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GENERAL ABBREVIATIONS, UNIT ABBREVIATIONS, AND TERM INOLOGY

AMS — Academy of Medical Sciences.

ACS DB DEMOSMONITOR - Automated control system @ital bases of monitoring of
medical and demographic consequences of Chernalagtcophe.

ARS - Acute Radiation Syndrome.

ATR - Attributive risk.

BSSR - Belorussian Soviet Socialistic Republic.

Bq (kBq) - Becquerel (B40%), radioactivity unit, in the SI system.

CER - Clinical and Epidemiological Register.

CFS - Chronic Fatigue Syndrome.

CLL - Chronic lymphoid leukaemia.

Cl - Confidence Interval.

Ci-km? - level of radioactive contamination of the teorit, outdatednon-system unit (1
Ci-km? =37 kBq-n)

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 Sl system.

GR - Growth Rate.

IAEA - International Atomic Energy Agency.

ICD - International Classification of Diseases.

IChP-1991 - International Chernobyl Project.

ICRP — International Commission on RadiologicaltBction.

IPHECA - International Program on Health Effectslad Chernobyl Accident.

IQ - Intelligence Quotient.

JSDF - Japan Self-Defense Force.

kBg'm™ - level of radioactive contamination of the teit, in the SI system.

ME - Ministry of Ukraine of Emergencies and Affaioé 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 ike.

NASU - National Academy of Sciences of Ukraine.

NCRPU - National Commission on Radiation ProtecbbPopulation of Ukraine.

NPP - Nuclear Power Plant.

NRER - National Radiation and Epidemiological Ragis

OR - Odds Ratio.

PTSD — Post-traumatic Stress Disorder.

RADRUE - Realistic Analytical Dose ReconstructiorddJncertainty Analysis.

RCR — Radioactively Contaminated Rayon.

RCT - Radioactively Contaminated Territories.

Rem - roentgen equivalent in man, the biologicalieaent of Roentgen, outdatednon-
system unit for effective expose dose, 1 rem=001 S

3



RF - Russian Federation.

RR - Relative Risk.

RSFSR — Russian Soviet Federation Socialistic Repub

RSSU_97 - Radiation Safety Standard of Ukraine_97.

NRCRM - State Institution «National Research CefdreRadiation Medicine of NAMS of
Ukraine».

SIR — Standardized Incidence Ratio.

SRU - The State register of Ukraine of the perssnsvived after the Chernobyl
catastrophe», State Registry of Ukraine.

Sv (mSv) - Sievert (milliSievert) - effective dogeit, in the Sl system.

TEPCO - Tokyo Electric Power Company.

UACOS - Ukrainian-American Chernobyl Ocular Study.

UNSCEAR — United Nations Scientific Committee oe #ffects 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, Chernolsinergency
workers) - citizens of the USSR including the UkRS®ho had participated in any activities
connected with damage control and mitigation of tatastrophe and its consequences in the
exclusion zone regardless of number of working diay986-1987, and at least 30 calendar days in
1988-1990. Citizens temporarily sent on missionwork in the exclusion zone, including
servicemen, employees of state, public and othésrgmses, establishments and organizations
irrespective from their departmental relation, atgb those who worked at least 14 days in 1986 at
functioning points of population sanitary treatmanti decontamination of technical devices or at
their building are also attributed to the cleanwgrkers

Radioactive contamination- presence of radioactive substances in or ontarrabor the
human body or elsewhere being undesirable or patnharmful. Units of measurements are:
Bal™, Bakg?, Bgm?, Cil?, Cikg?, Cikm?2

Radiation effect - effects, for which a causative role of radiatexposure is proven; there
are deterministic and stochastic effects.

Radioactively contaminated territories (RCT) — territories in Ukraine (Law of Ukraine,
1991a) with a stable contamination of environmentdalioactive substances above a pre-accidental
level, that with due regard for the natural-climaind complex ecological characteristics of specifi
territories could result to irradiation of poputatito above 1.0 mSv (0.1 rem) per year, and which
requires measures of radiation protection of pdmra Territories subjected to radioactively
contamination, are divided in zones:

1) exclusion zone is a territory, which has been radioactively emnminated after the
Chernobyl catastrophe, and from which the poputatias been evacuated in 1986.

2) zone of obligatory (compulsory) resettlemena territory exposed to intensive long half-
life radionuclide contamination with density of lsdeposition at a threshold values of 15.6k@i?
(555 kBg-nf) and above for isotopes of caesium, or 3.&r8f (111 kBg-nf) and more for
strontium, or 0.1 Ckm? (3.7 kBq-nif) and over for plutonium. As a result the average b
settlement radiation dose of an equivalent humaadimtion dose in a view of factors of
radionuclides migration to the plants and othetdiaccan exceed 5.0 mSv (0.5 rem) per one year is
above the dose levels, been received in the pridextqeriod;

3) zone of guaranteedbluntaryresettlements a territory with soil contamination density by
isotopes of caesium from 5.0 up to 15.6k@i% (185 up to 555 kBq-if), or strontium from 0.15 up
to 3.0 Cikm? (5.55 up to 111 kBq-1), or plutonium from 0,01 up to 0.1 ®n? (0.37 up to 3.7
kBg-m?), where the average settlement of an equivalem@nuirradiation dose in a view of factors
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of radionuclide migration to the plants and otleatérs can exceed 1.0 mSv (0.1 rem) per one year
above the doses, been received in the pre-acqgieeiod;

4) zone of strict radio-ecologicalontrol is a territory with soil contamination density by
isotopes of caesium from 1.0 up to 5.0k@i? (37 up to 187 kBq-f), or strontium from 0.02 up to
0.15 Cikm? (0.74 up to 1.85 kBq-# or plutonium from 0.005 up to 0.01 -&in (0.185 up to
0.37 kBg-nf) provided that the average settlement of an etprivghuman irradiation dose in a
view of factors of radionuclide migration to thepts and other factors exceeds 0.5 mSv (0.05 rem)
per one year above the doses, been received prekaccident period.

Resettlement- because of possible exceeding of a life dose 8@ mSyv in the inhabitants
of the RCT the Government of the USSR in 1990 ltag@ted the decision to resettle from these
districts in UkrSR, BSSR and RSFSR more than 2@ #bple. About 50.000 persons had to be
resettled to the clean districts in UkrSSR. Theettémment had to be carried out in 1991-1992.
Further, in Ukraine the resettlement proceeded fzomes of obligatory (compulsory) resettlement,
guaranteed voluntary resettlement and strict redmegical control.

Chernobyl catastrophe survivors. The following population groups in Ukraine are
recognised as the Chernobyl catastrophe survivors:

1) evacuees from the exclusion zone (includingq@es who at the moment of evacuation
were at a fetal life period, later they have beembkand become the adult persons nowadays) and
person who had moved from zones of obligatory (adsgy) resettlement and guaranteed
voluntarily resettlement;

2) individuals been permanently resident within teeitories of obligatory (compulsory)
and guaranteed voluntarily resettlement zoneseatitbment of the catastrophe, or having resided at
least for two years on the territory of obligatqopmpulsory) resettlement zone as of January 1,
1993, or at least for three years within the teriés of guaranteed voluntarily resettlement zone,
and individuals relocated or migrated themselvesfthose territories;

3) individuals been permanently resident or workingzones of obligatory (compulsory)
and guaranteed voluntarily resettlement under ¢mmdihat they have lived or worked there in the
zone of obligatory (compulsory) resettlement foleasst two years as of 1, January, 1993, and in the
zone of guaranteed voluntarily resettlement — fdeast three years;

4) individuals been permanently resident or workinghin territories of strict radio-
ecological control zone under the condition thaythave lived or worked there for at least four
years as of January 1, 1993;

5) individuals having worked temporary since thement of the catastrophe till July 1,
1986 for at least 14 calendars days or at leastoBtims during 1986-1987 on the territory of
obligatory (compulsory) resettlement zone underdbwedition that they were sent to that zone by
an order of ministries, establishments, executieenmoittees of oblast Councils of Peoples’
Deputies;

6) children with thyroid irradiation doses exceagithe threshold levels established by the
MH of Ukraine.

Notes:

1. Units of measurement used in the report areethwsesented in submitted documents.
Recalculation in the International system unitstéged in brackets behind them.

2. Territory of and Ukraine and of Belarus consadtseveral provinces (called "oblasts"), in
turn each "oblast" consists of several districtglsdistrict is called "rayon" or region).

3. The name for the city of Kiev in Ukrainian isyi", and for the city of Chernobyl is
"Chornobyl". The spellings "Kiev" and "Chernobylteaused in this report being known and
recognised internationally.



1 INTRODUCTION

The fifth anniversary of the 3.11 Fukushima nuclaacident i.e. the meltdowns at Fukushima
Daiichi nuclear power plant (NPP) in Japan and3f® anniversary of the 4.26 Chernobyl NPP
accident in Ukraine (former USSR) will be in 20Bath events are the largest manmade radiation
accidents in the history of humankind. A sudden @oautput surge during a system test caused the
reactor vessel rupture leading to a series of §ilastused the Chernobyl accident. A magnitude 9.0
earthquake followed by a tsunami caused the codysgems to fail, followed by series of fuel
generated hydrogen explosions, in Units 1, 2, 3 4ndt the Fukushima Daiichi NPP. Both
accidents resulted in an intensive release of aatie substances into environment with
subsequent radioactive fallout. In both casesa# had a serious impact on nature, society, and
people. Due to the Chernobyl accident, radioaatimetamination occurred at a large part of the
globe and many billions of people were irradiatédaawide dose range (Atlas, 1998). The
Fukushima disaster has been officially recognizedha “second Chernobyl” (Fukushima Daiichi
NPP, 2011; Fukushima. Report of IAEA, 2011).

In the former USSR, the scale and aftermath ofGhernobyl catastrophe have been downplayed
for many years. At the end of first quinquenniunomiphe disaster the international community has
shared this point of view (IChP, 1991). Disagreetmewith the latest were expressed by
Omelyanets (1992). The international community riateful to the International Atomic Energy
Agency (IAEA), World Health Organization (WHO) arather international organizations and
societies for the compilation and preparation & @hernobyl forum papers (2005, 2006) on the
catastrophe consequences to environment and hureahth h(Report, 2005; Health, 2005;
Chernobyl's Legacy, 2006, WHO, 2006, etc.). Howetee conclusions of these reports resulted
in disagreement and criticism concerning the urstenation of disaster aftermath (Ruff, 2007;
Yablokovet al.,2009).

Findings received at the research institutes imler both with results of national and internatlona
follow-up studies have proved the fact that irridiaafter the Chernobyl NPP accident resulted in
radiation-induced health disorders and diseasesachte radiation syndrome (ARS), radiation
cataract, thyroid cancer in clean-up workers arateses, leukemia in clean-up workers, iiedst
cancer in female clean-up workers are among thighhefiects An increase in frequency of other forms of
solid cancers could be expected. The fundamentalvdere obtained showing that the Chernobyl
catastrophe and its consequences have becomeca sdlnoth direct and indirect effects of
ionizing radiation on the human body, its organg systems, and cell population (Bazyka, 2014).

Excess incidence of thyroid cancer among childree tb exposure to radioactive iodine has
become a tragedy for Ukraine, Republic of Belarnd &ussian Federation (RF). The current
number of thyroid cancer cases is 33-fold highgr the pre-Chernobyl annual level (60-fold
among children and 14-fold in adolescents). As@®there were 6,049 cancer cases operated in
Ukraine among persons exposed to ionising radiaged under 18 years oftrdnkoet al, 2012) As

of 04.01.2014, their number has reached 10,432rfimdtion NRCRM, 2014). The rate of non-
cancer diseases, especially of diseases of thaelatiocy system (DCS) has increased. There are
many deteriorated demographic indicators. In géngra new scientific knowledge proves that the
Chernobyl disaster and its consequences have caumskavill still induce the long-term adverse
health effects.



Despite some differences between the ChernobylFakdishima radiation catastrophe they are at
the same time quite similar from radiological powfitview. However the Fukushima meltdown is
inferior in scale than the Chernobyl disaster.

The period of 30 years is around a half-life of thest hazardous radionuclides. These 30 years are
also about a half of lifetime of persons born iB&90n the eve of the two anniversaries it is very
important to review and consider the health effeftsoth catastrophes.

The objective of this Report is to summarise theuawlated knowledge for the future.

Authors take full and complete responsibility fdretcontent of this Report, authenticity of
publications, discussion, and conclusions.

(N. Omelianets, D. Bazyka)



2 CHERNOBYL: HEALTH EFFECTS ASSOCIATED WITH THE NUC LEAR
CATASTROPHE

2.1 Radiation Exposure 30 years later

Data collected in the past 30 years after the ekpioof a nuclear reactor at the Chernobyl NPP
testify to some unusual health consequences dile impact of ionising radiation. Considering the
declared levels of radiation doses in survivorias one could think no such consequences should
occur (Report, 2005; Health, 2005). Therefore imgortant to estimate once again the scale and
consequences of the largest in human history nuakzadent.

2.1.1 The number of victims of the Chernobyl catasbphe

As a ground for estimations we have retrieved @& @n individual radiation doses of more than
3.3 million citizens of Ukraine who according teethational legislation have received the status of
the Chernobyl catastrophe survivors. According lte national legislation the survivors are
included to the «The State Register of Ukrainenefggersons who had survived after the Chernobyl
catastrophe» (SRU) and annually undergo the hedidck-up i.e. the so-called “dispensary
supervision” (Law of Ukraine, 1991). The follow-gpntrol of health and study of the immediate
and remote health consequences in all Chernobgsitaphe survivors is the objective.

Data shown in Table 2.1 demonstrate the numbehefCthernobyl catastrophe survivors over the
last years. It was the least just after catastr@pitethe largest in 1998-2000 (3,364,475-3,361,870
persons). As of 2015 it exceeds 2 million. The namdf children who had received the status of
survivor is 1,264,329 (National Ukrainian Repo@96; 2001; 2006; 2011). It is worth noting that
until 1990 the maps of radioactive contaminatiod eadiation doses in population were classified
both in USSR and UkrSSR (National Ukrainian Rep20t,1).

Table 2.1 - Number of the citizens of Ukraine ased) the status to the Chernobyl catastrophe
survivors, as of beginning of a specific year

Indices 1987 | 1991 2000 2005 | 2010 | 2015

Survivors in total 264,5871,536,2703,361,870*+) | 2,646,1062,254,4712,025,141
from them:

_ clean-up workers 83,327| 180,144] 376,639 | 358,459] 260,807| 222,498

Ch”'d?gr‘]f)r SUIVIVOTS eXCept 1179 7991,269,553 2,985,231 |2,287,6471,993,6641,802,643

~ children*) 43,645 350,223] 1,264,329 | 643,030] 498,400 442,343

Notes: *) the group of survivors includes evacumas inhabitants is of RCT;
**) age of children is 0-14 years till 2005, and. 0-years after that;
**¥) the maximum number of certified survivors was364,475 in 1998
(N. Omelianets)

2.1.2 Radiation exposure of clean-up workers

For the first years after accident the levels afiaBon exposure in the clean-up workers were
reviewed on a sample of about 200,000 persons fnase involved in emergency works from the
entire USSR (Baryakhtar, 1997; Omelianetsal, 2004; Omelianetgt al, 2015a). There were

83,327 of them from Ukraine (former UkrSSR). It westimated that in 126,000 clean-up workers
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of 1986-1987 years of participation the externaliaton doses were within 150-180 milliSievert
(mSv) (154 on average), in more than 177,000 sthjE®86-1988 years of participation) doses
were 120-126 mSv, and at about 34,000 ones invdlvedork in 1988-1990 doses were 37 mSv
dose in average. Finally in 28,400 clean-up workieesdoses could exceed 250 mSv.

Ahead of the 28 anniversary of the Chernobyl catastrophe (Natiddklainian Report, 2011)
certain projects were conducted in Ukraine on retaction of individual radiation doses in the
clean-up workers. With the use of a RADRUE methRda(istic analytical dose reconstruction and
uncertainty analysis) the individual whole-body aretl bone marrow radiation doses were
reconstructed in 1,010 clean-up workers who weeestlbjects of the Ukrainian-American research
project on leukaemia in Chernobyl catastrophe tigtors. The dose values turned out to be from
about zero up to 3.2 Sievert (Sv) with 90 mSyv angtical mean and 12 mSv geometrical mean.

The highest average individual radiation doses weceived by professional staff of NPP i.e. the
nuclear industry staff members (381 mSv), workerdMmistry of Internal Affairs of Ukraine
(MIAU) (203 mSv), and clean-up workers of 1986 yeémarticipation (105 mSv). The average
dose values varied from 31 up to 78 mSyv in all othean-up workers. According to the results of
these works it is stated marked in the Nationabrethat the sample of subjects in this study was
representative and therefore dose values estathlegieeenough meaningful and can characterize the
radiation doses of Ukrainian clean-up workers inegal.

The individual beta-radiation doses on crystallees were reconstructed for 8,607 participants of
the Ukrainian-American Chernobyl Ocular Study (UA®O(Sergienko and Fedirko, 2002;
Chumaket al, 2007). Is was shown that highest doses (medihmSv) were received by the
clean-up workers of the first days and weeks ofigpation in emergency works. The military
clean-up workers had received 121 mSv dose in geefehe median value of radiation dose in all
groups surveyed emergency workers was 123 mSv. I[6@0 individual doses of the NPP
employees and persons temporarily assigned to Bfe $iaff were assayed in 1986-1996 using the
calculation method. Individual doses of about 48,6tllitary clean-up workers were verified also.
Under at the 100%-coverage of the described causitnetry control its results were shown being
of the lowest accuracy.

That is why by the 25th anniversary of Chernobyastiophe the individual whole-body radiation
doses were reconstructed in Ukraine for more thBAM® clean-up workers with red bone marrow
doses reconstructed for 1,010 of them, and beddiation doses on crystalline lens in 8,607
subjects. Doses were reconstructed mainly by @i st the State Institution "National Research
Centre for Radiation Medicine of National academyMsdical Sciences of Ukraine" (NRCRM)
using modern dosimetry methods.

However for the 30 years anniversary almost no nesx) was made in the field of individual
internal radiation dose and thyroid irradiation @seconstruction in the clean-up workers. Dose
reconstruction is still required for more than #49®lean-up workers, who after an acute exposure
to ionising radiation during the emergency actestilived within radiologically contaminated
territories. According to our records as of 199& tdosimetric data were available for only 110,618
(67.45%) of 164,000 clean-up workers registeredhan SRU. From them 51.9% participated in
clean-up works in 1986-1987, and 83.0% in 1988-1@3pectively. Radiation doses in 95.63% of
cases (from those in whom dose values were ava)la@re less than 250 mSv. Data comparison
resulted in the conclusion that a share of thenelga workers having recorded dose values
exceeding 250 mSv in the SRU it is less than statedientific publications (Health status, 2001;

Health status, 2001a). As of 2011 it was only dpatithat about 95% of the dose records in the
SRU are attributed to the military clean-up work@tational Ukrainian Report, 2011).
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The works on identification and verification of iadiual doses is underlined in all analyzed
sources.
(N. Omelianets)

2.1.3 Radiation exposure of evacuees

According to data available (Baryakhtar, 1997; ltéddev et al, 1994; Repin, 1996) the external
radiation doses in evacuees (persons evacuateth\atbut 10 days after the accident) made up to
50 mGy in 48,659 persons (98.58%) of 49,360 inlaaltst evacuated from the Prypiat city and in
34,673 persons (86.17%) of 40,239 ones evacuabed dther settlements of the 30-km zone (now
— the exclusion zone). About 1,300 subjects hadived doses more than 100 mGy, 40 persons -
more than 250 mGy, and 12 persons - above 500 By average individual dose is 13.4 mGy in
Prypiat city inhabitants, and 24.0 mGy in populatas the 30-km zone.

The calculated values of internal radiation doses$ radiation on specific body organs and tissues
are available only for the evacuees but not othens of survivors. The median dose values are 30
mSyv to a lung, and 8 mSv to a lower small intestinetal doses of external gamma- and beta-
irradiation were 70 mSv to the skin epidermal eglitii cells, and 20 mSv to a crystalline lens.

Later with the use of stochastic imitation modejlsimulation based on the direct measurements of
dose rates and personal interviewing data from3R2j6habitants of the Prypiat city the average
effective external radiation doses were establishfu to the moment of evacuation they have
received 10.1 mSv. Doses of more than 25 mSv wesrerded in 534 persons, and over 50 mSv in
18 of them. The 75 mSv dose was the maximal redoddse in this group. The individual effective
doses in 14,084 evacuees as for the moment of atrasuvere available for about 25% of them
amounting to 15.9 mSv. Radiation doses of more &@&mSv were recorded in 1,260 persons,
more than 100 mSv in 120 of them, and over 200 m®wly one subject.

Thus the average effective dose (ED) value of 1Sv here was 14% lower vs. the dose
established in previous studies (18.2 mSv). Thearebers consider that doses were reconstructed
in the cohort of interviewed survivors being reem@stive for the inhabitants of 104 settlements
within the exclusion zone if not including the egiof Prypiat and Chernobyl. The whole-body and
thyroid gland radiation doses are known for evasua the routes of their evacuation (Likhtagév

al., 2013; Tronkoet al, 2014). As it is marked in the National Ukraini@aeport (2011), the levels

of the latter exceeded the dose values receive tipe moment of evacuation. Contribution of a
dose under evacuation to a total radiation dose aimsit 50% and this fact strongly changes
general pattern of radiation exposure in evacubasa on external doses and thyroid irradiation
doses in evacuees are available at the SRU onbbfout 1,000 persons.

(N. Omelianets)

2.1.4 Radiation exposure of population

The problem of radiation dose reconstruction argisteation in population of RCT is especially
serious in Ukraine. Intensity (density in Ukrainigerminology) of soil contamination with
radionuclides was accepted instead of radiatioe dssa criterion of radiation safety in May, 1986.
Territories with intensity of soil contamination BY/Cs at 555 kBq-ihand more, or by°Sr at 111
kBg-m? and more, or by**%#°#Py at 0.37 kBq-ih and more were designated as radioactively
contaminated areas. With this background there wW&86 settlements within contaminated
territories with a population of 640,000 in Belgrigussia and Ukraine. These territories were
designated as rayons of strict radiation contrall amly there the arrangements of radiation
protection were applied. There were 8 such regiohikraine in 1986, and 6 since 1987.
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The density of*'Cs and’Sr deposition on the territory of Ukraine before titcident varied from
0.74 to 3.7 kBqg-f with an average value of 2.2 kBg?mand of?*****Pu was 0.037 kBg-fin
average (Baranovskay al, 1966). Taking into consideration the availablaps of radioactive
contamination (National Ukrainian Report, 2011;a&tlof Ukraine, 2008) and having accepted the
double excess of radioactive contamination denstypre-accident level as a criterion we have
calculated the parameters of the extent of RChéencountry. Data shown in tables 2.2-2.4 testify
that the all oblasts of Ukraine (237,400 %from the area of the whole country 603,628°kis
contaminated by*'Cs at a level twice exceeding the pre-accident whereas a doubled level of
951 and?3#*23%*2%b deposition is characteristic for the 21 oblasts.

Table 2.2 - Levels and scales of contamination haf territory of Ukraine with**'Cs as of
10.06.1986 over the level before accident

Excess over the pre-accident 2-fold 10-fold 25-fold 277-fold 740-fold
level (>4 (>40 (>100 (>555 (>1480
kBg-m?) | kBg-m?) | kBg-m?) kBg-mi?) kBg-ni?)
Number of oblasts all oblasts, 14 oblasts| 8 oblasts,| 2 oblasts and 2 oblasts and
with contamination 237,400 | 28,800 8,800 |exclusion zongexclusion zone,
km? km? km? 1,000 knf 600 knf

Table 2.3 - Levels and scales of contaminatiorefterritory of Ukraine witfi’Sr as of 10.06.1986
over the level before accident

Excess over the pre-adein{ 2-fold 10-fold 50-fold 500-fold 735-fold
level (>2 (>4 (>10 (>100 (>1480
kBg-m?) | kBg-m?) | kBg-m?) kBg-m?) kBg-ni?)
Number of oblasts with 21 oblasts,| 21 oblasts,| 10 oblasts|, 1 oblasts and| exclusion
contamination 156,400 k| 43,200 kni |10,000 kni| exclusion zone|  zone,
200 knf 200 knf

Table 2.4 - Levels and scales of contaminatiorhefterritory of Ukraine witlf***%*%*#py as of
10.06.1986 over the level before accident

Excess over the 2-fold 10-fold 25-fold 250-fold
pre-accident leve (>0.08 (>0.4 (>1-2 (>10.0
kBg-ni?) kBg-m?) kBg-ni?) kBg-ni?)
Number of oblasts| 21 oblasts, 3 oblasts 3 oblasts exclusion zone,
with contaminatiorj 129,300 km and exclusion | and exclusion zone| 840 knf
zone, 4,170 ki 3,750 knf

Data shown in the tables along with authorized setbpriteria show that 277-fold excessdts
soil deposition, 500-fold excess 3Sr deposition, and the hundreds time excess obmiun
isotope deposition over the pre-accident levels agwoved by MH of the USSR as a criterion of
safe living of the population.

The restrictions of modes of life, work, agricuilrindustry, conducting of animal livestock
management, and forest management were to be ucgddonly under the high levels of wood,
land etc. contamination. Prohibition of use of fetdfs of local industrial production and produced
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in the individual farms, change of public nutritibm consumption of clean i.e. non-contaminated
and imported products, and the free-of-charge thmnee a day nutrition for children in preschool
institutions and schools were introduced (Omelisrettal.,2014).

Levels of *'Cs contamination over 1,480 kBq‘nand of°°Sr more than 111 kBg-fwere the
criteria for the decision-making about evacuati@séttlement). Levels ¢f'Cs contamination over
2,960 kBq-1if - were the reason to phase down the agricultudyztion. According to the data
generated for the Ministry for Health (MH) of thenidn of Soviet Socialist Republics (USSR)
(they were under seal with a signature stamp "4denfial”) till 1991 there were about 10
settlements in Ukraine, and a hundred settlemenBeiarus where the contamination density of
soil by caesium exceeded 3,700 and 5,500 kBqHowever, not any additional arrangements on
population protection were introduced. The situatioRCT of Polesiye region in Ukraine was also
a challenge because due to an increased transiticaiesium from soil into the plants the radiation
doses in population there had reached value ofrgevaSv despite a relatively low soil
contamination density of 37 kBg“m

To prevent the excess of irradiation of the popoi|t the following dose thresholds were

established by the MH of the USSR: up to 100 mSi488&6, 35 mSv in 1987, and 20 mSv in 1988-
1990. Hence, integrally until 1990 the inhabitaoftsRCT of Ukraine could receive up to 195 mSv
radiation dose. However, no comparison of the wetkdoses to criteria was conducted further in
subsequent studies.

In connection with incomplete application of mea&suon radiation protection that resulted in
protests of the RCT inhabitants and to resolveislsee of the return of the population to the
traditional (preceding the accident) way of lifedaactivity in rayons of strict radiation controhet
MH of the USSR adopted in 1988 the «Radiologic ephof constant permanent safe residing of
the population was of territories of RSFSR, UkrS&RI BSSR, which have undergone to the
radioactive contamination as a result of accidenabthe Chernobyl accident» (protocol # 36-1
from 21.10.88). Two periods setting referencesrfadiation of the population were established i.e.
the emergency period (from 26.04.1986 till 01.02)%and the recovery period (from 01.01.1990).
Individual maximal life-span doses in the populatwf the regions under control were set in both
periods equal to 35 rem (350 mSv) including a deseived 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 réadia control were distributed in 3 groups: 1) where
the population could be subject to a life-spardiation at a dose of up to 350 mSv (437 settlements
with 181,100 population), 2) where population colddsubject to the life-span irradiation at a dose
of 300-500 mSv (141 settlements with 43,900 popuigt and 3) where the population could be
exposed to the life-span irradiation at a doseQff ;1Sv and more (108 settlements with 22,200
population). No limitations of population lifestyls labour activity were introduced in the first
group of settlements. In the second group theicéistis could be rejected under the circumstances
of centralised implementation of certain complexagficultural and agromeliorative modifications
and providing the non-contaminated fodder to theyscat private farms. Under the maintenance
and preservation of existing protective measuresegy and restrictions the proposed dose level
still could be exceeded. Limit of the life-span eaould be exceeded in Ukraine in settlements
with a population of about 50,000. According to tH8&SR program on 1990-1991 the latter
population should be resettled to the non-contatathaegions (Union-Republ. program, 1990).
Resettlement however is not completed until nowraiiation doses in the migrants are unknown.

Transition to the dose criteria for estimation a@ftastrophe consequences appeared one of the
important results of this concept. However, it wad the last concern about individual radiation
doses.
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Until 1997 any information on radiation doses inpplation of contaminated territories was
inconsistent and established for the specific gsailpough recalculation from the values'dtCs

soil density contamination (National Ukrainian Rep@996; National Ukrainian Report, 2001). In
the National reports to the 20th and 25th annivezsaf the Chernobyl catastrophe the doses on
separate population groups were provided in agrated manner.

Data on reconstructed radiation doses of the RQiulation were published in Ukraine only in
1998 (Collection 7, 1998). The dose levels weregasgnted in average by settlements, from 1986
untill 1997 by years, and after 1997 till 2056 (ftd years of life) by periods. Review of the
submitted dose values provided the basis for thigohlsl commission on radiating protection of
population of Ukraine (NCRPU, 2006) to considemthieiased and underestimated. The radiation
doses within the first year after catastrophe imi@aar were considered underestimated by a factor
of tens and hundreds. Doses for 1986 were estinzetdéelw percents from a total dose for 70 years,
although they should make up to 50-90% of it, dreddose levels of 1986 were by factor of ten less
vs. the 1987-1997 period. All that was considetesliackground for reconsideration of doses for
1986. In the Report of the Chernobyl forum (Rep2d05), the situation with doses in Ukraine was
reflected inadequately, as the Forum based on dkee evhich were prepared at a national level,
with no critical analysi®

No review was carried out. Using the published aeat&ollection 7 (1998) we have calculated the
average radiation dose levels in population oftiwsst intensively contaminated rayons for the first
12 years after the catastrophe. Data are showabieT2.5.

These dosimetry data as well as previous ones metieer registered in the SRU nor actually used
in epidemiological research of health effects ef @hernobyl catastrophe.

According to the Concept (1991) the calculatedlesagnt ED of extra irradiation to the critical
population group (children born in 1986) in Ukraitiee to the Chernobyl catastrophe should not
exceed 1.0 mSv (0.1 rem) per one year and 70.0 (W®vrem) for the whole life (over a dose
received by population before the accident in dmecatural environmental conditions).

The RCT were divided into the 4 zones (see of Genabbreviations, unit abbreviation, and
terminology) in line with levels of radioactive damination according to the official legislation
(Law of Ukraine, 1991; Law of Ukraine, 1991a). Wavh carried out the review of data sets of
dose values indicating that in 1991 from 2,302amients, the dose data were available only in 541
(23.5%) of them, where doses of the whole populagimounted to or exceeded 1 mSv. There were
136 such settlements in 1997.

Dosimetric passportization of the settlements iplé@mented in Ukraine since 1991 and will be
carried out onward. It is a standardised systeestimation and assigning of a passport dose to the
settlement according to the results of radio-edckdgand dosimetric monitoring of the territory and
inhabitants of the settlement. The passport dodbeokettlement is an ED which can be received
within one year by each of its inhabitants from talt sources of both Chernobyl and any other
industrial origin. It is not an individualized radiion dose due to the Chernobyl catastrophe and is
used only under the administrative decision-malangplanning of measures of public radiation
protection.

Y NCRPU, 2006. The National Commission of Radiafiirgtection of the Population of Ukraine to the
Prime Minister of Ukraine from 31.01.2006 Bi1/01-04 (in Ukrainian).
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Table 2.5 - Individual average annual total radiatiloses in 1986-1997 in population of the most
intensively contaminated rayons, mgar

R Average doses by years:
198619871988198919901991/19921993199419951996 1997
Zhitomir oblast
Narodichy rayon. Number of settlements: 61
Average |8.16/4.32/3.09/2.43[1.91|1.55[1.30/1.11]/0.96/0.83| 0.75| 0.66
Luginy rayon. Number of settlements: 48

Average |5.77/5.09]3.69| 2.87|2.24|1.78[ 1.48| 1.24/ 1.07/0.91/ 0.80] 0.70
Ovruch rayon. Number of settlements: 150

Average |5.15/4.67|3.39|2.67| 2.06| 1.65| 1.36] 1.14/ 0.98/ 0.83|0.74| 0.64

Kiev oblast

Ivankov rayon. Number of settlements: 81

Average | 2.98|1.42]1.04|0.84]/0.67|0.55| 0.48] 0.42]/ 0.36] 0.32/ 0.29] 0.26
Polesskoe rayon. Number of settlements: 31

Average |1.61/0.89/0.65/0.51]0.40/0.32/0.27/0.23/0.20/0.17/0.16] 0.13

Parameter

Activities on dosimetric passportization were cagriout mainly by the NRCRM staff and their
results were generalized in the special Collectminsapers. The passportization results testifed t
a decrease of the radioactive contamination lewesld passport dose values. Passportization
activities in 2011 (Collection 14, 2012) were esakgimportant, specifically as of the end of 2011
the passport dose in 1851 of 1977 settlements esssthan 0.5 mSxear’, and in 101 of them
varied from 0.5 up to 1.0 mSear™.

According to the national criteria (Law of UkrainE991a), the settlements with a dose under 0.5
mSvyear’ cannot be regarded as radioactive contaminated namg. The 25 settlements in
Zhitomir and Rivne oblasts where the doses ranged L to 5 mSwear can be referred to ‘zone
3’, the 101 of them with 0.5 to 1 m§ear' doses - to ‘zone 4'. There are not any settlemeots
where the doses exceed 5 m@ar, i.e. such that should be attributed to ‘zoneT2iis lay of the
land was confirmed by the results of year 2012 lgetibn 15, 2013). Over the results of these two
dosimetric passportization have formed the backwolor elimination of the zone 4 (zone of a
strict radio-ecological control) from the RCT scaopigh subsequent repeal of benefits both with all
privileges and indemnifications to survivors (clau#s23 excluded in the Law of Ukraine, 1991).

A rather challenging scenario with radiation dosesurs during the last years in the RCT. Study
results by Vasylenket al (2012); Vasylenkeet al (2013); and Bilonylet al (2014) testify, that
because of economic crisis in the country and asad consumption of local food products by
population, the annual exposure doses have inadas80-80% since 1994. In some settlements
the internal radiation doses after 1996 exceedddesaof the first years after the Chernobyl
catastrophe. Children in particular have receivesed higher as compared to adults.

Restricted funding of the measures on radiologatqution of the population and environmental
rehabilitation within the RCT (table 2.6) can résual an increased irradiation of population from
now onwards. Almost complete termination of monitgr of both contamination levels and
radiation doses is also a challenge in Ukraine @uwet al, 2010; Information materials, 2013;
Annual report, 2014).

As to the issue of applicability of dosimetric pasdization instead of radiation dose estimation
specified by Pristeet al. (2011) one should agree with this critical reviefathe unlearned lessons

of the Chernobyl disaster. We also believe thatdbmsequences 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 ofldlkrin 2012-2014 on realization of measures on
radiological protection of the Chernobyl catast®ghrvivors, million UAH

The name of the State budget program 201220132014
Radiologic protection of population and ecologiediabilitation of territory,
: . : Y 48| 43|22
which has undergone radioactive contamination
Maintenance of environmental safety in zones 12and 32.4/32.4/16.2

During the last years, the NRCRM staff has carnatd work on reconstruction of individualized
internal, external, and total radiation doses mabitants of the RCT registered in SRU (Likhtarov
et al, 2014; 2014a). The individualized internal ir@thn doses are reconstructed already for the
28,711 inhabitants of Rokitny rayon of Rivne oblds,790 inhabitants of Ivankov rayon of Kiev
oblast, 41,585 inhabitants of Ovruch rayon of Zmitooblast, 27,811 inhabitants of Koselets rayon,
and 14,553 - ones of Repki rayon of Chernigov dblas average the data by regions are received
for 50-60% of survivors from those registered i tBRU. Results of dosimetry are given as
average dose values for the period of 1987-2012.

Distribution of inhabitants of various oblasts iseld up by dose intervals (absorbed doses from
both internal and external exposure for all theveurperiod). The received data are passed for
inclusion to the SRU.

Thus, in a view of the carried out works in lasasgethe individualized doses are reconstructed in
131,450 persons from more than 1,800,000 peoplegaive status of a survivor.

Data comparison of doses reconstructed as of 108Begtion 7, 1998) and as of 2014 (Likhtarov
et al, 2014) within one of the most intensively contaated Zhitomir oblast, testify that the dose in
2015 was only 1.09 mSv more than in 1986. For edtryears the nowadays-reconstructed annual
doses are actually in 1.5, and the absorbed dasek 4 times lower vs. reconstructed earlier.

Data review from the main peer-reviewed publicaidny the foreign scientific experts indicates
that after 2011 the researchers only have repeditéte data, which were generated in proceedings
of the Chernobyl Forum in 2005. No new data ardlavie@ on radiation doses in the Chernobyl
catastrophe survivors in Ukraine.

To some extent it can be explained by the aspettatcording to the requirements of the clause
#11 of the Law of Ukraine (199} all scientific information and research of scikatinstitutions
which are received within RCT are the property éfdine and can be used only under a special
licence (approval) by the Cabinet of Ministers déréine (CMU). Therefore, since 2012-2013 the
Ukrainian scientists were obliged to terminatetladl 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 cancedémce and tendencies of its variation pattern
after almost 30 years after the Chernobyl catakragnd evaluation of cancer radiation risks are
not only of a practical but also of a theoretigdkrest. Such studies are performed not only in the
three countries most severely affected due to therr@byl catastrophe i.e. Ukraine, Republic of
Belarus and RF but in other countries as wellak to be pointed out that the majority of them are
descriptive, devoted mainly to study of the rlisttion of variables, for example the disease
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frequency level, its time trends and territoddferences. In addition, there are ecological &sid

in which the units of analysis are populations rmugs of people rather than individuals. Analytical
studies are dedicated to identifying and measuttiegimpact of risk factors on health. They are
cohort and case-control studies directed to asggstie disease risk being studied in exposed vs.
unexposed groups of the population. Due to itsiaant financial expenditures, they are
performed jointly with scientists from abroad angpgorted by their national and international
organizations. For example, some collaborative guisj are performed in Ukraine jointly with
scientists from the USA in order to study the leuke and thyroid cancer risk in Chernobyl
catastrophe clean-up workers (Romaneekal, 2008; Zablotsk&t al, 2013; Ostroumovat al,
2014), thyroid cancer in a cohort of subjects whage at the time of accident did not exceed 18
and who inhabited the most radioactively contateaderritory of Ukraine (Tronket al, 2012).
Such collaboration is performed in Belarus as #dblotskaet al, 2011).

2.2.1. Thyroid cancer

Among the specific forms of malignant tumours, thgircancer is of special concern because of
dramatic incidence increase soon after the accimetite youngest age group residing in districts
closely adjacent to the Chernobyl NPP. Based aultsesf long-term monitoring of the population
exposed to external radiation (Ja@ikal, 2006), it is expected that thyroid cancer casksed to
the Chernobyl catastrophe will be registered fonyngears.

The ecological study performed in children and agoénts ageing from 1-18 years and residing in
three regions (oblasts) of Northern Ukraine mostvilg contaminated with radioactive iodine
within the 1990-2001 observation period (Likhtaedval, 2006), allowed to evaluate some basic
indices of thyroid cancer risks, namely the excedative risk per Gy (ER®Y') — 8.0 (95%
confidence interval (Cl): 4.6-11.0) and excess hltsaisk per 10 person-years Gy — (EAR 10
person-years) 1.5 (95% CI: 1.2-1.9). In the estiomadf coefficients of radiation risk, it is assuine
that the observed increases in thyroid cancer @mad are due to radiation exposure.

Comparative analysis of thyroid cancer inciderate 20 years after the Chernobyl catastrophe in
Ukraine with consideration of the thyroid irrad@tidoses average per oblast absorbed by children
and adolescents (accounting an age at the timecatlent) showed a significant correlation
between factorial (dose) and resulting (incideneajameters (Fuzilet al, 2011,2013). Special
attention was drawn to the youngest subcohort pvsxe i.e. individuals born in 1982-1986. Upon
the applied correction for the screening effeatatigh the comparison of thyroid cancer incidence
rate in this subcohort and another one with perdame after the accident - i.e. in 1987-1991), a
significant radiation excess in the subcohort eggdos age 0-4 years was suggested. At attained
age of 10-14 years, the thyroid cancer incideatein the exposed subcohort was 9.7 times higher
vS. unexposed one, and at the attained age of Ead®excess was 3.4-fold. Along with it, during
the observed period an excess of the age-spelyfroitl cancer incidence rates was spread to the
adult age groups. In 1991 an excess of thyroideramecidence was registered in the group aged 0-
34 and in 2001 at age range of 0-54 (at the mowietite Chernobyl accident). A special situation
was observed in the female age group of 40-49eatithe of Chernobyl catastrophe i.e. the age-
specific thyroid cancer incidence rates were $icgmtly higher in the “high exposure” regions vs.
“low exposure” ones during all the years of obsgorawithin 1989-2009.

The analytical Ukraine—American project deservésndéibn here (Tronket al, 2012) as its main
objective was to quantify the risks of thyroid cancn the framework of a classical cohort study,
comprising subjects who were aged under 18 yeatkeatime of the catastrophe, in whom the
direct measurements of thyroid glaiid radioactivity taken within two months after aceid were
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available, and who were residents of three severehtaminated northern regions of Ukraine
(Zhitomir, Kiev, and Chernigov oblasts). Four 24yea&reening examination sessions were held
from 1998 till 2007 to study the thyroid canceksslue to the iodine incorporation caused by the
Chernobyl catastrophe. The arithmetic mean ohdividual thyroid absorbed dose over the entire
cohort was 0.79 Gy. At the stage of cohort formatetween 1998 and 2,000 the 13,243 subjects
were screened. As a result of the four sessiorreesing examination, 110 cohort members were
operated for the thyroid cancer. The excess reatisk per Gy (ERR G3) was estimated at
5.25Gy™ (95% CI: 1.70-27.5) during 1998-2000. In 2001-260&¢ ERRGy* was estimated to be
1.91 Gy* (95% CI: 0.43-6.4) and excess absolute risk - Bfd® estimated to be 2.21 per*0
person-years (95% CI: 0.04-5.78). This result esfigcin terms of excess relative risks differ
somewhat from the results obtained in above meetidhikhtarovet al. 2006) ecologically study
and may be the consequence of different study desig

In another ecological study (Tronlat al., 2014) dedicated to the epidemiology thyroid esinn
Ukraine among exposed children and adolescentsl @&d®8 years at the time of accident), a higher
incidence rate was observed in 6 most contaminagggions in comparison with 21 low-
contaminated regions for all post-accident studyople(1990-2010). By age at diagnosis, the peak
incidence in childhood and adolescent groups waserved in 1995-1997 and 2000-2002,
respectively. Since 2002, there were no exposegeatsb(including the in utero cohort) in the
childhood group and since 2006 in the adolescenimgrThus, in these age categories all childhood
and adolescent cases of radiogenic thyroid camaee been realized. In corresponding groups of
unexposed subjects aged 0-14 and 15-18 years atintiee of diagnosis, the thyroid cancer
incidence is comparable to the average rate infgaao countries.

Unlike thyroid cancer incidence increase in exgosaildren and adolescents, the effect of
irradiation in adult age remains not enough cl&udies of thyroid cancer morbidity in adults
suggest an insignificant increase of thyroid canaeidence due to ionizing radiation. According
to the conclusion of UNCSEAR (2006) report thereaidittle suggestion in various exposed
population groups to the increased thyroid canagcidence among those exposed as adults in
general population. Among adults the most meaniregfilence comes from the studies of clean-up
workers. An elevated rate of this disease vs. #reernl population has been reported, but no clear
association with external radiation dose has beand. Moreover, no estimates have been carried
out of the thyroid irradiation doses from the irddhlradioiodine to those who worked on the
Chernobyl site in April-June 1986. Thyroid dose$yaxist for a very small number of workers; it
is not possible to give a valid average value lierwhole group (UNSCEAR, 2008). The influence
of annual screening and active follow-up of thesleorts make comparison with general population
problematic. Therefore, there is some evidence dkeiectable effect in the group of clean-up
workers, but this is far inconclusive.

In contrast to the abovementioned, another studghatimovet al. (2006) and Prysyazhnyut al
(2007) performed in the framework of the French+@aan Initiative (FGI) in adolescents and adults
in territories of Chernigov, Kiev and Zhitomir obta with different levels of* deposition from

the fallouts, a dependence was revealed of theoithycancer incidence rate on a level of
radioiodine contamination. Effect of exposure s tradionuclide tends to increase in time. The
sufficient statistical power of this study allowedbking quite an important conclusion that an
increased exposure 181 results to increase in thyroid cancer inciderate.r

The Chernobyl catastrophe clean-up workers recdivedighest radiation doses. It motivated the
participants of the Ukrainian-American project tody the thyroid cancer frequency in a cohort of
150,813 male Chernobyl clean-up workers from Ulgdny calculating a standardised incidence
ratio (SIR) using national cancer statistics (Qstnova et al, 2014). Follow-up of clean-up

workers with the SRU was launched in 1986 and oaetil through 2010. There were 196 incident
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thyroid cancer cases in the study cohort with saral SIR of 3.50 (95% CI. 3.04-4.03). A
significantly elevated SIR estimate of 3.86 (95% &R6-4.57) was calculated for the clean-up
workers who had their first clean-up mission in tkeernobyl zone in 1986, when there were
highest levels of external and internal exposureathation. SIR estimates for later calendar years
of the first clean-up mission, while significan#yevated, were lower than for the first year. SIR
estimates were elevated throughout the entireviellp period but were especially high 10-18 years
the after catastrophe, namely 4.62 (95% CI: 3.4B)6and 4.80 (95% CI: 3.78-6.10) for the periods
of 1995-1999 and 2000-2004, respectively. Thesdirfgs support the growing evidence of
increased thyroid cancer rates among the Cherndbgih-up workers. Although this could be
partially attributed to an increased medical sulwece, the observed pattern of SIR increase
substantiate further investigation of a potentiahtdbution of radiation exposure to the elevated
thyroid cancer rates in this large population.

In a collaborative case-control study nested wittohorts of Belarus, Russian and Baltic countries
an evaluation of the radiation-induced risk of thgircancer was performed (Kesminiegteal,
2012). A statistically significant dose-responséatrenship was found with total the thyroid
irradiation doses (external and internal). The ERRR100 mGy was 0.38 (95% CI: 0.10-1.09). Risk
estimates were similar when doses from interifdl and external radiation were considered
separately, although for external radiation the BR& not statistically significantly elevated. In
the estimation of coefficient ERR, it is assumedttthe observed increases in thyroid cancer
incidence are due to radiation exposure.

In conclusion it should be pointed out that reseatevoted to thyroid cancer risk in children and
adults in the Chernobyl post-accident period arsipaescriptive and describe the incidence time-
trends. A small number of studies are of a cohodase-control design. Along with evidence of an
increased risk of thyroid cancer in children addlascents exposed to radioactive iodine, there is
doubt as to the thyroid cancer risk in adults padicularly to the clean-up workers. However,
separate studies in survivors primarily those wiktpart in eliminating the consequences of the
Chernobyl accident provide a basis for further wnedl studies referring to the long-term
observation of adult cohorts.

(A. Prysyazhnyuk)

2.2.2 Leukemia

Leukemia is associated with exposure to ionizirdjatgon in different populations, including the
A-bombing survivors in Hiroshima and Nagasaki, @@ils subjected to radiation therapy, and
population groups subjected to occupational ramhiaéxposure in health care and nuclear industry
(Report, 2005). Leukemia risk increases 2-5 yeties axposure with the ERR per unit of radiation
dose being one of the highest (especially in céilfiramong any other radiation-induced
malignancies (BEIR VII, 2006). Leukemia incidencelanortality are being often considered as a
“marker” of radiation effects in exposed populatidtisks from acute exposure to high doses of
ionizing radiation for the most leukemia types waedl known, but risks associated with protracted
exposures and association between radiation ingrattchronic lymphocytic leukemia (CLL) are
not clear.

Results of studies in residents of territories aonhated with radionuclides after the Chernobyl
accident concerning leukemia risk in children addlescents were not enough convincing (Davis
et al, 2006). Hatchet al. (2015) have analyzed for the period 1998-2009 itfegdence of
nonthyroid cancers during the post-Chernobyl peniod well-defined cohort of 13,203 individuals
who were <18 years of age at the time of the aatiddo evidence was found of a statistically
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significant elevation in cancer risks in this cadhof subjects exposed at radiosensitive ages,
although some cancer trends, particularly for lenike(SIR=1.92, 95% CI: 0.69-4.13), should
continue to be monitored.

Recent reports suggest an increase in incidenteukémia among the clean-up workers from the
Belarus, the RF, Ukraine and Baltic countries. Timétation of these studies include low statistical
power, uncertainties in dose reconstruction, atefmal inconsistencies that suggest a potential bia
or confounding factors that are difficult to add&rédNSCEAR, 2008).

This limitation was avoided in the large-scaled &likian-American project for study of leukemia
risk in clean-up workers, exposed to radiation whbaey worked in the Chernobyl zone
(Romanenkeet al, 2008). A cohort of 110,600 participants of theari-up works in 30-kilometer
zone in 1986-1990 was formed. During the periodlservation (i.e. 1987-2000) a calculated ERR
value was 3.4Gy" (95% Cl: 0.47-9.78P<0.01). A follow-up study in 2001-2006 showed a
diminution of this value to 1.26y™* (95% CI: 0.03-3.58) (Zablotsket al, 2013). It should be
pointed out, that the revealed tendency correspuiitthsresults of studies of the clean-up workers
of the RF (lvanowet al, 2012) and A-bombing survivors in Japan (l@sal, 2013).

Study of the risk of chronic and non-chronic lympyiic leukemia under a protracted exposure to
low-dose ionizing radiation in Ukrainian clean-uprkers in the last period (2001-2006) of

Ukrainian-American project gave the reason to aahelthe significant increase of risk of these
leukemia types as both are radiosensitive (Zakdatshkl,2013).

In conclusion, it should be pointed out that epigdogical studies of leukemia risk as a result of
radiation exposure due to the accident at the @hgtrNPP are mostly descriptive and focused on
children and adolescent contingents. In generdingainto account the low-dose radiation
exposure, there is a low probability of high ridkchildhood leukemia according to the results of
Ukrainian and Belarusian studies. In contrast, dnalytical study in clean-up workers of the
accident indicates the existence of an increasdd of leukemia in this group of survivors in
Ukrainian and Russian studies. The first estabtishéJkraine fact of radiation dose dependence of
chronic lymphocytic leukemia in clean-up workerawls attention here.
(A. Prysyazhnyuk)

2.2.3 All cancers

In the papers by Shalimat al. (2006) and Prysyazhnyw al. (2007, 2007a) the main results are
presented concerning cancer incidence in the mampgof affected population of Ukraine. Those
are the Chernobyl catastrophe clean-up workers dwb participated in the clean-up works in
1986-1987 (a 100,000 cohort), evacuees (50,00@stsh] and residents of territories most heavily
contaminated with radionuclides (180,000 subjedisthese three groups the incidence of cancer
(of all sites of the body) exceeded the nationegll¢SIR=117.2%, 95% CI: 114.1-120.3) only in
the clean-up workers, whereas in evacuees ancergsidf contaminated territories those rates were
lower than national one.

Kashchee\et al. (2015) presented the results of retrospective itadtody of cancer incidence and
mortality for the 1992-2009 follow-up periods amotite Russian emergency workers at the
Chernobyl catastrophe. A statistically significamtrease in solid cancer incidence in emergency
workers was found. The average excess over theedatiow up period was 18%, SIR=1.18 (95%
Cl: 1.15-1.22). This value is the same as a figutdkrainian emergency workers (Prysyazhngik
al., 2007, 2007a). Values of excess relative riskawicer incidence and mortality per Gy (EBR

1y are 0.47 (95% CI: 0.03-0.96, P=0.034) and 0.5684<I: 0.002-1.25, P=0.049) respectively, the
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attributable risk is 5.8%. The estimated ERR vatein a good agreement with results published
by this team in previous years (lvanov, 2007; Iwaabal, 2009) and with results obtained in the
life span study cohort of atomic bomb survivorsee@onet al, 2007).

As to another cohort exposed in consequence oCtiegnobyl catastrophe i.e. Baltic emergency
workers the conclusions are in contrast: no coasistvidence of an increase in radiation-related
cancers was observed. Results here are to som# exigertain because of known impact of health
examination approaches including thyroid screerangpng the clean-up workers (Rakt al,
2013).

Thus, given the results of malignant tumour riskdgts due to the radiation exposure as a result of
the Chernobyl NPP accident there is an increasddai this disease in Ukrainian and Russian
clean-up workers. Among the other groups of sumgyaamely evacuees from the exclusion zone
and residents of RCT the cancer incidence ratemtiexceed the national level.

(A. Prysyazhnyuk)

2.2.4 Breast cancer

After the Chernobyl catastrophe the breast canlser draws attention because of vulnerability of
breast to carcinogenic effect of ionizing radiati®@reast cancer incidence after the Chernobyl
catastrophe was studied mainly in descriptive epidegic studies aimed to reveal any possible
stochastic effects in affected groups of populatilrsignificant increase (in 1.6 times) of breast
cancer incidence was registered in female cleamoikers in 1986-1987 years of participation
(Prysyazhnyulet al, 2007b, 2008).

Epidemiological analysis of combined data of Bed#éan and Ukrainian population showed a
statistically significant 2-fold increase of breasncer incidence in 1997-2001 in female residents
of the most heavily contaminated with radionuclidessitories vs. residents of less contaminated
areas (Pukkalat al, 2006). In districts of Ukraine with average acaleed dose in population of
40 mSv and more, the relative risk (RR) was 1.78 ®5% Cl: 1.08—2.93). These results confirm
the necessity of profound investigation of possible of radiation in breast cancer incidence rate
in the entire population and in separate populagooups most affected after the Chernobyl
catastrophe.

Thus the fact of impact of radiation on the incezhask of breast cancer for the first time revedale
in a Japanese cohort also confirmed in the stifignoale clean-up workers at the Chernobyl NPP.
Separate studies of breast cancer incidence rat®omen primarily those who took part in
eliminating the consequences of the Chernobyldacti provide a basis for further analytical
studies referring to the long-term observationftdaed people.

Summing up the data from listed publications ormeaanclude.

Significant excess of thyroid cancer in main groopsffected population that might be caused by
radiation exposure of thyroid due to radioactiveine fallouts. Excess of thyroid cancer incidence
was observed not only in children and adolesceutsnbadults as well. Effect of radiation exposure
was manifested by extra thyroid cancer cases andéd to increase during the time.

Exposure to low and medium dose radiation was &ssacwith significant increase of leukemia

incidence rate in recovery operation workers whgleonsistent for Russia liquidators as well as
Japanese atomic bomb survivors. Last performedkraibe study gave evidence radiosensitive
origin of chronic lymphatic leukemia.
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As to total cancer incidence rate only in recoveperation workers 1986-1987 these figures
exceeded national level. Significant increase adabt cancer incidence rate was registered in
female participated in recovery operation workd@86-1987. Moreover, this review suggests the
significant difficulties in evaluation of carcinogie effects of the Chernobyl catastrophe. Clear
estimation of radiation doses and comprehensive alatnumber of cancer cases in main groups of
exposed population are required to receive some sudsstantial arguments.

Principal conclusions from the reviewed articles as follows:
- there are radiation-dose related thyroid cans&siin population groups exposed to radioiodine in
children age;
- there is an increased thyroid cancer risk duierémliation in the Chernobyl catastrophe clean-up
workers;
- results of studies of thyroid cancer risk in aghdpulation groups with irradiated thyroid evidenc
to the need of extended monitoring to obtainréti@ble results;
- the dose-dependent leukemia radiation risks @ @hernobyl catastrophe clean-up workers
correspond to the radiation leukemia risks in A-basurvivors (Hibakusha);
- in contrast with Hibakusha the study results lvé Chernobyl catastrophe clean-up workers
evidence to the dose dependence of chronic lympgicdeykemia; the stated inconsistence may be
due to the genetic differences of these two pojuulat
- data on inhabitants of RCT suggest the absentredased risk of radiation-induced leukemia;
- breast cancer incidence rate in female Chernchyhstrophe clean-up workers in 1.6 times
exceeded the level of morbidity of female populaiio Ukraine;
- taking into account the long latency periods efelopment of radiation-induced cancer of many
organs and systems there is an need to continuenibwitoring of this disease in a remote post-
accident period.

(A. Prysyazhnyuk)

2.2.5 Radiation cataract

The crystalline lens in the human eye appears tonbee radiosensitive than it was previously
assumed. In 2013, the International Commission adidogical Protection (ICRP) (IAEA, 2013)
established a new dose limit to the lens for octtapal exposure of 20 mSv per year (former limit
was 150 mSv). The reduction of the limit for theseldo the lens of the eye to 20 mSv per year has
been passed in the current Euratom Directives (RQBBuchmannet al, 2015). Accumulated
evidence from the Japanese atomic bomb survivongrr@byl liquidators, US astronauts, and
various other exposed groups suggests that codatatacts may be also associated with impact of
ionising radiation, although there is little evidenthat nuclear cataracts are radiogenic. The dose-
response appears to be linear (Little, 2013).

However, there are critical opinions concerningiaadn cataractogenesis following exposure to
low doses of ionising radiation (Yeltokova, 2013%a$ et al., 2015). There are many factors,
including genetic, metabolic, nutritional, and eownimental involved in cataractognesis. At the
same time nowadays the tissue of the lens is ceresidradiosensitive, thus, lens opacities are
possible late effects of exposure to ionising raoia(Belyy et al., 2015).

An analysis of research results for 30 years siheeChernobyl catastrophe testifies that an eye is
one of basic targets of radiation influence (Buzauand Fedirko, 1999; Fedirko, 2000, 2001, 2002).

Radiation cataract, which is examined as a detestiareffect, was traditionally considered a basic
consequence of radiation effect on the eye (FedizR60).
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Examinations performed after the Chernobyl catasiegproved that radiation cataract is observed
upon exposure at the doses significantly less thavas early considered (Fedirko, 1999, 2000
2001, 2002). Results of the UACOS studies are adeace of possible presence of a threshold but
at the level about 0.1 Gy for some age groupssignificantly lower than 2 Gy (Chumak et al.,
2007); a threshold is dependent on cataract forchcam be higher than 0.7 Gy (Worgul et al.,
1999, 2007). A dose threshold for radiation cataveas not fixed in any other study. A latent
period can exceed 24 years. Data of studies andemaitic modelling are indicative in favour of
the view that radiation cataract is a stochasftecebf radiation exposure (Fedirko, 2002).

It has been shown that such appearance of nonatypitanges in the lens of children and
adolescents is possible as partial opacities aadgds in optic infiltration without decreasing of
visual acuity by certain time and are only diagmbseder the purposeful examination as a chronic
radiation effect. Presence of the dose dependeasgwmved for this disease (Fedirko, 2002).

(N. Omelianets)

2.2.6 Mental health

The long-term mental health consequences havereeegnized by the UN Chernobyl Forum and
supported by further evidence-based Internatiohalies as one of the main medical and social
problem of the Chernobyl catastrophe aftermatrstFf all, they are the stress-related disorders,
effects on the developing brain, organic mentabrdiers in clean-up workers, and suicides (WHO,
2006; Brometet al., 2011; Bromet, 2012-2015; Havenaar, 2015; Igum®4,5; Loganovsky,
2013-2015). The UN Chernobyl Forum also suggestesl @éxcesses of mortality, due to
cardiovascular disease (including cerebrovascularthe clean-up workers of the Chernobyl NPP
accident. At the same time, the effect of low dasfesdiation on the brain are among the research
priorities for exploring of non-cancer effects oddration, however, they are still at issue
(Loganovsky, 2009, 2012, 2013; Bazykaal, 2013a, b, 2014). This sub-chapter is an ovenaew
the recenpeer reviewegublications and proceedings of international eosfices of the evidence-
based studies on mental health aftermath of then®bgl accident recognized by the International
community.

Effects on the developing brain as well as orgamental disorders in the clean-up workers are
explained in subchapter “2.3.9.3. Neuropsychiafiects”. Among them there are both recognised
consequences and those not fully recognised bintamational community.

Radiation accidents, radiological terrorist attacks well as nuclear conflicts and nuclear war are
substantially different from natural disasters araits without use of weapons of mass destruction.
Clinical features here include the major criterib post-traumatic stress disorder (PTSD) -
"immersion” in the experience, "avoidance”, "hype&itability”, and "social functioning deficit"
(Rumyantseveet al., 2007; Rumyantseva and Stepanov, 2008). Psychalogicess about the
future (the risk of oncological and other diseasesgenital malformations in the descendants etc.),
long-term radioactive contamination, evacuation aedettlement, as well as incomplete and
imperfect legislation regarding social benefitghie victims all make a significant contribution to
the development of psychopathological responsesnglaatseveaet al, 2007; Loganovsket al,

2014).

The male Chernobyl liquidators who met the DSMRIleriteria for current PTSD group scored
significantly higher than the non-PTSD group ontlaf measures of PTSD and general psychiatric
symptomatology, state and trait anxiety, depressidrere is a determining role of individual
perception and assessment of radioactive hazattiendevelopment of post-traumatic stresses
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placing this problem among the most important anesudying of psychological consequences of
radioactive threat experiencing. The real workimnditions and the level of information also
affected the workers’ estimate of the severityhaf tadiation hazard in Chernobyl (Tarabratal.,
1996).

We have conducted standardised psychiatric intesviaising the Composite International
Diagnostic Interview with 295 clean-up workers &88¥ controls 16-18 years after the catastrophe
and report on common psychiatric disorders, suiaiidation and severe headaches. Prior to the
Chernobyl catastrophe being consistent with healtloyker effect, the clean-up workers had
significantly lower rates in anxiety and alcohosatiders. The clean-up workers had significantly
higher rates of depression (18.0% vs. 13.1%) andidsuideation (9.2% vs. 4.1%) after the
catastrophe, but not alcoholism or intermittent legie disorder. In the year preceding the
interview, the rates of depression (14.9% vs. 7,1285D (4.1% vs. 1.0%), and headaches (69.2%
vs. 12.4%) were elevated. The affected liquidateith depression and PTSD had lost more
working days vs. controls. Exposure level was assed with current somatic and PTSD symptom
severity. Thus, the long-term consequences of @gfncatastrophe on mental health were
observed in the clean-up workers (Loganowsksl, 2007, 2008).

Recent studies show that the rates of depressidP&8D remain elevated two decades later. Very
young children and those been in utero who livedr ke plant when it exploded or in severely
contaminated areas, have been the subjects of dewable research, but the findings are
inconsistent. Recent studies of prenatally expa$@dren conducted in Kiev, Norway and Finland
point to the specific neuropsychological and psyafical impairments associated with radiation
exposure, whereas other studies found no significagnitive or mental health effects in exposed
children grown up. General population studies refie increased rates of poor self-rated health as
well as clinical and subclinical depression, angieind post-traumatic stress disorder. Mothers of
young children exposed to the disaster remain la-hgk group for these conditions, primarily due
to the lingering worries about the adverse hedfttts on their families. Thus the long-term mental
health consequences continue to be a concern (Betrag 2011).

The UN Chernobyl Forum (WHO, 2006) has definedghieides in the clean-up workers as one of
important issues within the post-accident periagicifle is a leading cause of death in the Estonian
liquidators (Rahtet al, 2006) and in Lithuania the suicide mortality amgdhe clean-up workers
has exceeded the population level (Kesminiehal, 1997). The major finding of epidemiological
studies in the Estonian clean-up workers mortaityan increased risk of suicide (Rahu al,
2013a, 2015). Whereas exposure to low radiatioeglssthe risk factor of suicidal behavior, or this
is a socio-psychological phenomenon only, is atiilssue (Loganovsky, 2007).

The toll of cleanup work was evident 24 years after Chernobyl catastrophe among the Estonian
clean-up workers indicating the need for focusedhtalehealth interventions. The strongest
difference was found for somatization being thrale-fmore likely in the cleanup workers vs.
controls to score in the top quartile (odds ra@iRj=3.28, 95% CI 2.39-4.52), whereas for alcohol
problems the difference was half as large (OR=1%%6 Cl 1.16-1.99). Among the cleanup
workers and arrival at Chernobyl in 1986 (vs. lateras associated with sleep problems,
somatisation, and symptoms of agoraphobia (Lagdral, 2015). These data are the same as in
Ukraine concerning current alcohol abuse amongdajors (Postrelket al, 2013).

Mental health drives physical health. Research emtat health has led to development of new

terminology to describe the health problems assediavith stress (chronic fatigue syndrome,
health anxiety). Radiation risk perception is thienary risk factor for health anxiety related teth
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accident. Mothers of young children and former iligiors are at the highest risk of developing
mental health effects (Bromet, 2015).

Arkhangelskaya and Zykova (2003), Zykova and Arldeskaya (1999a, b), Zykow al.(2000)
used the term “radiation anxiety” to determine fisychological effects of the catastrophe, that
include emotional disorders inadequate to thenaadihtion hazard, concern about their own health,
the health of their children and their future. Thes a change of values, personal and social
motivation, decreased personal activity until costglindifference. Among 519 residents of the
contaminated Narovlya rayon in Gomel oblast of Bedghe health state is worrisome for 94.8% of
them, the level of radioactive contamination for34 of them (of which 64.2% are extremely
concerned), and 86-90% are disturbed by variouscspof the future existence. The study of
radiation risk perception among young people witBmmel oblast of Belarus showed that 84% of
students believe that the Chernobyl catastropheemprences have had a negative impact on their
health and will continue to influence it. In additithe 98% of girls and 70% of boys are concerned
about possible violations of the health in theitufe children. High level of radiation anxiety is
associated with low level of public awareness abonizing radiation and its effects on human
health. In 2005 the socio-psychological monitonwvegs carried out of various groups of population
living in contaminated areas of Bryansk, KalugalaTand Orel oblasts of Russia, as well as Gomel
oblast of Belarus. The monitoring results showeat #5% of respondents living in the evacuation
zone had no knowledge of radiation and peculiarite life in the radiation-contaminated areas.
Doctors, other experts and representatives of ubi@aties were most informed (Marchen&bal.,
2006).

Thus, despite 30 years of studying the consequesfdd® Chernobyl catastrophe, the information
on harm of radiation is controversial. The conifigtinformation about the radiation danger, which
are disseminated by the mass-media, only exacetbatsituation and provoke in population the
development of radiation anxiety and psychosomdisease not directly related to ionizing
radiation. There are concerns about the qualityneidical care, use of non evidence-based
diagnostics and treatments, and lack of knowleddke population about the signs of both physical
and mental disorders (Samet and Patel, 2011). Wmfately, there is lack of studies on effective
interventions to deal with these problems at anviddal and population level (Bromedt al,
2011). This situation needs further prospectivagibie investigations of mental health of people
suffered as a result of radiation disasters.

It is necessary to develop and improve the systeamergency and long-term psychological and
psychiatric care under radiological catastrophdsprsent these studies must be focused on the
long-term mental health consequences, neurocogriticit, emotional-behavioural and psychotic
disorders with advanced biophysical (dosimetrigypgut on the base of analytical epidemiology. A
further study is needed that should endeavor tecomore objective measures of exposure and
physical health, consider possible cognitive impaint and psychotic symptoms, and conduct more
rigorous psychiatric evaluations (Bromet, 2015; étsar 2015; Igumnov, 2015; Loganovsky,
2015).
(K. Loganovsky)

2.3 Obvious, but not recognized consequences

Our analysis shows that assessment of health giéthe Chernobyl catastrophe in Ukraine is now
almost impossible. Following termination of funditige MH halted publication of the annual
statistical book “Indicators of health and proviglimedical care to victims owing to accident on the
Chernobyl NPP” since 2006. Until 2009 this documemats however still available on electronic
media. No data summarisation on annual statisteabrting forms # 15 “Report of the medical
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service of the population that was exposed to tasian connection with the accident at the
Chernobyl nuclear power plant and to be includethen State registry distributed for __ year”
and # 16 “Report of the disease and the causessabitity and death of population, which is
subject to inclusion in the State register of Ukeadf the persons survived after the Chernobyl
accident for _ year” of the MH is conducted ubsequent years. Since 2007 the DS has
cancelled the annual statistical reporting by fo#tns (Chernobyl) "Report on the resettlement of
residents of settlements victims by the Chernolgtiastrophe”, # 2 (Chernobyl) "Report on
admission to non-contaminated zones of residemts fsettlements affected as a result of the
Chernobyl catastrophe™ and # 3 (Chernobyl) "Reparpopulation living in zones of radioactive
contamination after the Chernobyl catastrophe"this regard there is no information about the
inhabitants of the contaminated territories in nécgears. It is almost impossible to obtain
information in the country on the number of citigewho have the status of victims of the
Chernobyl catastrophe. SRU is still not functioningJkraine. As a result, the country and world
community lose highly relevant data on health eéffed the Chernobyl catastrophe in Ukraine.

Data stated above testify that the catastrophe itsndonsequences became a cause of health
deterioration in irradiated persons. The above-moeat radiologic effects were proven in the
cohort studies. Hereinafter we will review someapageters, which confirm the negative impact of
the Chernobyl catastrophe on health of the pomrati Ukraine. For the last 10 years there are in
general a limited number of scientific publicati@isut the groups of victims and population of the
country. Among them there are monographs (Voziastaad. 2007; Serdiuk et al., 2011; Tronko et
al., 2014; Omelianets et al., 2015), collections@éntific works (Problems of radiation medicine,
2012-2014), and conference proceedings (Radioegd6$4; Radioecology-2015).

Hereinafter we will focus on the results of popigiatstudies. They were based on the analysis and
evaluation of medical and demographic situatiotJkmaine for 5 years before and 29 years after
the Chernobyl catastrophe. Studies have coverddratiories of the country classified according to
the national law as radioactively contaminated wpibpulation of about 22,000,000 people.
Research accounting a wide range of health and giexpbic indices was performed for each
territories separately and also for territoriesugred with other of contamination zones, population
groups (all population, urban population, rural pagion), groups of victims (clean-up workers,
evacuees, residents of contaminated territoriesciidren), genders (males, females, both sex),
ages (19 age groups), and main causes of deatitomated control system of data bases of
monitoring of medical and demographic consequerafe€hernobyl catastrophe» (ACS DB
DEMOSMONITOR) was the informational base of reskagstablished under our leadership by
order of the ME of Ukraine (Omelyanets et al., 1;99melyanets, 2000; Buzunov et al., 2011).
State statistical reporting from Ministry of Stétts was the source of studied parameters. All the
studied parameters were subjected to statistichhaathematical analysis.

2.3.1 Loss of territories for residence

As of 1991 according to the national legislatioe 88,454 km2 of soils (4.8% of territory of the
country), 4,600,000 hectares of agricultural labh2% of the total area) and 25,357 km2 of woods
(40% of the total area) in Ukraine were contamidatith **'Cs at intensity exceeding 37 kB
2,293 settlements, 74 administrative rayons andhl&sts are recognised as contaminated. They are
divided in radiation hazardous (include of the as@n zone and zone of obligatory (compulsory)
resettlement) and radioactively contaminated (idelzone of guaranteed voluntary resettlement
and zone of strict radio-ecological control) (Lafwtkraine,1991a).

The exclusion zone (an area of 1,210 km2) anadine of absolute (obligatory) resettlement (area
of 6,490 km2) are referred to radiation hazardeustories. Permanent residing of people and main
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kinds of activity there are forbidden. They arelih administrative rayons of seven oblasts. The
91,600 inhabitants were evacuated in 1986 fronmewdusion zone. Today there are no inhabitants
in 76 settlements in exclusion zone and in 92 sohAlie (obligatory) resettlement. Those populated
places are excluded from the list of settlementsweéler, for all years few thousand so-called
squatters constantly lived there. In 1991-1992 uals®,000 of people had to be resettled to the
clean districts from the zone of absolute (obliggtaelocation. However, resettlement is not
completed until now. As of 2015, the 170 peopl# ke in 10 villages of this zone. The territory
of both zones is secured. Various measures on nsaiion of distribution of radioactive
substances are constantly carried out; works ostaation of new safe shelter and transformation
of zones in ecologically safe state are activelydtwted. However, because of insufficient funding
such measures are carried out not to full extemesFoften occur. Due to the levels of
contamination they remain being an unsafe sourteiwfan irradiation.

In recent times the issues of the future of exolugione and absolute (obligatory) resettlement zone
are discussed in the country. Return of populatin@ne is a most important issue. Meanwhile it is
also proposed to organize the Chernobyl biospteserve in these zones. The future of these zones
was discussed this year at the Parliament heafitrgsommendations, 2015).

Zones of guaranteed voluntary resettlement andriot sadio-ecological control are attributed to
radioactively contaminated ones. First zone of 23,&km2 covered the territories of 33
administrative rayons and 8 oblasts. About 600,080ple with more than 150,000 of children
lived in 835 settlements in it. Second zone of 8@,km2 covered 68 rayons and 12 oblasts. There
were 1287 settlements in it with more than 1,600,@0pulation including more than 300,000
children. As previously mentioned about 25 settletmecan remain in a zone of guaranteed
voluntary resettlement according to results of ohetric passportization 2012. The zone of strict
radio-ecological control and settlements locateditcare excluded from the list is radioactively
contaminated since January 1, 2015 (Law of Ukr&i0é4).

Thus, 30 years after the explosion of a nucleastoean the Chernobyl NPP in Ukraine, 7,700 km2
of radioactively contaminated soil remain unsuiatar residing of people. An area of 45,000 km2
is still radioactively contaminated. As the scopestate arrangements on radiation protection in the
country is considerably reduced, these territongisremain dangerous to the people even for many
decades.

Inhabitants of these zones were subject to thetegeamergency exposure. By way of exposure
prevention only evacuation was effective. Howevwegdiation of evacuees remained after their
domiciling in territories with high levels of comtenation, from which after 1991 they were again
moved to non-contaminated districts.

Hence, the Chernobyl catastrophe resulted in ratii@acontamination of huge territories and some
of them are still unsuitable for residing of theopke. It is an indisputable proof of danger of the
Chernobyl catastrophe and its consequences faarifiehealth of the people.

(N. Omelianets)

2.3.2 Territorial redistribution of population

About 200,000 people were evacuated, resettlethaependently migrated for 29 years from
contamination zones to the clean (uncontaminatgipns. According to our sources (figure 2.3.1),
most of all resettlements were in 1986 and in 19839. Since 1991, the resettlement from zone of
absolute (obligatory) resettlement was carried édter 2004 it was limited and till now is not
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completed. Evacuated and displaced persons in 198%-were settled in areas throughout the
country, but since 1991 mainly within the confirdoblasts. Evacuated and resettled persons were
necessarily provided with free-of-charge habitattord the employment was guaranteed to them.
As of 2013 the 37,768 families were on the waitisgfor housing, from them 9,822 were families
of the Chernobyl invalids and 14,943 of voluntaegettiement from the contaminated territories
(Information materials, 2013).

According to data of vital statistics generatedusy(statistical books of the Ministry statistics of
Ukraine, nowadays Department of statistics (DS)Uefaine), the population in radioactively

contaminated territories decreased since 1986L9H0 by 46,400 persons (by 3%) in Zhitomir
oblast, by 26,600 persons (by 1.36%) in Kiev omel, lay 63,200 persons (by 4.46%) in Chernigov
oblast.

Figure 2.3.1 - Scope of
population resettlement from
radioactively contaminated
territories in Ukraine within
1986-2012, thousand people

Thousan
people

In the control Poltava oblast contrariwise theresveagain of population (by 17,200 persons).
Number of rural population was especially reducedhy 18.4% in Zhitomir oblast and by 20.6%
in Chernigov oblast. In the control Poltava obkastecrease has made 9.6%. In Kiev oblast where
the evacuees mainly are living the decrease hag malgt 6.9%. In 1991-2012 the number of rural
population in Kiev oblast was reduced by 23.9%Zmitomir oblast by 22.2%. On this evidence the
countryside of these areas can be reasonably namembne of accelerated depopulation.
Depopulation was statistically significant in thesh contaminated Ovruch (-24.43%), Ivankov (-
26.65%), Luginy (-27.98%), Narodichy (-45.2%), @alesskoe (-76.56%) rayons.

Hence, the Chernobyl catastrophe has caused ataiepaf about 200,000 people from radiation
hazardous territories and RCT of Ukraine. Thirtyarge later a depopulation of radioactively
contaminated zones goes on. It is more intensiae it not contaminated districts.

(N. Omelianets)

2.3.3 Degradation of population structure within radioactively contaminated territories

Families having children up to 14 years old, pregnawomen, and persons with medical
contraindications were given the right to indepeniydeave from RCT in the post-accident period.
Together with evacuation it immediately has hacetiact on the structure of the population. The
number of males in the population structure hasedsed in Zhitomir oblast by 17.4%, of females -
by 16.9%, in Kiev oblast - by 9.9% and 13%, in Qigov oblast - by 17.4% and 19.3%,
respectively. In the control Poltava oblast therease was 2-3-fold less (5.6% and 10.9%
accordingly). Share of women of childbearing agd ahildren of younger age groups decreased
considerably in population suffered from radiatiexposure and those living in the controlled
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territories. It has had an effect on reproductibpapulation in the future. It has already an dffec
on reproduction of population in the radioactivataminated areas in the past and will affect in the
future.

(N. Omelianets)
2.3.4 Birth rate

Down to recent times any possible occurrence ofwmirable consequences of the Chernobyl
catastrophe on fertility was completely denied. Ildoer, the results of our research show
otherwise. So, Omel'anets al. (1989) showed that in the first and second yefies the accident
there was a decrease in birth rates within mognsively radiologically contaminated zones of
Ukraine (Figure 2.3.2).
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Review of a set of parameters characterizing biaties (fertility rates by maternal age, rates of
stillbirth, medical abortions, spontaneous abosjateaths of infants aged 0-6 days) and radiation
dose values afforded a ground to believe thatlifgrtiate drop in 1987 was due to impact of
excessive within first year after the catastropgbecourse, it was still under the influence of many
other factors that could play a role, such as eati@n, stress, etc.

Degree of birth rate reduction depended on thegoayeof contamination zone i.e. the highest one
was peculiar to the zone of obligatory (compulseggettlement (‘zone 2’) and zone of guaranteed
voluntary resettlement (‘zone 3’). Decline of birdie was also in the control rayons. These birth
rates were as described above the levels of radreacontamination and radiation doses of the
population.

Review of the birth rate trend over the 1991-20&fiquls showed its significant changes (figure
2.3.3). From 12.1 per 1,000 in 1991 it decreased.Tgper 1,000 in 2001. For the three years this
level was the lowest since records began in thatcpuRecent years it was within 11 per 1,000.

Integrally the birth rate declined in Zhitomir obtavith annual growth rate (GR) of 0.02 per 1,000
in 1991-2012. In Kiev, Volyn and Rivne oblasts it the contrary increased i.e. annual GR were
0.08, 0.04, and 0.02 per 1,000 respectively. Trferences, however, were not statistically

significant (p>0.05). Statistically valid reductian that was in Luginy and Narodichy rayons of the
Zhitomir oblast. In other nine studied rayons tharges of fertility rate were not statistically

significant vs. control and average for the country
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Reproductive activity in Ukraine also continuesdeecline. Just total fertility rate in the country
decreased from 1.77 (1991) to the lowest valuehm history of 1.09 child per female of

childbearing age in 2001-2012. Value of the togatility rate decreased by 6.2% in Rivne, 9.4% in
Volyn, 17.6% in Zhitomir, and 2.6% in Kiev oblasis.Rivne and Volyn oblasts the elevated total
fertility rate is attributed, first of all, to therevalence of the rural population, which is
characterized by a greater intensity of births @adition of having many children associated with
religiosity.

Revealed changes in fertility were confirmed byeinational research under the French-German
initiative for Chernobyl (FGI) (Dzikovich et al.,0R4; Omelyanets et al., 2004, 2004a). It was
proved due to dependence on existing levels oblagical contamination, thyroid and the whole
body radiation doses.

Gender disproportion in newborns is one of the nhegaconsequences of the Chernobyl
catastrophe. It is generally stable in populat@csounting 104-105 boys per 100 girls. The value is
under impact of many factors including ionizing iedithn. Pattern of gender change after the
irradiation is believed being resulted from damafysex chromosomes, mainly of X-chromosome.

The result depends on the gender of the irradipéeslon. There will be more boys in gender ratio
of newborns upon irradiation of male genital orgabeath of embryo leads to miscarriages and
stillbirths. The born children may have differefinarmalities and damages occurred during fetal
life. In turn, there will be fewer boys in gendatio of newborns upon irradiation of female genital
organs. Upon irradiation of gonads of both pareatsmother's body during pregnancy, and of
foetus the male embryos die predominantly and ptagpoof boys among newborns is reduced.

There were no significant fluctuations of genddiorat birth both at the national level and in

radiologically contaminated rayons for the entiezipd of our observations. At the same time, the
variability of parameter at a rayon level was quitgiceable. In the most severely contaminated
rayons it ranged within 110-120 boys per 100 giflhiere 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 selectedpydation sample split in two groups. The
population of radioactively contaminated territsrieepresents 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 (Omelianadsal, 2007, 2011, 2011a, 2015, 2015a; Dubewval, 2011), the
mortality increase began in Ukraine since 199%atn, it is ongoing. Its value in the population of
RCT was statistically significance higher (p<0.@%gn in control. In 2012 the mortality in Ivankov
rayon was 24.55+2.70 per 1,000, in Polesskoe —228.86, in Luginy — 19.86+2.26, in Narodichy
— 26.17£3.28 and in Ovruch - 19.32+2.11 per 1,0Di@ese levels are significantly higher vs.
average in Ukraine (15.14+0.95 per 1.000).

Our comprehensive and in-depth research revealadrder of important regularities, trends and
new facts about the impact of radiation from Cheghan mortality, for example regarding the
mortality values depending on levels of radiologimantamination (by category of contamination
zone) and adopted regulations of secure resideniteria for radiation dose levels). As can be seen
from Figure 2.3.4 the highest mortality rates amepopulation living in ‘zone 2’ i.e. zone of
obligatory (compulsory) resettlement. Mortalityeas also high in ‘zone 4’ (zone of strict radio-
ecological control. The high mortality rate in ‘@2’ we attribute high individual doses of
radiation (more than 5 mSear’). Large mortality rates in ‘zone 4’ compared torie 3’ can be
attributed to differences in the levels of colleetidose. In ‘zone 4’, where the calculated level is
800 man-Swear", the mortality is higher than in ‘zone 3’, whete level is 600 man-Syear".

We attribute the establishment of heterogeneitynphreenon to new knowledge. It manifests itself
as an effect of selection (Michalgi al, 2008) in which the most vulnerable individuale darlier
and over time the population becomes "more stablelemography it is when the rate of mortality
increase in the oldest ages (75+) is reduced artlerepidemiology of cancer when the cancer
incidence is declining among the geriatric popola{j75+).
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It is confirmed by the data shown in Figure 2.3 &amng that mortality rates began to rise already
from the age of 15 and have been great to 65-6%s\yeainhabitants of five most intensively
contaminated territories vs. unexposed popula#drihe age of 70+ the mortality rate was over 22
per 1,000 of the population less vs. before thadaot. There were almost no such trends in
mortality rates in population of Ukraine. Modestr@ase in mortality rate in 2009 vs. 1986
occurred in this group only beginning from age bfy@ars. Mortality rates of those aged 70+ were
almost equal (108.3 and 108.9 per 1,000).
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Death rate from neoplasms increased in the firatsyafter the catastrophe. During 1981-2000 it
increased to 0.03 per 1,000 in RCT, whereas onl§.@@ in controls and to 0.01 in Ukraine as a
whole. It was statistically significant (p<0.05)aomparison with pre-accident period. In all stddie
territories the highest increase of this mortatdayes was accounted for the second quinquennium
since catastrophe with prevalence of males intitecture. Subsequently there was an increase of
mortality rate from non-cancer diseases with Diesad the Circulatory System in their structure.
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Females appeared being prevalent in mortality straqt>2.8, p<0.05). These features of mortality
were confirmed by calculations of standardiseddesliand RR. Risk analysis of individual causes
of death has testified to its increase at the esg@esf mortality in both genders from somatic
diseases and in males from external causes.

(N. Omelianets)

2.3.5.2 Mortality of the Chernobyl catastrophe suriwors

There were two classifications of survivors usedJkraine after 1991 (Buzunov et al., 2011;
Omelyanets et al., 2011a). First one was introducethe former USSR in 1986 for persons
exposed to radiation as a result of the Chernol3f Mccident. Survivors were subdivided into 4
accounting groups and 5 categories of observaimst group of accounting included the accident
and its consequences clean-up workers in the dmudraone. Second group comprised the
evacuees, third one spanned the inhabitants dforées of observation and migrants out of there.
Fourth group included children born from irradiafetents. Another i.e. second classification was
approved by the national legislation in 1991 (ses &f the designations, abbreviations and terms).
By 1991 the number of registered persons has isecealmost 6-fold and as of 1998 more than 11-
fold. After that their population decreased duedéaths, change of residence, and the exclusion
from the group of survived children after they tre#re adulthood.

After 1991 the first classification continued to lieed in the healthcare statistical reporting forms
#15 and #16 and in the SRU. Data of forms #15 ab@l #r the most part were each year
summarised and published by the MH in statistieBdnence data books. The last one was issued in
2007 (Statistical handbook, 2007). The first cliésation is also used as a building block in SRU.
The second classification was of countrywide apilon being applied for registration of citizens
recognised the Chernobyl catastrophe victim ascoo@ance with the law. It was the basis for
planning of arrangements on liquidation of consegas of catastrophe, financing and provision of
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social, health, and radiological protection of witd and general population. According to this
accounting the number of survivors exceeded thebeumegistered in healthcare system by more
than 600,000. Having regard to the above we hgveatedly expressed the opinion that existence
of these two incompatible classifications of suovs/and respective reporting forms is the source of
confusion both at the national and internationegéle regarding data on their number in the country
and estimates of health effects (Omelyanets e2@l.1b).

Today the health assessment in survivors (exceptdioort studies) can only be based on the MH
data before 2007. Health estimates in survivorthbygroups established by the national legislation
cannot be made.

Figure 2.3.6 shows the highest mortality rate inaimtants of the RCT which were exposed to
relatively high doses of acute irradiation in 198&l to low-dose chronic irradiation later for 19
years (Statistical handbook, 2007).
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The clean-up workers who were exposed to acutdiatian at high doses when they participated in
the emergency works especially in 1986-1987 thedtr@f increasing mortality are on the second
place. Evacuees i.e. those who were briefly expts@itreased levels of radiation until evacuation
are third in descending order of mortality ratekil@en born from irradiated parents occupy the
fourth place. Particularly intense mortality incseabccurred upon 2000 i.e. 15 years after the onset
of exposure. Mortality of children born from irratied parents was highest among all the observed
paediatric population (i.e. evacuees, living in RET, and born from irradiated parents). Until
1994 its level was 6-fold higher vs. mortality maeuated children.

The analysis shows that DCS, cancer, diseasespifratry and digestion organs are the leading
causes of death in adult and adolescent survividre. most dramatic increase of mortality from
diseases mentioned above was within 15 yearstateratastrophe.

Some changes in mortality structure occurred by2th¢h anniversary of the catastrophe. Increase
of mortality rate due to DCS (116.5-131.3 per 10,80Qrvivors vs. 68.0-71.0 in total population in
2000-2004) was a main feature. Share of DCS insthecture of causes of death reached 67.9%.
Mortality rate due to diseases of digestive organseased by 46.8%. Mortality rate due to cancer
almost has not changed for this period. Levels praportion of mortality due to diseases of
respiratory and endocrine systems decreased atGbasequently the increase of mortality rates
occurred in the entire group of the survived adatid adolescents mainly due to diseases of DCS

32



and digestive organs. Mortality due to DCS in sums was nearly twice the mortality in
population.

Injuries and poisonings were the leading causeeattd (33.8%) in survived children. Congenital
malformations were at the second place (16.2%8.dne course however the death rates from them
have decreased (from 0.24 per 1,000 in 1992 to ,12004). Mortality from diseases of the
nervous system in 2004 appeared at the third plemerth place in mortality rates was shared by
cancer and certain disorders originating in peahpériod (8.8%). Mortality from former decreased
and from latter increased. No significant differesicin mortality rates between the survived
children and paediatric population of the countgrevfound.

In the absence of data on radiation doses it i®gsiple to establish any link between the mortality
rates in survivors and impact of ionising radiation

Not any other new peer reviewed publications os pinoblem are available.

In virtue of the already published data (Omelyamttal., 2011a; Omelyanets et al., 2015) we can
conclude that 30 years later:
1) more than 1,800,000 survivors representing rtiae two thirds of their total number still live in
the zones of radiological contamination in Ukraitiegre are more than 400,000 children among
them; there are no data on their radiation dosashadiminish the validity of estimates of health
effects of acute and long-term radiation exposure;
2) mortality rates in population of RCT are higher in population of Ukraine in general;
3) share of non-cancer diseases and of DCS imcplart increased in the structure of causes of
death;
4) the worst mortality rates among all survivorsliring 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 sociaatditers (earthquakes, epidemics, wars, revolutions,
catastrophes) give rise to the human or demogrdphkges. Both last mentioned are estimated in
demography by the changes in number and composifigopulation. Taking into consideration
the scale of the Chernobyl catastrophe it was itapoto determine an impact of its consequences
on this parameter.

The only research on the analysis and assessmedémbgraphic losses after the Chernobyl
catastrophe was conducted in the NRCRM concerninthat only data available for Ukraine
(Omelianetset al., 2015). Level of losses was assessed by the numbemborn children,
premature deaths and migrated outside in zonesdodlogical contamination since 1979 till 2004.
Values for the most heavily contaminated territorveere compared vs. control and vs. average
values for oblasts and the entire country.

It was established that demographic loss is froenMinth rate decrease, excessive mortality, and
forced migration of population after the catast®i Ukraine. Since 1986 till 2003 urban areas in
radioactively contaminated rayons born less onagei8 newborns per one thousand population
and in rural areas on average 11 of them. There wer4 and 2 newborns less, respectively, in
control populations. The rate of loss due to unhknidren per 1,000 females of childbearing age
increased from 8 in 1986 to 76 in 2001, i.e. intn%es. In 2003, 17 years after the catastrophe it
amounted to 41.1 per 1,000 females of childbeadgg. Values in the control rayon and the
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national average were the same and amounted top4.2.000 females, i.e. been 3-fold lower.
Contribution of females aged 20-29 years to thaltealue of losses due to unborn was most
pronounced. There was "not received" from 39 child(Poltava oblast) to 215 kids (Narodichy
rayon) per every thousand in the post-accidenbgetn Ukraine this index was 15.5.

The post-accident period in Ukraine was charactdrizy high mortality rates (Omelianegs al.,
2007, 2011). Excessive mortality evolved mainlypopulation of 60 and more years old (86% of
total losses). At younger ages, on the contrargrettwas a slight increase in saved lives. The
greatest decrease in absolute number of deceasdrbnhwas observed at the age of 1 year (about
3.0 % of total losses). Through 1986-2003 the loispopulation of working age (15-59 years)
ranged from 7.5 % (Zhitomir oblast) to 12.3 % (Kievlast) of the total amount of losses and was
lower than in the control rayon (16.8 %) and Ukeass a whole (18.7 %). This lower level of
losses can be associated with a lower proportigmecgons in this age group in the population of
the affected oblasts.

The greatest loss of population was due to deatins ion-cancer diseases, primarily from diseases
of circulatory system. They are responsible foruab).0 % of female and almost 24.0 % of the
male losses. Neoplasms have occupied the secome tastructure of losses especially in
contaminated rayons. Their contribution to theltiss of population in 1986—2003 accounted for
35.1 % while being 15.9 % in the country as a whdlee major part of human losses from
neoplasms occurred in the age group of 45-75 yadrd'he scale of mortality from external causes
became threatening in the post-accident periodulgtpn size and structure have worsened due to
the migratory losses. They were within entire p&d observation in Zhitomir oblast, at most since
1994 in Kiev oblast, and since 1996 in the conRoltava oblast. In the rayons of radiological
contamination losses ranged from 10,400 to 28,&M@gbonly 2,400 in the control population. As a
result of intensive outflow of young people, modiynale, the demographic basis of population
reproduction was radically compromised in ruralagreFeatures and peculiarities of demographic
losses identified in the most heavily contaminadéthsts suggest to the increasing depopulation
there and loss of their labour potential both vd#terioration in social, economic and household
fields. To resolve these issues the continued eagoef radiologically contaminated territories is
required up to the pre-accident condition by thiatéon factor. This will provide an opportunity to
mitigate social and psychological stress in sumgyostrengthen demographic setting for
childbearing, and stop chronic exposure to lowatoln doses being a basis for the formation of
destructive changes in organisms of humans andsxeemortality.

(N. Omelianets)

2.3.7 Vital index of the population

Vitality index i.e. birth-death ratio was used iaraesearch as an integral indicator of healtthen t
RCT population. It is calculated as ratio of birthsleaths within a population during a given time.
When the value of the index is over five over arytba population is considered viable and has a
good ability for reproduction. In case of an indetue less than one the population is considered
inviable.

Table 2.3.7 shows that since 1990 population ofntlest intensively contaminated Zhitomir and
Kiev oblasts had begun to lose vitality. A yeaetathe overall Ukrainian population had become
inviable. The lowest values of vital index were @lyed in 2001 i.e. on the fifteenth year after the
catastrophe. In Zhytomyr and Kiev oblasts this dase is primarily the result of the drop of birth
and increasing of mortality in the most radioadinentaminated rayons as result of the Chernobyl
catastrophe. Until the end of 2012 it had neveentd. In Volyn and Rivne oblasts far-field from
the accident site the vital index under one occlgiace 1995 and 1999 respectively. Years with
lowest registered values were virtually the samea®nwide. 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 mogensively 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 populatieitality; figures in bold show minimum values dugithe
observation period.

Among the all 74 RCRs a vital index value of mdrart one in 1986 was in 26% of rayons (Gunko
and Dubova, 2012). In 1999 their number decreakrdsh 3.5-fold. In the eleven RCRs where co-
authors and we conduct a research at NRCRM (taBl8)2he 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 adtis. Since 1991 till 2012 the decline was
statistically significant (p<0.05) in six of thedm Kamin-Kashyrsky, Ivankov, Zarichne, Rokitny
and Sarny rayons the decrease was insignificard. Wadrst indices were in the most intensively
contaminates Narodichy and Polesskoe rayons.

Table 2.3.8 — Vital index of inhabitants of radigically contaminated rural rayons and Ukraine by
the size of grouping in 1986-2009

Distribution of rayons according to vital index, %
Years | <951 | 0.51-1.0| 1.01-1.5| 1.51-2.0 | 2.01-3.0| >3.0 Vital index
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 435 50.0 55 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 315 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 dirheing in population regarding birth rate and
mortality rate indices but also the reduction sfiital index due to oligonatality and high mottali
(N. Omelianets)

2.3.8 Disability

The disability of survivors is a main peculiarity the health consequences of the Chernobyl
catastrophe.

After the Chernobyl catastrophe the examinatiorevaluate the disability in connection with
exposure to ionizing radiation was introduced ia tbrmer USSR. In Ukraine the law regulates an
establishment of a causal link with the disease twedChernobyl catastrophe impact (Law of
Ukraine, 1991) and the Order of MH (Order MH, 19@fder MH, 1997a). The list of diseases for
which a causal link can be identified with the irapaf ionising radiation or other harmful factors
in survived adults and children was set by Ord&97h). The Law stated that the relationship of
disease and disability is determined regardlesbeofadiation dose to a survivor. According to the
State classification these survivors are attribtwell category of Chernobyl disability.

Unfortunately, the problems of disability due tgpegure to ionising radiation was considered or
concerned neither in national nor in internatiostaldies on Chernobyl health effects for 30 years.
Most fully this problem is addressed only in thatStical handbook (2007) and National Ukrainian
Report (2011).

Published data suggest the following conclusions:

1. Over the last 29 years there was a constargaserin the number of disabled people from 9,040
in 1992 to more than 100,000 (Table 3.2). Theirrsh@mong survivors is increasing and now

reaches 5.59%.

2. Among persons with disabilities the proportidnsarvivors, namely evacuees and residents of
contaminated territories is increasing in recemirye

3. Among persons with disabilities up to 3,500 bied children are registered annually. In 2013

there were almost 2,700 of them.

Table 3.2 — Time pattern of the number of Chernalaghstrophe survivors and persons assigned
the #1 category of Chernobyl disability

Parameters 2009 2011 2013 2015

All survivors 2,317,147 2,210,605 2,132,257 2,025,141
Including:

clean-up workers: 268,003 255,862 243,456 222,498
of these, #1 category (disabled) 66,613 66,489 67,509 63,210
other survivors: 2,049,144 1,954,743 1,888,801 1,802,643
of these, #1 category (disabled) 43,895 46,240 49,249 50,058
Total #1 category (disabled) |110,508/4.78 | 112,729/5.09 | 116,758/5.47 | 113,268/5.59

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

4. For all the period after the catastrophe a largaber of emergency workers and evacuees live
within contaminated territories. Radiation dosetht&em are not known. Health effects from long-
term chronic exposure have not been studied.
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5. In recent years the primary tumours, the DC8,diseases of the nervous system are the
considerable cause of disability.
6. Disabled survivors aged less than 40 yearsharacterised by a large proportion of cases due to
malignant neoplasms, DCS, and diseases of the mesystem vs. unexposed disabled persons of
this age.
7. The problem of disability in children is insuifintly taken into account within system of
evaluation of the Chernobyl NPP accident healtbc$f The pattern of their disability by cause is
different from that in children in Ukraine as a vido
8. In the national classification of survivors thevas one other category — a person being the legal
guardian of a child whose parent had died becalg®dhernobyl catastrophe impact. We imply
here the deaths from diseases caused by the Clyboatastrophe or its consequences. According
to the government statistics there were 24,024 sashs in 2009; 26,862 in 2010; 28,588 in 2011;
30,599 in 2012; 32,406 in 2013; and 35,033 in 20&5from 2009 to 2015 their number increased
by 11,009 people. Given that cancer is a causeability in more than 50% of cases it can be
assumed that this disease (cancer) might be tree @dumore 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 oameongst the most unfavourable biomedical
consequences of the Chernobyl catastrophe (Fettsal, 2008; Yablokowet al, 2009; Stepanova,
2011a). Despite intensive efforts and arrangementgis preservation and restoration, there is a
decrease of proportion of the apparently healthlgjesis among all population groups of the
survived children. There is also a 3.12-fold inseaf the crude incidence rate of all diseases in
children 0 through 14 years old since the Chernahyastrophe (Stepanova, 2011a; Stepambva
al., 2011b).

The true reasons of children's health deterioratemain debatable with controversial role of
radiation. Largely it is due to a limited applicati of epidemiological research tools for the
available data analysis and improper dosimetrigstipof both clinical and just epidemiological
studies.

Further prospective and retrospective radio-epidygical studies using the refined whole-body
count (WBC) measurements and ecological model @éssienations in conjunction with findings
from animal toxicological studies should help tocdlate the possible radiogenic health effects
associated with chronic low-dose internal expostme **'Cs (Jelin et al, 2015). Some
epidemiological studies were conducted recentlyhan field of low-dose radiation impact on the
specific body systems in children.

The available data show a statistically significaedluction in red and white blood cell count,
platelet count and haemoglobin content along with't'Cs soil contamination density increase at
the place of residence. Over the six-year obsemaperiod the hematologic indices were
improving. This improvement was more pronouncedlierplatelet count and less for the red blood
cell count and haemoglobin content in children esgabto higher radiation doses born before the
catastrophe. There was no interaction with exposuore for the white blood cell count in the 702
children who were born after the catastrophe. Tital exposure gradient persisted in this sub-
sample of children. Another study has providedfitts¢ longitudinal data analysis for a large cohort
of children after the Chernobyl catastrophe. Figdisuggest the persistent adverse haematological
effects associated with residentifiCs exposure (Stepanoetal, 2008).
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According to study findings, the other researchjgmowas expedient using more comprehensive
exposure assessment including the individual WB@sueements of*’Cs (Bgkg™). The cross-
sectional study sample examined within 2008-20Huded 590 children in the age of 0-18 years
old. Children with higher individual (radio)actiyitin the body (WBC data) had a significantly
decreased haemoglobin content with both lowerethergyte and platelet count. Effect of high-
incorporated activity on a decreased platelet coved only seen in children over 12 years old.
Average by village activity value df'Cs (kBgm™) in soil was only indirectly associated with a
decreased blood count with accountingtH€s body content as an intermediate variable. Gildr
in this study were born at least 4 years afterdéiastrophe thus being exposed to low doses of
ionising radiation from thé*'Cs. This cross-sectional study indicated that lewels of radiation
exposure might be associated with a decreased blmaat. However, we cannot exclude that these
results are due to impact of some residual confmgniéctors (Lindgreret al, 2015).

Epidemiological analysis on serum concentratiorthef main classes of immunoglobulins (IgG,
IgA, IgM) in children living in the settlements witdifferent density of*’Cs soil contamination
showed a strong correlation of residential soiltaomnation in 2008 with individual body burden
by the'*’Cs. Serum IgG and IgM concentrations had incredsédeen 1993 and 1998. Children
from the locations with highéf’’Cs soil exposure had lower serum IgG levels, whioiever was
increased in a small cohort surveyed between 18672810. Children within the fourth quintile of
137Cs soil exposure (266-310 kBa?) had higher IgM serum concentrations between 1993
1998 however with further decline between 1997 20tD. These findings indicate to the radiation-
related alterations of immunoglobulin content, whioy itself is not an adverse health effect.
Further investigations therefore are necessarnnterstand how these deviations affect the health
status (McMahort al, 2014).

Decreased content of the main classes of immunabis) imbalance of immunoregulatory T-cell
subpopulations, and depressed phagocytic activityentrophilic granulocytes with secondary
immunodeficiency onset in children living on coniaated territories were stated by various
researchers (Sheikh Sajjadiehal, 2010; Sheikh Sajjadieét al, 2011; Kolpakowet al, 2011,
Stepanovat al, 2010; Balevat al, 2011)

Taking into account a significant protective rofel@A at the respiratory mucous membranes the
children and adolescents with low level of IgA weomsidered at a high risk of respiratory diseases
with an appearance of pulmonary disease which gteaatease was observed along the post-
accident period (Stepanoeaal, 2003).

Predisposition to prolonged natural history of gedise is noticeable along with an increased
incidence of respiratory disorders in the surviveldildren. Bronchial hyperresponsiveness,
abnormal function of pulmonary surfactant systerativation of free-radical reactions, and

depression of local protective factors in respmatorgans revealed in child population of

contaminated territories is the basis for that. a&ssf the fatty acid content by the gas liquid

chromatography in an expired breath condensate YEB@aled the lipid peroxidation process

against a background of a depressed antioxidamiepiies of pulmonary surfactant and metabolic
disorders of polyunsaturated fatty acid at the estaf the bioregulator-eicosanoid formation

(Parkhomenket al, 2012).

Epidemiological analysis showed that children liyin villages with soif*’Cs contamination at the
highest quintile were 2.6 times more likely to haviorced vital capacity (FVC) <80% of predicted
value [95% confidence interval (Cl), 1.07-6.34] &@8 times more likely to have a ratio of forced
expiratory volume in 1 sec (FEV1) to FVC <80% (9324 1.02-25.19). We have found a
statistically significant evidence of both airwalgstruction (FEV1/FVC %, peak expiratory flow,
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and maximum expiratory flow at 25%, 50%, and 75%-9{C) and restricted forced vital capacity
correlating with an increasing sof'Cs contamination (Svendsenal, 2010).

In 2008-2010, a consecutive cross-sectional studucted in the same pediatric population used
whole body burden of*'Cs as a refined measure of the individual exposline. decrements in
percentage predicted the FEV1/FVC ratio and areas®d odds of bronchodilator responsiveness,
restrictive impairment, and FVC less than loweritiof normal were associated with a log increase
in weight-adjusted™’Cs whole-body burden. Thus, children in the regjost outside of the
Chernobyl contamination zone continued having tazharelated respiratory disorders as recently
as in 2010 (Svendset al, 2015).

These disorders were combined with some abnorndadea of non-respiratory lung function such
as reduction of respiratory moisture and aerosatretdons from respiratory organs being
accompanied by a falling concentration of supeafieictive substances from pulmonary surfactant
and by a decrease in phospholipids and total ligidts content. Intensification of oxidative free-
radical processes in the EBC was revealed. It ideet from the rise of a light sum indices and
amplitude of instantly flash-initiated chemilumiceace of EBC. Inhibition of antitrypsic EBC
activity indicating a decrease in the local redpina protection was established (Parkhomerko
al., 2008; 2009; 2010).

Functional abnormalities of cardiovascular systeemeanrevealed in the 40.0% of children exposed
to ionizing radiation on the contrary to the 14.53%<0.05) in the control group. The sinus
tachyarrhythmia was registered on the ECG in 3200%ases, bradyarrhythmia — in 45.0%, signs
of moderate and pronounced metabolic disordershén teart muscle — in 42.4% and 3.8%,
respectively. Data from rheographic studies of idgional hemodynamics were characterised by
the signs of dystonia and presence of venous st#te®m with blood flow interhemispheric
asymmetry, pronounced tendency to increased vastome, decreased pulse rate and rate of
arterial circulation in the extremity vessels. Bmged stroke and minute volumes of blood,
significant incidence of hypotonic (22.3%) and dyst (31.5%) reactions to a physical loading,
more intensive and less efficient work of ventdatiapparatus both with reduction of some
efficiency indices were established in a "steadydition” by assessing the indices of the central
hemodynamics and external respiration using do$sdigal load of the average intensity. The
increase of oxygen debt (by 14.8%, p<0.05), totaigen inquiry to work (by 22.6%, p<0.01),
periods of restoring to the initial indices of panary ventilation (by 18.6%, p<0.02), and oxygen
consumption (by 20.1%, p<0.01) after loading wekdative of that (Stepanow al, 2011b).

Autonomous neural regulation of cardiovascularewsin children of both major groups differed
by the insufficient input from sympathoadrenal eystduring a physical exercise that can be
attributed to characteristic features of vegetatieeneostasis in this period (Kondrashetaal,
2014a).

Some experts consider the abnormal pathways oftheéelerioration with an increased incidence of
multifactor disease from the following points. Acdimg to contemporary opinions, the cell nuclei
and membranes are the most sensitive targetsri@ging radiation. The free-radical pathways are
activated under the radiation impact leading tgiodtion of the active toxic oxygen species. Lipid
peroxidation is a key link between a radiation ictpgnd damage to membranes with disorders of
their structure and functions (Vartanianal, 2010).

Cellular capacity for a specific function is clogseélated to the properties of its surface. Radrati
exposure induces numerous structural displacenierdsllular membranes that remain for a long
time upon irradiation episode and lead to the fionet cellular disorders (Benderittet al, 2003).
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The red blood cells being ontogenically and phytogaly linked to many tissues originated from
mesenchima represent a universal model for evaluati the impact of a range of factors including
radiation on cellular membranes. All that providesnsidering the superficial erythrocyte
membrane as the most available study subject tifteche state of cellular membranes is the
organism.

A decrease of discocyte number with an increasprefhaemolytic and degenerative forms was
observed in children residing in radiation-contaabéa territories. A concavo-concave discoid
shape of normal erythrocytes i.e. discocytes ignugit for the gaseous exchange. Structural
abnormalities of superficial membrane in erythromll population were most pronounced in a
group of children having the incorporatétiCs level from 6845 to 16522 Bq (Stepanataal,
2013a).

Abnormal shape and surface relief of superficiaittencyte membrane is a sign of membrane
destabilisation not only in these cells but a e of cellular membrane damage in a body as a
whole.

Significant disorders of submicroscopic organigatiof intracellular organelles especially of
mitochondria in circulating lymphocytes are eststiid. The most expressed abnormalities were
found in children having the incorporatéd’Cs level exceeding 6845 Bq. Structural and
dimensional variability of mitochondria was notedtlb with an increase of the condensed-type
mitochondria number and a decreased number of ellganof a canonical configuration.
Appearing of the giant forms was specified. Swollartochondria, unclear outer membranes,
unclear mitochondrial cristae with their abnormaéotation, and pallor or homogenisation of some
organelle matrix were observed. Sometimes mitochamwdth an almost disordered structure were
found (Stepanova and Litvinets, 2013b).

Impact of ionising radiation gives place to mDNAntge, 80-90% activity decrease of key
enzymes of mitochondrial energy metabolism, anddea enzymatic activity dyscoordination in
the Krebs cycle and glycolysis. Secondary mitochiahéilure occurs being attributed to disorders
of cellular bioenergetics. Pathogenetic pathwaysndbchondrial diseases induced by ionising
radiation are represented by the organ and tissnetibnal incapacity stipulated by the lack of
energy (Beregovskaya and Maiboroda, 1995; Grietul, 2002).

A suppressed activity of cellular succinate dehgdrase is a cytochemical marker of abnormal
mitochondrial energy production, whereas an ina@éaserum lactate level and abnormal ratio of
lactate to pyruvate are the biochemical markers.her

Some efforts are applied to elucidate the pathaplogical pathways of these disorders. It is
believed that a launch of the free-radical oxidatand lipid peroxydation under the impact of
unfavourable environmental factors including radmatre the trigger for such effects. It was shown
that the consequences of a low-dose radiation itrgmatiuman are of systemic (syndromic) nature
possibly sharing some mutual pathogenetic pathwaked to mitochondrial activity (Kovalenko
and Kovalenlo, 2008).

Thus, the review of available literature data fug tecent years indicates that low doses of iogizin
radiation received after the Chernobyl catastrogrelead to dysfunction of some organs and body
systems and give place to deterioration of childrealth. The latter is characterized by a decreased
number of apparently healthy children in populatéam respective increase of number of children
with chronic somatic diseases.

(E. Stepanova, S. lgumnov)
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2.3.9.2 Diseases of the Circulatory System

The results of health monitoring in survivors tisti the graceful deterioration of their health.
According to the annual health check-ups since 18188010 the number of healthy persons among
clean-up workers in Ukraine decreased from 62.0% 180, among the adult evacuees from 67.7%
to 18.7%, and among all the inhabitants of RCT frdhi3 to 12.3%. The proportion of clean-up
workers with chronic diseases increased from 12.83t1%, and of evacuees from 31.5 to 80.3%
(Health indicators, 2010).

Studies conducted at the NNCRM (Buzunov et al.02@D11a; Pirogova et al., 2010; Voychulene,

2011; Krasnikova et al., 2013) on survivors regesden the SRU and Clinical and Epidemiological

Register (CER) only for NNCRM indicated the incre@sncidence of DCS in the clean-up workers
and evacuees. The highest incidence levels weoeded 12 to 22 years after the exposure. In RCT
residents the level had increased within first éarg.

The epidemiological studies proved a relation betwthese diseases and external radiation doses
in a range of 0.05-1.0 Gy. The greatest risks vestablished in the clean-up workers who were
exposed at the age less than 40 years. Risk lanelsRR excess were found at doses of 0.25-0.7
Gy.

A link of an increased incidence of disease in tbbort of RCT residents with accumulated
radiation doses in the range of 21-50 mSv for #r@op from 1988 to 2010 was also credible.

The data obtained are to some extent consistehttid results of health monitoring in Hibakusha
i.e. the A-bombing survivors in Japanese citietlmbshima and Nagasaki (Shimizu et al., 2010;
Preston et al., 2003). Previously an increaseddéamde of DCS was observed in the clean-up
workers residing in Russia (lvanov et al., 2006).

Using the pooled data on morbidity and mortalityca@ recognise that impact of ionizing radiation
due to the Chernobyl catastrophe was the causeC& iD the clean-up workers, evacuated adults
and adult residents of RCT. Morbidity and mortabtycur 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 Cheyholeuropsychiatric aftermath are extremely
controversial. At the same time, the cerebral ¢ffed low doses of ionizing radiation, especially
the cerebrovascular disease and cognitive impairnaee in the focus of research interest
worldwide (Bazykaet al, 2013a, b, 2014; Loganovsky, 2012, 2013). This-chdpter is an
overview of the recergeer reviewegbublications and proceedings of international ecgrices and
evidence-based studies on neuropsychiatric effgicthe Chernobyl. There are recognised ones
among them and also those not been fully recogrbydtie International community.

An increasing pool of data supports the radioseityitof the central nervous system (CNS). There
are several mechanisms of radiocerebral effectsjehya the disrupted neurogenesis in the
hippocampus, changes in the gene expression proéleoinflammatory response, neurosignaling
alterations, apoptotic cell death, cell death amdry mediated by secondary damage, “glial-
vascular union”, etc. At the same time, the coHiicabic system is a target for the radiation brain
damage where hippocampal neurogenesis dysfuncgorrucial (Loganovsky, 2009, 2012;
Marazzitiet al, 2012; Picanet al, 2012).
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It is axiomatic that the developing brain is extedynradiosensitive. The problem of brain damage
in utero as a result of the Chernobyl catastrophe is higlidgussible. An extrapolation of the
Japanese atomic bombing experience and the gemeedical radiological experience on
radiological accidents at the Chernobyl NPP andogioty at Fukushima Daiichi NPP also is
incorrect because of presence of internal preexiabsure to radioiodine in these nuclear accidents.

The World Health Organization (WHO) in 1992-199%iemented a pilot project «Brain Damage
in Utero» within «International Program on the HleaEffects of the Chernobyl Accident»
(IPHECA). Analysis of the results in Belarus, the Bnd Ukraine showed the following facts: 1)
prevalence of mild mental retardation in childreqp@sedin uterois higher than the same in the
control groups; 2) increasing trend in the incideraf emotional and behavioural disorders in
children exposedn uterg 3) increased prevalence of borderline neuropsyibi disorders in
parents of prenatally exposed (WHO, 1996). Howetleese results have not been definitely
recognized internationally. Possible relation oumo@sychiatric effects and doses of prenatal
exposure remained unstudied, whereas the assesshmantal health of children exposedutero
and aetiology of neuropsychiatric disorders revetaleghem is still contradictory.

In this regard a thorough research was performédkmine in 1998—2004 within the framework of
the French-German Initiative for Chernobyl, lookisigpotential effects of prenatal exposure on the
brain. The 154 children born between 26 April, 1986 26 February, 1987 to mothers evacuated
from the city of Pripyat to Kiev, and 143 of thelassmates were examined. Among children of
Pripyat there were 52 (33.8%) persons with equitatidse to the thyroid glandh utero>1 Sv,
and 20 (13.2%) of them had a dose of fetal exposL®® mSv. In the prenatally exposed examined
children no cases of severe mental retardation mrogephaly were found. A significantly
increased incidence of abnormal psychological dgraknt, emotional-behavioural and organic
mental disorders and paroxysmal states were diagnaghem. In prenatally irradiated children the
full scale of intellectual quotient (IQ) was lowdue to lower values of verbal 1Q, which caused
higher frequency of disharmonious intelligence. Wiaedisharmony of 1Q (nonverbal 1Q - verbal
IQ) in the prenatally exposed children exceedeg@bts it was correlated with fetal irradiation
dose. Mothers of both groups had similar verbalites, however, the evacuees experienced a
significantly greater real stressful events, havimgher level of depression, posttraumatic-stress
and somatoform disorder, anxiety, insomnia andasalisfunction (Nyaget al, 2004).

According to Brometet al. (2011) the very young children and those expasedatero who lived
near the plant when it exploded or in severely aombated areas have been the subject of intensive
research, but the findings are inconsistent. Restewlies of prenatally exposed children conducted
in Kiev (Nyaguet al., 1998, 2004; Loganovskaja, Loganovsky, 1999; Logaky et al, 2008,
2012; Loganovsky, 2015), Sweden (Almoetl al, 2007), Finland (Huizinket al, 2008), and
Norway (Heiervanget al, 2010) found out the specific neuropsychiatric amments associated
with radiation exposuri uterothat could increase the risk of neurodevelopmaetisalrders.

In prospective studies conducted in Ukraine théafimony of intelligence due to the lowering of
verbal IQ appears to be a radioneuroembryologiti@ce of prenatal exposure as a result of
accident at a nuclear reactor. We suggested alri@aglyr first studies a prevailing violation of the
dominant left cerebral hemisphere, especially atsical-limbic structures, in children irradiated
utero as a result of the Chernobyl accident (Loganowskiapganovsky, 1999). Later we came to
conclusion concerning a disrupted development ef lgft (dominant) brain hemisphere after
prenatal exposure from the Chernobyl disaster (hogskyet al., 2008, 2011; Loganovsky, 2012,
2015; Loganovsky and Loganovskaja, 2013).
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In the Ukrainian-American prospective studies iow@hb300 exposed persons and their 300 non-
exposed classmates they have found neither newaviogal nor cognitive disorders in persons
exposedn uteroin Ukraine (Bromett al, 2000, 2011, Litcheet al.,2000; Taorminat al, 2008;
Bromet, 2015), as well as in Israel study of thenptally exposed immigrants from the former
USSR to Israel (Bar Josemt al., 2004). Much more negative self-evaluations of ¢lvacuees
were linked to a number of risk factors, includimgltiple hospitalizations, health risk perceptions,
and epidemiologic risk factors. The increased ddtthyroid cancer and other diagnoses no doubt
contributed to the evacuees’ less positive subjectiealth. The strong effect of the mothers’
perceptions argues in favor of developing of tls& tommunication programs for families rather
than for mothers or adolescents as separate tgrgeps (Bromett al., 2009). However, neither
individual radiation doses1 utero estimations, nor verbal intellectual abilities essnents were
applied in these studies.

In Belarusian prospective mental health studiethef250 prenatally exposed vs. 250 non-exposed
persons at the age ofB, the prenatally irradiated children had lowerraged full 1Q and low 1Q
(80-89) rate excess. However, at the age oflP0and 1516 years old there were no statistically
significant differences between IQ in exposed aondtrol groups. No statistically significant
correlation was found in the exposed group betwadividual thyroid dosdan utero as well as
individual antenatal external dose and 1Q at the @igs-7, 10-12, and 1516 years old. However,

a sub-group of persons with the highest externiratal doses (more than 30 mGy) has relatively
lower mean full IQ vs. the whole exposed grouphat age of 67, 10-12, and 1516 years. An
increased risk of emotional disorders also wasdaarthe exposed group. Visual characteristics of
electroencephalograms (EEG) in both examined grdigpbaot differ significantly (Igumnov, 1996,
2001, 2009, 2015; Kolominslet al.,1999; Igumnov, Drozdovitch, 2000, 2002, 2004).

In Belarus they have come to conclusion that asiexirole in the origin of borderline intellectual
functioning and emotional disorders in prenatakpased children was played by the unfavourable
socio-psychological and socio-culturological fastgigumnov, 1996; Kolominskgt al., 1999;
Igumnov, Drozdovitch, 2000, 2001, 2002, 2004), @liph the average 1Q of the most exposed ones
(with doses to the thyroith utero >1 Gy) was lower compared to all other exposeddcdm
(lgumnov, Drozdovitch, 2000). Moreover the neurapblpgical abnormalities in prenatally
exposed persons in Belarus were normalized and Bies did not differ from the non-irradiated
controls (Igumnov, 2001, 2009). They came to casiolu that the borderline intellectual
functioning and emotional disorders in the expogemlip of children are due to unfavourable
psychosocial and sociocultural factors such as ve éalucational level of parents, break of
microsocial contacts and difficulties of adaptatiaich appeared in the wake of evacuation and
relocation from the contaminated areas. Howeverhifperkinetic disorders, disorders of scholastic
skills and borderline intellectual functioning ajuamior school age could be regarded as significant
predictors of stable conduct disorders at adoldsags (Igumnov and Drozdovitch, 2002). Thus the
cognitive and mental disorders in prenatally exgossidents of Belarus are attributed mainly to
the social and psychological factors (Igumnov, 2015

The radiation risks of cerebrovascular diseaséuidators were reported at radiation doses >0.15
Gy (Ivanov, 2007). Radiation risks of mental disasdand cerebrovascular disease including the
mortality from stroke in liquidators were founddases >0.25 Gy (Buzunat al, 2011a). There is
a significantly increased level of mental and beébanal disorders, vascular dementia, alcohol
abuse, dysthymia and PTSD in liquidators and evegudquidators have an increased incidence of
organic mental disorders, namely depressive, anxe&notional labile (asthenic), and personality
ones (Loganovsket al, 2011). Prevalence of alcohol dependence syndiaomdealcohol abuse is
significantly increased in liquidators (Postrelbal, 2013; Laidraet al., 2015). These syndromes
develop secondarily as a result of the alreadganmsental disorders (Postrel&bal, 2013).
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Cognitive impairment induced by ionizing radiatios a paramount neuropsychiatric effect.
Experimental exposure to low radiation doses (0&-@®y) of rats has proved a resulted severe
neurocognitive hippocampus-dependent deficit (8mitet al., 2012). Postradiation cognitive
disorders mainly at the level of Mild Cognitive laipnent (MCI) have been constantly reported in
liquidators (Zhavoronkovat al., 1998, 2006, 2012; Polyukhaet al, 2000; Turuspekova, 2002;
Antipchuk, 2004; Gamachet al, 2005; Antypchuket al, 2008; Loganovsky, 2009, 2012, 2015;
Loganovskyet al., 2009, 2009a, 2015, 2015a; Volovgkal.,2010; Bazykaet al, 2013a, b, 2014,
Krasnov et al., 2015) and the Acute Radiation Sickness (ARS) sorgiv(Antypchuk, 2003;
Loganovsky and Zdorenko, 2012).

The neurocognitive deficit in the Chernobyl cataghre survivors with PTSD is higher than that in
Afghanistan war veterans. The “postradiation” PTiSzharacterized by a projection of fear and
insecurity about the future (“anticipatory stresstncerning cancer, congenital malformations in
the descendants, etc. The risk of stroke and athlerosis is increased in liquidators with PTSD, as
well as dysfunction of neocortex, hippocampus, deép cerebral structures (Loganovsky and
Zdanevich, 2013).

A significant number of consistent studies was médgepublished on the neurophysiological
(Zhavoronkoveet al., 1995,1998, 2006, 2008, 2010, 2012; Loganovskyamyev, 2001, 2004;
Loganovsky et al.,, 2011; Denisuk, 2004; Mel'nikovaet al., 2010), neuropsychological
(Zhavoronkoveet al., 1998, 2006, 2008, 2010, 2012; Polyukteival., 2000; Turuspekova, 2002;
Antypchuk, 2004; Gamachet al, 2005; Loganovskyet al., 2009a, b, 2011; Loganovsky and
Zdorenko, 2012), neuroimaging (Bomko, 2004; Kholal et al, 2007; Kholodova,
Zhavoronkova, 2011) and neuroimmune (Bazgkal, 2013a, b, 2014) deviations in liquidators in
whom as a whole the organic brain damage was gdrifummarising the results of these studies it
should be emphasized that various authors indepdgd®und the comparable and/or even the
same evidences of neurocognitive deficit, cerelgouiar disease, and accelerated aging of the
CNS in liquidators of the Chernobyl accident.

The radiation-induced neuropsychiatric effects udel accelerated aging and neurodegeneration
(Polyukovet al.,2000; Bazykeet al.,2004; Kholodovat al, 2007) which could be associated with
cell senescence and telomere changes (Bagyld, 2013a, 2014). Polymorphic disorders in the
clean-up workers cohort, which fit into the conceppsycho-organic syndrome, are based on the
multifactorial aetiology and specific pathogenesith the influence of biological, psychological,
and social factors. The complex of these factaadddo early onset of cerebrovascular disease that
manifests as a variety of symptom-complexes with tore symptom-complex of cognitive
impairment (Krasnowet al., 2015). Moreover, the demyelinating disorders & tiervous system
including multiple sclerosis in exposed people #thdae constantly monitored. Preliminary data
testify to the excess of multiple sclerosis in gapan of the most RCT in Ukraine (Kolosinskaja,
2011).

The dose-related cerebral abnormalities followingegposure to >0.3 Gy doses and radiation brain
markers at doses >1 Gy (Acute Radiation Sicknessjewevealed by the NRCRM staff
(Loganovsky and Yuriev, 2001, 2004; Bomko, 2004niBek, 2006; Loganovskegt al, 2011;
Loganovsky, 2012, 2015;). We had proposed the cafimbic dysfunction in the dominant
hemisphere as an important cerebral mechanismuwbpsychiatric effects following exposure to
radiation (Loganovsky and Loganovskaja, 2013) tizet been independently confirmed by the fact
of cognitive auditory event-related potentials imnpeent in liquidators (Zhavoronkowet al, 2010,
2012). At the same time some other authors (Mebwaket al., 2010) believe that dysfunction of
the left hemisphere is only the first step in thevelopment of psycho-organic syndrome in
liquidators.
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Loganovsky and Loganovskaja (2000) suggested alpp@ssle of ionizing radiation in the genesis
of schizophrenia spectrum disorders. Exactly due the left-hemispheric fronto-temporal
dysfunction and shizotypal features on the badbetliathesis-stressor hypothesis it was proposed
that ionizing radiation could be a risk factor fmhizophrenia spectrum disorders (Loganovsky and
Loganovskaja, 2000; Loganovsky al., 2005) that is still at issue. However, recently tadiation
exposure of adults was considered a new modellotgehrenia (Iwatat al, 2008) and the same
have been shown in experimental radioneuroembricdbgchizophrenia models (Korr It al.,
2001) including the nonhuman primates (Schindteal.,2002; Selemoet al.,2009; Friedman and
Selemon, 2010; Selemon and Friedman, 2013).

Loganovsky (2000) first suggested the Chronic feai§yndrome (CFS) as a characteristic after-
effect of radio-ecological disaster. Currently, thational Chronic Fatigue Immune Dysfunction
(CFIDS) Syndrome Foundation (NCF, USA) has offigighe link between CFS and radiation
exposure in low doseshtfp://www.ncf-net.org/PressReleases.htm}né prospective study of
personnel working on transformation of the CherhdbyP Object “Shelter” into an ecologically
safe system showed that exposure to radiologiceB§T mSvM+SD:19.9+13.0 mSv dose) and
industrial risk factors may lead to the onset ofjraitve CFS characterized by a dysfunction of
cortical-limbic system mainly in the dominant (Jeftemisphere with an important involvement of
hippocampus. An effect of selection of the “radiatiresistant worker” was found. That is the
individuals who have been earlier exposed to ramhavith no any health consequences were more
resistant to further irradiation (Perchuk, 2010g&anovskyet al, 2015, 2015a).

Thus, radiation exposure has multiple effects enttain, behaviour and cognitive functions. These
changes depend largely on the radiation dose.

Summarising, the mental health and neuropsychiatitsequences of the Chernobyl catastrophe
could be outlined as follows: 1) psychological apgdychosomatic disorders; 2) long-term
disturbance in mental health including the alcolbluse; 3) celebrovascular and other organic
diseases of the CNS, 4) cognitive disorders; 5¢otdf on the developing brain; 6) potential
radiocerebral effects, 7) CFS, 8) suicides. Furtheyspective psychological-psychiatric and
neuropsychiatric studies with an advanced dosimesupport on the base of analytical
epidemiology are urgent (Loganovsky, 2015).

There is a strong necessity to improve the syst@mnéuropsychiatric care for the Chernobyl
disaster survivors. This system should include theensive neuropsychiatric, emergency
psychological and psychiatric crews, networks @fisrand rehabilitation centers, neuropsychiatric
outpatient and inpatient units in the general hatgpi

Further studies on biological mechanisms of lowedwslated cerebral effects in Chernobyl
survivors with the radiation doses verification aeeessary.
(K. Loganovsky)

2.3.9.4 Genetic effects

Issue of genetic effects in the first and furthengrations of descendants of the exposed parents is
even more challenging and yet unsolved.

Exposure to radiation in pregnancy after the A-bmmbn Hiroshima and Nagasaki had led to no
increase of congenital malformations of dysplastature in children. However, there was an
increased incidence of somatic and mental retamdatiainly in those exposed at the gestation
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terms of 8 to 15 weeks. Mental retardation was @pamied by a small head size in some children
(Otake and Schull, 1998).

No reliable evidence of genetic abnormalities irffesed children population is stated in the
conclusions of the Chernobyl Forum (Chernobyl'sdag 2006.).

Contrary to the above-mentioned statement the epalegical study by Wertelecki et al. (2014)
has shown one of the highest incidence of neura¢ tnalformations in Europe, blastopathy,
microcephaly, and microphthalmia (Yuskiv et al.02pin children born on contaminated territories
in Ukrainian Northern Polessye (Rivne oblast). Ewailable results are sufficient to justify the
continuation and expanding of studies on malforamtiin regions of chronic low-dose radiation
impact in Ukraine.

To assess possible mutagenic and teratogenic fféatnvironmental factors including ionizing
radiation, it is proposed to study the incidenceaigenital birth defects, sentinel phenotypes, and
minor birth defects as well (Stepanova et al., 2007

It has been established that the exposure to rawliduring organogenesis leads to development of
morphogenetic variants with minor birth defectse Mounger the gestational age and the higher the
radiation dose, the more minor developmental abalbties are presented in a child (Stepanova et
al., 2007).

Results of cytogenetic studies indicate the in@dascidence of stable and unstable chromosome-
type aberrations in children residing on the coimated territories of Ukraine. The incidence
positively correlated with level of radioactive ¢amination and radiation dose to the fetal bone
marrow (Pilinskaia et al., 2011; Stepanova et28102).

Phenotypes of children born upon father’s partiogpain the clean-up work after the Chernobyl
catastrophe featured multiple small developmerttabemalities in association with a complex of
signs characterizing the connective tissue dyspiggndrome. More than half of them have had the
syndrome of heart structures connective tissueldggp(HSCTD) with a broad spectrum of minor
developmental abnormalities. The prolapse of miaaltl tricuspid valves, and abnormal left
ventricular chords were most prevalent at that.

Children suffering HSCTD had mainly a dysplastipeyof somatic development i.e. the asthenical
organization of the body with poor muscular devatept (Kondrashova et al., 2014).

In the study by Dubrova et al. (1996) the frequenfymutations in children born in heavily
contaminated areas of the Mogilev oblast in Belafier the Chernobyl catastrophe was found
twice as high as in the control group. Mutationera families from the Mogilev province
correlated with the level 0f’Cs soil contamination being consistent with radiatinduction of
germline mutations.

Similar data were received within examination a tamily members in the region of Techya River
(Dubrova et al., 2006).

Increase in 5.6 times of mutation rate in micrditgeDNA fraction was registered in children born
in families of the Chernobyl clean-up workers aftez accident vs. their older brothers and sisters
born before father’'s participation in the Chernobgtastrophe clean-up works (Weinberg et al.,
2001).

Radiation disorders induced in parental germ a&lls be revealed in descendants at various stages
of ontogenesis. The “small” mutations persistinghgterozygous state and giving place to the
hereditary structures destabilization are presuynadslized in the postnatal period. Vorobtzova
(2006) predicted this phenomenon being the bastheko-called “physiological inferiority” and
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decreased vital capacity of descendants of exppseents. Multiple dismorphic abnormalities,

visceral dysplasia, and increased incidence of mmbemme aberrations and mutations of
microsatellite DNA-fraction can be the consequerafaaherited genome instability in descendants
of irradiated persons (Barber et al., 2006). Adltthredispose to disorders of adaptation to exjstin
conditions, increased risk of development and zadbn of multifactor disorders, and health level
decrease in children born from parents exposeoniaing radiation.

Nowadays the possible pathways of trans-generatimssability are studied and extensively
discussed. The possibility to predict the genetinsequences of radiation impact on human, the
goal of genetics for the last five decades, is hawéar from reality. Nevertheless, just now they
suppose that the trans-generational instability iognease the cancer risk and risk of congenital
malformation in offspring. Possibly due to the pexs in the new contemporary technologies some
answers will be found to the numerous yet uncleaestions and issues associated with the
development of unfavourable effects in children asqnl to low-dose ionizing radiation and
children born from the exposed individuals.
(E. Stepanova, S. lgumnov)
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3 REHABILITATION

3.1 Ukraine

In recent years the governing authorities of oklashich suffered from the Chernobyl catastrophe,
have continued to implement the measures to mititgatonsequences. Main attention was focused
on radiological, social, and economic rehabilitatad the contaminated territories. The purpose was
to return them to a normal life, to provide peopl¢h work and create the opportunities for the
towns, cities, settlements and citizens to redhe& economic potential.

Realisation of the measures mentioned above wagucted in Ukraine according to the «State
Program on liquidation of consequences of the Gitmrncatastrophe for 2006-2010» (Program 1
Ukr, 2006). This program was mainly focused on tlenpleting of the process of economic
recovery of the inhabited territories outside tlel@sion zone and other settlements and locations
heavily populated with evacuated people in order réalize further social, medical and
psychological rehabilitation and radiation proteoti The scheduled measures also included the
financing from the state budget, development oélldackground for the solution of rehabilitation
issues, as well as the increase of the radio-emalbgnowledge level and informing/education of
population and staff that conduct measures ondafion of consequences of the catastrophe. The
framework of the program also included elaboratadnthe State program of rehabilitation of
contaminated territories.

Unfortunately this program was not fully realizéReCommendations, 2012). It was stated by the
Parliament of Ukraine that the Cabinet of MinistefdJkraine had introduced no projects on the
following:

- creation of legal mechanisms to stimulate thadstelevelopment of contaminated territories;

- intensification of industrial activity and incie&aof their investment attractiveness;

- solution of the problems of complex social andrexnic development of the territories and places
of compact residence of evacuated of people;

- launch of agricultural production on these terrés;

- providing survivors with housing.

Supplying the radiologically safe agricultural poots, restoration and development of traditional
branches of agriculture on contaminated territonas not been provided. No work has been done
on the budget program “Radiological protection lué population and ecological improvement of
sanitary conditions of the territory exposed to thdioactive contamination”. Since 2008 no works
have been financed on soil lime treatment, andes2i09 — on radiological examination of lands,
evaluation of efficiency of counter measures, sgemiogrammes in stock-raising, purchasing the
equipment for radiological control, its repair amadintenance, fire-prevention measures in forests,
dosimetric monitoring. Nowadays the liquidationtb& consequences of the catastrophe has been
conducted outside the state program framework.dMe) has submitted no draft for the review by
the Parliament of the State program of liquidatidthe consequences of Chernobyl catastrophe for
2012-2016, and later for 2014-2018. Deadline offila@ submission of the project was repeatedly
postponed and the last date was in May, 2013. Hexyévere is no Program up to now.

There is no long-term strategy for liquidation bétconsequences of the Chernobyl catastrophe in
Ukraine yet. Some issues of the further measuredigquidation of the consequences of the
catastrophe are outlined in Recommendations (20a%)articular, it was recommended that the
CMU should submit for consideration to the Parliaméhe draft of the State program for
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overcoming the consequences of the Chernobyl capds for 2016-2026. The following measures
are envisaged for consideration there:

- improvement of health care and sanitary conditiafi people survived after the Chernobyl
catastrophe as well as providing them with medgsine

- complex social and economic development of tiheteees, which were exposed to radioactive
contamination and places of compact residence afueated people;

- providing the catastrophe survivors with housing;

- monitoring the radiological consequences of ¢edpbe, manufacturing of radiologically safe
agricultural products;

- radiation protection of population and ecologicaprovement of sanitary conditions of territories
exposed to the radioactive contamination;

- informing the citizens on the issues of radiattomditions at the territories;

- providing of scientific research works and inf@atmon systems.

It was also suggested that some amendments sheuttrbduced to the laws in connection with
the liquidation of the zone of the intensive radmplogical control with respect to the requirements
of the State hygienic norms “Radiation Safety Stadddf Ukraine 97" (RSSU_97) and the results
of dosimetric passportization of populated areasfoliunately, up to November 1, 2015 no
decision has been adopted on the official levakfaine on the measures for the 30-th anniversary
of the Chernobyl catastrophe.

Taking into account all the stated above it is éosbpposed that the liquidation of the Chernobyl
catastrophe consequences in Ukraine will takerttlefinitely great while.
(N. Omelianets)

3.2 Belarus

The existing health programmes in Belarus, Russialdkraine are different for the convalescents
of acute radiation sickness, clean-up workers, [ation of contaminated territories, and the entire
population.

To realise these goals the Council of Ministers &dgpted two government programs in Belarus.
On 11.01.2006 the Council of Ministers of the Rdjmubf Belarus approved the State program for
2006-2010 (Program 1 Bel, 2006). It was aimed hat $ocio-economic and environmental

rehabilitation of radio-contaminated territoriegeation of conditions for economic activities

without restrictions by the radiation factor andlffier reducing of the health risks.

The medical part of the Program was aimed at a ia@pdwalthcare supervision (clinical
examination) of about 1,300,000 people affectedhieydisaster including about 260,000 children.
This population is under the control for malignaamours of the thyroid gland, nodular and
multinodular goitre, malignant tumours of respirgttyact organs, breast, and digestive system. The
function of the State Register was provided witRiogram framework by filling it with data on
health state of the survived population.

The implemented sub-program "Children of Chernolwithin the Presidential program "Children
of Belarus" covered the health resort treatmedtrahabilitation of the survived population.

On December 31, 2010 the Council of Ministers @& BRepublic of Belarus issued a Resolution
#1922 approving a new State Program for 2011-20@5ar the period up to 2020 (Program 2 Bel,
2011). Its objectives are to reduce further th& o$ adverse health effects in the Chernobyl
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catastrophe survivors, facilitate the transitioonir rehabilitation of territories to their sustaifeb
economic and social development with the obligapygyrision of radiation safety requirements.

By the end of 2014 there were 1,600,000 peopléyding 261,500 children and adolescents (0-18
years old) under a special healthcare supervisiatpétient check-up) in healthcare institutions of
Belarus. During the year 2014 the 1,500,000 pewopl® examined, including 261,500 children and
adolescents. The costs for the health check-upspdlation amounted to 647,8 billion Roubles of
the National Bank of Belarus (about 43,200,000 USldDs at the exchange rate in 2014). The
number of citizens involved in the local progranmisiealth rehabilitation is about 89,800 including
81,500 children (Bashilogt al.,2015). The State Registry branches are launch84rhealthcare
institutions of Minsk city and regions with a totaimber of 278,800 registered people (Program 2
Bel, 2011).

According to the Resolution of the Council of Migss of the Union State of December 13, 2013,
N° 21, the Program of joint activities to overcome ttonsequences of the Chernobyl disaster for
the period until 2016 was approved within the frarmek of the Union State of Russia and Belarus
activities (Program 3 Bel, 2016).

The objective of the Program is to improve the allgrolicy on life safety of citizens of Belarus
and Russia who were exposed to radiation as atrefstie Chernobyl catastrophe as well as the
quality of life of the people living within contamated territories; and to ensure a cooperation
between Russia and Belarus in case of emergenpgmnes at the contaminated territories. For this
purpose keeping with the Unified Chernobyl RegisteBelarus and Russia the joint study group
was formed from citizens of Russia and Belarus wiih radiation risk of various radiation-
induced diseases. The uniform standards for diagaosl treatment were developed.

Despite a large scope of work conducted in Belghesconsequences of the Chernobyl catastrophe
are not yet eliminated. As of January 1, 2010 them @f farmland contaminated with’Cs was
1,021,200 hectares of which 350,600 hectares alsaminated witi°Sr. From 2000 to 2010 the
area of such land has decreased by 21% (from D@9%p 1,021,200 hectares). The total area of
contaminated territories of Ukraine, Belarus ands$®a is 145,000 kfm The 1,400,000 people
including 222,800 children and adolescents affedigdthe Chernobyl catastrophe are under a
special healthcare supervision in the country. thegteck-ups covers the 100% of children and 98-
99% of adults (Program 2 Bel, 2011).

(S. Ilgumnov)

3.3 Russian Federation

The regions of the RF most affected by the Cherholtastrophe are Bryansk, Kaluga, Orel and
Tula. As of January 1, 2011 (Rus. nat. report, 20i1the areas of radioactive contamination were
4,414 settlements, inhabited by about 1,600,000plpeocalso in the areas of radioactive
contamination of the Bryansk, Kaluga, Orel and Tnélgions - about 1,200,000 people. In just 25
years among the liquidators (this is a little mtiran 190 thousand people) died from all causes of
about 40 thousand people. The most common caudeath was chronic ischemic heart disease
(1,763 cases), and in the group of solid cancexgytkeatest contribution was made by malignant
tumors of the bronchi and lungs (485 cases). Héhewverall mortality of the liquidators,
according to the data of the National Report (Roat. report, 2011) does not exceed the
corresponding values or the male population of Russ
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According to the results of monitoring it can benclaided that nowadays in areas contaminated by
the Chernobyl catastrophe, the radiation situatas been stabilized (Brut al, 2014). By 2014,
the population dose due to the Chernobyl cataserdwals been significantly reduced. In 13 of the 14
regions of the RF affected by the Chernobyl cabvaste there are no localities where the average
dose of the critical groups of population exceetiédmSwyear’. Only in 299 settlements of the
Bryansk region the average annual radiation doseetaritical group of the population still exceed
1.0 mSwyeai’. Wherein the maximum value of the average anneskdf critical groups of
inhabitants is 5.9 mSyeaf*, and for all the inhabitants of settlements ashalev- 3.1 mSyear".
However, the maximum radiation dose, which localsld@ receive in the absence of radiation
protection and self-restriction in consumptionafdl foods (SGED90), is 8.0 m§ear™.

With RF Government Decree of October 8, 20P5L874 (Decree, 1074) was approved a new
version of the list of settlements subjected toaactive contamination as a result of the Chernobyl
catastrophe. From contaminated areas were exchiidettlements, and 383 settlements were
converted to a lower level of contamination in cection with a change in the radiation situation.
The list of benefits for the citizens living in thkentaminated areas has not been changed.

During the period 1992-2010 by the Government ef RF have been adopted and implemented
four federal (state) targeted programs for overcgnthe consequences of the Chernobyl accident
(1993, 1996, 1997 and 2001, respectively), fougmms for the protection of the child population
(1990, 1993, 1997 and 2000.), and two programsifoviding housing for the liquidators of the
Chernobyl accident (1995 and 2002). Furthermorel 988-2010 was carried out the complex of
measures within the framework of the three RusBi@larusian programs of joint activities to
overcome the consequences of the Chernobyl cgpastrwithin the Union State (1998, 2002 and
2006). About 80% of the total quantity of work Haeen carried out in the framework of targeted
programs, which have been implemented in 1992-1@8%. nat. report 2015). Since 2002 all
activities on overcoming the consequences of ther@ibyl accident have been carried out in the
framework of the federal target program "Overcomiing consequences of radiation accidents for
the period up to 2010". In generally, within thearnfrework of programs of overcoming the
consequences of the Chernobyl accident succeedmetform a significant amount of work: in the
1992-2010 were put into operation more than 1,3D8f of total area of residential buildings,
schools for more than 19,000 pupils, hospitals @itB27 beds, outpatient clinics for more than
10,000 visits per shift, gas and water supply nete/avith 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 186-p has adopted the federal target program
“Overcoming the consequences of radiation accidimtshe period up to 2015” (Fed. Program-
2011);

- The Council of Ministers of the Union State onyex, 2013 N 2 has adopted a joint program of
“The program of joint activities to overcome thensequences of the Chernobyl disaster within the
Union State for 2016” (Union Program-2013).

The objectives of the programs are differed in savags. The Federal program has focused mainly
on social and economic development of the affecégions, while the Union program aimed at
harmonizing legislation in the field of security mdsidents of the affected regions, cooperation
between Russia and Belarus to the emergency respdeselopment and effective use of advanced
technology medical care and rehabilitation.
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The results of the Programs implementation are lwideblished (Rus. nat. report, 2011; Bel. nat.
report, 2011; Analytical report, 2013; Chlistun,12). Certain joint actions of Ukraine and Russia
were carried out to eliminate the health effectthefChernobyl catastrophe (Serdiuk et al., 2011a).

Establishment of the National Radiation and Epia¢agical Registry (NRER) - was a progressive
step in the elimination of the Chernobyl catastepbnsequences in the RF. Its objective is to use
the results of medical observation of the registesitizens to provide them with the addressed
health care and to make prognosis regarding medaziblogical consequences, including the
long—term ones. The Medical Radiological Researemt€r of A.F. Tsyb provides the unified
federal database register with the scientific-metihagical basis and organizational-technological
support. NRER functions since 1986. The Russiate Stkedical Dosimetric Register has become
its basis. It was part of the Soviet Union Disttibg Register, established by the USSR MH in
1986, soon after the Chernobyl disaster.

NRER provides supervision to all the subjects bivin Russia exposed to ionizing radiation as a
result of radiation accidents. It includes 12 categs of those exposed to ionizing radiation
resulting from the Chernobyl catastrophe. Amongrthie following categories exist: Category 1

(CHAES-1): acute radiation sickness, category 2AEB-2): handicapped, category 3 (CHAES-3):

clean-up workers 86-87, category 4 (CHAES-4): cleprworkers 88-90, Category 5 (CHAES-5):

employed (alienation zone), category 6 (CHAES-@aceiees, category 7 (CHAES-7): living (zone

with the right of resettlement), category 8 (CHABS-living (resettlement zone), category 9

(CHAES-9): employed (resettlement zone), categ@fAHAES-10): those who left, category 11

(CHAES-11): military, Category 12 (CHAES-12): desdants.

At present the United Federal Register databas&iosninformation from 9,563,495 forms. The
total number of registered in the NRER subjeci®804,597. Of those currently 530,245 people are
under the observation.

The particular feature of the NRER is that it isntoon for Belarus and the RF. Unlike in Ukraine,
its data are the basis for majority of internatidi@hernobyl" Programs. Unfortunately, the data of
the NRER in the RF are not fully comparable withrélkian ones in SRU due to certain differences
in observation categories.

The results of the NRER observation and generaizaire regularly published in the Bulletin of
the National Radiation and Epidemiological RegigfRadiation& Risk. Bulletin). The latter has
been published since 1992 with the periodicity a$slies per year. Its publications summarize the
major radiological and medical consequences oCtiernobyl catastrophe.

Establishment and maintenance of the Internati@marnobyl Project Portal (ICRIN) is one of the
important achievements of Russia.
(S. Igumnov, N. Omelianets)

3.4 Future of the radioactively contaminated terribries

Data stated above show that the Chernobyl catdstr@md its aftermath caused considerable

environmental and public health impact. Countermess managed by the authorities of affected

states expectedly still have not enough resulthenGhernobyl catastrophe consequences, i.e. the
effects were reduced to some extent.

Even 30 years after the catastrophe the passpdidticn dose exceeded 1 mgaar’ in 541
settlements out of the 2,302 ones where the dosangdssportization was provide in Ukraine.
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Doses in the range of 1-5 m@ear' were assessed in 26 settlements. According td e of
Ukraine as of 1.01.2015 the zone of strict radiol@gical control (‘zone 4’) was excluded from the
list of radioactively contaminated ones. As a resubre than 1,287 settlements with population of
about 1,600,000 people including more than 300g&HiRiren were qualified as not contaminated
ones. However, the government has not approvetisthnét the same time, the country has in fact
stopped to conduct the radiation protection of pagn and rehabilitation of RCT with
settlements, and monitoring of radioactive contatiam levels. Given the fact that natural
rehabilitation processes are not sufficient (Kasecbp et al, 2011) and the radionuclides of
caesium, strontium, transuranium elements and thesion products will be maintained in
contaminated soils for hundreds of years one mag@&xa very long period until the pre-accident
conditions will appear. Actually the contaminateditories have become a radiation geochemical
province of anthropogenic origin. Moreover, for alibsequent years its inhabitants and their
descendants will be the subjects of post-accideiitaeexposure to ionising radiation. With
humanistic, scientific, and applied points of vidwve living conditions and health of these people
should be the key issue within state activitiestuReng of these territories to the pre-accident
radiation levels should be an objective here. Sigenshould have the opportunity to investigate
the effects of such unique phenomena as radiagonlgemical province of anthropogenic origin on
nature and public health.

To solve these problems Bazyka and Omelianets {2tHve made suggestions on possible concept
of elimination of consequences of the Chernobyasiabphe in Ukraine in the current century.
Authors suggest considering zones of radiation fgazzontaminated lands, and radiobiological
province among the RCT in Ukraine. Zones of radrathazard include the territory of the
exclusion zone and part of the zone of obligat@ympulsory) resettlement from where the
population have been already resettled. Contamdnkteds correspond to the part of zone of
obligatory (compulsory) resettlement from where plopulation was not yet resettled and the zone
of guaranteed voluntary resettlement where theliation doses are greater than 0.5 ry8ar.

The radiobiological province comprises the tersitof zone of guaranteed voluntary resettlement
and of a strict radio-ecological control in whidtetradiation dose will not exceed 0.5 m@ar™.

In the zone of radiation hazard it is proposechiplement the measures envisaged by the Concept
of the exclusion zone of the Chernobyl NPP in UkeaiConcept, 2012) and the Law of Ukraine on
the removal of the Chernobyl NPP from operation &fwelter Object conversion into an
ecologically safe system (Law of Ukraine, 2009). wes have mentioned above both experts and
practitioners for many years cannot come to a awwse concerning the return of evacuees and
possibility of the “Chernobyl tourism” (Chernobyittr, 2015). There has been a debate on the
establishment of the Chernobyl exclusion zone liiespreserve i.e. a reserved area (Baryaldttar
al., 2015). The Parliament of Ukraine requested the Gbllccelerate the preparation of proposals
for the establishment of the reserve (Recommenust2015).

In the zone of radiation contaminated land theidigtion of consequences of catastrophe it is
recommended to be continue subject to the prowssstipulated by the requirements of the current
Chernobyl legislation. In the zone of radiobioladiqrovince it is proposed to abolish any
measures of limitation of additional exposure opgation, and to create the conditions for secure
economic activity, residence and employment of jetpmn without restrictions due to the radiation
factor if the dose from additional exposure doesaxzeed 0.5 mSyear’, and finally to continue
the monitoring of radioactive contamination. Raidiatprotection of population should be based on
the requirements of the Radiation Safety Stand&rdkeaine 97 (RSSU_97). Residents of this
zone should continue to have the status of ther©@hgt catastrophe survivors and corresponding
healthcare supervision. Preferences can be settonhe persons with diseases for which a causal
link can be identified with the impact of ionisingdiation or other harmful factors. Descendants of
irradiated people are of a particular concernhindbsence of funding in the healthcare system afte
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2008 no information was summarised on the healtthdfiren born to persons who were children
at the time of the accident. In this regard, thditglto track the stochastic effects of radiation,
teratogenic and genetic disorders is lost.

These propositions are put forward for the furd@entific justification of objectives and measures
to eliminate the consequences of the catastrophienmote period, and of the State program for
overcoming the consequences of the Chernobyl capdme for 2016-2026.

(N. Omelianets)
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4 FUKUSHIMA: HEALTH EFFECTS ASSOCIATED WITH THE NUC LEAR
CATASTROPHE

For the Fukushima part of the report, the authamgely relied on dose information from the 1AEA,

UNSCEAR and WHO that is publicly available, as wal on findings reported in peer-reviewed
scientific articles available to date. In light tfe experience with IAEA and WHO data on

Chernobyl, there are clear constraints when usuagable, and rather limited, data on Fukushima.
A critique of this information is however not withthe scope of this report, but this uncertainty
should be considered when assessing future hestlthates. We recommend sufficient support for
peer-reviewed scientific studies on estimationdaxfe exposure from Fukushima.

4.1 Radiation Exposure 5 years later

The Chernobyl catastrophe for the first time in bigtory of mankind provided a vast amount of
information on health effects of radiation in a widose interval. After almost thirty years of
research a lot of answers have been obtained tkethguestions in radiation biology and radiation
protection. However some issues are still not il need more concern and understanding in the
future.

The observed health effects of Chernobyl could héded into major groups: effects due to
ionizing radiation (high-dose and low-dose); eféedue to a combined action of radiation and
confounding factors; and effects due to influen€g@sy/cho-social factors (Serdiu¢ al, 2011).
Such division thus providing a background for tesessment of radiation effects is to a great extent
an artificial one as the majority of diseases idolg the stochastic effects exhibit a multifactbria
origin and could be triggered by a set of mutati@mmnbined with an incapability of the
homeostatic systems. Such approach should be dppliee health effects of Fukushima too.

The Fukushima Daiichi nuclear accident on 11 Magfil was a consequence of the 9.0
magnitude Bthoku earthquake and the following tsunami. A sesfesngoing equipment failures in
several units of the power plant led to releasesadioactive material into the atmosphere and the
seawater. Based on these emissions, the accidentegarded as a level 7 (major accident) on the
International Nuclear and Radiological Event S¢REES) (Thielen, 2012).

The Government of Japan recommendedetlraeuation of about 78,000 people living within a
20-km radius of the powaslant and the sheltering in their own homes of &b&2,000
other peopldiving between 20 and 30 km from the plaktvacuation of these people was
performed between March 12 and mid-June 2Qiater, in April 2011, theGovernment
recommended the evacuation of about 10,000 monel@kang farther to the north-west of
the plant (eferred to as the deliberate evacuation area) CESER, 2014).

The United Nations Scientific Committee on the Eféeof Atomic Radiation (UNSCEAR) experts
considered atmospheric releases of iodine-131 a@®s$ium-137 (two of the more significant
radionuclides from the perspective of exposurgsetuple and the environment) in the ranges of 100
to 500 petabecquerels (PBq) and 6 to 20 PBq, réspic These estimates are lower, indicatively,
by a factor of about 10 and 5, respectively, thamesponding estimates of atmospheric releases
resulting from the Chernobyl accident. Winds trammtgd a large portion of the atmospheric
releases to the Pacific Ocean. In addition, liquetkases were discharged directly into the
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surrounding sea. The direct discharges amountpdrttaps 10 and 50 per cent of the corresponding
atmospheric discharges for iodine-131 and caesi8-fespectively; low- level releases into the
ocean were still ongoing in May 2013 (UNSCEAR, 20Media reports since that date indicate
that these releases remain ongoing (Stapczynslg, Zldkenaka 2015), though there are no peer-
reviewed publications so far to confirm that.

So, the environmental impact of the Chernobyl amtidvas much greater than of the Fukushima
accident on land. For Chernobyl, a total releas®,800 PBq (excluding noble gases) has been
established, while for Fukushima - of 520 (340-8@BJj. In the course of the Fukushima accident,
the majority of the radionuclides (more than 80%swiransported offshore and deposited in the
Pacific Ocean. In contrast to Chernobyl, no faeditdue to acute radiation effects occurred in
Fukushima (Steinhauset al, 2014). Recently published estimates suggest tekshse amounts of
12-36.7 PBq of*’Cs and 150-160 PBq bt4. (Aliyu et al, 2015).

From the end of March to early April 2011, extreynkigh activities were observed in the coastal
surface seawater near the Fukushima NPBs release in the North Pacific Ocean was estimated
to be 15.3 + 2.6 PBq. The amount’dfCs released by the Fukushima NPP accident increhsed
North Pacific inventory of*'Cs due to bomb testing during the 1950s and e&8p4 by 20%.
(Inomataet al, 2015).

In regard to the long-term effects of radioactieatamination in the environment'Cs is the most
important radionuclide, both in Chernobyl and Fukos-1. The contaminated area around
Chernobyl is more than 10 times larger than Fukuahl. It is noteworthy, however, that although
the Chernobyl NPP is surrounded by land, the eadteif of the surroundings of Fukushima
Daiichi NPP is in the Pacific Ocean, and most ef discharged radioactivity from Fukushima-1 is
believed to have streamed toward the ocean, blowrthb prevailing westerlies over Japan
(Imanakaet al, 2015). However, it should be mentioned the highgputation density in Japan
compared to the population density around Cherndbyhccount for the fact that even though the
area of terrestrial contamination may be smalkes, does not mean less people are affected.

The nuclear catastrophe following the Great Eaggsédaearthquake and tsunami has indicated
several important conclusions albeit not final orfasstly, the probability of large-scale accidents
occurred to be higher than estimated before, tiosvig a need for further development of
radiation protection. The need for increased irggomal preparedness for the accidents is an
important conclusion. Input of the internationabanmizations (IAEA, UNSCEAR, ICRP, WHO
etc.) was substantial; reports and recommendagahgbit high levels of expertise (UNSCEAR,
2014).

At the same time, the media has a lot of consistetntal reports of lack of efficacy of the Japaae
authorities and the Tokyo Electric Power CompangRTO) in preventing and overcoming the
consequences of the accident at the Fukushima DaN@P for the environment and health,
inadequate information policy and risk communiaatibiding, late, contradictory and even falsity
of official information about the actual scale dfetdisaster with the underestimation of its
consequences. As well as, it is considered thatddeactive pollution of the Pacific Ocean is
significantly higher than expected.

According to the Center for Marine and EnvironméRadioactivity Woods Hole Oceanographic
Institution (ttp://www.whoi.edu/cm@r the release of radioactive contaminants fromusSukna
remains an unprecedented event for the peoplepainJand the Pacific Ocean. In the aftermath of
Fukushima - after years of relative complacenche public and policymakers have expressed
renewed concerns about radioactive contaminatioraddition, radioactive wastes have piled up
without safe places to store them.
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In web-media there is information on peculiaritgsnvironmental and health effects. Due to the
wind direction to the East, the majority of radithae release of the Fukushima Daiichi NPP
catastrophe fell into the Pacific Ocean, As a tesié ground radioactive contamination was as
severe as it could have been if all of the radivdygtreleased had fallen on the terrestrial
compartment We hypothesize that consumption of seafood, Wwisi:aturally rich in stable iodine
(Shih-Wen Huang, 2005; National Academy Press, 20akon, 2011), may play a significant role
in the prevention of the thyroid gland exposureradioactive iodine. In particular, seaweed
consumed may contain up to 2110 pg/g (dry weiglitiodine (van Netten, 2000). Indeed,
according to a literature-based analysis (Zava &aZ#£011), daily iodine intake from edible
seaweeds in Japan is amongst the highest in thiel wod was estimated at between 1,000 and
3,000 pg/day, based on dietary records, food ssrveyne iodine analysis and seaweed iodine
content. For comparison, daily recommended dietatgkes of iodine are in the range of 90
png/day (for children of 1 to 8 years old) to 290day (for lactating females) (National Academy
Press, 2001; Mason, 2011). At the same time, dadine intake by the Ukrainian population was
reported at 44.7 pg/day and 48.1 pg/day (mediangandhetric mean, respectively) in a duplicate
portion study from 25 regions in Ukraine (Shiraishal, 2009). Therefore, the traditional Japanese
diet provides a high level of iodine intake anduftesg saturation of thyroid with iodine. The latte
not only avoids the iodine deficiency that othemv@edisposes individuals to higher intakes of
radioactive iodine in any nuclear emergency bub algy exerts some kind of protective effect.
This could be due to a lower capacity of an alrgaalyially iodine saturated thyroid to capture the
radioactive iodine as compared to a thyroid inaghne deficient/unsaturated state.

Health effects of the catastrophe can be estimadsdd on the categories (type) of exposed people
and their radiation doses. The exposed groupsdeduhe emergency and clean-up workers of the
TEPCO, its contractors and subcontractors, andrgepepulation.UNSCEAR latest estimate
for the global average annual exposure to natuadburring sources of radiation is 2.4 mSv
and the average annual absorbed dose to the thfmand naturally occurring sources of
radiation is typically of the order of 1 mGy (UNSEE, 2014).

Workers. By January 31, 2014 the number of workers that been involved in the clean-up
activities after March 11, 2011 was 31,386. Of thdn@86 represented the TEPCO staff, and the
27,297 were employed by contractors or subcontracfxrcording to their records the average ED
of the 25,000 workers recorded over the first 1the after the catastrophe was about 12 mSwv.
About 35% of the workforce received total dosemofe than 10 mSv over that period according to
the records, while 0.7% of the workforce receivedat of more than 100 mSv (U3). According to
the MH, Labour and Welfare of Japan there has beesignificant internal exposure reported since
October, 2011. The average combined internal ateleed cumulative ED since March, 2011 till
December, 2013 was reported to be 23.60 mSv folTERCO workers and 10.97 mSv for the
contractors (Ministry of Health, 2011).

According to Hasegawet al. (2015) emergency workers seem to have been stglbggsotected
from radiation. According to a 2013 TEPCO repassl than 1% of all such workers were exposed
to a radiation dose (effective dose, combined eateaind internal sources) of 100 mSv or higher;
the average dose was 11.9 mSv. However, the fisdofgthis report from TEPCO cannot be
verified through reference to peer-reviewed pultiiices. Among 173 workers whose exposure dose
exceeded 100 mSv, 149 (86%) were skilled TEPCO ersrkrhe exposure dose of six emergency
workers exceeded 250 mSv; however, no worker redea/radiation exposure dose of more than
the reference level recommended by the ICRP, i@) 10Sv, to avoid severe deterministic injuries.
Notably, most injuries or illnesses were not ralate radiation exposure. The maximum exposure
dose among Japan Self-Defense Force (JSDF) petsammohérefighters involved in the emergency
work was 81.2 mSv. Thus, no acute effects of ramhagxposure such as ARS were reported after
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the Fukushima Daiichi NPP accident. Emergency wsrkeem to have been successfully protected
from radiation. However, for emergency workers wilkiation exposure of more than 100 mSyv, a
small increase in incidence of cancer attributatderadiation exposure might be expected

(Hasegawat al, 2015).

The thyroid irradiation doses due to the catasteogdry in a wide range (Serdiek al, 2011). The
UNSCEAR reported on the data of internal exposardife 12 most exposed TEPCO workers and
confirmed that they had received absorbed thyro&diation doses in the range of 2 to 12 Gy,
mostly from inhalation of*!i (UNSCEAR, 2011). Intakes of the more short-liigotopes of iodine
were not analysed, causing possible dose undemdgiim In 5 members of a disaster medical
assistance team of Fukui Prefectural Hospital wanehwvorked on March 15-16 at a distance of 40
km from the Fukushima Daiichi NPP the thyroid aityiwalues were from 249 to 1,082 Bq with an
inverse relationship between age and thyroid dgtiltWUNSCEAR, 2011). For the 12 workers
whose exposure data were scrutinized by the UNSCBAdRIn whom the received absorbed the
thyroid irradiation doses fror™ intake were estimated separately in the rang2 wf 12 Gy, an
increased risk of thyroid cancer and other thytigkase developing can be inferred. According to
the loss of infrastructure there was a delay inbtbginning of measuring of tH&'l incorporation to
the thyroid gland, so the thyroid irradiation doges large proportion of TEPCO and contractor
companies workers have to be reconstructed.

TEPCO reported about more than 160 additional werkeho received an ED over 100 mSy,
predominantly from external exposures. Increasddtian-induced cancer risks are suggested for
this group. Of course any statistically significaxdcess can not be registered in a such limited
group. However, such prognosis is based on soneshbld dose values representing the mean
doses in the subjects of analytical studies. Theygaof doses in cases is broader, i.e. in the
NRCRM leukemia study in cleanup workers the dosmsed from 3.7x18 to 3.170 mGy. The
experience of Chernobyl demonstrates a need iowellp examination of all workers, but not only
those having the ED above 100 mSv. They will becsly examined, including the thorough
annual examinations of the thyroid, stomach, lamgestine and lungs for the potential late
radiation-related health effects.

Apart from those groups, thie vivo monitoring of the 8,380 members of personneliaféd with
the United States Department of Defense was caoug¢detween March 11, 2011 and August 31,
2011. About 3 per cent of those monitored had nrehel activity levels with a maximum ED of
0.4 mSv and a maximum absorbed dose to the thgfddb MGy (UNSCEAR, 2014).

According to the UNSCEAR white paper (UNSCEAR, 201® ckterministic effects from
radiation exposure have been observed among the workers. Disesgistered during the recovery
operations were not related to radiation exposiisethe dose values were in a low-dose range any
information on the other effects can only be oladinvithin epidemiological studies at a longer
time period. Follow-up programs would need to bedtated.

General population. The most important early countermeasures after ridfogt and Fukushima
included evacuation of general population (Sercgtlal, 2011; UNSCEAR, 2011; UNSCEAR,
2014). The levels of decision making however waftem@nt: after Chernobyl the unprecedented
evacuation was performed under the central govemhoecisions, while in Japan the Government
had only recommended the evacuation but the desisiequired an adoption at prefectural levels.
In the first days about 78,000 people living witlair20-km radius around the NPP were evacuated
and re-settled mainly within Fukushima Prefectira: the 62,000 of people living at the distance
from 20 to 30 km from the plant the evacuation wwasceded by sheltering. Evacuation was
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performed between March 12 and mid-June 2011. iml 2911 about 10,000 more people living at
the contaminated north-west territories were evis@u@JNSCEAR, 2014).

Individual radiation doses in general populatioreaimated based on various surveys were low or
very low. Nagataket al. (2013) reported that the individual external radimdoses, determined by

a behaviour survey in the “evacuation and delilgetacuation area” (“deliberate evacuation
areas” were designated as the area excludingatestrarea where the annual cumulative dose of
radiation was expected to reach 20 nyBai* after the accident ) in the first 4 months, webe <
mSv in 97.4% of residents (maximum: 15 mSv). DaseSukushima Prefecture were <3 mSv in
99.3% of 386,572 residents analyzed. External doséaikushima City were <1 mSv during 3
months (September—November, 2011) in 99.7% of eassd (maximum: 2.7 mSv). Thyroid
radiation doses, determined in March using a N#) @intillation survey meter in children in the
evacuation and deliberate evacuation area, werem30 in 95.7% of children (maximum: 35
mSv). Therefore, all doses were less than theveigion level of 50 mSv proposed by international
organizations. Internal radiation doses determmetf‘Cs and*'Cs whole-body counters (WBCs)
were <1 mSv in 99% of the residents, as was showmdrasurements conducted 4 month after the
accident (Hayanet al. 2014) and 33-49 months after the accident (Haysnal. 2015), and the
maximum thyroid equivalent dose bl WBCs was 20 mSv (Nagataét al.,2013).

In June 2011 a health survey of the local poputaftbe Fukushima Health Management Survey)
was initiated. Research activities were launche@atober 2011. It is planned to be continued for
the 30 years and to cover more than 2,000,000 itamb. A thyroid ultrasound survey is of key
importance in 360,000 children aged up to 18 yaaithe time of the catastrophe. The increased
number of thyroid nodules and cysts was among itse findings at ultrasound investigation. A
high level of basic investigation enables avoidihg screening effect that is a point of discussion
when analyzing the Chernobyl data.

After the launch of the health survey the ultragbdhyroid screening was performed on all
residents of the Fukushima Prefecture aged lessit8gears. The first round of screening included
298,577 examinees, and a second one has beganiin2®i4. At the timepoint of 20-30 months
after the catastrophe, Watanobeal. did not confirm any discernible deleterious ef$eof the
emitted radioactivity on the thyroid of young Fukimea residents (Watanole¢ al, 2014).

Later Tsudaet al. (2015) analyzed the prefecture results from th&t fand second round up to
December 31, 2014 in comparison with the Japanasead incidence and the incidence within a
reference area in Fukushima Prefecture. From @&l12ltrasound screen-positive cases by the end
of December, 2014 the 2,067 cases were examinsdcondary examinations, where 110 thyroid
cancer cases were detected, as indicated by ésemue of cancer cells under cytological tests afte
the fine-needle aspiration biopsy. Among the 116esa 87 ones were operated by the end of
December 2014. The 86 cancer cases were histollygicafirmed (83 papillary carcinomas and 3
low-differentiated carcinomas). A benign tumor wasally diagnosed in one case. The highest
incidence rate ratio at a latency period of 4 yeaes observed in the central district of the
prefecture compared with the Japanese annual mmd@ncidence RR = 50; 95% CI=25, 90). The
thyroid cancer prevalence was 605 per million exaes (95% CI1=302, 1.082) and the prevalence
odds ratio vs. reference district in Fukushima &sefre was 2.6 (95% CI=0.99, 7.0). In the second
screening round even under an assumption that ébe af examinees were disease-free, an
incidence RR of 12 has already been observed ©B%.1, 23). An excess of thyroid cancer has
been detected by ultrasound among children andesdehts in Fukushima Prefecture within 4
years of the radioactive release, and accordiraytbors is unlikely to be explained by a screening
surge (Tsudeet al, 2015).

(D. Bazyka)
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4.2 Certain consequences 5 years later

4.2.1 Thyroid Cancer

Evaluation of possible radiation consequencesssdan data on the amount of radiation exposure.
Attention is drawn to different estimates of etthn emissions. According to Nagataki, Takamura
(2014) the amount®! | released to the environment following Fukushimecident was 120
petabecquerel, wich is one — tenth that in the @¥®yl accident. Some other assessment
presented in publication of Tsudd al. (2015): rdiation released into the atmosphere fribm
Fukushima accident was estimated todpproximately 90@etabecquerel{i: 500 petabecquerel’’Cs:

10 petabecquerellhe radiologic equivalence t3' International Nuclear Evercale was approximately
one-sixth of the 5,200 petabecquetalculated to have been released by the Chernaigydlent. These
data evidence possible influence of radioiodinéhynoid cancer incidence rate.

In the longer term an exposure to radionuclides Waihg half-lives, including®'Cs and**/Cs, with
physical half-lives of 30 and 2 years, respectivelgf an another concern (Fushiki, 2013).

Another type of childhood cancer related to radmatexposure is childhood leukemia, which was
well described in A-bomb survivors. Unexpectedhgre was no increase in childhood leukemia
after the Chernobyl catastrophe, indicating thatdntrast indicating that in contrast to the ingrn
exposure to radioactive iodine the external ragimgéxposure had no distinguishable effects in
terms of cancer induction in children (Suzekial.,2015).

lvanov and Tsyb (2013) have developed a progndgessible additional thyroid cancer incidence
rate in the population residing near the “FukushiihaPP, in relation to age at the moment of
exposure and accumulated radiation doses. The Gindriepidemiologic data and international
standards were taken in account. According to ediims the risk of thyroid cancer in irradiated
children is 3-fold higher than in adults.

Yamashita and Suzuki (2013) accentuated that imghéation of a prospective epidemiological
study on human health risks from low-dose radiaémposure and comprehensive health protection
from radiation should be emphasized on a basiessions learnt from the Chernobyl catastrophe. In
contrast to Chernobyl, the vast majority of popolatin Fukushima did not receive a high enough
dose to expect a discernible increase in cancéatence and other radiation-induced health effects
in the future (Yamashita and Suzuki 2013).Howepehlic concerns about the long-term health
effects of radioactive environmental contaminati@ve increased in Japan. Since May, 2011 the
Fukushima Prefecture started the Fukushima Healihagement Survey Project with the purpose
of long-term health care administration and earldmoal diagnosis/treatment for the prefectural
residents.

Review of Fushiki (2013) focuses on what happerfest ghe accidents at the Three Mile Island
nuclear power station in 1979 and the Chernobyl NPR986 in terms of the effects of these
incidents on human health. The most critical isshen considering the effects of radiation on the
health of children was the increase of thyroid eanas it was clearly demonstrated among people
who were children or adolescents at the time ofGhernobyl catastrophe. Therefore, in early days
after a catastrophe the efforts to prevent the sxm@oof children to radioactive iodine through
inhalation and ingestion should be the primary eoncbecause radioactive iodine is preferentially
accumulated in thyroid gland.

As pointed out Nagataki, Takamura (2014), residents near the $hikwa nuclear plant were
evacuated within a few days and foodstuffs weretroiad within 1 or 2 weeks. Therefore the
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thyroid irradiation doses were less than 100 m3iefvention levels for the stable iodine
administration) in the majority of children, incingd less than 1 year olds, living in the evacuation
areas. Because the incidence of childhood thyraitter increased in those residing near the site
following the Chernobyl catastrophe a thyroid someg of all children (0-18 years old) in
Fukushima Prefecture was started. To date thersagef more than 280,000 children has resulted
in the thyroid cancer diagnosis in 90 children ¢appnate incidence 313 per million). Thus,
although the dose of radiation was much lower jticilence of thyroid cancer appears to be much
higher than that following the Chernobyl catast®phhis result is partly due to a screening effect
Nevertheless as pointed out Tswdal. (2015) among those ages 18 years and youngélih i
Fukushima Prefecture, approximately 30-fold excesseexternal comparisons and variability in
internal comparisons on thyroid cancer detectiorevedserved in Fukushima Prefecture within as
few as 4 years after the Fukushima NPP accider.ré&sult was unlikely to be fully explained by
the screening effect.

As pointed out (Jacokt al, 2014) thyroid cancer is one of the main healthceons after the
catastrophe in Fukushima. Ultrasonography surveyeiag performed in persons residing in the
Prefecture at the time of the accident with an afgep to 18 years. The expected thyroid cancer
prevalence is assessed based on an ultrasonograptey of Ukrainians, who were exposed at age
of up to 18 years t&*!l released during the Chernobyl catastrophe, andiféerences in equipment
and study protocol in two surveys. The predictidrramliation-related thyroid cancer in the most
exposed fraction (a few ten thousand persons) ef dtreened population of the Fukushima
Prefecture has a large uncertainty with the bdshates of the average risk of 0.1-0.3%, depending
on average dose.

As pointed out by Mabuchet al. (2013) it is important that regulatory bodies asavisory
organizations have as complete understanding asbp@®f the risks according to gender, age at
exposure, time since exposure, health status dret atlated variables to protect the workers and
public from harmful effects of radiation exposufée 2011 catastrophe at the Fukushima complex
again alerted the world to the possibility thagkagroups, including many adults, can be exposed to
1341t reminds us that it is important to understdhe effect of age at exposure on cancer risk to
achieve effective radiation protection and to pltha responses to future nuclear catastrophe or
terrorist events involving radiation.

The main conclusion of reviewed publications iseaness of thyroid cancer incidence rate which
can only partly be explained by wide implementatiminscreening. Other forms of cancer -
leukemia and solid tumors since 5 years after Fuikue accident in the reviewed publications not
yet mentioned.

The Chernobyl catastrophe and Fukushima eventeestdan existence of radiation accidents risk
even in modern industry, where any nuclear teagyois involved.
(A. Prysyazhnyuk)

4.2.2. Non-cancer Health Effects of the Fukushimaatastrophe

Past nuclear disasters, such as the atomic bombint®45 and major accidents at nuclear power
plants, have highlighted similarities in potentipliblic health effects of radiation in both
circumstances, including health issues unrelate@dation exposure. Since nuclear disasters can
affect hundreds of thousands of people, a subatamimber of people are at risk of physical and
mental harm in each disaster (Ohtsetal, 2015).
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There are main health risks of the Fukushima aatplsé as follows: radiation exposure, heat stress,
psychological stress, and infectious diseases ¢kaat al, 2015). At high doses, and possibly at
low doses, radiation might increase the risk oflmaascular disease and some other non-cancer
diseases (Kamiyat al, 2015).

Less than 1% of all emergency workers were exptsezkternal radiation of >100 mSv, and to
date no deaths or health adversities from radiati@ave been reported for those workergeer-
reviewed publicationgShimuraet al.,2015). The individual external doses of 421,394de3ds for
the first four months (excluding radiation workehgd a distribution as follows: 62.0%, <1 mSy;
94.0%, <2 mSyv; 99.4%, <3 mSv. The arithmetic meash maximum for the individual external
doses were 0.8 and 25 mSyv, respectively. So, tiraaed external doses were generally low and
no discernible increased incidence of radiatioatesl health effects is expected (Ishikastaal.
2015).

No acute effects of radiation exposure such as AB® reported after the Fukushima Daiichi NPP
accident. However, for emergency workers with raiexposure of more than 100 mSv, a small
increase in incidence of cancer attributable toataah exposure might be expected (Hasegeatva
al., 2015). Moreover, the results from medical exanamat conducted in 2012 of workers who
were engaged in clean-up works in 2012 showed ttieatprevalence of abnormal findings was
4.21%, 3.23 points higher than the 0.98% that waad prior to the accident (Yasui, 2015).

By the end of September, 2014, 754 workers recemedical treatment at the site. Five deaths
were reported: three workers had acute myocardfalation and cardiac arrest; one patient had
aortic dissection; and another person had asploaudaed by a landslide during construction of a
pile foundation. In 2011-2014, heat iliness inceghsn May—July. 88 workers had heat illness;
however, no severe cases, such as heatstrokerepented (Hasegawet al, 2015).

Evacuation-related mortality risks for vulnerabldegly populations are increased. Experiencing
the disasters did not have a significant influeaonemortality (hazard ratio 1.10, 95% confidence
interval: 0.84-1.43). Evacuation was associatedh WiB2 times higher mortality (95% confidence
interval: 1.22-2.70) after adjusting for confoursjewith the initial evacuation from the original

facility associated with 3.37 times higher mortalisk (95% confidence interval: 1.66-6.81) than
non-evacuation (Nomurt al, 2016).

Among the aged evacuees living in temporary housftey the Great East Japan Earthquake 62.0%
residents had chronic pain, including 29.6% tha#th relatively severe pain, as well as their
quality of life was assessed to be significantlywdo, when compared with the national standard
values (Yabuket al, 2015).

Residents proximal to the evacuation zone (medig, 64 years) showed significant post-disaster
increases in body weight, body mass index, systolid diastolic blood pressure, blood glucose
levels, and triglyceride levels (Tsubokued al., 2014). Body weight and the proportion of
overweight/obese people increased among residesysecially evacuees, in the evacuation zone of
Fukushima prefecture after the Great East Japahdtake (Ohirat al.,2015). The prevalence of
atrial fibrillation increased (before: 1.9% vs.axft2.4%, P<.001) among residents in the evacuation
zone of Fukushima prefecture after the Great Esgsrd Earthquake, with excess alcohol intake and
obesity associated with an increased risk of affitaillation (Suzukiet al, 2015). After the
disaster, the prevalence of diabetes increasedifisaitly among evacuees than among
nonevacuees. Evacuation was significantly assatiatth the incidence of diabetes (Satethal,
2015).
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Life as an evacuee after the Fukushima Daiichi ld&dtdent is a cause of polycythemia: red blood
cell count, hemoglobin levels, and hematocrit digantly increased in both men and women
evacuees. Common causes of polycythemia are pbleya vera (myeloproliferative disease),
secondary polycythemia caused by diseases sucthlmsmary heart disease that induce a chronic
lack of oxygen or an erythropoietin-producing tumand relative polycythemia or stress-induced
polycythemia (Sakaet al, 2014). At the same time, no marked effects oiataah exposure on the
distribution of white blood cell counts, includimgutrophil and lymphocyte counts were detected
within one year after the disaster in the evacuatane (Sakaet al, 2015).

Non-radiation effects of a radiation catastropluehsas economical, social and psychological could
prevail and be much more important for the comnyuthtan purely the radiation factor. For the
exposed population after Fukushima, the almosi ti¢vastation and loss of infrastructure in the
area was a powerful factor. The fact that for thet fLO years after the Chernobyl catastrophe the
health effects were significantly different fromegicted ones is of importance for the estimation of
further consequences of Fukushima. Stress, alimentehanges and other negative factors brought
a significant contribution to the health declineatlf categories of exposed population and form a
background for the induction of a wide range of 4sancer somatic and psychosomatic diseases,
and also influencing disability and mortality. Lack drawbacks of the prepared guidelines
understandable to population and authorities orteption from this complex of factors have
contributed to the induction of the non-radiati@ahh effects.

The non-radiation factors of the catastrophe cbeldhe substantial risk modifiers. Influence of the
mentioned non-radiation factors as well as ger@gdisposition could be substantial and has to be
encountered when analyzing such radiation-inductects as leukemia or solid cancers in
population exposed to radiation doses several tareseding the natural radiation background.

The longitudinal follow-up studies of traditionallsecognized health effects due to ionizing
radiation are needed for radiation workers, evasfi@en the 20-kilometer zone, persons with high-
dose exposure of thyroid gland, females pregnatiteamoment of exposure and children. Special
attention should be delivered to the non-cancezadiss, cognitive dysfunction, and cataracts.

So, the estimated external doses were generallatmMarge-scale discernible increased incidence
of radiation-related health effects are not expe¢ishikawaet al, 2015).
(K. Loganovsky)

4.2.3 Mental health impact

The Great East Japan Earthquake with trio impactl{guake, tsunami and radiation catastrophe at
the Fukushima NPP) provides new challenges to esneygpsychiatry. This sub-chapter is an

overview of the relevant peer reviewed papers awdgedings of the International Conferences
related to the mental health effects of the Fukushilisaster.

Traumatic effects of emergencies were describecesihe Civil War in USA (1861-1865) as a

psychological and psychosomatic aftermath. Theemisexcess of morbidity from depression, post-
traumatic stress disorder (PTSD), and alcoholisme, year post disaster. The rates vary widely i.e.
from 25 to 75% during the first year, dependingtio® magnitude of the event. Both natural and
human-made disasters have acute effects. The horade-disasters have more long-term effects.
Events involving radiation may have the most prgkxh and complex effects, namely not only
depression, PTSD, alcoholism and smoking, but #iedhealth-related anxiety taking the form of

medically unexplained physical symptoms (Bromef,30
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A chronic shortage of mental health resources esh Ipreviously reported in the Tohoku region,
and the triple disaster worsened the situationnkaly a public health approach was implemented
by providing a common room in temporary housingeadepments to build a sense of community
and to approach evacuees so that they could lgetriand referred to mental health teams. Japan
now advocates using psychological first aid to edeicthe first responders (Yamashita and
Shigemura, 2013). The levels of distress and PT&Dhagher in Fukushima Daiichi workers.
Discriminations/slurs are associated with highstrdss (Shigemurat al, 2012).

The risk of radiation-associated health consequenteesidents in Fukushima is quite different

from that of Chernobyl and is considerably lowesdzh on the estimated radiation doses received
during the catastrophe for individuals. A large m@mof people have received psychosocial and
mental stresses aggravated by radiation fear amgtgnand remained in an indeterminate and

uncertain situation having been evacuated butelotated (Yamashita and Takamura, 2015).

According to Bromet (2014) the emotional consegasnof NPP disasters include depression,
anxiety, PTSD, and medically unexplained somatim@pms. Preliminary data from Fukushima

indeed suggest that workers and mothers of yourdreh are at a risk of depression, anxiety,
psychosomatic and post-traumatic symptoms both @iseat result of their fears about radiation

exposure and as an indirect result of societahwtigThus, it is important that non-mental health
providers learn to recognize and manage psychabgimptoms and that medical programs be
designed to reduce stigma and alleviate psychabgaffering by integrating psychiatric and

medical treatment in their clinics (Bromet, 2014).

Current mental health outcomes of Fukushima mamdiuded the PTSD, depression, and anxiety
symptoms. Physical health changes, such as slegmidgeating disturbances, also occurred. In
Fukushima the radioactive release induced mass&®ae &nd uncertainty in a large number of
people, causing massive distress among the affeetédients, especially among mothers of young
children and nuclear plant workers. Stigma wasdthtianal challenge to the Fukushima residents.
The disaster emergency workers, children, inteyndisplaced people, patients with psychiatric
disorders, and the bereaved persons are the mostrable groups (Haradd al, 2015).

One month after the Great East Japan Earthquakadiegion exposure was a concern for the 9.2%
of workers of disaster medical assistance teams.cbncern was especially increased in men, but
did not appear significant in women. The authommedo conclusion that concern over radiation
exposure was strongly associated with psychologitsiress. At the same time reliable and
accurate information on radiation exposure mighbtioe the deployment-related distress in disaster
rescue workers (Matsuole al.,2012).

Symptoms of depression were found in 28% of mothaxgng babies in Soso (the region in which
the NPP is located), and mothers that had changsigtoical care facilities. In contrast, mothers in
lwaki and Aizu, regions with relatively low radiati levels, were significantly less likely to be
screen-positive for depression (Gatial, 2015). A higher proportion of Fukushima motherthw
fetal loss, especially those with miscarriage atitbisth, had the depressive symptoms compared
to those who experienced normal childbirth (YosHiaeniyaet al, 2015).

Nuclear disasters can affect hundreds of thousah@&ople, and a substantial number of people
are at risk of physical and mental harm. During teéeovery period after a nuclear disaster the
physicians might need to conduct screening for lpslpgical burdens and provide general physical
and mental health care for many affected residehts might experience a long-term displacement
(Ohtsuruet al, 2015).
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Five major nuclear accidents have occurred in & p i.e, at Kyshtym (Russia [then USSR],
1957), Windscale Piles (UK, 1957), Three Mile IslafUSA, 1979), Chernobyl (Ukraine [then
USSR], 1986), and Fukushima (Japan, 2011). Thectsffef these accidents on individuals and
societies are diverse and enduring. Accumulatedeege about radiation health effects on atomic
bomb survivors and other radiation-exposed peogde formed the basis for national and
international regulations about radiation protettidn addition to health effects of radiation
exposure (i.e., acute radiation syndrome and iseckancidence of cancer), adverse effects on
mental health were reported after the Fukushimacbiaand Chernobyl NPP accidents. The
Fukushima Daiichi NPP accident showed the headtksrdof unplanned evacuation and relocation
for vulnerable people such as hospital inpatiems elderly people needing nursing care, and
failure to respond to emergency medical needs etNRP. Displacement of a large number of
people has created a wide range of public health-@ad social issues. However, past experiences
suggest that common issues were not necessarigigathynealth problems directly attributable to
radiation exposure, but rather psychological andas@ffects. Additionally, evacuation and long-
term displacement created severe health-care pnsbfer the most vulnerable people, such as
hospital inpatients and elderly people (Hasegeinal, 2015).

The evacuees frequently had got chronic pain angrdghysical and mental quality of life scores
compared to the national standard values (Yaletkal, 2015). Fukushima might cause social
isolation among the elderly, leading to the merdeorders and alcohol use disorder. Early
diagnosis and intervention might be beneficial ifdividuals presenting the above symptoms.
Patient health questionnaire 9 (PHQ-9) scores afri@reater were found in 12% of the residents
proximal to the evacuation zone, indicating thasubstantial number had major depression
(Tsubokureet al.,2014).

Suicides are a very important problem following thapan Earthquake (Orwt al, 2014).
Devastating disasters may increase suicide ratesadmental distress. Previous domestic Japanese
studies have reported decreased suicide rates amengollowing disasters. In disaster-stricken
areas, post-disaster male suicide rates decreasedydhe 24 months following the earthquake.
This trend differed relative to control areas. FlEguicide rates increased during the first seven
months (Oruket al, 2014).

Mental health problems associated with stress,edspyn, anxiety, evacuation, loss of loved ones,
inability to return home, stigma, and fear of raéidia effects for self and children are being
recognized as the most serious health consequentee ccatastrophe (Matsuolet al, 2012;
Shigemuraet al. 2012; Bromet, 2013). Indeed, Fukushima disastentahénealth effects, on the
base of the current radiation dose estimationpregent could be mainly attributed to the severest
stresses and their further mental, psychosomatid,playsical health aftermath (Loganovsky and
Loganovskaja, 2011, 2013). However, similarlyesdst 5 years after the Chernobyl disaster, the
International community did not recognize any réafiecal effects from. Thus further health effects
studies in Fukushima with radiation dose verifioat are necessary.

Bromet (2013) considers the main lessons of Fukeghas follows: 1) given physical/mental
comorbidity the mental health measures should tegjiated into medical research and surveillance
studies (and vice versa); 2) primary care providésuld be educated to recognise and manage the
health anxiety, depression, and impairment in déilyctioning after exposure events; 3) it is
necessary to create alliances with appropriateicgagahts (community advisors, community
ambassadors, sharing findings directly). E. Brommetonsidering from radiological point of view
the Fukushima nuclear catastrophe rather closetd hree Mile Island (TMI) crisis (1979) than to
the Chernobyl catastrophe (1986) as the estimatfidtion doses in Fukushima were reported to be
significantly lower than in Chernohyhs reported by Bevelacqua (2012), the similarityr I and
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Fukushima accidents relates to “the fuel damageesezg, release of fission products within the
facility, contamination of onsite structures, amsite recovery actions. However, “since the extent
of TMI-2 reactor building damage was insignificasampared to the Fukushima Dai-ichi NPP

damage, the required tasks in Japan are signifjcarttre demanding.”

In many ways we share E. Bromet's point of view. tAe same time, there is much common
between the Chernobyl and Fukushima, namely tlesstrelated disorders are practically the same.
There is one main psychological-psychiatric lessbrChernobyl unclaimed in Fukushima: the
equally inadequate information policy and risk commication, secrecy, untruthfulness,
untimeliness, non-transparence, non-professionalism contradictory, and
politicization/commercialization - all together thare dramatically increasing stress, fear, anxiety
and psychosomatic disorders, etc. Moreover, suscigetential cerebrovascular disease, cognitive
deficit, neurodevelopmental disorders, psychosisgd alcohol abuse should be monitored
(Loganovsky and Loganovskaja, 2011, 2013).

The most important issues here are the organizatmoprovements, and support of constant
medical and psychologic-psychiatric care and/acgriréntions. This should include annual general
medical and neuropsychiatric examinations, earguidstic and treatment of physical and mental
problems, mother's mental health care and psyclmdbgare for children and their parents,
individual relevant educational programs, no sdpamaof children from parents and relatives,
radiation risk perception management.

There is a strong necessity to develop and implértien system of emergency and long-term
psychological and psychiatric care for the surwvaf earthquake, tsunami, and radiation
catastrophe in Fukushima. This system should irecthd emergency psychological and psychiatric
crews/teams, networks of crisis and rehabilitatienters, neuropsychiatric outpatient and inpatient
units.

Further prospective studies on mental health aridnpial neuropsychiatric effects in Fukushima
disasters clean-up workers and survivors are neadbdserification of radiation doses.
(K. Loganovsky)

4.3 Expected consequences

A comparison of the Chernobyl impacts due to raaliatind forecasted Fukushima effects are
presented in a Table 4.3.1 (Bazyka, 2014),

Table 4.3.1 - Projection of Chernobyl health effetue to ionizing radiation to Fukushima

Parameters Chernobyl Fukushima
Level be the IAEA scale 7 7
1] release (Bq) 1.76x 10" 1.5x 10"
3'Cs release (Bq) 8.6x 107 1.2x 10
%Te release to atmosphdrl.15x1G° (UNSCEAR,| 8.8x13° (Tagami et al, 2013.
(BQq) 2014) Tagami et al., 2013)
Acute radiation syndromgel34 Not observed
cases f
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Immunology /Cytogenetics Marked changes in cleanujCould be observed. Additional data
workers during first yearsneeded
and population

Radiation cataracts Observed to higher extenCould be observed in exposed|to
than expected less than 0.5 Gy radiation doses
Non-chronic lymphoid ERR 2.73/Gy ERR similar with regard to smaller
leukaemia (15 years follow-up) dose & # of exposed people
Chronic lymphoid leukaemiaERR 4.09/Gy Uncertain
(15 years follow-up)
Thyroid cancer in children Incidence  higher  thapRisks could be less than |n
expected Chernobyl
Thyroid cancer: ScreenincObserved Could be minimal due to the early
effect start of ultrasound screening
programs
Contribution of stable iodingPresent No
deficiency
Other cancers Increase in some populatioiUncertain
groups
Cardiovascular disease High incidence & mortality| Low incidence in population
Cerebrovascular disease |¢High incidence To be analyzed

cognitive dysfunction

Benign thyroid abnormalities | Controversial Unexpectedly high background
rates of thyroid nodules and cysts
at the diagnostic ultrasound survey

Mental health changes [rAnalysis in process Not expected: severe mental
children exposed in utero retardation, microcephaly and
seizures.

Potentially expected: long-term
psychosocial disadaptation anhd
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 destruatithre four reactors at Fukushima NPP the extent
and levels of radioactive contamination are sliglhdwer than those in Chernobyl. Nearly 20-fold
less number of workers were involved in liquidatioihthe Fukushima catastrophe compared to
Chernobyl. Doses from external and internal exposuere several times lower compared to
Chernobyl. In quantitative terms the evacuatiopedple from the 30—km zone was quite similar to
that in Chernobyl. External radiation doses anddiayirradiation doses in the total population were
lower in Fukushima. As in Chernobyl, the incideméehyroid cancer in Fukushima has begun to
increase 4 years after the catastrophe. The higlogdence of thyroid cancer under the lower
radiation doses are unexpected and surprising. Stiee diseases that are compared in Chernobyl
and Fukushima catastrophes i.e. the radiation aetr cardiovascular disease, cerebrovascular
disease, cognitive dysfunction, and benign thyadddormalities are still being analysed and it is
expected that the hazardous effect of radiatidruikushima may be lower. No deterministic effects
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of radiation among the workers were registered. \dedigned epidemiological research is
necessary to evaluate the health effects in wockfor the remote period.
(D. Bazyka)
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5 HEALTH EFFECTS OF CHERNOBYL AND FUKUSHIMA: AN OVE RVIEW

5.1 IAEA, WHO, and UNSCEAR reports: methodologicalissues

At the initiative of the IAEA an UN Chernobyl Forumas created in 2003. It was composed of
experts from the IAEA, WHO, several departmentshef United Nations, and representatives of
the governments of Ukraine, Belarus and Russias ®@tganisation has the objective of arriving at a
clear scientific consensus about the consequeridbe €hernobyl NPP catastrophe. The results of
the researches are published in reports of the Ubrdbyl Forum (Report, 2005; Health, 2005;

Chernobyl's Legacy, 2006).

The positive fact is that the Chernobyl forum demtithe Chernobyl NPP catastrophe as "the
greatest nuclear disaster in human history". It reanzed a large amount of research, which is
most important for the human community in answetimg question on possible radiation hazards
to the health.

The provisions presented in Reports are the folgwi

(a) For the health of clean-up workers, evacuaed,people who lived in contaminated areas the
irradiation is not dangerous, as at most 3,940viddals could die from cancer due to radiation
exposure;

(b) The radiation from the accident is not harmtupeople because from many thousands of the
thyroid cancer cases there are only 9 documerdgathd from this disease in children and adults in
the three affected countries at this time;

(c) The radiation from the accident is not harmful homans because direct radiation-
epidemiological studies have not found any associabf the exposure with an increase of
mortality in the total population, in particular ofortality from leukemia and solid cancers (except
the thyroid cancer in children) or growth of th@nrcancer diseases vs. the spontaneous level;

(d) The people who received an additional expodoses of the low level die from the same causes
as the people, who are not accident survivors. ddteal number of deaths caused by the accident
can never be exactly known.

(e) No convincing evidence was revealed of an amed incidence of leukemia among children or
adults who reside in the exposed territories indRuand Ukraine;

() The obtained doses were generally small andetbee not harmful to humans; there is no
evidence of any radiation effects on Diseasesefdinculatory System and mortality from them;

(g) The cataractogenesis can occur at radiatiolowér than those observed before, namely to
about 250 mGy;

(h) Among the population that survived after theident there is no evidence or any possible cases
of the decreased male and female fertility as actliresult of radiation exposure. The radiation
doses are also unlikely to affect the number dibsths, pregnancy outcomes, and complications of
childbirth or children's health;

(i) The levels of fertility in contaminated arezen be lower through the fear to have children and
high incidence of medical abortions. Because of tisk ratios no significant growth in hereditary
effects caused by radiation is expected;

(k) The large number of thyroid cancer casesesotfly confirmed result of the radiation impact;

() The affected countries unreasonably spent regsuo protect the people from radiation.

The experts of the Chernobyl forum recognize ohé/piresence of radiation induced effects, which
are associated with acute exposure at the highsd@$eS, thyroid cancer, leukemia, solid cancers).
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As for the DCS identified in the clean-up workanrsRussia the experts make comments that these
data should be interpreted cautiously in connectith possible influence of additional factors
such as stress and unhealthy lifestyle.

The methodology of work of the experts was basetheranalysis of peer-reviewed literature and
some selected international journals. In this tithe valuable results of scientific works of
researchers from the different countries of theldvavere ignored.

Evaluation of the radiation effects and calculatmfnrisk were conducted on the data from A-
bombing of Hiroshima and Nagasaki. Such approaatatculation resulted in a reduced value of
risk from the Chernobyl because there was quiteh@naature and level of exposure after the A-
bombing.

The Chernobyl fallout and radiation doses not olesror registered in any countries except in
Belarus, Ukraine and Russia have not been discusdbd reports.

The conclusions of the Chernobyl Forum were oppdsedternational organisations (Greenpeace,
2006) and scientists (Horishna, 2006; Burlak@296; Yablokov et al., 2009; Masurenko, 2010).

The data of this Report do not confirm the opinadnthe experts of the Chernobyl Forum. The

epidemiological studies in recent years and coimmhgsof scientists suggest that:

1) An increased incidence of thyroid cancer issteged not only among children and adolescents,
but also in adults, namely in the clean-up worlard evacuees;

2) The increased risk of leukemia development & ¢lean-up workers is proven. The fact of a

dose-dependent nature of chronic lymphocytic leugamthe clean-up workers was proved for the

first time in Ukraine;

3) There is an the increased risk of breast candemale clean-up workers;

4) There is an increased risk of malignant tumioridkrainian and Russian clean-up workers;

5) There is an increased risk of radiation cataracts.

Taking into account the long latency periods of tlevelopment of radiation-induced cancer of
many organs and systems, it is necessary to cantimel monitoring of this disease in a remote
post-accident period.

Various non-cancer health effects in 10-27 yeaes #ifie catastrophe that have been proven:
- Cardiovascular disease and mortality in the cl@amvorkers;

- Vascular eye disease in different groups of sgdgersons;

- Cerebrovascular disease and cognitive dysfunatiohe clean-up workers;

- Thyroid abnormalities;

- Menthal health disorders in children exposedtera

Data for the 30 years of observations show thatGhernobyl catastrophe and its consequences
have caused harm to the survivors. These dataagreason to believe that estimates made by the
IAEA and WHO on the 20th anniversary of the Chegt@atastrophe were understated.

In contrast to Chernobyl, after the catastrophd-wtushima on March 11, 2011 in Japan the
existing rules of the alert of the national anceinational authorities and organizations about the
catastrophe have been complied (Fukushima Daii€ti#* N2011). The IAEA joined the cooperation
to render help in the investigation of the causes @nsequences of the catastrophe. Its report was
presented to the Ministers on issues of nucleatgah the meeting in Vienna on June 20-24, 2011
(Fukushima. Report of IAEA, 2011). Recognition dietfact that the Japanese government,
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developers and operators of the Fukushima DaiicBRPNhave underestimated the danger of
tsunamis was the main conclusion of the report. &omore reports followed. A report on the
supposed consequences of the catastrophe at FolaustirP on the health of the Japanese was
prepared in 2013 (Fukushima. Report of IAEA, 2013May 2015 the IAEA published a report on
liquidation of the consequences of the catastrophd-ukushima NPP. At the 59th General
conference of IAEA in Vienna (September, 2015) adlmental report was presented about the
organisation of liquidation of consequences ofRhkushima catastrophe. The report included five
technical tomes of applications (Fukushima. RepblAEA, 2015).

Taking into account current information technoldfg experts and public have the unrestricted
opportunities to receive information about the s@tgphe 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 weu draw the following conclusions
about the Chernobyl catastrophe and its consequense

1. The Chernobyl catastrophe has led to radioactwvgamination of large territories of Ukraine.
Practically the whole territory of Ukraine was poéd by **'Cs above twice pre-accident level. It
has also led to deterioration of the environmelifialquality in the affected areas. Dangerous and
unsuitable for the human habitation areas appearddemain in the zones adjacent to the accident
site. They have become also unsuitable for the ymtimh and support of life. Last years the
improvement of the radiological situation and deseein radiation exposure to the people are
noted.

By the results of dosimetric passportization (2@0D12) as of the end of 2011 the passport dose in
1851 settlements was less than 0.5 &', and in 101 of them varied from 0.5 up to 1.0
mSvyear’. According to the national criteria the settlensenith a dose under 0.5 mgear*
cannot any more to be regarded as radioactiveljactinated. The 25 settlements where the doses
make range from 1 up to 5 m$ear’ can be referred to as zone of guaranteed voluntary
resettlement, the 101 settlements with dose rarage 0.5 up to 1 mSyeaf" - as zone of strict
radio-ecological control. There are no more settiets where the doses exceed 5 m&af’, i.e.
such that should be attributed to a zone of olsiyagcompulsory) resettlement. Zone of the strict
radio-ecological control and settlements locatethiwiit are excluded from the list is radioactively
contaminated ones since January 1, 2015.

The rest of the contaminated territories are stiggad with destruction and degradation. With this
consideration the maintenance of emergency respomseerning the radioactive contamination
will be persisting for many years. A new strategy fadiation protection and health care of the
population in the remaining radioactively contanhbareas is required.

Social and health protection of survivors as imgnartmeasures for preserving their health should
be continued. In 30 years after catastrophe theigion zone remains highly dangerous because of
intensive releases of radioactivity and fallout.

2. Taking into account the content and amount ofdenital release of radionuclides as a result of
the Chernobyl catastrophe the Ukrainian populatias been exposed to external and internal
irradiation in low doses following the combinedpgaex and synergistic action of acute exposure,
stress and other factors. As a result all thateiased an impact of ionizing radiation. Exposure to
ionizing radiation resulted in health effects inunf the whole body, organs and tissues.

3. At the same time, the Chernobyl catastropheemprences, obviously, cannot be attributed to the
radiation only. The dramatic social changes, inadég] governmental informational and social
insurance policy, psychosocial impact and strelsge@ disorders TSD, depression, anxiety,
somatoform and psychosomatic disorders, psychaacdciivbstance abuse, suicides) following
radiation emergencies are of great importance.

4. 3,364,475 citizens in Ukraine were categorizetha Chernobyl catastrophe survivors. There are
376,639 clean-up workers of the Chernobyl catabgopnd 2,985,231 other survivors including
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1,264,329 children among them. Data on irradiatioses to them are contradictory thus being
mainly represented as averaged for groups (cleameawgers) or by settlements (in the inhabitants
of RCT). Individual total irradiation doses in thkean-up workers were partially reconstructed by
the 28" anniversary of the catastrophe in the frameworlcatfiort studies within international
projects. Among the 376,639 liquidators the radratloses have been estimated for about a half of
them Inhabitants of the RCT have been provided the wadosimetric assessment. Density of soil
contamination by radionuclides has been acceptedfasy criteria instead of the real radiation dose
since May, 1986 till 1991. The radiation doses weséimated then on the basis of tH&Cs
contamination density. These criteria dated by 18&6cerning thé*’Cs contamination exceeded
the pre-accident values 277 times, regarding fi8 contamination 500 times, and for the
plutonium isotopes - in hundreds times. Theseraitwere extrapolated also to the territories with
natural radiation background due to the caesiuntacoimation with density up to 100 kBg“niThe
individual radiation doses have been calculatedHer131,450 persons from more than 1,800,000
RCT inhabitants in 2015. An absence of individwaliation doses for evacuees and inhabitants of
the RCT in the SRU results in limitations of epidelwgical research concerning the Chernobyl
catastrophe health effects.

5. The following radiological health effects haveeh proven by the epidemiological studies in
Ukraine:

- there is a radiation dose related risk of thyiadcer in population groups exposed to radio®din
in children age;

- there is an increased thyroid cancer risk duerdaliation in the Chernobyl catastrophe of clean-
up workers;

- results of studies of the thyroid cancer riskjioups of an adult population with irradiated thgiro
evidence to the urgent need of extended monitdaarabtain the reliable results;

- the dose-dependent leukaemia radiation riskhienGhernobyl catastrophe of clean-up workers
correspond to the Hibakusha radiation leukaemiasyis

- in contrast with Hibakusha the study results e Chernobyl catastrophe clean-up workers
evidence to the dependence of chronic lymphocgtikémia risk on the radiation dose; the stated
inconsistence may be due to some genetic diffeseinegveen two populations;

- available data on inhabitants of contaminatedtteires suggest the absence of increased risk of
the radiation-induced leukemia;

- the breast cancer incidence rate in female Clwgtraatastrophe clean-up workers exceeded in 1.6
times the level of respective morbidity of fematgpplation in Ukraine;

- taking into account the long latency periods le¢ tlevelopment of radiation-induced cancer of
many organs and systems there are urgent needmtmue the monitoring of this disease in a
remote post-accident period.

- there is an excess of cardiovascular mortalityeclean-up workers;

- there is a decrease of cognitive function indlean-up workers;

- the excess of radiation cataract cases is spdcithe clean-up workers.

6. There is an international consensus concerrfiegsevere long-term mental health adverse
consequences of the Chernobyl catastrophe. Theastrogphes were, are and will be the greatest
medical and social burden to the society and puidadth.

There is also an international consensus concesonge major mental/neuropsychiatric problems
following the Chernobyl catastrophe:

- PTSD, depression, anxiety, somatoform and psyrhatic disorders, alcohol abuse; there is a full
coherence of expert opinions here; life-span studiee recommended, psychological-psychiatric
monitoring and care are strongly necessary;
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- effects on the developing brain (cognitive impant, emotional-behavioural disorders, attention
deficit and hyperactive disorder, neurodevelopmetitorders); there is extensive discussion with
contradictions going on in this issue; effects tarée investigated further, the life-span studies a
recommend with interventions if necessary;

- organic brain damage in liquidators (cerebroviscudisease, neurocognitive deficit,
demyelinating diseases of the nervous system, panoaxl states etc.); the problem is at issue;
further research is required with life-span studiesng recommend; constant neuropsychiatric
monitoring and care are necessary;,

- suicides; there is a full coherence of experhiops here; further studies are necessary, specifi
approaches on suicide prevention are urgent.

Such mental health/neuropsychiatric problems agCthvenic Fatigue Syndrom, psychosis, stroke,
multiple sclerosis, epilepsy, attention deficit dngberactive disorder, etc. are still at issuetltarr
research is needed here. The biological mechani$rasrebral effects due to the impact of low
radiation doses are of great importance and arbete@xplored. All further studies should be
conducted together with advanced biophysical (desio) support on the base of analytical
epidemiology.

Radiation exposure has multiple effects on thenbraehaviour and cognitive functions. These
changes depend largely on the radiation dose. @htview on the genesis of the Chernobyl
neuropsychiatric aftermath are extremely contraaererebral effects of low-dose ionizing

radiation especially the cerebrovascular diseagsk agnitive impairment are in the focus of

research interest worldwide. An increasing pootlata supports the radiosensitivity of the central
nervous system, mainly through hippocampal neuregjenThe cortical-limbic system is a target
for radiation brain damage where a dysfunctionippbcampal neurogenesis is crucial.

There is a strong necessity to improve the systennéuropsychiatric care for the Chernobyl
catastrophe survivors. This system should incluae drews/teams of intensive neuropsychiatric,
emergency psychological and psychiatric care, nddsvaf crisis and rehabilitation centres,
neuropsychiatric outpatient and inpatient unitgeneral hospitals.

7. The Chernobyl catastrophe in Ukraine has resulted enldiss of territories for living, territorial
redistribution of residents from contaminated terres to the clean i.e. not contaminated ones,
deteriorated age and gender structure of the rengainhabitants of the RCT, reductiai the
fertility, increased mortality, demographic lossesd decreased viability. Number of disabled
(category #1) survivors increased from 9,040 in2189116,758in 2013, and in 2015 wad 3,268
Their share in all the survivors is increasing amv reaches 5.59%. The leading place in the
structure of morbidity and mortality belongs to tRECS. Their prevalence is dramatically
increasing in survivors of a different age, and tlevelopment of complications leads to early
disability and mortality. The early retirement inl8 years and disability in survivors have a
negative impact on the productive capacity of thentry.

8. Deterioration of children’s health is one of tme@st unfavourable biomedical issues under the
contemporary circumstances. Its reasons, nevesthelemain debatable and role of ionizing
radiation due to the Chernobyl catastrophe is ealittory. No consensus is reached yet on the
issue of health effects. This is mainly due to ¢batradictory epidemiological data and imperfect
dosimetric support of both epidemiological and ickh studies. At that, according to the data from
papers published in recent years it is entirelysgs that the function of some organs and systems
in children becomes in general abnormal as a reduladiological contamination and low-dose
radiation impact after the Chernobyl catastrophe.
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9. The challenging issue of genetic effects in gt and second generations of descendants of the
exposed parents is intricate and yet unsolved.pllbeepidemiological research in children born in
contaminated territories of Rivne oblast of Ukraindicates to the highest incidence rate of neural
tube malformations, blastopathy, microcephaly, amclophthalmia in Europe. It is assumed that a
phenomenon of genomic instability that can caueeation of cancer and congenital malformation
risk appears in children born to exposed parentssiBle pathways of the trans-generation
instability are studied and broadly discussed n@¥ith this consideration in mind the genetic
effects of Chernobyl require further research.

10. A large volume of works on liquidation of cogaences of the Chernobyl catastrophe was
implemented in the affected countries. The expegeaf Ukraine shows that theurtailment of
countermeasures leads to an increase of soil retdieacontamination to the levels of previous
years and increasing exposure to population. Tldgates the need to continue the monitoring of
radioactive contamination and radiation doses ipugation. In Ukraine due to the inadequate
functioning of the SRU is not reached and thereasgeneralisation of the results of health
monitoring in survivors. In this regard the natibaad world science is missing the ability to asses
objectively the health consequences of the Cheincdtastrophe in the country where there the
epicentre of catastrophe is. Further use of thdusian zone and resettled part of the zone of
obligatory (compulsory) resettlement is an unsolpeablem too. The national strategy is necessary
on elimination of the Chernobyl catastrophe coneeges in the following years.

11. Russian Federation and Belarus seem to havevadhsignificant success in reducing the
consequences of the Chernobyl catastrophe. Eslyecdralthe field of socio-economic and
radiological rehabilitation of contaminated ardasalth protection of exposed individuals, scieatifi
analysis and forecasting of radiological and mddicamsequences of the catastrophe. The joint
governmental Programs of the Russian FederationBatettus also contribute significantly to the
elimination of Chernobyl catastrophe consequences.

However but on the basis of the data obtained fukraine, Belarus and Russian Federation it can
be concluded that Chernobyl catastrophe consegsédrae not yet been eliminated for the last 30
years in these countries.

12. The international efforts are required to amndi the liquidation of the Chernobyl catastrophe
aftermath and studying the impact of radiation apyation. Firstly, it is important that the
international community should recognise and carsidr more extensive data on health effects of
the Chernobyl catastrophe, including those presdemethis report that promote making valid
conclusions about their scale and overall impactpdrticular, it should be investigated urgently
because of wide discrepancies between the estiniztshave been adopted by the IAEA and
WHO. Secondly, in the absence of properly cooréaanternational approaches to the monitoring
of cancer cases and non-cancer diseases in papulaiihin RCT (with special emphasis on the
most intensively contaminated territories) in Uki Belarus and RF, the opportunity has been
missed to explore the full long-term effects of tdagastrophe.

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

13. The catastrophe at the NPP in Fukushima (Léwa INES) has been the subject of a careful
study by scientists and specialists around thedwvdn comparison with the Chernobyl disaster,
almost 20 times less employees participated indafion of the catastrophe at the Fukushima NPP.
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The external and internal exposure doses recorde@ weveral times less too. High thyroid
irradiation doses (in the range from 2 to 12 Ggnfrradioiodine were received by 12 employees.
They have been carefully studied later on. Dudéloss of infrastructure there was a delay of the
start of 1311 measurement in the thyroid glandrdfoge the reconstruction of thyroid irradiation
doses is needed. No deterministic radiation effestye registered among the workers.
Epidemiological research in longer period is regdito evaluate the health effects in the workforce.
In quantitative terms the evacuation of people ftbm20-km zone was close to that in Chernobyl.
The total radiation doses to the thyroid gland wess in the total population. As in Chernobyl, the
incidence of thyroid cancer began to increase ikuBhima 4 years after the catastrophe. Higher
incidence of thyroid cancer at lower radiation dog@s unexpected and surprising. Other diseases
that are compared in Chernobyl and Fukushima cefdsts i.e. the radiation cataracts,
cardiovascular disease, cerebrovascular diseasgnitive dysfunction, and benign thyroid
abnormalities are still analysed and it is expectieat the hazardous effect of radiation in
Fukushima may be lower.

It is extremely necessary to:

- conduct the longitudinal follow-up studies of ditgonally recognized health effects due to

ionizing radiation in workers, evacuees from thekB®zone, persons with high-dose exposure of
the thyroid gland, females pregnant at the momeaekposure and children;

- deliver special attention to non-cancer diseasegnitive dysfunction during the prenatal period,

radiation and vascular cataracts;

- consider non-radiation factors of the catastrogphpossible substantial risk modifiers.

14. The health effects 30 years after the catasé&rap Chernobyl are not confirmed by the IAEA
and WHO in the materials of the Chernobyl forumQ&)0 as allegedly there was no danger from
radiation to the survived population's health. Aas&rophe of almost the same magnitude occurred
again 25 years later in Japan at the Fukushima KR 5 years the health effects of Chernobyl
seem to repeat in Fukushima.

15. In light of the wide discrepancies in IAEA aWwHO estimates related to dose reconstruction
and predicted radiation-induced health effects fréhrernobyl, it is recommended the study of
Fukushima's health effects be as open and tramgpasepossible, recognize the limitations and
consider an extensive range of data on the possipacts of Fukushima in the long-term. This
should include the long-term studies of the mudtigrational impact of low-level radiation on

human and non-human biota. Indeed, the opportinaisybeen missed to fully understand the long-
term impacts of Chernobyl due to the lack of corhpresive and trustworthy data. Additionally,

long-term mental health aftermath should be inftleels of research and management.

The consequences of this catastrophe will adveedétgt the lives and health of many generations.
The dramatic experience of mankind testifies to fhesible risk of radiation catastrophe at any
NPP.

In this regard further discussion is necessary easures to protect the environment and health of
people under the continuing use of nuclear eneygydduce the electric power.

(N. Omelianets, D. Bazyka, A. Prysyazhnyuk, K. Logesky, E. Stepanova, S. Igumnov,
D. Afanasev)
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