suicide risk among Chornobyl cleanup
workers in Estonia still increased: an updated cohort study. Ann Epidemiol 16, 12: 917–919.
Rahu et al. 2013. Site–specific cancer risk in the Baltic cohort of Chernobyl cleanup works
1986-2007. Rahu K., Housemen T., Salute G. et al. Eur. J. Cancer 49 (13): 2926-2933.
Doi:10.1016/J.ejca2013.04.14
Rahu et al. 2013a. Chernobyl cleanup workers from Estonia: follow-up for cancer incidence
and mortality. K. Rahu, A. Auvinen, T. Hakulinen et al., J Radiol Prot 33, 2: 395–411.
Rahu, K., Rahu, M., Tekkel, M. et al. 2015 Chernobyl cleanup workers from Estonia: cohort
description and related epidemiological research. J Radiol Prot 35 4:R35-45. doi: 10.1088/09524746/35/4/R35.
Recommendations, 2012. About the recommendations of parliamentary hearings «Modern
conditions and urgent tasks of liquidation of consequences of the Chernobyl Accident».The
decision of the Supreme Council of Ukraine. The sheets of the Supreme Body of Ukraine. 2011, No
27, Article 301.With the changes, which have been brought according to the Decision of the
Supreme Council No 4035-VI from 15.11.2011. The sheets of the Supreme Council of Ukraine.
2012. No 27. Article 301 (in Ukrainian).
Recommendations, 2015. The recommendations of parliamentary hearings on a theme:
"About removal from operation of the Chernobyl NPP, object "Shelter" and prospect of
development of a zone of alienation". Are approved by the decision of the Supreme Council of
Ukraine from 22.04.2015 No 348-VIII. http://zakon2.rada.gov.ua/laws/show/348-19 (in Ukrainian).
Repin, V.S. 1996. The basic medical consequences of Chernobyl accident. The Bulletin of
an ecological condition of a zone of alienation 3: 21-29 (in Russian).
Report, 2005. Environmental Consequences of the Chernobyl Accident and Their
Remediation: Twenty Years of Experience. Report of the UN Chernobyl Forum, Expert Group
«Environment» (EGE). Working material.
91

http://www-ns.iaea.org/downloads/rw/meetings/environ-consequences-report-wm-08.05.pdf
Romanenko et al. 2008. The Ukrainian–American study of leukemia and related disorders
among Chernobyl cleanup workers from Ukraine: III. Radiation risks Romanenko A. Ye., Finch S.,
Hatch M. et al. Radiat. Res 170 (6): 711–720. ISSN 0033-7587.
Ruff, T., 2007. Supplemerntary information reguested of the medical assitiarion for
prevention of war (Australia) at inquiry public hearing, 19 aug 2005. The healyh effects of the
human victims of the Chernobyl catastrophe. Collection of scienific articles, 2006. Greenpeace
International. January. pp. 151-175.
Rumyantseva, G.M., Levina, T.M., Chinkina, O.V. et al. 2007. Peculiarities of
psychological-psychiatric after-effects of radiation accidents. Human Ecology 9: 42-47 (in Russian).
Rumyantseva, G.M., Stepanov, A.L. 2008. Post-traumatic stress disorder in different types
of stress (clinical features and treatment). Neurosci Behav Physiol 38 (1): 55-61.
Rus. nat. report, 2011. 25 years of the Chernobyl accident. Results and prospects of
overcoming its consequences in Russia. 1986-2011. The Russian national report. Ed. by S.K.
Shoigu, L.A. Bolshov. M., 82 p. http://chernobyl.info/Portals/0/Docs/rus-chernobyl-25 (in
Russian).
Sakai, A., Ohira, T., Hosoya, M. et al. 2014. Life as an evacuee after the Fukushima Daiichi
nuclear power plant accident is a cause of polycythemia: the Fukushima Health Management
Survey. BMC Public Health 14:1318. doi: 10.1186/1471-2458-14-1318.
Sakai, A., Ohira, T., Hosoya, M. et al. 2015. White blood cell, neutrophil, and lymphocyte
counts in individuals in the evacuation zone designated by the government after the Fukushima
Daiichi Nuclear Power Plant accident: the Fukushima Health Management Survey. J Epidemiol 25
(1): 80–87.
Samet, J.M., Patel, S.S. 2011. The psychological and welfare consequences of the
Chernobyl disaster: A systematic literature review, Focus Group Findings and Future Directions. –
Los Angeles: CA: USC Institute for Global Health, 125 p.
Satoh, H., Ohira, T., Hosoya, M. et al. 2015. Evacuation after the Fukushima Daiichi
Nuclear Power Plant Accident Is a Cause of Diabetes: Results from the Fukushima Health
Management Survey. J Diabetes Res. 2015:627390. doi: 10.1155/2015/627390.
Schindler, M.K., Wang, L., Selemon, L.D. et al. 2002. Abnormalities of thalamic volume
and shape detected in fetally irradiated rhesus monkeys with high dimensional brain mapping. Biol
Psychiatry 51, 10:827–837.
Seals, K.F., Lee, E.W., Cagnon, C.H., Al-Hakim. R.A., Kee, S. 2015 Radiation-induced
cataractogenesis: a critical literature review for the interventional radiologist. Cardiovasc Intervent
Radiol 2015 Sep 24.
Selemon, L.D., Begović, A., Rakic, P. 2009. Selective reduction of neuron number and
volume of the mediodorsal nucleus of the thalamus in macaques following irradiation at early
gestational ages. J. Comp. Neurol 515, 4: 454–464.
Selemon, L.D., Friedman, H.R. 2013. Motor stereotypies and cognitive perseveration in
non-human primates exposed to early gestational irradiation. Neuroscience 248: 213–224.
Serdiuk, A. et al. 2011. Health effects of the Chornobyl accident - a Quarter of Century
Aftermath. (Eds A. Serdiuk, V. Bebeshko, D. Bazyka, S. Yamashita). DIA, K. 648 p.
http://nrcrm.gov.ua/downloads/monograph1.pdf
Serdiuk, A. et al. 2011a. Joint actions of Ukraine and Russia on the elimination of medical
consequences of radiation accidents probable. A. M. Serdiuk, S.F. Goncharov, G. M. Avetisov, I. P.
Los. Journal of NAMS of Ukraine 17 (2): 96–105 (in Russian).
Sergienko, N.M., Fedirko, P.A. 2002. Accommodative function of eyes in persons exposed
to ionizing radiation. Ophthalmic Research 4 (34): 192-194.
Shalimov et al. 2006. Chornobyl and cancer. Onco-epidemiological aspects of problem.
Shalimov S., Prysyazhnyuk A., Gristchenko V. et al. J. Acad. Med. Sci. Ukraine 12 (1): 98-109 (in
Ukrainian).
92

Sheikh Sajjadieh, MR, Kuznetsova, LV, Bojenko, VB. 2010. Low internal radiation alters
innate immune status in children with clinical symptom of irritable bowel syndrome. Toxicol Ind
Health, DOI: 10.1177/0748233710373087.
Sheikh Sajjadieh, MR, Kuznetsova, LV, Bojenko, VB., 2011. Effect of cesium radioisotope
on humoral immune status in Ukrainian children with clinical symptoms of irritable bowel
syndrome related to Chernobyl disaster. Toxicol Ind Health, DOI: 10.1177/0748233710381890.
Shigemura, J., Tanigawa, T., Sano, S.Y. et al. 2012. Psychological trauma risks among
disaster workers: perspectives on their mental health following the Great East Japan Earthquake.
Seishin Shinkeigaku Zasshi 114 (11): 1267-1273. Review (in Japanese).Shih-Wen Huang, 2005.
Seafood and iodine: an analysis of a medical myth. Allergy and Asthma Proceedings. 26(6): 468469.
Shimizu et al. 2010. Radiation exposure and circulatory disease risk: Hiroshima and
Nagasaki atomic bomb survivor data, 1950-2003. Yukiko Shimizu, Kazunori Kodama, Nobuo
Nishi, Fumiyoshi Kasagi, Akihiko Suyama et al. BMJ 340: b 5349.
Shimura, T., Yamaguchi, I., Terada, H. et al. 2015. Radiation occupational health
interventions offered to radiation workers in response to the complex catastrophic disaster at the
Fukushima Daiichi Nuclear Power Plant. J Radiat Res 56 (3): 413–421.Shiraishi K., Ko S.,
Muramatsu Y., Zamostyan P.V., Tsigankov N.Y., 2009. Dietary iodine and bromine intakes in
Ukrainian subjects. Health Phys. 96(1): 5-12.
Stapczynski, S. 2015. Tepco Must Improve Monitoring of Fukushima Leaks, Adviser Says.
Bloomberg, 17 September 2015. Available at http://www.bloomberg.com/news/articles/2015-0917/tepco-must-improve-monitoring-of-fukushima-leaks-adviser-says
Statistical handbook, 2007. The state of health of the affected population of Ukraine in 20
years after the Chernobyl disaster. Statistically analytical of the collection in two parts. Edit. of Y.
O. Gaidayev. K.: NPD “Techmedecol”. 431 p. (in Ukrainian).
Steinhauser, G., Brandl, A., Johnson, T.E. 2014. Comparison of the Chernobyl and
Fukushima nuclear accidents: A review of the environmental impacts. Science of The Total
Environment. Volumes 470–471, 1 February 2014, pp. 800–817.
Stepanova, EI, Misharina, ZhA, Vdovenko, VIu. 2002. Long-term cytogenetic effects in
children prenatally-exposed to radiation as a result of the accident at the Chernobyl Atomic Energy
Station. Radiats Biol Radioecol 42 (6): 700-703 (in Russian).
Stepanova, E.I., Kolpakov, I.E., Vdovenko, V. Yu. 2003. Functional condition of the
respiratory system of children that experienced radiation exposure in resulted the Chernobyl
disaster. Chernobylinterinform. Kiev. 160 p. (in Russian)
Stepanova, EI, Vdovenko, VIu, Misharina, ZhA., 2007. Postnatal effects in children
irradiated during the intra-uterine development, as a result of failure at the Chernobyl NPP. Radiats
Biol Radioecol 47 (5): 523-529.
Stepanova, E, Karmaus, W, Naboka, M. et al. 2008. Exposure from the Chernobyl accident
had adverse effects on erythrocytes, leukocytes, and, platelets in children in the Narodichesky
region, Ukraine: a 6-year follow-up study. Environ Health, DOI: 10.1186/1476-069X-7-21.
Stepanova, IeI, Vdovenko, VIu, Kolpakov, IIe. et al. 2010. Evaluation of immunity
parameters and free radical processes in children-residents of radioactive contaminated territories
born to parents irradiated in childhood. Lik Sprava 5-6: 71-76.
Stepanova, E. 2011a. Medical consequences of the Chornobyl disaster in the exposed
pediatric population.Health effects of the Chornobyl accident - a Quarter of Century Aftermath.
(Eds A. Serdiuk, V. Bebeshko, D. Bazyka, S. Yamashita). DIA, K. pp. 551-552.
Stepanova, E., Kolpakov, I., Kondrashova, V., Vdovenko V., 2011b. Early and late
consequences in children evacuated from the 30-km zone and residents of areas contaminated by
radioaction. Health effects of the Chornobyl accident - a Quarter of Century Aftermath (Eds A.
Serdiuk, V.Bebeshko, D.Bazyka, S.Yamashita). DIA, K. pp. 553-563.
93

Stepanova, EI, Vdovenko, VIu, Litvinets, OM. et al. 2013a. Structure of red blood cell and
peripheral blood lymphocytes membranes in children - residents of contaminated areas in the
remote period of Chernobyl. Lik Sprava 4: 3-7.
Stepanova, EI, Litvinets, OM. 2013b. The ultrastructure of peripheral blood lymphocytes in
children after long-time exposure to radioactive cesium. LikSprava 5: 3-8.
Suzuki, H., Ohira, T., Takeishi, Y. et al. 2015. Increased prevalence of atrial fibrillation after
the Great East Japan Earthquake: Results from the Fukushima Health Management Survey. Int J
Cardiol 198:102–105.
Svendsen, ER, Kolpakov, IE, Stepanova, YI. et al. 2010. 137Cesium exposure and spirometry
measures in Ukrainian children affected by the Chernobyl nuclear incident. Environ Health
Perspect, DOI: 10.1289/ehp.0901412.
Svendsen, ER, Kolpakov, IE, Karmaus, WJ. et al. 2015. Reduced lung function in children
associated with cesium 137 body burden. Ann Am Thorac Soc, DOI: 10.1513/AnnalsATS.201409432OC.
Takenaka, K. 2015 Fukushima operator finds new source of radiation leak into sea. Reuters,
24
February
2015.
Available
at
http://www.reuters.com/article/us-japan-nuclearidUSKBN0LS1ZN20150224
Tagami, K., Uchida, S., Ishii, N. et al. 2013. Estimation of Tellurium-132 Distribution in
Fukushima Prefecture . Kyoto University Research Reactor Institute. International symposium on
environmental monitoring and dose estimation of residents after accident of TEPCO's Fukushima
Daiichi Nuclear Power Stations. Rep.2-13.
Tarabrina, N.V., Lazebnaya, E., Zelenova, M., Lasko, N. 1996. Chernobyl clean-up
workers’ perception of radiation threat. Radiation Protection Dosimetry 68, 3–4: 251–255.
Taormina, D.P., Rozenblatt, S., Guey, L.T. et al. 2008. The Chornobyl accident and
cognitive functioning: a follow-up study of infant evacuees at age 19 years. Psychol Med 38, 4:
489–497.
Thielen, H. 2012. The Fukushima Daiichi nuclear accident - an overview. Health Phys 103
(2): 169–174.
Tronko et al. 2012. Thyroid cancer in Ukraine after the Chernobyl accident (in the
framework of the Ukraine – US Thyroid project. Tronko M., Mabuchi K., Bogdanova T. et al.
J Radiol. Prot 32 (1): 65-69.
Tronko et al. 2014. Thyroid cancer in Ukraine after Chernobyl: dosimetry, epidemiology,
pathology, molecular biology. Editors: M. Tronko, T. Bogdanova, V. Saenko, I. Likhtarov, GA
Tomas, S. Yamashita. 175 p. Printed in Japan. ISBN 4-931481-08-6.
http://www.researchgate.net/publication/260368880_Thyroid_Cancer_in_Ukraine_after_Ch
ernobyl_Book_2014
Tsubokura, M., Hara, K., Matsumura, T. et al. 2014. The immediate physical and mental
health crisis in residents proximal to the evacuation zone after Japan's nuclear disaster: an
observational pilot study. Disaster Med Public Health Prep 8 (1): 30–36.
Tsuda, T., Tokinobu, A., Yamamoto, E. et al. 2015. Thyroid Cancer Detection by
Ultrasound Among Residents Ages 18 Years and Younger in Fukushima, Japan: 2011 to 2014.
Epidemiology 2015; PMID: 26441345; DOI: 10.1097/EDE.0000000000000385.
Turuspekova, S.T. 2002. Neuropsychological functions in individuals exposed to small dose
ionizing radiation. Zh Nevrol Psikhiatr Im S S Korsakova 102, 3:16–19 (in Russian).
UACOS. Ukrainian-American Chernobyl Ocular Study.
http://opb.org.ua/2626/21/Стр%20444480%20Раздел%205%20ОБЩИЕ%20ПРОБЛЕМЫ.pdf
Union Program–2013. The program of joint activities to overcome the consequences of the
Chernobyl disaster within the Union State for 2016. The Decree of the Council of Ministers of the
Union State on May 24, 2013 N0 2.
http://www.soyuz.by/projects/soyuz-projects/programm/448.html (in Russian).
94

Union-Republ. program, 1990. State Union-Republic program of urgent measures for 19901992 on liquidation of consequences accident on the Chernobyl NPP. Approved by decree of the
Supreme Soviet of the USSR of 25.04.90
UNSCEAR, 2006. Epidemiological Studies of Radiation and Cancer. United Nations
Scientific Committee on the Effects of Atomic Radiation UNSCEAR, Report. Annex A. 13–322;
United Nations, New York, 2008.
UNSCEAR, 2008. Sources and effects of ionizing radiation. Volume II: Scientific Annexes
C,D and E. New York, 2001, 221.
UNSCEAR, 2011. Sources and Effects of Ionizing Radiation. Volume II: Effects. Scientific
Annexes C, D and E. UNSCEAR 2008 Report. United Nations Scientific Committee on the Effects
of Atomic Radiation. United Nations sales publication E.11.IX.3. United Nations, New York.
UNSCEAR, 2014. Report to the General Assembly with Scientific Annexes (2014). United
Nations Scientific Committee on the Effects of Atomic Radiation. Souces, Effects and Risks of
Ionizing Radiation. Vol. I, Scientific Annex A: Levels and effects of radiation exposure due to the
nuclear accident after the 2011 great east-Japan earthquake and tsunami. UN, New York, 322 p.
UNSCEAR, 2015. Developments since thе 2013 UNSCEAR report on thе levels and effects
of radiation exposure due to the nuclear accident following the Great east-Japan earthquake and
tsunami. А 2015 white рарег tо guide the Scientific Committee's future programme of work. United
Nations, New York.
van Netten C., 2000. Elemental and radioactive analysis of commercially available seaweed.
Sci Total Environ. Jun 8;255(1-3):169–75
Vartanian, LS, Gurevich, SM, Kozachenko, AI. et al. 2000. The systemic response of
antioxidant enzymes to the oxidative stress induced by irradiation at low doses. Radiats Biol
Radioecol 40 (3): 285-291.
Vasylenko et al. 2012. Peculiarities of features of formation of an internal irradiation doses
of the population is of the radioactive contaminated territories in the remote period of accident on
ChNPP, arising from receipt 137Cs, 90Sr (on an example of the Rovno oblast). Vasylenko V. V.,
Tsigankov M. Y., Nechaev S. Y. et al. Problems of Radiation Medicine and Radiobiology 17: 2735. http://radiationproblems.org.ua/home.html (in Ukrainian).
Vasylenko et al. 2013. Peculiarities of internal radiation doses due to 137Cs and 90Sr intake
in population from Zhytomyr oblast in a late period after the Chornobyl NPP accident. Vasylenko
V.V., Tsigankov M.Y., Nechaev S.Y. et al. Problems of radiation medicine and radiobiology 18:
59–69 http://radiationproblems.org.ua/home.html
Voychulene, Yu. S. 2011. Dynamics of circulatory diseases among the Chernobyl cleanup
workers, descriptive epidemiological study results. Problems of radiation medicine and
radiobiology 16: 41–49 (in Russian, the summary – eng.). http://radiationproblems.org.ua/arhiv
Volovyk, S., Keefe, R., Loganovsky, K., Bazyka D. 2010. Cognitive and behavioral
dysfunction under ionizing radiation exposure. Abstracts of the 15th World Congress of
Psychohysiology «The Olympics of the Brain – IOP2010», Budapest, Aug 30–Sep 04. International
Journal of Psychophysiology 77, 3: 341.
Vozianov, A.F. et al. 2007. Medical consequences of accident at Chernobyl nuclear power
plant. Ed A. F. Vozianov, V. G. Bebeshko, D. A. Basika. К.: DIA. 800 p. ISBN 978-966-8311-376. http://nrcrm.gov.ua/downloads/monograph2.pdf
Watanobe, H. Furutani, T. Nihei, M. et al. 2014. The thyroid status of children and
adolescents in Fukushima Prefecture examined during 20-30 months after the Fukushima nuclear
power plant disaster: a cross-sectional, observational study. PLoS One 10 (12): e113804.
Weinberg, HS, Korol, AB, Kirzhner, VM et al. 2001. Very high mutation rate in offspring of
Chernobyl accident liquidators. Proc Biol Sci 268 (1471): 1001-1005.
Wertelecki, W, Yevtushok, L, Zymak-Zakutnia, N. et al. 2014. Blastopathies and
microcephaly in a Chornobyl impacted region of Ukraine. Congenit Anom (Kyoto),
doi:10.1111/cga.12051.
95

Worgul et al. 1999. The Ukrainian/American Chernobyl Ocular Study. In Ocular Radiation
Risk Assessment in Populations Exposed to Environmental Radiation Contamination. B. V.
Worgul, Y. I. Kundiev, V. V. Chumak et al. (Proceedings of NATO Advanced Research Workshop
on Radiation Cataractogenesis. Kluwer). Amsterdam, Netherlands. pp. 1–12.
Worgul, B.V., Kundiyev, Y.I., Sergiyenko, N.M. et al. 2007. Cataracts among Chernobyl
Clean-up Workers: Implications Regarding Permissible Eye Exposures. Radiat. Res 167 (2): 233–
243.
WHO, 1996. Health consequences of the Chernobyl accident. Results of the IPHECA pilot
projects and related national programmes / G.N. Soushkevitch, A.F. Tsyb (Eds.). Geneva: World
Health Organization, 520 p.
WHO, 2006. Health effects of the Chernobyl accident and special health care programmes /
B. Bennet, M. Repacholli, Zh. Carr (Eds.). Report of the UN Chernobyl Forum Expert Group
«Health» (EGH). Geneva: World Health Organization, 160 p.
Yablokov, AV, Nesterenko, VB, Nesterenko. AV. 2009. Consequences of the Chernobyl
catastrophe for public health and the environment 23 years later. Ann N Y Acad Sci 1181: 318-326.
Yabuki, S., Ouchi, K., Kikuchi, S., Konno S. 2015. Pain, quality of life and activity in aged
evacuees living in temporary housing after the Great East Japan earthquake of 11 March 2011: a
cross-sectional study in Minamisoma City, Fukushima prefecture. BMC Musculoskelet Disord
16:246. doi: 10.1186/s12891-015-0711-2.
Yamashita, S1, Suzuki, S. 2013. Risk of thyroid cancer after the Fukushima nuclear power
plant accident. Respir InvestigSep;51(3):128-33. doi: 10.1016/j.resinv.2013.05.007. Epub 2013 Jul
31.
Yamashita S., Takamura N. 2015. Post-crisis efforts towards recovery and resilience after
the Fukushima Daiichi Nuclear Power Plant accident. Jpn J Clin Oncol 45 (8): 700–707.
Yasui, S. 2015. A Recommended epidemiological study design for examining the adverse
health effects among emergency workers who experienced the TEPCO Fukushima Daiichi NPP
Accident in 2011. J Occup Environ Hyg Dec 10:1-32.
Yeltokova, M.H. 2013. Risk of cataract after exposure to low doses of ionising radiation.
Clinical Medicine of Kazakhstan 3 (29): 58-61.
https://docviewer.yandex.ua/?url=http%3A%2F%2FCyberLeninka.ru%2Farticle%2Fn%2Fri
sk-of-cataract-after-exposure-to-low-doses-of-ionizing-radiation.pdf&name=risk-of-cataract-afterexposure-to-low-doses-of-ionizing-radiation.pdf&lang=en&c=5654496a16be
Yoshida-Komiya, H., Goto, A., Yasumura, S. et al., 2015. Immediate mental consequences
of the Great East Japan Earthquake and Fukushima nuclear power plant accident on mothers
experiencing miscarriage, abortion, and stillbirth: the Fukushima health management survey.
Fukushima J Med Sci 61 (1): 66–71.
Yuskiv, N, Andelin, CO, Polischuk, S. et al. 2004. High rates of neural tube defects in
Ukraine. Birth Defects Res A Clin Mol Teratol 70 (6): 400-402.
Zablotska, et al. 2011. Thyroid cancer risk in Belarus among children and adolescents exposed to
radioiodine after the Chernobyl accident. Zablotska L. B., Ron E., Rozhko A.V. et al. Br. J. Cancer 4 (104):
181–187.

Zablotska et al. 2013. Radiation and the Risk of Chronic Lymphocytic and Other Leukemias
among Chornobyl Cleanup Workers. Zablotska L.B., Bazyka D., Lublin J.H. et al. Environmental
Health Perspectives 121 (1): 59-65. Zava T.T., Zava D.T., 2011. Assessment of Japanese iodine
intake based on seaweed consumption in Japan: A literature-based analysis. Thyroid Research.
4:14. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3204293/pdf/1756-6614-4-14.pdf
Zhavoronkova, L.A., Kholodova, N.B., Zubovsky, G.A. et al. 1995. EEG power mapping,
dipole source and coherence analysis in Chernobyl patients. Brain Topogr 8, 2: 161–168.
Zhavoronkova, L.A., Kholodova, N.B., Gogitidze, N.V., Koptelov, Iu.M. 1998. A dynamic
assessment of the reaction of the human brain to radiation exposure (the aftermath of the accident at
96

the Chernobyl Atomic Electric Power Station). Zh Vyssh Nerv Deiat Im I P Pavlova 48, 4: 731–742
(in Russian).
Zhavoronkova, L.A., Lavrova, T.P., Belostotskiĭ, A.V. et al. 2006. Impairment of spacefrequency parameters of EEG coherence during cognitive performance (consequences of Chernobyl
accident). Zh Vyssh Nerv Deiat Im I P Pavlova 56, 2: 193–201 (in Russian).
Zhavoronkova, L.A., Kholodova, N.B., Belostocky, A.P., Koulikov, M.A. 2008. Reduced
electroencephalographic coherence asymmetry in the Chernobyl accident survivors. Span J Psychol
11, 2: 363–373.
Zhavoronkova, L.A., Belostotskiĭ, A.P., Kulikov, M.A. et al. 2010. Features of cognitive
audiory evoked potentials changes at participants of liquidation of Chernobyl accident
consequences the message II. the analysis of late component P300. Fiziol Cheloveka 36, 4: 22–33.
(in Russian).
Zhavoronkova, L.A., Belostotskiĭ, A.P., Kholodova, N.B. et al. 2012. Higher mental
functions and cognitive auditory event-related potentials impairment in liquidators of Chernobyl
accident. Zh Nevrol Psikhiatr Im S S Korsakova 112, 5: 62–69 (in Russian).
Zykova, I.A. Arhangelskaya, G.V. 1999a. Self-rated risk of relocation. Risk Analysis:
Facing the new millenium: Proceedings 9th annual conference, Rotterdam, October 10-13.1999. p.
759.
Zykova, I.A., Arkhangelskaya, G.V. 1999b. Radiation risk perception by specialists,
working in atomic energy and radioactive waste management. Risk analysis: Facing the new
millenium: Proceedings 9th annual conference, Rotterdam, October 10-13. 1999. p. 397.
Zykova, I.A., Malakhovsky, V.N., Kutsenko, S.A., Galitsky, A.N., 2000. Risk perception
and foresight by medical students. Foresight and Precaution: Proceedings of ESREL 2000, SARS
and SRA-Europe Annual Conference, Edinburgh, Scotland, 15–17 May, 2000: p. 1163-1164.

97

AUTHORS
Omelianets Nikolai, MD, Prof., SI «NRCRM of NAMS of Ukraine» - Chief research
associate of the Laboratory of medico demography, omelyan2006@yandex.ua.
Bazyka Dmitry, MD, Prof., Associate Member of the National Academy of Medical
Sciences of Ukraine, SI «NRCRM of NAMS of Ukraine» - Director, bazyka@ yahoo.com.
Igumnov Sergey, MD, Prof., Institute of Management and Social Technologies of the
Belarusian State University - Department of Social Work and Rehabilitology, Professor,
sigumnov67@gmail.com.
Loganovsky Konstantin, MD, Prof., SI «NRCRM of NAMS of Ukraine» - Head of the
Department of Radiation Psychoneurology, loganovsky@windowslive.com, loganovsky@mail.ru.
Prysyazhnyuk Anatoly, MD, Prof., SI «NRCRM of NAMS of Ukraine» - Head of the
laboratory of cancer epidemiology, anatoly.prysyazh@mail.ru.
Stepanova Eugenia, MD, Prof., SI «NRCRM of NAMS of Ukraine» - Head of the
Department of radiation paediatrics, inherent and hereditary pathology, profstepanova@i.ua
Afanasev Dmitrij, SI «NRCRM of NAMS of Ukraine» - Leading research associate of the
Radiation Endocrinology Dpt., otradny@gmail.com.

98

