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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 monitorina 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 te'rjt:outdatea. ~'.-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 Charnc. 1.

Gy - Grey, absorbed dose unit, in“ne Si yse m.

GR - Growth Rate.

IAEA - International Atomic E erg « Agenr y.

ICD - International Classifi<. ‘ion of =" _ases.

IChP-1991 - Internationai Che. ~obyl Project.

ICRP — International Ci missio, on RadiologicaltBction.

IPHECA - International  ’rc »ram on Health Effectslad Chernobyl Accident.

IQ - Intelligence Qu. tier .

JSDF - Japan.~. “-De =1 se Force.

kBgm™ - leve of r ““nac ve contamination of the temit, in the SI system.

ME - Ministry of Ukri ine of Emergencies and Affaioé Population Protection from the
Consequence: or C xern~bki, Catastrophe.

MH - I' inistry 1 r Health.

MIAU © Ministry of Internal Affairs of Ukraine.

MAK SU N2t onal Academy of Medical Sciences of dike.

NASUL  National Academy of Sciences of Ukraine.

"ICRPU National Commission on Radiation Protectd®opulation of Ukraine.

N. P - Nuclear Power Plant.

NRLR - National Radiation and Epidemiological Ragis

C R - 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
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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 7 ner. abyl
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 A omic Rc liation.

USSR - The Union of Soviet Socialistic Republics.

UKrSSR - The Ukrainian Soviet Socialistic Republic.

WHO - World Health Organization.

Clean-up workers (iquidators, recovery operatio:. wc ke.=. Chernolgihergency
workers) -citizens of the USSR including the UkrSSRwhc ha ttipipated in any activities
connected with damage control and mitigation of dtada t »ohe  nd its consequences in the
exclusion zone regardless of number of working diayx?86-. 98, and at least 30 calendar days in
1988-1990. Citizens temporarily sent on missicaw*k 'n the exclusion zone, including
servicemen, employees of state, public and 7 .née =ms. establishments and organizations
irrespective from their departmental relation, a @ th',se who worked at least 14 days in 1986 at
functioning points of population sanitary treatme. 1 decontamination of technical devices or at
their building are also attributed to the ¢l anag. -erc

Radioactive contamination- pres nce of i \dioactive substances in or on amabhbr the
human body or elsewhere being 12.de:. rable ¢ patgnharmful. Units of measurements are:
Bql™?, Bgkg?, Bgm?, Cil™, Cikg', Tikm™.

Radiation effect - effects, ror v.hich a causative role of radiatiopesure is proven; there
are deterministic and stochas: . effects.

Radioactively contamin te ' territories (RCT) — territories in Ukraine (Law of Ukraine,
1991a) with a stable conta nine fion f environmentdalioactive substances above a pre-accidental
level, that with due re .. 1 fo. tl 2 natural-climaind complex ecological characteristics of specifi
territories could rest it to =adic .on of poputatito above 1.0 mSv (0.1 rem) per year, and which
requires measures of radic .ion protection of pdmra Territories subjected to radioactively
contamination are (‘vidad." | zones:

1) exc usion z neis a territory, which has been radioactively comteated after the
Chernoby! ca astroph , and from which the poputdtias been evacuated in 1986.

7,2¢0e (foktgatory (compulsory) resettlemena territory exposed to intensive long half-
life r="yionuci. ‘e contamination with density of lsdeposition at a threshold values of 15.6k@i?
(555 +g-nf) aad above for isotopes of caesium, or 3.&r8f (111 kBg-nf) and more for
rontiun . or 0.1 Ckm? (3.7 kBqg:nf) and over for plutonium. As a result the average b
sett' zment radiation dose of an equivalent humaadimtion dose in a view of factors of
. “Jionu< ades migration to the plants and othetdiaccan exceed 5.0 mSv (0.5 rem) per one year is
ab. 2 (he dose levels, been received in the pridextqeriod;

3) zone of guaranteed voluntary resettlemsra 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-ecological controis a territory with soil contamination densityy b
isotopes of caesium from 1.0 up to 5.6k@i? (37 up to 187 kBq-if), or strontium from 0.02 up tc
0.15 Cikm™ (0.74 up to 1.85 kBq-1), or plutonium from 0.005 up to 0.01-&n? (0.185 up to
0.37 kBg-nf) provided that the average settlement of an etprivghuman irradiation dos~.in a
view of factors of radionuclide migration to thepts and other factors exceeds 0.5 mSv-9.05 rc.. )
per one year above the doses, been received prekaccident period.

Resettlement- because of possible exceeding of a life dose 8@ mSv in the ‘nhabita. *s
of the RCT the Government of the USSR in 1990 ltag@ted the decision to re: cttle from these
districts in UkrSR, BSSR and RSFSR more than 2@ #bple. About 50.000 sersons \ ad to be
resettled to the clean districts in UkrSSR. Theettémment had to be carriad ¢ 't in 1991-1992.
Further, in Ukraine the resettlement proceeded fzomes of obligatory (co: pulsory resettlement,
guaranteed voluntary resettlement and strict redmegical control.

Chernobyl catastrophe survivors. The following population gi ips i . Ukraine are
recognised as the Chernobyl catastrophe survivors:

1) evacuees from the exclusion zone (including@es whc e the moment of evacuation
were at a fetal life period, later they have beemkand becor e thi ac It persons nowadays) and
person who had moved from zones of obligatory (ar'sg, . r settiement and guaranteed
voluntarily resettlement;

2) individuals been permanently resident wit! in t€ ¥itc ‘es of obligatory (compulsory)
and guaranteed voluntarily resettlement zoneseatme, * 0 the catastrophe, or having resided at
least for two years on the territory of obligatdr.mp: 'soi = resettlement zone as of January 1,
1993, or at least for three years within the te. ®s ¢’ guaranteed voluntarily resettlement zone,
and individuals relocated or migrated themselver “ nose territories;

3) individuals been permanently <eside. * 0. workingzones of obligatory (compulsory)
and guaranteed voluntarily resettlemen under d wmdthat they have lived or worked there in the
zone of obligatory (compulsory) res- .lei ent fol ast two years as of 1, January, 1993, and in the
zone of guaranteed voluntarily res . ‘tlemer.. = seast three years;

4) individuals been perinane >tly resident or workinghin territories of strict radio-
ecological control zone unde:. e conc tion thaythave lived or worked there for at least four
years as of January 1, 1993;

5) individuals havi.a ' orked temporary since thement of the catastrophe till July 1,
1986 for at least 14 .. 'enc>r days or at leastoBtims during 1986-1987 on the territory of
obligatory (compuls ry) ' ===ttic. nent zone underdbedition that they were sent to that zone by
an order of ministries, esi blishments, executieenroittees of oblast Councils of Peoples’
Deputies;

6) chil iren wit, thyroid irradiation doses exceagithe threshold levels established by the
MH of Uk-ain .

Note .

1.-.Urn s of mzasurement used in the report areethpesented in submitted documents.
“.ecalcu: tion in the International system unitstéged in brackets behind them.

2. T _rritory of and Ukraine and of Belarus consdtseveral provinces (called "oblasts"), in turn
« ch "o"ast" consists of several districts (sustridt is called "rayon" or region).

3. Tk name for the city of Kiev in Ukrainian is yi", 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 nucleacident i.e. the meltdowns a
Fukushima Daiichi nuclear power plant (NPP) in Japad the 30 anniversary of the 4 26
Chernobyl NPP accident in Ukraine (former USSR) Wwé in 2016. Both events are th largec.
manmade radiation accidents in the history of huamah A sudden power output sur e a.<ing a
system test caused the reactor vessel rupturenipddia series of blasts, caused< 1:e Che:r 9byl
accident. A magnitude 9.0 earthquake followed kgumami caused the cooline syst ms to fail,
followed by series of fuel generated hydrogen esiplas, in Units 1, 2, 3 and 7 at the Fc “ushima
Daiichi NPP. Both accidents resulted in an intemsrelease of radioactive substances into
environment with subsequent radioactive fallout.bith cases, it has h'.d a se: aus impact on
nature, society, and people. Due to the Chernatmytiant, radioactive cc. tami.a. Yn uccurred at a
large part of the globe and many billions of peopkre irradiated at a w . do e range (Atlas,
1998). The Fukushima disaster has been officialgognizi:d as the ~ =.ond Chernobyl”
(Fukushima Daiichi NPP, 2011; Fukushima. RepotA&A, 2011).

In the former USSR, the scale and aftermath ofGhernob:* ca. st hphe have been downplayed
for many years. At the end of first quinquenniunomiphe dis 1.er v < international community has
shared this point of view (IChP, 1991). Disagreetenit tr.» latest were expressed by N.
Omelyanets (1992). The international communitv.figte, !l > the International Atomic Energy
Agency (IAEA), World Health Organization (V' AO, an.' 2r international organizations and
societies for the compilation and preparation”™ ¥ @b .rnoby: forum papers (2005, 2006) on the
catastrophe consequences to environment a. . hureahth h(Report, 2005; Health, 2005;
Chernobyl's Legacy, 2006, WHO, 200€  etc.). Ho. :etee conclusions of these reports resulted
in disagreement and criticism concern 1g the t slenation of disaster aftermath (Ruff, 2007;
Yablokovet al.,2009).

Findings received at the researcn ins ‘tutes imaler both with results of national and internatlona
follow-up studies have provec "e fact rat irridiaafter the Chernobyl NPP accident resulted in
radiation-induced health disoi le.= and diseases. adute radiation syndrome (ARS), radiation
cataract, thyroid cancer in ~lea -up vorkers arateges, leukemia in clean-up workers, and breast
cancer in female clez". 0 wri 2rs are among thkhbheHiects. An increase in frequency of other
forms of solid canc/ rs ¢ ~'d L = expected. The foretdal data were obtained showing that the
Chernobyl catastropne and its consequences hawamieea source of both direct and indirect
effects of ion’_ing  adiatie’, on the human body drgans and systems, and cell population
(Bazyka, 201 1).

Excess incder. ~.2. thyroid cancer among childree tb exposure to radioactive iodine has
becc 1e a tic aedy for Ukraine, Republic of Belarnd &ussian Federation (RF). The current
nembe o of thyioid cancer cases is 33-fold higher the pre-Chernobyl annual level (60-fold
.nong ¢ ildren and 14-fold in adolescents). As@®there were 6,049 cancer cases operated in
Ukr<.ine an.ong persons exposed to ionising radiaged under 18 years old (Trongbal.,, 2012).

.. 0f 07.01.2014, their number has reached 10,48ar(nation NRCRM, 2014). The rate of non-
ca. ~r. 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 caumskdvill 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' e
also about a half of lifetime of persons born iB&90n the eve of the two anniversaries it:is ver
important to review and consider the health effeftsoth catastrophes.

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

Authors take full and complete responsibility fdretcontent of this Repc:, auther. ‘city of
publications, discussion, and conclusions.

(N. < meli<.. s, 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 Che not. ! NPP
testify to some unusual health consequences dilre impact of ionising radiation. Cc sidering the
declared levels of radiation doses in survivorias one could think no such cons -que >ces should
occur (Report, 2005; Health Effects, 2005). Theawefd is important to estimz ¢ once « Main the
scale and consequences of the largest in humamhraiclear accident.

2.1.1 The number of victims of the Chernobyl catasbphe

As a ground for estimations we have retrieved @& @n individua 1 diation aoses of more than
3.3 million citizens of Ukraine who according teethational le¢islat »n i ave received the status of
the Chernobyl catastrophe survivors. According lte nztion.' | gislation the survivors are
included to the «The State Register of Ukrainenefgiersons a0 h.« survived after the Chernobyl
catastrophe» (SRU) and annually undergo the hisdidct -up i.e. the so-called “dispensary
supervision” (Law of Ukraine, 1991). The follow-imnti.' ¢ heaith and study of the immediate
and remote health consequences in all Chernok ;stta ‘he . ' rvivors is the objective.

Data shown in Table 2.1 demonstrate the numit “@fCthernobyl catastrophe survivors over the
last years. It was the least just after cat str@m >the largest in 1998-2000 (3,364,475-3,361,870
persons). As of 2015 it exceeds 2 milli n. The | amdf children who had received the status of
survivor is 1,264,329 (National Ukr7.nia.  Repor 96; 2001; 2006; 2011). It is worth noting that

until 1990 the maps of radioactiv: ~ontan... =..od eadiation doses in population were classified
both in USSR and UkrSSR (Natonai 'krainian Rep20t,.1).

Table 2.1 - Number of the ci ze2s of Ukraine ased) the status to the Chernobyl catastrophe
survivors, as of beginning fa pec.’c year

Indices 1187 | 1991 2000 2005 | 2010 | 2015
- . | |
Survivors in total 264,5871,536,270 3,361,870%*) |2,646,1062,254,4712,025,141
from them:
~clean-up vorke = 83,327| 180,144] 376,639 | 358,459| 260,807| 222,498

Ch”'drgm?r UNVIVOTS . €XC8179,7991,269,553 2,985,231 |2,287,6471,993,6641,802,643

- chldre *¥) 43,645| 350,223| 1,264,329 | 643,030| 498,409| 442,343

.'otes: *) the group of survivors includes evacuaas 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

2.1.2 Radiation exposure of clean-up workers

For the first years after accident the levels afiation 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
9



83,327 of them from Ukraine (former UkrSSR). It westimated that in 126,000 clean-up workers
of 1986-1987 years of participation the externaiaaon doses were within 150-180 milliSievert
(mSv) (154 on average), in more than 177,000 st&je®©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 Report2011,
certain projects were conducted in Ukraine on retaction of individual radiation deses 2 the
clean-up workers. With the use of a RADRUE methRdg(istic analytical dose recoi ‘tructior: and
uncertainty analysis) the individual whole-body aretl bone marrow radiat.n . ses were
reconstructed in 1,010 clean-up workers who weeestlbjects of the Ukrainian--.merican =search
project on leukaemia in Chernobyl catastrophe tigtors. The dose values.turri d out to pe from
about zero up to 3.2 Sievert (Sv) with 90 mSyv angtical mean and 12 mS: geome. ical mean.

The highest average individual radiation doses weceived by professior.  staff of NPP i.e. the
nuclear industry staff members (381 mSv), workerdMmistry of Internal , ff<irs of Ukraine
(MIAU) (203 mSv), and clean-up workers of 1986 ye&marucipe ' (105 mSv). The average
dose values varied from 31 up to 78 mSv in all othean-up viarke s. » ~cording to the results of
these works it is stated marked in the Nationabrethat the sai. nle of subjects in this study was
representative and therefore dose values estathlegieeenou¢ 1+ mea > 1gful and can characterize the
radiation doses of Ukrainian clean-up workers inegal:

The individual beta-radiation doses on crystallr s w 're . = ‘onstructed for 8,607 participants of
the Ukrainian-American Chernobyl Ocular Stu. v (U/ ) dSergienkeet al, 2002; Chumalet al,
2007). Is was shown that highest doses (median.” »2) were received by the clean-up workers of
the first days and weeks of participatior n er. 20y, works. The military clean-up workers had
received 121 mSv dose in average. Tie medi n \@luadiation dose in all groups surveyed
emergency workers was 123 mSv.<.he *,600 i’ dividosks of the NPP employees and persons
temporarily assigned to the NPF taff we. . sSsayelP86-1996 using the calculation method.
Individual doses of about 43,00u mi. ary cleanwqrkers were verified also. Under at the 100%-
coverage of the described c . aort dos metry coriteokesults were shown being of the lowest
accuracy.

That is why by the 2% .. ann. '€ sary of Chernobyastiophe the individual whole-body radiation
doses were reconst ucte ' n U. raine for more thBAM® clean-up workers with red bone marrow
doses reconstructea for 1,0 10 of them, and beddiation doses on crystalline lens in 8,607
subjects. Dos s we = reca’ structed mainly by thié ot the State Institution "National Research
Centre for R diation ' /edicine of National academyMsdical Sciences of Ukraine” (NRCRM)
using moderr dosime 'y methods.

How: ver for *he 30 years anniversary almost no n@sx) was made in the field of individual
intarne’ radiatica dose and thyroid irradiation @oseconstruction in the clean-up workers. Dose
“zconstre ttion is still required for more than 89®lean-up workers, who after an acute exposure
to ionising radiation during the emergency actestilived within radiologically contaminated
“ritorie’ 5. According to our records as of 1989& dosimetric data were available for only 110,618
(6. 47 %) of 164,000 clean-up workers registeredhasn 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 ave)la@re less than 250 mSv. Data comparison
resulted in the conclusion that a share of thenelga workers having recorded dose values
exceeding 250 mSyv in the SRU it is less than statestientific publications (Health status, 2001;
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Health status, 2001a). As of 2011 it was only dpetithat about 95% of the dose records in the
SRU are attributed to the military clean-up work@tational Ukrainian Report, 2011).

The works on identification and verification of iadiual doses is underlined in all analyzed
sources.

2.1.3 Radiation exposure of evacuees

According to data available (Baryakhtar, 1997; ltéddev et al, 1994; Repin, 1996)  ae exte. »al
radiation doses in evacuees (persons evacuatethatbut 10 days after the acci- ent) made up to
50 mGy in 48,659 persons (98.58%) of 49,360 inlaaltst evacuated from the rypiat ci. * and in
34,673 persons (86.17%) of 40,239 ones evacuabed dther settlements of the . 9-km zorie (now
— the exclusion zone). About 1,300 subjects hadived doses more thar 100 mC « 40 persons -
more than 250 mGy, and 12 persons - above 500 filByaverage indivi. al o5 is 3.4 mGy in
Prypiat city inhabitants, and 24.0 mGy in populatas the 30-km zone.

The calculated values of internal radiation doses radiation ‘un sy 3 fic body organs and tissues
are available only for the evacuees but not othens of survivars. ' he nedian dose values are 30
mSyv to a lung, and 8 mSv to a lower small intestihetal Josc = ¢ ' external gamma- and beta-
irradiation were 70 mSv to the skin epidermal egditii cells, | 1. ' 20 » Sv to a crystalline lens.

Later with the use of stochastic imitation modgjlgimtla. an rased on the direct measurements of
dose rates and personal interviewing data fror d2) har* nts of the Prypiat city the average
effective external radiation doses were estav ‘shé” to the moment of evacuation they have
received 10.1 mSv. Doses of more than 25 mSv @erded in 534 persons, and over 50 mSv in
18 of them. The 75 mSv dose was the = .xima. vec. 1dee in this group. The individual effective
doses in 14,084 evacuees as for the n oment ¢ ' atraouwvere available for about 25% of them
amounting to 15.9 mSyv. Radiation uos s of m yre B@amSv were recorded in 1,260 persons,
more than 100 mSv in 120 of ther. and ov. = Zu0 m$®wly one subject.

Thus the average effective = se (EL  value of 1BSv here was 14% lower vs. the dose
established in previous studie  (-2.2 mSv). Thearehers consider that doses were reconstructed
in the cohort of interviewcd si rvive 's being repr@stive for the inhabitants of 104 settlements
within the exclusion 7_.» if 1.2t ncluding the egiof Prypiat and Chernobyl. The whole-body and
thyroid gland radiat »n ¢ *=2s ¢ 2 known for evasus the routes of their evacuation (Likhtagev

al., 2013; Tronkoet aL, z014 . As it is marked in the National Ukraini@eport (2011), the levels

of the latter e’ ceec ' d the .0se values received tipe moment of evacuation. Contribution of a
dose under 'vacuati n to a total radiation dose atamit 50% and this fact strongly changes
general patte n of rar iation exposure in evacuBasa on external doses and thyroid irradiation
doses i, e. 2cu. 2 7. e available at the SRU onbbfout 1,000 persons.

2.1.4 Radiation exposui@ population

“.e preslem of radiation dose reconstruction argistetion in population of RCT is especially
se. 25 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
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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.

The density of*'Cs and’Sr deposition on the territory of Ukraine before #rtcident varied from
0.74 to 3.7 kBg-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 accertad th»
double excess of radioactive contamination densstypre-accident level as a criterion< ve havc
calculated the parameters of the extent of RChéencountry. Data shown in tables 2.7.-2.4 ‘*estify
that the all oblasts of Ukraine (237,400 %from the area of the whole country 6C 628°Ki.
contaminated by*'Cs at a level twice exceeding the pre-accident whereas a d ublc level of
951 and?3#*23%*2%p deposition is characteristic for the 21 oblasts.

Table 2.2 - Levels and scales of contamination haf territory of Ukr=ne witt. >'Cs as of
10.06.1986 over the level before accident

Excess over the pracciden 2-fold 10-fold 25-fold 277-fo. 740-fold
level (>4 (>40 (>100 (>555 (>1480
kBg-m?) | kBg-m?) | kBg-m-) X2q-mi?) kBg-m?)
Number of oblasts all oblasts, 14 oblasts| 8 oblast» | 2 »blc ~ts and 2 oblasts and
with contamination 237,400 | 28,800 8,879  »xc usion zongexclusion zone,
km? km? km .| 1000 knf 600 kn?

Table 2.3 - Levels and scales of contaminatioriterr. ory = Ukraine witf°Sr as of 10.06.1986
over the level before accident

Excess over the praeciden  2-fold 10.4£ald 50-fold 500-fold 735-fold
level (>2 (>4 (>10 (>100 (>1480
kBg-m?) | «Bg-m?) | kBg-m?) kBg-m?) kBg-ni?)
Number of oblasts with 21 oblas s, = oblas 3, 10 oblasts, 1 oblasts and| exclusion
contamination 156,40, | 43,.00 kM |10,000 knd| exclusion zone|  zone,
200 knf 200 knf

Table 2.4 - Levels and sc.'es of ccataminationhefterritory of Ukraine withf38239*%4py as of
10.06.1986 over the -vc' beir v accident

Excess over 200 10-fold 25-fold 250-fold
pre-accident leve! (>0.0¢ (>0.4 (>1-2 (>10.0
KBL) kBg-m?) kBg-ni?) kBg-ni?)
Number of ¢las| =z .oblasts, 3 oblasts 3 oblasts exclusion zone,
with contzminc tior] 179,300 km and exclusion | and exclusion zone| 840 knf
, zone, 4,170 ki 3,750 kni

D ia s. 2wn in the tables along with authorized setbpriteria show that 277-fold excessdts
s0il fepc ition, 500-fold excess 31Sr deposition, and the hundreds time excess obmiun
ise’upe deposition over the pre-accident levels agwsoved by MH of the USSR as a criterion of
s feliviig of the population.

The restrictions of modes of life, work, agriculibrindustry, conducting of animal livestock
management, and forest management were to be ucddonly under the high levels of wood,
land etc. contamination. Prohibition of use of fstdfs of local industrial production and produced
in the individual farms, change of public nutritibm consumption of clean i.e. non-contaminated
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and imported products, and the free-of-charge thmee 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 kBq:fwere the
criteria for the decision-making about evacuati@séttlement). Levels df’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<1JSSK,
(they were under seal with a signature stamp "4denfial”) till 1991 there were abo .t 10
settlements in Ukraine, and a hundred settlemenBeiarus where the contaminat: ‘n dens:. * of
soil by caesium exceeded 3,700 and 5,500 kBqHowever, not any additional ~.rany >ments on
population protection were introduced. The situatioRCT of Polesiye region iv Jkraine " ‘as also
a challenge because due to an increased transiticaiesium from soil into the pic nts the radiation
doses in population there had reached value ofragevaSv despite a1 relati.2ly low soil
contamination density of 37 kBg“m

To prevent the excess of irradiation of the popoiat the oll~wing dos > .nresholds were

established by the MH of the USSR: up to 100 mSi4Q8&6, 35 inSv 1..1987, and 20 mSv in 1988-
1990. Hence, integrally until 1990 the inhabitaoft)RCT of Uk aine >ou A receive up to 195 mSv
radiation dose. However, no comparison of the werkdos s to =rii *ria was conducted further in
subsequent studies.

In connection with incomplete application of me=suxn | adiation protection that resulted in
protests of the RCT inhabitants and to resolv_i$ls. 2 ¢.. 1e return of the population to the
traditional (preceding the accident) way of life. ctiv..y in rayons of strict radiation controhet
MH of the USSR adopted in 1988 the «Radinloy . ephof constant permanent safe residing of
the population was of territories of RS’ SR, 'kre ¥Rl BSSR, which have undergone to the
radioactive contamination as a result ¢ = accide tabthe Chernobyl accident» (protocol # 36-1
from 21.10.88). Two periods setting: efe 2ncesrf adiation of the population were established i.e.
the emergency period (from 26.0/.°986 tn, =" u2@%nd the recovery period (from 01.01.1990).
Individual maximal life-span doses I the populatwf the regions under control were set in both
periods equal to 35 rem (350 Sv) inci. ding a deseived for the period since 26.04.1986 for till
01.01.1990 due to the Cherno y1 PP accident.

Taking this into account tr. > ra, ons >f strict réadia control were distributed in 3 groups: 1) where
the population could *'C ~ubjc =t ‘o a life-spardiation at a dose of up to 350 mSv (437 settlements
with 181,100 popule ion) = wi .re population colddsubject to the life-span irradiation at a dose
of 300-500 mSv (141 settle 1ents with 43,900 poputyt and 3) where the population could be
exposed to th e nar ividiation at a doseQff ;:iSv and more (108 settlements with 22,200
population). ' lo limite ions of population lifestylw labour activity were introduced in the first
group of setti ments.' n the second group theicéistis could be rejected under the circumstances
of cent: i 2d 1. nlaientation of certain complexagficultural and agromeliorative modifications
and 7 (oviding the non-contaminated fodder to the&yscat private farms. Under the maintenance
ard p.xservaticn of existing protective measuresegy and restrictions the proposed dose level
Il couic be exceeded. Limit of the life-span edaould be exceeded in Ukraine in settlements
witk-a population of about 50,000. According to tH8&SR program on 1990-1991 the latter
i pulat’un should be resettled to the non-contataethaegions (Union-Republ. program, 1990).
Re e’.iement however is not completed until nowraniiation doses in the migrants are unknown.

Transition to the dose criteria for estimation a@ttastrophe 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 RQiulption were published in Ukraine only .
1998 (Collection 7, 1998). The dose levels wergesgnted in average by settlements, frc 1 1986
untill 1997 by years, and after 1997 till 2056 (fo® years of life) by periods. R view o1 he
submitted dose values provided the basis for thigohlel commission on radiatir 4 pi. tection of
population of Ukraine (NCRPU, 2006) to considemthieiased and underestim .ed. The -adiation
doses within the first year after catastrophe inigalar were considered underes. nated by a factor
of tens and hundreds. Doses for 1986 were estingatéelw percents from 7 (otal do. = for 70 years,
although they should make up to 50-90% of it, dreddose levels of 198€ wvere .y “ac.or of ten less
vs. the 1987-1997 period. All that was consideteslliackground for recor .dera’ on of doses for
1986. In the Report of the Chernobyl forum (Rep2@d05), the si'ua‘‘on with ¢ >s_s in Ukraine was
reflected inadequately, as the Forum based on dkeg evhich werc | vepared at a national level,
with no critical analysi&

No review was carried out. Using the published d@at&olle t n 7 ° 998) we have calculated the
average radiation dose levels in population oftiest irensi ely ~onwaminated rayons for the first
12 years after the catastrophe. Data are showahbir™.5.

These dosimetry data as well as previous one we# or registered in the SRU nor actually used
in epidemiological research of health effects af @, " .rnobyl catastrophe.

According to the Concept (1991) the ¢ ilculatec esagtnt ED of extra irradiation to the critical
population group (children born in 738t .in Ukr .Jtee to the Chernobyl catastrophe should not
exceed 1.0 mSv (0.1 rem) per ¢ .» year .= /0.0 (MBvrem) for the whole life (over a dose
received by population before the ac. dent in dwecatural environmental conditions).

The RCT were divided into 1€ 4 zones (see of Ganabbreviations, unit abbreviation, and
terminology) in line with ic:7els of 1 »dioactive damination according to the official legislation
(Law of Ukraine, 19¢_, " aw 2 Ukraine, 1991a). Wavh carried out the review of data sets of
dose values indicati g th *»n 1 91 from 2,302amients, the dose data were available only in 541
(23.5%) of them, where dos: s of the whole populagimounted to or exceeded 1 mSv. There were
136 such settl“iner. = in107 7.

Dosimetric p. ssportiz ition of the settlements iplamented in Ukraine since 1991 and will be
carried suw 2nv. x4 is a standardised systeesbimation and assigning of a passport dose to the
settle” nent ac »ording to the results of radio-edckdg@nd dosimetric monitoring of the territory and
inkabi nts of u.e settlement. The passport dodbeokettlement is an ED which can be received
“athin o1 » year by each of its inhabitants from talé sources of both Chernobyl and any other
indy strial Giigin. It is not an individualized radiion dose due to the Chernobyl catastrophe and is
« ed or.y under the administrative decision-malangplanning of measures of public radiation
preiecdon.

Y NCRPU, 2006. The National Commission of Radiaffirgtection of the Population of Ukraine to the
Prime Minister of Ukraine from 31.01.2006 B1/01-04 (in Ukrainian).
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Table 2.5 - Individual average annual total radmttloses in 1986-1997 in population of the most
intensively contaminated rayons, mgar’
- 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] 0.7 '
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]/0.7- 0.64
Kiev oblast
Ivankov rayon. Number of settlements: 81 A
Average |2.98]1.42]1.04/0.84/0.67/0.55/0.48/0.42/0.36/0.3. 0.9 L 26|
Polesskoe rayon. Number of settlements: 31 ~
Average [1.61]/0.89/0.65/0.51]0.40[0.32/0.27/0.22'0.; .'0.17[0.1, 0.13

Parameter

Activities on dosimetric passportization were cagriout m .2ly /7 he NRCRM staff and their
results were generalized in the special Collectminsapers. he nas portization results testifed t
a decrease of the radioactive contamination lewasc pe :spo.t dose values. Passportization
activities in 2011 (Collection 14, 2012) were esg¥ ... 00. A t, specifically as of the end of 2011
the passport dose in 1851 of 1977 settlemer s @sr than ).5 mSxear’, and in 101 of them
varied from 0.5 up to 1.0 mSear™.

According to the national criteria (Law //f Ukrai B9Y.a), the settlements with a dose under 0.5
mSvyear’ cannot be regarded as_rac oactive contaminated namg. The 25 settlements in
Zhitomir and Rivne oblasts where " ie do.~s ra".ged L to 5 mSwear can be referred to ‘zone
3’, the 101 of them with 0.5 to 1/.ny, *af' doses - to ‘zone 4'. There are not any settlemeots
where the doses exceed 5 m™af, i.e. such that should be attributed to ‘zoneT®iis lay of the
land was confirmed by the re< 1 = of yecr 2012 lg@tibn 15, 2013). Over the results of these two
dosimetric passportizatic’ hay 2 ft 'med the backuolor elimination of the zone 4 (zone of a
strict radio-ecological cantrcY 1 om the RCT scaopigh subsequent repeal of benefits both with all
privileges and inden ific ition. o survivors (claws23 excluded in the Law of Ukraine, 1991).

A rather challen 22 scenar o with radiation dosesurs during the last years in the RCT. Study
results by Ve ylenke ® a1 2012); Vasylenket al (2013), and Bilonylet al (2014) testify, that
because of « conomic crisis in the country and as®d consumption of local food products by
populati<, - thc .annu 1 exposure doses have inadas@0-80% since 1994. In some settlements
the ir ernar radiauon doses after 1996 exceedddesaof the first years after the Chernobyl
catas -ophe. C ildren in particular have receivesed higher as compared to adults.

rest ctew funding of the measures on radiologatgmtion of the population and environmental
‘e abilitation within the RCT (table 2.6) can resual an increased irradiation of population from
n.wv cwards. Almost complete termination of moniigr of both contamination levels and
radi..don doses is also a challenge in Ukraine @uwet al, 2010; Information materials, 2013;
Annual report, 2014).

As to the issue of applicability of dosimetric paaization instead of radiation dose estimation
specified by Pristeet al. (2011) one should agree with this critical revieftthe unlearned lessons
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of the Chernobyl disaster. We also believe thatdbmsequences of the catastrophe to assess the
levels of radiation doses of the population.

Table 2.6 — Expenditures of the State budget ohldkrin 2012-2014 on realization of measuresn
radiological protection of the Chernobyl catast®ghrvivors, million UAH

The name of the State budget program 201220132714

Radiologic protection of population and ecologicahabilitation of territory v N
. : . . 4.8 4. 2
which has undergone radioactive contamination

Maintenance of environmental safety in zones 12and 32.4{02.4/16.c

During the last years, the NRCRM staff has caronatd work on reconstructior’ of indivic :alized
internal, external, and total radiation doses mahitants of the RCT register=d . SRU (Likhtarov
et al, 2014; 2014a). The individualized internal ir@thn doses are reco: structea »lready for the
28,711 inhabitants of Rokitny rayon of Rivne oblds,790 inhabitants ¢ Iva .G  rayon of Kiev
oblast, 41,585 inhabitants of Ovruch rayon of Zmitooblast, 27,811 inhabi 1ts of Koselets rayon,
and 14,553 - ones of Repki rayon of Chernigov dblas averap 2 t* = data by « gions are received
for 50-60% of survivors from those registered i tBRU. kesu s of dosimetry are given as
average dose values for the period of 1987-2012.

Distribution of inhabitants of various oblasts iseld up by i1cze 1. 2rvals (absorbed doses from
both internal and external exposure for all thevewri >rioc . I e received data are passed for
inclusion to the SRU.

Thus, in a view of the carried out works in las. et 2 individualized doses are reconstructed in
131,450 persons from more than 1,800,00° ~=of hdive status of a survivor.

Data comparison of doses reconstructe | as of 1 38Belction 7, 1998] and as of 2014 [Likhtarov
et al, 2014] within one of the most i"..ens< ‘ely cc 1taated Zhitomir oblast, testify that the dose in
2015 was only 1.09 mSv more tF..in 19oc. -or @t ryears the nowadays-reconstructed annual
doses are actually in 1.5, and the abs >rbed dasek4 times lower vs. reconstructed earlier.

Data review from the main pc¢ 2r- 2viewed publicatiday the foreign scientific experts indicates
that after 2011 the researc er< only have repeditéte data, which were generated in proceedings
of the Chernobyl Fo:.i.in 22 5. No new data ardlavie@ on radiation doses in the Chernobyl
catastrophe survivo: s in/ oaing.

To some exte (L it ¢ 1 koo _xplained by the aspettatcording to the requirements of the clause
#11 of the Li w of Uk aine (199} all scientific information and research of scikatinstitutions
which are rec rxived w hin RCT are the property &rdine and can be used only under a special
licence \ap, rov. 'y the Cabinet of Ministers ddréine (CMU). Therefore, since 2012-2013 the
Ukre 1ian scic atists were obliged to terminatetladl contracts with foreign experts and institutions
in-he ', 2ld of Ciiernobyl problems (Nasvit, 2015).

(N. Omelianets)

7.2 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
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descriptive, devoted mainly to study of the rlisttion of variables, for example the disease
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 a'e
cohort and case-control studies directed to asggstie disease risk being studied in exposed ' s.
unexposed groups of the population. Due to itiBaant financial expenditures, the:: are
performed jointly with scientists from abroad angpported by their national and inte natioric.
organizations. For example, some collaborative guisj are performed in Ukraine i< intly with
scientists from the USA in order to study the leuke and thyroid cancer risk i Chernchyl
catastrophe clean-up workers (Romaneekal, 2008, Zablotsk&t al, 2013, Ostr.um. ‘at al,
2014), thyroid cancer in a cohort of subjects whage at the time of accident Jid not ¢ ceed 18
and who inhabited the most radioactively contateidderritory of Ukraine (Tror. 2t al, 2012).
Such collaboration is performed in Belarus as {&blotskaet al, 2011).

2.2.1. Thyroid cancer

Among the specific forms of malignant tumours, thgrcance: is ). special concern because of
dramatic incidence increase soon after the accimletite younest ge roup residing in districts
closely adjacent to the Chernobyl NPP. Based aultsesf lcg-te 'm' nonnoring of the population
exposed to external radiation (Jacob, 2006), @xjgected th w *thyr.* cancer cases related to the
Chernobyl catastrophe will be registered for maagry.

The ecological study performed in children and gce ts < - 2ing from 1-18 years and residing in
three regions (oblasts) of Northern Ukraine ™ ros# .1g¢ cortaminated with radioactive iodine
within the 1990-2001 observation period (Likhtc sval 2006), allowed to evaluate some basic
indices of thyroid cancer risks, namely the « «oe. tive risk per Gy (ER®Y') — 8.0 (95%
confidence interval (Cl): 4.6-11.0) and | :xcess t teaisk per 16 person-years Gy — (EAR 10
person-years) 1.5 (95% CI: 1.2-1.9) in 1 e esiio abf coefficients of radiation risk, it is assuine
that the observed increases in thy id canc._.@d are due to radiation exposure.

Comparative analysis of thyrc .. cance: inciderate 20 years after the Chernobyl catastrophe in
Ukraine with consideration of ( 1e “hyroid irrad@tidoses average per oblast absorbed by children
and adolescents (accour.’ng an cje at the timecatlent) showed a significant correlation
between factorial (de_. arn ' | 2sulting (incidenga)ameters (Fuzilet al, 2011,2013). Special
attention was drawr (o tk >ou. jest subcohortpbvsxe i.e. individuals born in 1982-1986. Upon
the applied correction for the screening effeatatigh the comparison of thyroid cancer incidence
rate in this suv’.conc t and\nother one with perdame after the accident - i.e. in 1987-1991), a
significant ra iiation € ‘cess in the subcohort eggdos age 0-4 years was suggested. At attained
age of 10-14 -ears, tt 2 thyroid cancer incideatein the exposed subcohort was 9.7 times higher
VS. une .pc ea e und at the attained age of Badi®excess was 3.4-fold. Along with it, during
the ¢ ,serveu neriod an excess of the age-spelyfroitl cancer incidence rates was spread to the
actult ¢ »e groups. In 1991 an excess of thyroideramecidence was registered in the group aged 0-
“4 and 11 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-
< ecific.ayroid cancer incidence rates were S$icgmtly higher in the “high exposure” regions vs.
“lo. 7 posure” 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 enti e
cohort was 0.79 Gy. At the stage of cohort formatetween 1998 and 2,000 the 13,243 subje ts
were screened. As a result of the four sessiorreesing examination, 110 cohort members wel »
operated for the thyroid cancer. The excess reatisk per Gy (ERR G}) was estim ted a
5.25Gy™ (95% CI: 1.70-27.5) during 1998-2000. In 2001-260& ERRGy* was estim-.ed ~ be
1.91 Gy* (95% CI: 0.43-6.4) and excess absolute risk - Bfd® estimated to be ¢ 21 per 0
person-years (95% CI: 0.04-5.78). This result esfigcin terms of excess rele’.ve  =ks differ
somewhat from the results obtained in above meetidhikhtarovet al. 2006) e ologicall, study
and may be the consequence of different study desig

In another ecological study (Tronlat al., 2014) dedicated to the epide. Miolos,y 2yruid esin
Ukraine among exposed children and adolescentsl @d® years at the tin. ~ of ac .ident), a higher
incidence rate was observed in 6 most contaminagggons ir. compar. 2 with 21 low-
contaminated regions for all post-accident studyople(1990-2u10). £ age at diagnosis, the peak
incidence in childhood and adolescent groups waserk! in 19:5-1997 and 2000-2002,
respectively. Since 2002, there were no exposegeatsb(’ *clu.‘n¢ the in utero cohort) in the
childhood group and since 2006 in the adolescenimgrThus > the > age categories all childhood
and adolescent cases of radiogenic thyroid camaeme eer ree ‘zeu. In corresponding groups of
unexposed subjects aged 0-14 and 15-18 years a.th :of uiagnosis, the thyroid cancer
incidence is comparable to the average rate inf o« >un. 's.

Unlike thyroid cancer incidence increase.in . doshbildren and adolescents, the effect of
irradiation in adult age remains not enr ugh ¢ Sdu ‘es of thyroid cancer morbidity in adults
suggest an insignificant increase of thy oid can: midence due to ionizing radiation. According
to the conclusion of UNCSEAR (700t  report thereaidittle suggestion in various exposed
population groups to the increas . thyro..unagcidence among those exposed as adults in
general population. Among aduiss the most meanirggfilence comes from the studies of clean-up
workers. An elevated rate of ( .'s disea. = vs. #reernl population has been reported, but no clear
association with external radie io.  dose has beand. Moreover, no estimates have been carried
out of the thyroid irradiac an ' ose. from the irddhlradioiodine to those who worked on the
Chernobyl site in Apr" < 'ne ' 9 6. Thyroid dose$yaxist for a very small number of workers; it
is not possible to gi e a «'id . verage value far whole group (UNSCEAR Report, 2008). The
influence of annual screenir j and active followalighese cohorts make comparison with general
population preuien. tic.. Tk _refore, there is somielece of a detectable effect in the group of
clean-up wor ers, bu this is far inconclusive.

In contract tc the abc vementioned, another studglglimovet al (2006), Prysyazhnyukt al
(2006, .0L7a) |, ~rf=.med in the framework of thenEreGerman Initiative (FGI) in adolescents
and /dults 1 territories of Chernigov, Kiev andit@mir oblasts with different levels ofi
denos. ‘on fron. the fallouts, a dependence wasaledeof the thyroid cancer incidence rate on a
'2vel of 1. dioiodine contamination. Effect of espoe to this radionuclide tends to increase in time
The sufficicnt statistical power of this study atkd making quite an important conclusion that an
.“_reas” J exposure 13l results to increase in thyroid cancer inciderate.r

The Chernobyl catastrophe clean-up workers receivedighest 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% &PR6-4.57) 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 ye«rs
of the first clean-up mission, while significan#yevated, were lower than for the first year. SI?
estimates were elevated throughout the entireviellp period but were especially high 10-12. vear.
the after catastrophe, namely 4.62 (95% CI: 3.4%)6and 4.80 (95% CI: 3.78-6.10) for th periouc
of 1995-1999 and 2000-2004, respectively. Thesdifgs support the growing e .dei e of
increased thyroid cancer rates among the Cherndbgih-up workers. Although t 's could he
partially attributed to an increased medical sulwece, the observed pattern .t S.2 increase
substantiate further investigation of a potentiahtdbution of radiation expos! e to the ~levated
thyroid cancer rates in this large population.

In a collaborative case-control study nested wittohorts of Belarus, Ru. sian .. Baitic countries
an evaluation of the radiation-induced risk of thgircancer was perforn. Jd (Ke sminiegteal,
2012). A statistically significant dose-responséatrenship wés “ound wiw - 7otal the thyroid
irradiation doses (external and internal). The ERRR100 mGy was .08 (95% CI: 0.10-1.09). Risk
estimates were similar when doses from interfdl and eitern.! rc-iation were considered
separately, although for external radiation the BR& not stat tic lly significantly elevated. In
the estimation of coefficient ERR, it is assumedttthe « 5 =rves increases in thyroid cancer
incidence are due to radiation exposure.

In conclusion it should be pointed out that resr dev tea © thyroid cancer risk in children and
adults in the Chernobyl post-accident period a. nip# _scriptive and describe the incidence time-
trends. A small number of studies are of a cohoL  se-control design. Along with evidence of an
increased risk of thyroid cancer in child'en au ‘las ents exposed to radioactive iodine, there is
doubt as to the thyroid cancer risk in adults g dicularly to the clean-up workers. However,
separate studies in survivors prima ..y t. 0se wir ktpart in eliminating the consequences of the
Chernobyl accident provide a '.sis for " er el studies referring to the long-term
observation of adult cohorts.

(A. Prysyazhnyuk)

2.2.2 Leukemia

Leukemia is associ: ted. *“*h €. posure to ionizirdjatzon in different populations, including the
A-bombing survivors in Hir shima and Nagasaki, @ai$s subjected to radiation therapy, and
population greups < ‘bjesteu to occupational ramiaiixposure in health care and nuclear industry
(UN Chernot yl Forur., 2006). Leukemia risk increa®€s years after exposure with the ERR per
unit of radiati n dose Jeing one of the highespéemlly in children) among any other radiation-
induces” n.aligi 2raiss (BEIR VI, 2006). Leukemia idemce and mortality are being often
cons’ sered a a “marker” of radiation effects ipased population. Risks from acute exposure to
hizh ¢ ses of iunizing radiation for the most |leuka types are well known, but risks associated
“uth pro.oacted exposures and association betweelatron impact and chronic lymphocytic
leu!mia (cLL) are not clear.

Re ' s of studies in residents of territories aonbated 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 itteddence of
nonthyroid cancers during the post-Chernobyl pemod well-defined cohort of 13,203 individuals
who were <18 years of age at the time of the aotiddo evidence was found of a statistically
significant elevation in cancer risks in this cahof subjects exposed at radiosensitive ages,
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although some cancer trends, particularly for levke(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. Tiimgation of these studies include low statistice
power, uncertainties in dose reconstruction, atetmal inconsistencies that suggest a potertisl bi
or confounding factors that are difficult to add&réd NSCEAR, 2008).

This limitation was avoided in the large-scaled &ikian-American project for study of leuke. ria
risk in clean-up workers, exposed to radiation whbey worked in the Clernchyl zone
(Romanenkeet al, 2008). A cohort of 110,600 participants of theari-up work: in 30-kii meter
zone in 1986-1990 was formed. During the periodlfervation (i.e. 1987-2000) . calculated ERR
value was 3.4Gy* (95% Cl: 0.47-9.78P<0.01). A follow-up study in<2001-2¢26 showed a
diminution of this value to 1.26y" (95% CI: 0.03-3.58) (Zablotsket ¢ . 205, It should be
pointed out, that the revealed tendency correspuiithsresults of studies ¢ .he c' :an-up workers
of the RF (lvanoet al, 2012) and A-bombing survivors in Jahar (l@sal, 2¢ 7.

Study of the risk of chronic and non-chronic lympyiic leukeiria L de a protracted exposure to
low-dose ionizing radiation in Ukrainian clean-upnkers .in Ye last period (2001-2006) of
Ukrainian-American project gave the reason to astelthe < anin.> nt increase of risk of these
leukemia types as both are radiosensitive (Zabdaskal ?01% .

In conclusion, it should be pointed out that epi” 2om al « * dies of leukemia risk as a result of
radiation exposure due to the accident at the Ygir' .°PP are mostly descriptive and focused on
children and adolescent contingents. In_fene Jngainto account the low-dose radiation
exposure, there is a low probability of h'gh ris. ~bi *hood leukemia according to the results of
Ukrainian and Belarusian studies. In = ontrast, #halytical study in clean-up workers of the
accident indicates the existence ¢’ an ‘ncreas id of leukemia in this group of survivors in
Ukrainian and Russian studies. T'. first ec. " .shdJkraine fact of radiation dose dependence of
chronic lymphocytic leukemia in clea. .up workerawls attention here.
(A. Prysyazhnyuk)

2.2.3 All cancers

In the papers by Sk lim: ==al.\ .006), Prysyazhnyukt al. (2006, 2007a, b) the main results are
presented concerning cance incidence in the maiapgof affected population of Ukraine. Those
are the Cherruoyr ratestr phe clean-up workers kdub participated in the clean-up works in
1986-1987 (¢ 100,00 cohort), evacuees (50,00@sishj and residents of territories most heavily
contaminatec with rac ionuclides (180,000 subjedtsthese three groups the incidence of cancer
(of all = ec of .« 2. +Ldy) exceeded the nationeglldSIR=117.2%, 95% CI:. 114.1-120.3) only in
the ¢’ :an-up ‘orkers, whereas in evacuees ancergsidf contaminated territories those rates were
lovrer 2an naticnal one.

Kas'icheewt al. (2015) presented the results of retrospective itadtody of cancer incidence and

. ortalit® for the 1992-2009 follow-up periods amotitge Russian emergency workers at the
Cr. e obyl 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 figutgkrainian emergency workers (Prysyazhngik
al., 2007a, b). Values of excess relative risk ofceanncidence and mortality per Gy (ER®¥ ™)

are 0.47 (95% CI: 0.03-0.96, P=0.034) and 0.56 (¥59960.002-1.25, P=0.049) respectively, the
attributable risk is 5.8%. The estimated ERR vatein a good agreement with results published
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by this team in previous years (lvanov, 2007; Iwaabal, 2009) and with results obtained in the
life span study cohort of atomic bomb survivorse@onet al, 2007).

As to another cohort exposed in consequence oCtlernobyl catastrophe i.e. Baltic emergen:y
workers the conclusions are in contrast: no cossistvidence of an increase in radiation-relat. d
cancers was observed. Results here are to som# exigertain because of known impact of healt:
examination approaches including thyroid screerangpong the clean-up workers (Ra* 't al,
2013).

Thus, given the results of malignant tumour riskdsts due to the radiation expos.re ¢ > a resuit of
the Chernobyl NPP accident there is an increasddaf this disease in Ukra" iian ana Russian
clean-up workers. Among the other groups of sumgyoamely evacuees from . = exclusion zone
and residents of RCT the cancer incidence ratestlexceed the national )< vel.

(7. v vsyazhnyuk)

2.2.4 Breast cancer

After the Chernobyl catastrophe the breast canlser draws a'*enti n L cause of vulnerability of
breast to carcinogenic effect of ionizing radiati@reast 7anc. v i cideince after the Chernobyl
catastrophe was studied mainly in descriptive epid®gic ' 1. dies imed to reveal any possible
stochastic effects in affected groups of populatirsignifice 1t 1. crease (in 1.6 times) of breast
cancer incidence was registered in female cleammwke s 1 1986-1987 years of participation
(Prysyazhnyulet al, 2007c, 2008).

Epidemiological analysis of combined data ot ~ od#éan and Ukrainian population showed a
statistically significant 2-fold increase of ureas. cer ‘ncidence in 1997-2001 in female residents
of the most heavily contaminated with adionuc desitories vs. residents of less contaminated
areas (Pukkalat al, 2006). In distric*, of Ikraine with average acaleed dose in population of
40 mSv and more, the relative ris’ (RR) worL.78 ®6% Cl: 1.08-2.93). These results confirm
the necessity of profound invesugatic 1 of possible of radiation in breast cancer incidence rate
in the entire population and .2 sepa: te populagooups most affected after the Chernobyl
catastrophe.

Thus the fact of impa~. f ra'iz¢ ion on the incezhask of breast cancer for the first time revdale
in a Japanese coho' als = rorn. med in the stlidignoale clean-up workers at the Chernobyl NPP.
Separate studies o1 breast cancer incidence rat®omen primarily those who took part in
eliminating the cc seeta’.ces of the Chernobyldanti provide a basis for further analytical
studies referi ng to th  long-term observationftdaed people.

Summit.g ¢ 2 th 4= from listed publications onmeaanclude.

Signi‘.cant e, ~ess of thyroid cancer in main groopaffected population that might be caused by
radiati. 1 exposure of thyroid due to radioactiveine fallouts. Excess of thyroid cancer incidence
sas obs. »ved not only in children and adolesceaumtsnbadults as well. Effect of radiation exposure
was mnanifested by extra thyroid cancer cases andéd to increase during the time.

. .posu = to low and medium dose radiation was &sgsacwith significant increase of leukemia

inc e ice 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.

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
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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 comprehensiva alatnumber of cancer cases in main groups of
exposed population are required to receive some sudrstantial arguments.

Principal conclusions from the reviewed articles as follows:
- there are radiation-dose related thyroid cans&siin population groups exposed to radi ‘odine ..
children age;
- there is an increased thyroid cancer risk duierémliation in the Chernobyl catastr¢ »he clec -up
workers;
- results of studies of thyroid cancer risk in aghdpulation groups with irradiate . thyroid « videnc
to the need of extended monitoring to obtainrdtiable results;
- the dose-dependent leukemia radiation risks @ @hernobyl catastrs phe cle n-up workers
correspond to the radiation leukemia risks in A-basuarvivors (Hibakushc
- in contrast with Hibakusha the study results lvé Chernobyl catastrc ne c':an-up workers
evidence to the dose dependence of chronic lympgicdeykemis: th= stated 1. ~<asistence may be
due to the genetic differences of these two pojulat
- data on inhabitants of RCT suggest the absentce@ased ric'. of | adic ‘ion-induced leukemia;
- breast cancer incidence rate in female Chernchyhstr>ohe cl an-up workers in 1.6 times
exceeded the level of morbidity of female populatio Ukrair 2,
- taking into account the long latency periods evelog ment of i »diation-induced cancer of many
organs and systems there is an need to continuex*we . ril 3y of this disease in a remote post-
accident period.

(A. Prysyazhnyuk)

2.2.5 Radiation cataract

The crystalline lens in the numc > eve appears tanbee radiosensitive than it was
previously assumed. In 2013, e 'ternational Cassion on Radiological Protection (ICRP)
(IAEA, 2013) established a ne v dose . mit to thesléor occupational exposure of 20 mSv per year
(former limit was 150 mSv). T € “educticn of theili for the dose to the lens of the eye to 20 mSv
per year has been pasgad it tho current Euratoectes (2013) (Bruchmanat al, 2015).
Accumulated evidence. frc.2 1e Japanese atomic bsumbivors, Chernobyl liquidators, US
astronauts, and varic us « ther » ‘posed groups ssghes cortical cataracts may be also associated
with impact of ioni ing r1a. ‘ation, although therg little evidence that nuclear cataracts are
radiogenic. The ~"2ce-respor se appears to be [ibide, 2013).

However, th(re are c itical opinions concerningiaadn cataractogenesis following exposure to
low dos . of anisin, radiation (Seas al, 2015). There are many factors, including genetic,
metakiic, 1 trituaal, and environmental involviedcataractognesis. At the same time nowadays
the 1 sue of « e lens is considered radiosensitiugs, lens opacities are possible late effects of
e’ posu. » to ionising radiation (Belgy al, 2015).

Ar-analvsis of research results for 30 years siheeChernobyl catastrophe testifies that an eye is
0. = ofLasic targets of radiation influence (Buzauand Fedirko, 1999; Fedirko, 2000, 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 tharas early considered (Fedirko, 1999, 2000,
2002). Results of the UACOS studies are an evidehpessible presence of a threshold but at the
level about 0.1 Gy for some age groups, i.e. sicanitly lower than 2 Gy (Chumak et al,. 2007); a
threshold is dependent on cataract form and cdndber than 0.7 Gy (Worguat al, 2007). A dose
threshold for radiation cataract was not fixed ny ather study. A latent period can excoed 2.
years. Data of studies and mathematic modellingratieative in favour of the view that » diatior,
cataract is a stochastic effect of radiation expogkedirko, 2002).

It has been shown that such appearance of nonatypitanges in the lens < ci. 'dren and
adolescents is possible as partial opacities aadggs in optic infiltration with .ut decre. sing of
visual acuity by certain time and are only diagmbseder the purposeful examiri. tion as a chronic
radiation effect. Presence of the dose dependeasgwmved for this diseas ' (Fedirkn > 2002).

u Orelianets)

2.2.6 Mental health

The long-term mental health consequences havereeegni-ed . v 1 e Uil Chernobyl Forum and
supported by further evidence-based Internatiohalies as ¢ e ¢* he main medical and social
problem of the Chernobyl catastrophe aftermatrstf”™ all, hey are the stress-related disorders,
effects on the developing brain, organic mentabrdiers 1 cli an-up workers, and suicides (WHO,
2006; Brometet al., 2011; Bromet, 2012—-2015 Ha 2na.  2015; Igum@®4i5; Loganovsky,
2013-2015). The UN Chernobyl Forum ai n s ggestesl déxcesses of mortality, due to
cardiovascular disease (including cerebrovascuw. ne clean-up workers of the Chernobyl NPP
accident. At the same time, the effect of .ow ac faw liation on the brain are among the research
priorities for exploring of non-cancer effects odration, however, they are still at issue
(Loganovsky, 2009, 2012, 2013; B~ .y |, 2017 a, b, 2014). This sub-chapter is an ovenaew
the recenpeer reviewegublicatior - and prc = _dings of international eosfices of the evidence-
based studies on mental health afte: ~ath of then®bgl accident recognized by the International
community.

Effects on the developing hra 1 as well as orgamental disorders in the clean-up workers are
explained in subchap’C. “2.5 2. . Neuropsychiafiects”. Among them there are both recognised
consequences and 1 10se =t Ly recognised bintemational community.

Radiation acc.enw. rar'ie! gical terrorist attacks well as nuclear conflicts and nuclear war are
substantially " fifferent ‘rom natural disasters aais without use of weapons of mass destruction.
Clinical f=att 'es her . include the major criterib post-traumatic stress disorder (PTSD) -
"immer .01 " in e _xperience, "avoidance”, "hype&itability”, and "social functioning deficit"
(Rurvantsev =t al., 2007; Rumyantseva and Stepanov, 2008). Psychalogicess about the
future *he risk uf oncological and other diseasesgenital malformations in the descendants etc.),
'ung-tert. . radioactive contamination, evacuation aedettlement, as well as incomplete and
imp_rfect 1cgislation regarding social benefitghie victims all make a significant contribution to
.2 dev_.iopment of psychopathological responsesnifdatseveet al, 2007; Loganovskt al,
20,4

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 c7 astrop:..
and report on common psychiatric disorders, suiagiidation and severe headaches  Pric .to the
Chernobyl catastrophe being consistent with healtloyker effect, the clean-up < rorkers »ad

significantly lower rates in anxiety and alcohosatiders. The clean-up workers.“.ad . ‘anificaritly
higher rates of depression (18.0% vs. 13.1%) andidsuideation (9.2% vs 4.1%) c *er the

catastrophe, but not alcoholism or intermittent legie disorder. In the. yec: preceding the

interview, the rates of depression (14.9% vs. 7,1285D (4.1% vs. 1.0%)  and hec 1aches (69.2%
vs. 12.4%) were elevated. The affected liquidateith depression ai 1 P75o had lost more
working days vs. controls. Exposure level was assed with current soma.  and. *"TSD symptom
severity. Thus, the long-term consequences of @lgfncatestroohe on  27atal health were
observed in the clean-up workers (Loganowsksl, 2007, 2000,.

Recent studies show that the rates of depressidP&BD re nair. 2le rateu two decades later. Very
young children and those been in utero who livedr ke | «>t w. « 1 it exploded or in severely
contaminated areas, have been the subjects of ‘awai le =search, but the findings are
inconsistent. Recent studies of prenatally expas@dren  ori lucted in Kiev, Norway and Finland
point to the specific neuropsychological and ps yofm al 1 airments associated with radiation
exposure, whereas other studies found no sig ifice nitive or mental health effects in exposed
children grown up. General population studies re " & increased rates of poor self-rated health as
well as clinical and subclinical depressic n, an, ‘@in. post-traumatic stress disorder. Mothers of
young children exposed to the disaster emain k hgk group for these conditions, primarily due
to the lingering worries about the ac ers  hedftd & on their families. Thus the long-term mental
health consequences continue to. > a conc . (Beirag 2011).

The UN Chernobyl Forum (WL > 2006, has defined sicides in the clean-up workers as one of
important issues within the po¢ -a <cident periodicile is a leading cause of death in the Estonian
liguidators (Rahuet al, 200\ ar | in ithuania the suicide mortality ammathe clean-up workers has
exceeded the populatior:'~ver Ke sminietnal, 1997). The major finding of epidemiological seglin the
Estonian clean-up w¢ kers mor. ty is an increadskl of suicide (Rahwet al, 2013a, 2015). Whereas
exposure to low radi. fior: do. 2s 1s the risk fadbisuicidal behavior, or this is a socio-psychobedi
phenomenon onh- = still at iss .e (Loganovsky,7)00

The toll of cl. anup wt *k was evident 24 years afer Chernobyl catastrophe among the Estonian
clean-up® wvor. =rs in .cating the need for focusedhtalehealth interventions. The strongest
differe.ce v as icunid for somatization being threle-fmore likely in the cleanup workers vs.
conti s to scc 2 in the top quartile (odds ra@iRj=3.28, 95% CI 2.39-4.52), whereas for alcohol
p:ubler. = the difference was half as large (OR=1%%0 Cl 1.16-1.99). Among the cleanup
workars (nd arrival at Chernobyl in 1986 (vs. lpteras associated with sleep problems,
S0 «atisetion, and symptoms of agoraphobia (Laédral, 2015). These data are the same as in
L rain® concerning current alcohol abuse amongdagors (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 te th
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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 Arlgeskaya (1999a,b), Zykow al. (2000)
used the term “radiation anxiety” to determine fisychological effects of the catastrophe, th t
include emotional disorders inadequate to thenaadihtion hazard, concern about their owr: healtl
the health of their children and their future. Thes a change of values, personal 7 d sou..
motivation, decreased personal activity until costglindifference. Among 519 resic _nts »f the
contaminated Narovlya rayon in Gomel oblast of Bedahe health state is worrisom¢ for 94.6 4 ot
them, the level of radioactive contamination for34 of them (of which 64.2% are ~xtremely
concerned), and 86-90% are disturbed by variouscspof the future existe .ce. The :tudy of
radiation risk perception among young people witBmmel oblast of Belarus shc ved that 34% of
students believe that the Chernobyl catastrophsezprences have had a« egative ‘mpact on their
health and will continue to influence it. In additithe 98% of girls and 7¢ % of Lo S are concerned
about possible violations of the health in theitufe children. High level ¢ radi7 .ion anxiety is
associated with low level of public awareness abonizing rat'iat*on and .2 fects on human
health. In 2005 the socio-psychological monitonwvegs carried vut ¢ . arious groups of population
living in contaminated areas of Bryansk, KalugalaTand Orel blas s ¢. Russia, as well as Gomel
oblast of Belarus. The monitoring results showeat #5% c” res, an 'ents living in the evacuation
zone had no knowledge of radiation and peculiarite life' 1. the - diation-contaminated areas.
Doctors, other experts and representatives of abigati s wi re i ~ost informed (Marcheng&bal.,
2006).

Thus, despite 30 years of studying the conset, 'afct @ Chernobyl catastrophe, the information
on harm of radiation is controversial. The conifig. ".rormation about the radiation danger, which
are disseminated by the mass-media, ¢ ily ex ceuw atsituation and provoke in population the
development of radiation anxiety anc psycho omdisease not directly related to ionizing
radiation. There are concerns ab<dt (>e que tymeidical care, use of non evidence-based
diagnostics and treatments, and ). < of knc*_udhe population about the signs of both physical
and mental disorders (Samet aid F. tel, 2011). Wmfately, there is lack of studies on effective
interventions to deal with the .2 probiims at anviddal and population level (Bromedt al,
2011). This situation needs fu th r prospectivagibie investigations of mental health of people
suffered as a result of radi. tior disc ters.

It is necessary to di velc ==»na mprove the systeamergency and long-term psychological and
psychiatric care unaer radic ogical catastrophdsprsent these studies must be focused on the
long-term mer .al n 2ltheco7.sequences, neurocogriiicit, emotional-behavioural and psychotic
disorders wit. advant 2d biophysical (dosimetrigypgut on the base of analytical epidemiology. A
further stidy s need: d that should endeavor tecomore objective measures of exposure and
physic7 ne 2lth, ~extider possible cognitive impaint and psychotic symptoms, and conduct more
rigor<ds psy. hiatric 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 docunemats 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 Chernotyl
accident for _ year” of the MH is conducted ubsequent years. Since 2007 the DS hs
cancelled the annual statistical reporting by fonk (Chernobyl) "Report on the resettlerrent o
residents of settlements victims by the Chernolgtiastrophe”, # 2 (Chernobyl) "R<nort o,
admission to non-contaminated zones of residems fsettlements affected as a r sulv of the
Chernobyl catastrophe™" and # 3 (Chernobyl) "Reparpopulation living in zones ¢ radioac. /e
contamination after the Chernobyl catastrophe"this regard there is no inforr atior. about tne
inhabitants of the contaminated territories in nécgears. It is almost imyp ;ssible 1 obtain
information in the country on the number of citigewho have the statis ¢ victims of the
Chernobyl catastrophe. SRU is still not functioningJkraine. As a result<nhe cou. try and world
community lose highly relevant data on health eéffed the Chernobyl cat stroz.ic ‘n ukraine.

Data stated above testify that the catastrophe isndonsequ:ns=s becar. = a cause of health
deterioration in irradiated persons. The above-meat radiviogi ffects were proven in the
cohort studies. Hereinafter we will review someagpageters, wtich ¢ nti. m the negative impact of
the Chernobyl catastrophe on health of the pomrati Ukra‘ne. ol the last 10 years there are in
general a limited number of scientific publicati@isut the ¢ ¢ *os ! sictims and population of the
country. Among them there are monographs (Vozia ®a.z )0+, Seidiulet al, 2011; Tronkaet

al., 2014; Omelianetst al, 2015), collections of scientit.» w rks (Probleofsradiation medicine,
2012-2014), and conference proceedings (Radi« oga Y§4, * adioecology-2015).

Hereinafter we will focus on the results of haniai. " .cudies. They were based on the analysis and
evaluation of medical and demographic situau. ®n aine for 5 years before and 29 years after
the Chernobyl catastrophe. Studies hav @ covera 'ratiories of the country classified according to
the national law as radioactively.on. minate 4 wpibpulation of about 22,000,000 people.
Research accounting a wide rar 2 of hc "', and gie@pbic indices was performed for each
territories separately and also_fur ter. toriesuged with other of contamination zones, population
groups (all population, urban . opulatic >, rural plagion), groups of victims (clean-up workers,
evacuees, residents of contaiir. ted territoriesciiidren), genders (males, females, both sex),
ages (19 age groups), a. 4 n ain auses of deathtomated control system of data bases of
monitoring of medic . ana d mographic consequerafe€hernobyl catastrophe» (ACS DB
DEMOSMONITOR) was ‘= n. ormational base of reskagstablished under our leadership by
order of the ME of Ukraine ' (Omelyanets, 1993; @00melyanetst al, 1998; Buzuno\et al,
2011). State g.autsw al rerating from Ministry $fatistics was the source of studied parameters.
All the studie | param ters were subjected to stzlsand mathematical analysis.

2.3.1 L ~ss of territories for residence

s of 11 according to the national legislatior 88,454 krh of soils (4.8% of territory of the
cou.ry), 4,600,000 hectares of agricultural lah8% of the total area) and 25,357 %o woods
\“J% of .ne total area) in Ukraine were contamidatith **'Cs at intensity exceeding 37 kBt
2,.2 settlements, 74 administrative rayons andhl&sts are recognised as contaminated. They are
divioed 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) (Latwkraine (1991a).

26



The exclusion zone (an area of 1,210°kand the zone of absolute (obligatory) resettlenferea

of 6,490 kn) are referred to radiation hazardous territofeymanent residing of people and main
kinds of activity there are forbidden. They arelih administrative rayons of seven oblasts. The
91,600 inhabitants were evacuated in 1986 fronmekwdusion zone. Today there are no inhabitants
in 76 settlements in exclusion zone and in 92 soAlie (obligatory) resettlement. Those populat. d
places are excluded from the list of settlementsweéler, for all years few thousand sc.callec
squatters constantly lived there. In 1991-1992 uals®,000 of people had to be resett'»d to u.c
clean districts from the zone of absolute (obliggtaelocation. However, resettler ent” = not
completed until now. As of 2015, the 170 peopl# ke in 10 villages of this zone. © ae terriv. vy
of both zones is secured. Various measures on nsaiion of distribution .1 rc Yioactive
substances are constantly carried out; works ostaation of new safe shelter..nd trans. xrmation
of zones in ecologically safe state are activelydtwted. However, because of ir. ufficient runding
such measures are carried out not to full extemesFoften occur. “~ue to *"e levels of
contamination they remain being an unsafe sourteiwfan irradiation.

In recent times the issues of the future of exolugione and absclut> (obligatc /' resettlement zone
are discussed in the country. Return of populatin@ne is a must ir L rtant issue. Meanwhile it is
also proposed to organize the Chernobyl biospteserve in th¢se z ne. . The future of these zones
was discussed this year at the Parliament heafigsomme: dati ns 201b).

Zones of guaranteed voluntary resettlement andriot =adic -ec. 'ogical control are attributed to
radioactively contaminated ones. First zone of 2.4 f covered the territories of 33
administrative rayons and 8 oblasts. About 6,06 ple * th more than 150,000 of children
lived in 835 settlements in it. Second zone of 'Q,kr covered 68 rayons and 12 oblasts. There
were 1287 settlements in it with more than 1. °d,@0pulation including more than 300,000
children. As previously mentioned abc it 25 sel. Mmecan remain in a zone of guaranteed
voluntary resettlement according to re< ults of u etric passportization 2012. The zone of strict
radio-ecological control and settler ent. locate itcare excluded from the list is radioactively
contaminated since January 1, 2C. 5 (Law "' arédfé4).

Thus, 30 years after the explc .'an of a ucleastoe@n the Chernobyl NPP in Ukraine, 7,700°km
of radioactively contaminated = oi..remain unsuitatar residing of people. An area of 45,000°km
is still radioactively contar, ‘nat d. ~ the scopstate arrangements on radiation protection in the
country is considerab’, . 2duc 2 these territondisremain dangerous to the people even for many
decades.

Inhabitants of .ies. zores were subject to theteggeamergency exposure. By way of exposure
prevention o ly evac 'ation was effective. Howevwegdiation of evacuees remained after their
domiciline in* =rritorie . with high levels of comtenation, from which after 1991 they were again
moved o 1. xn-c »t=ainated districts.

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

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%3-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 habitateord 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 territorie 3
(Information materials, 2013).

According to data of vital statistics generatedusy(statistical books of the Ministry <.atis ‘cs of
Ukraine, nowadays Department of statistics (DS)Usfaine), the population in < ‘dioactiv ly

contaminated territories decreased since 1986L9H0 by 46,400 persons (by 7 ) . Zhitomir
oblast, by 26,600 persons (by 1.36%) in Kiev omgl, lay 63,200 persons (by 4. 0%) in C *ernigov
oblast.

Faure 2.3.. - ,cope of

| p. L lation resettlement from
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In the control Poltava oblast contr.riw. e ther sveagain of population (by 17,200 persons).
Number of rural population was ¢ _~ecially = -ucedby 18.4% in Zhitomir oblast and by 20.6%
in Chernigov oblast. In the contol F. 'tava oblastecrease has made 9.6%. In Kiev oblast where
the evacuees mainly are living “he dec: *ase hag malgt 6.9%. In 1991-2012 the number of rural
population in Kiev oblast was ' 24 :ced by 23.9%Zlitomir oblast by 22.2%. On this evidence the
countryside of these arcas :an »e reasonably namembne of accelerated depopulation.
Depopulation was st . can - . ignificant in thesh contaminated Ovruch (-24.43%), Ivankov (-
26.65%), Luginy (-2' .98¢ = Na »dichy (-45.2%), dalesskoe (-76.56%) rayons.

Hence, the CYcrnu. vl e2tastrophe has caused atalepaf about 200,000 people from radiation
hazardous t¢ rritories and RCT of Ukraine. Thirtyarge later a depopulation of radioactively
contaminatec zones ¢ Jes on. It is more intensiae it not contaminated districts.

» 3.3 Deyradation of population structure within radioactively contaminated territories

Far‘ales having children up to 14 years old, pregnawomen, and persons with medical
« ntrair.ications were given the right to indepeniydeave from RCT in the post-accident period.
To_ = er with evacuation it immediately has hacetiact on the structure of the population. The
numoer 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.

2.3.4 Birth rate

Down to recent times any possible occurrence ofwmirable consequences of the Chei.inhy
catastrophe on fertility was completely denied. ldoer, the results of our reses.¢ . show
otherwise. So, Omel'anets al. (1989) showed that in the first and second yefies o acciu 1t
there was a decrease in birth rates within mognsively radiologically contamiraiw 1 zones of
Ukraine (Figure 2.3.2).

Riy 2 2 - Birth\ ute in population
rafliolc 3ic 2lly contaminated zones
Uk :ain. sing= 1986 till 1991, per
A0 c 1lation
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Review of a set of parameters _nc :acterizing biaties (fertility rates by maternal age, rates of
stillbirth, medical abortions, s ontane. ‘1s abosgjateaths of infants aged 0-6 days) and radiation
dose values afforded a grou « to belicve thatlifgrtiate drop in 1987 was due to impact of
excessive within first yea afte thc catastropgbecourse, it was still under the influence of many
other factors that could nlay a1 \le, such as eath@n, stress, etc.

Degree of birth rate ‘ed.cu. 1 aepended on thegoayeof contamination zone i.e. the highest one
was peculiar to+"=.zone of ' bligatory (compulseggettlement (‘zone 2’) and zone of guaranteed
voluntary res’ ttleme. t (une 3’). Decline of birdie was also in the control rayons. These birth
rates were & : descril 2d above the levels of radreacontamination and radiation doses of the
populatir.

Revic v of the hirth rate trend over the 1991-20&Bquls showed its significant changes (figure
2:5.3). .vom 12.1 per 1,000 in 1991 it decreased.Tgper 1,000 in 2001. For the three years this
ievelivas he lowest since records began in thatcpuRecent years it was within 11 per 1,000.

Ir. =2gra .y the birth rate declined in Zhitomir obtavith annual growth rate (GR) of 0.02 per 1,000
in 1 91-2012. 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. Thiferences, 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 fe: ‘lity < in ¢he country
decreased from 1.77 (1991) to the lowest valuehim history of 1.09 .nild ~ser female of

childbearing age in 2001-2012. Value of the totatility rate dec’ ea~ed by 6..".n Rivne, 9.4% in
Volyn, 17.6% in Zhitomir, and 2.6% in Kiev oblasis.Rivne aiid Vv »n 0 oblasts the elevated total
fertility rate is attributed, first of all, to therevalence c¢f the ru al population, which is
characterized by a greater intensity of births &adition of »avir.» n any children associated with
religiosity.

Revealed changes in fertility were confirmed byefnaticna research under the French-German
initiative for Chernobyl (FGI) (Dzikoviclet al.,207 4; C nel, ™ 1etst al, 2004). It was proved due
to dependence on existing levels of radiolc vicab’ zminauon, thyroid and the whole body
radiation doses.

Gender disproportion in newborns is one o the hegaconsequences of the Chernobyl
catastrophe. It is generally stable insop: 'at@os unting 104-105 boys per 100 girls. The value is
under impact of many factors i . ‘uding .. "_ing iedibn. Pattern of gender change after the
irradiation is believed being resuited . om damafisex chromosomes, mainly of X-chromosome.

The result depends on the ge dc - of the irradipgeslon. There will be more boys in gender ratio
of newborns upon irradia. an « f me'e genital orgabeath of embryo leads to miscarriages and
stillbirths. The born r... 'ren M y have differefinarmalities and damages occurred during fetal
life. In turn, there wi  be’ =er  oys in gendatio of newborns upon irradiation of female genital
organs. Upon irradiation of jonads of both pareatsmother's body during pregnancy, and of
foetus the ma'. en. ryos 2. predominantly and ptapoof boys among newborns is reduced.

There were | 9 signif cant fluctuations of genddiorat birth both at the national level and in

radiolo” .ca. ' cont=27inated rayons for the entiezipd of our observations. At the same time, the
varie' lity of , arameter at a rayon level was quitgiceable. In the most severely contaminated
raxonc it ranged within 110-120 boys per 100 giflhiere were also some rayons with

~redomi: ance of girls in the birth structure.

2.3.5 Mortality
Mortality indices will be analysed on a selectedpydation sample split in two groups. The

population of radioactively contaminated territgrieepresents 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 (Omeliane&t al, 2011 2011b, 2015 2015a; Duboga al, 2011), the
mortality increase began in Ukraine since 199%atn, it is ongoing. Its value in the population «f
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 Naredichy
— 26.17£3.28 and in Ovruch - 19.32+2.11 per 1,0Diese levels are significantly hi her vs.
average in Ukraine (15.14+0.95 per 1.000).

Our comprehensive and in-depth research revealadrder of important regular.es, -ends and
new facts about the impact of radiation from Chéghamn mortality, for exam .ie regar. ‘ng the
mortality values depending on levels of radiologimantamination (by category « £ contamination
zone) and adopted regulations of secure resideniteria for radiation dose .evels).. s can be seen
from Figure 2.3.4 the highest mortality rates amepopulation living ii ‘zorc ' I.2. zone of
obligatory (compulsory) resettlement. Mortalityeaas also high in ‘zone 4 zone of strict radio-
ecological control. The high mortality rate in ‘@02’ we ati-ibte high \ <'vidual doses of
radiation (more than 5 mSear’). Large mortality rates in ‘Zone - »ompared torie 3’ can be
attributed to differences in the levels of colleetidose. In ‘zoce 4’ wit, >re the calculated level is
800 man-Swear', the mortality is higher than in ‘zone 3’, vhet. 'e\ 2l is 600 man-Syear-1.

We attribute the establishment of heterogeneitynph& aon ' > rnw knowledge. It manifests itself
as an effect of selection (Michalsi al, 2008) in which ti = r_ost vulnerable individuale darlier
and over time the population becomes "more st .olet \mc¢_ aphy it is when the rate of mortality
increase in the oldest ages (75+) is reducea ~ritle’ epideimiology of cancer when the cancer
incidence is declining among the geriatric ponola = 5+).
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It is‘_onfirned by the data shown in Figure 2.3 &amng that mortality rates began to rise already
. .m th age of 15 and have been great to 65-6%syi@ainhabitants of five most intensively
Co. ‘2 ainated territories vs. unexposed popula#drine age of 70+ the mortality rate was over 22
per 1,000 of the population less vs. before thedaot. There were almost no such trends in
mortality rates in population of Ukraine. Modestrease 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 quinquennum
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 strusture.
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Females appeared being prevalent in mortality * .raq >2.c 1<0.05). These features of mortality
were confirmed by calculations of standardise 'deg’ .nd RK. Risk analysis of individual causes
of death has testified to its increase at the es.  af mortality in both genders from somatic
diseases and in males from external cau .es.

2.3.5.2 Mortality of the Che  obyl ca..iOphe surwors

There were two classificatior . of sunv ‘ors usedUkraine after 1991 (Buzunowt al, 2011;
Omelyanetset al, 2011a). Fir t «1e was introduced in the formerSBSn 1986 for persons
exposed to radiation as a rest t o1 ‘he ChernolBfP Mccident. Survivors were subdivided into 4
accounting groups ar . ~ ca. ¢ ries of observafimst group of accounting included the accident
and its consequen es . '"an-. p workers in the dmudraone. Second group comprised the
evacuees, third one spanne the inhabitants dforées of observation and migrants out of there.
Fourth group "iciuu d chile en born from irradiaggtents. Another i.e. second classification was
approved by’ he natic 1al legislation in 1991 (sext &f the designations, abbreviations and terms).
By 1991 the | umber ¢ i registered persons has isetealmost 6-fold and as of 1998 more than 11-
fold. Afler hat heix population decreased duedéaths, change of residence, and the exclusion
from< e grou > of survived children after they tre#re adulthood.

After 11291 the .irst classification continued to lieed in the healthcare statistical reporting forms
715 anu #16 and in the SRU. Data of forms #15 ab@ fér the most part were each year
sur.narised and published by the MH in statistieBdnence data books. The last one was issued in
. U7 (S atistical reference data book, 2007). Titsé dlassification is also used as a building kloc
in "R, The second classification was of countrgaagplication being applied for registration of
citizens recognised the Chernobyl catastrophemiess in accordance with the law. It was the basis
for planning of arrangements on liquidation of cmmmsences of catastrophe, financing and
provision of social, health, and radiological patien of victims and general population. According
to this accounting the number of survivors excedtlechumber registered in healthcare system by
more than 600,000. Having regard to the above we mapeatedly expressed the opinion that
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existence of these two incompatible classificatiohsurvivors and respective reporting forms is
the source of confusion both at the national atermational levels regarding data on their number
in the country and estimates of health effects ([Pametset al, 2011a).

Today the health assessment in survivors (exceptdioort studies) can only be based on the . 4
data before 2007. Health estimates in survivorthbygroups established by the national lecislatio
cannot be made.

Figure 2.3.6 shows the highest mortality rate inaimtants of the RCT which wer' expose ' to
relatively high doses of acute irradiation in 198&l to low-dose chronic irradia’ on i ter for 19
years (Statistically-analytical collection, 2007).
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The clean-up workers who were £ hosed . = _udtdiatian at high doses when they participated in
the emergency works especially in 1186-1987 thedtr@f increasing mortality are on the second
place. Evacuees i.e. those wt . ‘were b >fly expts@itreased levels of radiation until evacuation
are third in descending order »t nortality ratekil@en born from irradiated parents occupy the
fourth place. Particularly i *ens 2 mu tality incseabccurred upon 2000 i.e. 15 years after the onset
of exposure. Mortalit~"c” chii're 1 born from irratied parents was highest among all the observed
paediatric populatio |1 (i.f =2va. Jees, living in RET, and born from irradiated parents). Until
1994 its level was 6-i0ld higl 2r vs. mortality maeuated children.

The analysis shows (at DCS, cancer, diseasesspiragory and digestion organs are the leading
causes of de 'th in a ult and adolescent survividre. most dramatic increase of mortality from
diseas, 1 antic e above was within 15 yearstateratastrophe.

Seme ~hanges in mortality structure occurred by2hh anniversary of the catastrophe. Increase
+ morta. v rate due to DCS (116.5-131.3 per 10,80rvivors vs. 68.0-71.0 in total population in
200-2004, was a main feature. Share of DCS insthecture of causes of death reached 67.9%.
. “ortalit” rate due to diseases of digestive organseased by 46.8%. Mortality rate due to cancer

ali. 27, 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
and digestive organs. Mortality due to DCS in sums was nearly twice the mortality in
population.
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Injuries and poisonings were the leading causeeatid (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 "y
cancer and certain disorders originating in peahpériod (8.8%). Mortality from former decrease '
and from latter increased. No significant differesicin mortality rates between the strvivec
children and paediatric population of the countgrevfound.

In the absence of data on radiation doses it i®gsiple to establish any link betweei’ the moi ity
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 (Omelyametal, 2011a; Omelya et 4, 2015) we can
conclude that 30 years later:

1) more than 1,800,000 survivors representing rtiwe two thirds ¢’ their tota 2 .mber still live in
the zones of radiological contamination in Ukraitieere are iiore 1. an 400,000 children among
them; there are no data on their radiation dosashadiminishithe \ alic v of estimates of health
effects of acute and long-term radiation exposure;

2) mortality rates in population of RCT are higher in popul v n ¢. ' kraine in general;

3) share of non-cancer diseases and of DCS imcptt inc ‘ea. 2d in the structure of causes of
death;

4) the worst mortality rates among all survivorgl”.ding the » ‘ected children are peculiar to those
born from irradiated parents.

2.3.6 Demographic losses

It is well known that various natur. and sc. = '.sters (earthquakes, epidemics, wars, revolutions,
catastrophes) give rise to the huma, or demogrdphkses. Both last mentioned are estimated in
demography by the changes' .. numbe * and compogfigopulation. Taking into consideration
the scale of the Chernobvl cai \s. aphe it was itapbto determine an impact of its consequences
on this parameter.

The only research Hn tarn.ysis and assessmedémbgraphic losses after the Chernobyl
catastrophe was conductec in the NRCRM concerninthat only data available for Ukraine
(Omelianetset al., 915\ "evel of losses was assessed by the numbemborn children,
premature d¢ aths an. migrated outside in zoneadddlogical contamination since 1979 till 2004.
Values fer th» most ' .eavily contaminated territorieere compared vs. control and vs. average
values/ur ( hla_'= 27 d the entire country.

It :vas ~stablisi.ed that demographic loss is froemtinth rate decrease, excessive mortality, and
“urced n. dration of population after the catast®jhn Ukraine. Since 1986 till 2003 urban areas in
radiactive.y contaminated rayons born less onane18 newborns per one thousand population
. d in ~ural areas on average 11 of them. There wer4 and 2 newborns less, respectively, in
co. ‘r7. populations. The rate of loss due to unldritdren 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

national average were the same and amounted tope4.2.000 females, i.e. been 3-fold lower.

Contribution of females aged 20-29 years to thaltealue of losses due to unborn was most
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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 (Omelianegts 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. T e
greatest decrease in absolute number of deceasdrbnhwas observed at the age of 1 yeas (abo. t
3.0 % of total losses). Through 1986-2003 the lispopulation of working age (15-57 years,
ranged from 7.5 % (Zhitomir oblast) to 12.3 % (Kievlast) of the total amount of loss :s & d was
lower than in the control rayon (16.8 %) and Ukeass a whole (18.7 %). This IC ver leve of
losses can be associated with a lower proportigmeoons in this age group in *.e p. aulation of
the affected oblasts.

The greatest loss of population was due to deatins ion-cancer diseases’ primari_from diseases
of circulatory system. They are responsible foruab).0 % of female « :d a'.ic t 2+.0 % of the
male losses. Neoplasms have occupied the secome ptastructure o. .0sse . especially in
contaminated rayons. Their contribution to theltliss of popul:ticn in 1986 2703 accounted for
35.1 % while being 15.9 % in the country as a whdlee inajc ,art of human losses from
neoplasms occurred in the age group of 45-75 ya@drd he sce'= of 101 2lity from external causes
became threatening in the post-accident periodulgbtpn siz» ar. ' s ‘ucture have worsened due to
the migratory losses. They were within entire p&dobserv ww.an 1 hitomir oblast, at most since
1994 in Kiev oblast, and since 1996 in the conRolava ' ble>t. 1n the rayons of radiological
contamination losses ranged from 10,400 to 28,30, 'v | ,400 in the control population. As a
result of intensive outflow of young people, m« Jiy ile, ' = demographic basis of population
reproduction was radically compromised in ri 2laar .~eatures and peculiarities of demographic
losses identified in the most heavily contamina. " asts suggest to the increasing depopulation
there and loss of their labour potential ' oth w *e. aration in social, economic and household
fields. To resolve these issues the cor inued ® yoot radiologically contaminated territories is
required up to the pre-accident con<.dor by thie son factor. This will provide an opportunity to
mitigate social and psychologi® ! stresc i sumgyostrengthen demographic setting for
childbearing, and stop chronic expo. ire to lowatoin doses being a basis for the formation of
destructive changes in organi. »s of hu. rans andsxeemortality.

2.3.7 Vital inde . (€ the 0 pulation

Vitality index i.e. birtii-death atio was used iaraesearch as an integral indicator of healtthen t
RCT populatic . 1t ca'='.ted as ratio of birthsleaths within a population during a given time.
When the va ue of th  index is over five over arytba population is considered viable and has a
good abilty t r repror uction. In case of an indeue less than one the population is considered
inviable

Tahle 3.7 shews that since 1990 population ofntlest intensively contaminated Zhitomir and

"aev obic sts had begun to lose vitality. A yeaetathe overall Ukrainian population had become
invi<ole. Tiie lowest values of vital index were etved in 2001 i.e. on the fifteenth year after the
« “astreune. In Zhytomyr and Kiev oblasts this dase is primarily the result of the drop of birth

an. ir creasing of mortality in the most radioadineontaminated rayons as result of the Chernobyl
catastrophe. Until the end of 2012 it had neveertd. In Volyn and Rivne oblasts far-field from

the accident site the vital index under one occlugiace 1995 and 1999 respectively. Years with
lowest registered values were virtually the samaai®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 1,8
1996 0.68 0.57 0.60 0.93 213
1997 0.65 0.55 0.58 0.89 1.0
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 0.50 078 |  c38
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 , 38 0.98
2007 0.59 0.58 0.62 .90 0.98
2008 0.62 0.65 0.67 __ 99 1.05
2009 0.69 0.72 0.73 105 1.13
2010 0.69 0.69 0.7 1.03 1.14
2011 0.74 0.75 ~n76 1.06 1.24
2012 0.75 0.77 0.7 1.12 1.28

Note. Cell shading delineate areas of populati~=4tty, qures in bold show minimum values dugithe
observation period.

Among the all 74 RCRs a vital inde* vai. < of m/ rart one in 1986 was in 26% of rayons (Gunko
and Dubova, 2012). In 1999 their. 'mber . . cabedsa 3.5-fold. In the eleven RCRs where co-
authors and we conduct a research »t NRCRM (taBl8&)2the vital index value in 2012 ranged
from 0.47 (Narodichy rayon) t. 2.35 (Ru “itny rayon)

It was the worst in rayons oi z: ‘tomir and Kiev adtis. Since 1991 till 2012 the decline was
statistically significant (p<. 05, in s < of therdm Kamin-Kashyrsky, lvankov, Zarichne, Rokitny

and Sarny rayons th= ( =cre >< » was insignificard. Wadrst indices were in the most intensively
contaminates Naroc chy 7 F( esskoe rayons.

Table 2.3.8 — . itar . dex 2f.nhabitants of radigically contaminated rural rayons and Ukraine by
the size of gruping i1 1986-2009
|

N Dis ‘ibution of rayons according to vital index, %

Year”| 05 ¢ 0.51-1.0| 1.01-1.5| 1.51-2.0 | 2.01-3.0| >3.0 Vital index
L Ukraine

1986 1 1.9 57.8 24.9 9.4 5.6 0.4 1.04
| 1620 [ 16.9 61.1 16.4 4.4 1.2 0.0 0.81

000 ' 65.5 30.2 3.5 0.8 0.0 0.0 0.49
2007 | 435 50.0 5.5 1.0 0.0 0.0 0.64

RCR

1986 4.1 69.9 9.6 8.2 6.8 1.4 0.98

1990 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

2.3.8 Disability

The disability of survivors is a main peculiarity the health consequences of the £ Yernow,.
catastrophe.

After the Chernobyl catastrophe the examinatiorevaluate the disability in c.nne tion win
exposure to ionizing radiation was introduced ia tbrmer USSR. In Ukraine tr : law reg. 'ates an
establishment of a causal link with the disease twedChernobyl catastrophe ‘mpact (Law of
Ukraine, 1991) and the Order of MH (Order MH, 19@fder MH, 1997a). ne list « © diseases for
which a causal link can be identified with the irapaf ionising radiation r of'.ci 1ar.nful factors
in survived adults and children was set by Ord®&97h). The Law stated ".at th' relationship of
disease and disability is determined regardlesbeofadiation dose "0 a survi. 2 According to the
State classification these survivors are attribtoetll category ur Ct 2 20byl disability.

Unfortunately, the problems of disability due tgoegure tc ioni in¢ radiation was considered or
concerned neither in national nor in internatiostaldies on ' " 2rnc™ || health effects for 30 years.
Most fully this problem is addressed only in thatiStice’ han 'bo. kX (.007) and National Ukrainian
Report (2011).

Published data suggest the following conclusic »s:

1. Over the last 29 years there was a constargar. ~ In the number of disabled people from 9,040
in 1992 to more than 100,000 (Table 7.2). i eil “h@mong survivors is increasing and now

reaches 5.59%.

2. Among persons with disabilities.ie | roportir xsorvivors, namely evacuees and residents of
contaminated territories is increas . A inrec. "y

3. Among persons with disabiliues L > to 3,500 klisd children are registered annually. In 2013

there were almost 2,700 of the .

Table 3.2 — Time pattern f tt » nu aber of Chernalayhstrophe survivors and persons assigned
the #1 category of Ck_.. 2oby. 4 sability

Parameters 2009 2011 2013 2015

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

clean-up vor 2rs: 268,003 255,862 243,456 222,498
of thes ', #. caw. 7y (disabled) 66,613 66,489 67,509 63,210
othe! survivor 2,049,144 1,954,743 1,888,801 1,802,643
| of .thes. . #1 category (disabled) 43,895 46,240 49,249 50,058
(otal#1  »tegory (disabled) | 110,508/4.78 | 112,729/5.09 | 116,758/5.47 | 113,268/5.59

N te. **.n the denominator - percentage sharbéntotal number of survivors
4. For all the period after the catastrophe a lamgmber of emergency workers and evacuees live

within contaminated territories. Radiation doseshim 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 DC3 diseases of the nervous system are the
considerable cause of disability.
6. Disabled survivors aged less than 40 yearskamcterised by a large proportion of cases due to
malignant neoplasms, DCS, and diseases of the memsygstem vs. unexposed disabled persons of
this age.
7. The problem of disability in children is insuiently taken into account within systom ot
evaluation of the Chernobyl NPP accident healtbcif The pattern of their disability by ~ause \c
different from that in children in Ukraine as a vido
8. In the national classification of survivors thavas one other category — a person’ ‘eing thu legal
guardian of a child whose parent had died becatifgedChernobyl catastrophe ir pac. We imply
here the deaths from diseases caused by the Clyéwathstrophe or its conser sences. , =cording
to the government statistics there were 24,024 sashs in 2009; 26,862 in 201 28,588 In 2011;
30,599 in 2012; 32,406 in 2013; and 35,033 in 20&5.from 2009 to 2015 .neir nuy her increased
by 11,009 people. Given that cancer is a causasability in more thar. 50% o ~ases it can be
assumed that this disease (cancer) might be tree @dumore than a half of ¢~ deat’ s.

/4. Omelianets)

2.3.9 Non-cancer Health Effects
2.3.9.1 Children's health

Health deterioration of the child population is om0, 1si the most unfavourable biomedical
consequences of the Chernobyl catastrophe (F-«san 20c ¢ Yablokowt al, 2009; Stepanova,
2011a). Despite intensive efforts and arrange ment'.s preservation and restoration, there is a
decrease of proportion of the apparentlv._heai. qemis among all population groups of the
survived children. There is also a 3.12-"uld in. ®& the crude incidence rate of all diseases in
children 0 through 14 years old since 1 1e Cheri ghyastrophe (Stepanova, 2011a; Stepambva
al., 2011b).

The true reasons of children's hea Y deterioratemain debatable with controversial role of
radiation. Largely it is due 1 a limncd applicati of epidemiological research tools for the
available data analysis and ir pi ‘ner dosimetrigstipof both clinical and just epidemiological
studies.

Further prospective and - *ros, ective radio-epidygical studies using the refined whole-body
count (WBC) measurement. and ecological model éssienations in conjunction with findings
from animal 1< xicu. qical.7.udies should help tocdlate the possible radiogenic health effects
associated 1ith chi nic low-dose internal expostme **'Cs (Jelin et al, 2015). Some
epidemio'agic Al studic s were conducted recentlyhan field of low-dose radiation impact on the
specific oG 'V s, 2ten s in children.

Th= a ailable vata show a statistically significaedluction in red and white blood cell count,
“iatelet ¢ runt 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

grovir 4. This improvement was more pronouncedterplatelet count and less for the red blood
ce. c.unt 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 significant!
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 yea*s ola
Average by village activity value df'Cs (kBgm™) in soil was only indirectly associate™ with «
decreased blood count with accountingtH€s body content as an intermediate varia’.ie. <*ildr
in this study were born at least 4 years afterdéiastrophe thus being exposed t¢ low doc s of
ionising radiation from thé®'Cs. This cross-sectional study indicated that lewe’. of .adiation
exposure might be associated with a decreased blmaat. However, we cannot exclude . at these
results are due to impact of some residual confmgni@ctors (Lindgreret al, 2015,

Epidemiological analysis on serum concentratiorthef main classes c¢_imri . glcoulins (lgG,
IgA, IgM) in children living in the settlements witdifferent density of*’C  soil + ontamination
showed a strong correlation of residential soiltaomnation in 2207 with ina. i ual body burden
by the'*"Cs. Serum IgG and IgM concentrations had increaséd > 1993 and 1998. Children
from the locations with highéf’’Cs soil exposure had lower s~rumi IgC levels, whioiever was
increased in a small cohort surveyed between 18672810 Zhi 'rel within the fourth quintile of
137Cs soil exposure (266-310 kBa?) had higher IgM ser .. co. - 2ntrations between 1993
1998 however with further decline between 1997 20, Tk 'se “ndings indicate to the radiation-
related alterations of immunoglobulin content, whigy ‘ts('f is not an adverse health effect.
Further investigations therefore are necessaryp’ 2151 nd = w these deviations affect the health
status (McMahort al, 2014).

Decreased content of the main classes /.1 imn. :nu_*s) imbalance of immunoregulatory T-cell
subpopulations, and depressed phagc :ytic ac vitypentrophilic granulocytes with secondary
immunodeficiency onset in childre’. liv. ag on /.oniaated territories were stated by various
researchers (Sheikh Sajjadiehal~.'910; S, "1 Sajjadieét al, 2011; Kolpakowet al, 2011,
Stepanovat al, 2010; Balevat a., 20.1)

Taking into account a signific. nu arotective rofel@A at the respiratory mucous membranes the
children and adolescents \ ith i w lc ‘el of IgA weomsidered at a high risk of respiratory diseases
with an appearance .. auli. 9 ary disease which gtaaatease was observed along the post-
accident period (Ste ranc =" al, . 203).

Predispositior” 0 L nlor2a’, natural history of gedise is noticeable along with an increased
incidence of respira ory disorders in the surviveldildren. Bronchial hyperresponsiveness,
abnormal fui ction o pulmonary surfactant systerativation of free-radical reactions, and

depres<.or. of ‘2c=" protective factors in respmatorgans revealed in child population of

contz ninatec territories is the basis for that. asef the fatty acid content by the gas liquid

chrom tograph, in an expired breath condensate YEB@aled the lipid peroxidation process

Jainst ¢ background of a depressed antioxidamiepiies of pulmonary surfactant and metabolic
disc ders uf polyunsaturated fatty acid at the estaf the bioregulator-eicosanoid formation

\arkhe ienket al, 2012).

Epiaemiological 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 studgucted in the same pediatric population us=d
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 respons®‘enes :,
restrictive impairment, and FVC less than lowertiaf normal were associated with a lor ‘ncreasc
in weight-adjusted™’Cs whole-body burden. Thus, children in the regjost outsic- o the
Chernobyl contamination zone continued having tazharelated respiratory disorde: = as rec. atly
as in 2010 (Svendset al, 2015).

These disorders were combined with some abnorndates of non-respiratory lu. 2 function such
as reduction of respiratory moisture and aerosatre#dons from res:.ratory  rgans being
accompanied by a falling concentration of supeafieictive substances {. x\m r .. dneary surfactant
and by a decrease in phospholipids and total ligidss content. Intensificc. on of oxidative free-
radical processes in the EBC was revealed. It ideav from th rize of a lig™t sum indices and
amplitude of instantly flash-initiated chemilumiceace of EoC. i ibition of antitrypsic EBC
activity indicating a decrease in the local redpina protectior:was es. blished (Parkhomerko
al., 2008; 2009; 2010).

Functional abnormalities of cardiovascular systeenex 2vee ed 1 the 40.0% of children exposed
to ionizing radiation on the contrary to the 14 ®%<. 0Ot in the control group. The sinus
tachyarrhythmia was registered on the ECG in<,20b fasc ™ bradyarrhythmia — in 45.0%, signs
of moderate and pronounced metabolic dis. *ders @ heart muscle — in 42.4% and 3.8%,
respectively. Data from rheographic studies of . "4¢onal hemodynamics were characterised by
the signs of dystonia and presence r. ven.:s ‘tfte®m with blood flow interhemispheric
asymmetry, pronounced tendency to 1crease. vastome, decreased pulse rate and rate of
arterial circulation in the extremitr ve. sels. [ &ged stroke and minute volumes of blood,
significant incidence of hypotonis 22.3%, . dyst (31.5%) reactions to a physical loading,
more intensive and less efficiecnt v ark of ventdatiapparatus both with reduction of some
efficiency indices were estab _hed in « "steadydition" by assessing the indices of the central
hemodynamics and external ' 2s,iration using do$sdigal load of the average intensity. The
increase of oxygen debt vy . 4.8y, p<0.05), totaigen inquiry to work (by 22.6%, p<0.01),
periods of restoring 1+ .. 2 ir ‘e indices of panary ventilation (by 18.6%, p<0.02), and oxygen
consumption (by 20 L%, 1.0_, after loading weikdative of that (Stepanow al, 2011b).

Autonomous r cura. “egitl=2.0on of cardiovascularewsin children of both major groups differed
by the insuf cient in ut from sympathoadrenal eystduring a physical exercise that can be
attributed. to = haracte istic features of vegetatieeneostasis in this period (Kondrashetaal,
2014a)

Seme oxperts consider the abnormal pathways oftheéelerioration with an increased incidence of
“aultifacw  disease from the following points. Acdimg to contemporary opinions, the cell nuclei
anc .nemb.anes are the most sensitive targetsri@ging radiation. The free-radical pathways are
« dvate'. under the radiation impact leading tgiogtion of the active toxic oxygen species. Lipid
pe. Y Jation 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 tifte¢he state of cellular membranes is the
organism.

A decrease of discocyte number with an increasprefhaemolytic and degenerative fr ms wac
observed in children residing in radiation-contaabéd territories. A concavo-conc: ve « ‘scoid
shape of normal erythrocytes i.e. discocytes ignugit for the gaseous exchang 2. Struc “ral
abnormalities of superficial membrane in erythromll population were most p'ono.nced in a
group of children having the incorporatéCs level from 6845 to 16522 Bg: Stepanc.aal,
2013a).

Abnormal shape and surface relief of superficiaittencyte membranc is 2 5.1 ¢ membrane
destabilisation not only in these cells but a e of cellular membrane "amac : in a body as a
whole.

Significant disorders of submicroscopic organigatiof intre=ellu ar ~rganelles especially of
mitochondria in circulating lymphocytes are eststiid. Th>» mu st xpressed abnormalities were
found in children having the incorporatéd’Cs level ¢ «>ea» 6845 Bqg. Structural and
dimensional variability of mitochondria was notedth witl an ‘ncrease of the condensed-type
mitochondria number and a decreased number 0. el 3@anor a canonical configuration.
Appearing of the giant forms was specified. <owoi anto.' ondria, unclear outer membranes,
unclear mitochondrial cristae with their abnorn. otz .on, and pallor or homogenisation of some
organelle matrix were observed. Sometimes mit. aamwdth an almost disordered structure were
found (Stepanova and Litvinets, 2013b).

Impact of ionising radiation gives ylac > to m' )NAntege, 80-90% activity decrease of key
enzymes of mitochondrial energ:’ netabo. 1, anddea enzymatic activity dyscoordination in
the Krebs cycle and glycolysis. seco. dary mitochiahéhilure occurs being attributed to disorders
of cellular bioenergetics. Pai .rgenetic vathwaysnabchondrial diseases induced by ionising
radiation are represented by he organ and tissnetibnal incapacity stipulated by the lack of
energy (Beregovskaya anc Ma sorc 'a, 1995; Griefud, 2002).

A suppressed activ. y of =2!lui. - succinate dehgdrase is a cytochemical marker of abnormal
mitochondrial energy produ: @ion, whereas an ina@éaserum lactate level and abnormal ratio of
lactate to pyru ate . -e the';,ochemical markers.her

Some effarts are ap! lied to elucidate the pathdplogical pathways of these disorders. It is
believe'. ti ot «. '2tvCh of the free-radical oxidatand lipid peroxydation under the impact of
unfar uurable >nvironmental factors including radmatre the trigger for such effects. It was shown
that trh . conseqJaences of a low-dose radiation itrgmatiuman are of systemic (syndromic) nature
~ossibly ~haring some mutual pathogenetic pathwaled to mitochondrial activity (Kovalenko
anc ~ovalenlo, 2008).

Th s e 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 1818810 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 claan-up
workers with chronic diseases increased from 12.83t1%, and of evacuees from 31.579 80.5.
(Health indicators, 2010).

Studies conducted at the NNCRM (Buzurei\al, 2007; Pirogovat al.,2010; Voy .ule. =, 2011,
Krasnikovaet al, 2013) on survivors registered in the SRU and i€inand -pidemic xgical
Register (CER) only for NNCRM indicated the incre@sncidence of DCS in.the  'ean-up workers
and evacuees. The highest incidence levels weoeded 12 to 22 years aft'.r the ex 9sure. In RCT
residents the level had increased within first éarg.

The epidemiological studies proved a relation betwthese dishas=s and e, = .1al radiation doses
in a range of 0.05-1.0 Gy. The greatest risks vestablisheain tt > ~lean-up workers who were
exposed at the age less than 40 years. Risk lamelsRR exciss w 2re ‘ound at doses of 0.25-0.7
Gy.

A link of an increased incidence of disease in ¢l ort « f K=T residents with accumulated
radiation doses in the range of 21-50 mSv for @@ fro. » 1 88 tu 2010 was also credible.

The data obtained are to some extent consisi. "tthw results of health monitoring in Hibakusha
i.e. the A-bombing survivors in Japanese ritiesa. ,shima and Nagasaki (Shimiat al, 2010;
Prestonet al, 2003). Previously an inc: zaseu nc. 'ence of DGS wbserved in the clean-up
workers residing in Russia (lvaneval, 2/ 06).

Using the pooled data on morbidi*, and mc " "..yca@ recognise that impact of ionizing radiation
due to the Chernobyl catastropiie w. 3 the causeC& D the clean-up workers, evacuated adults
and adult residents of RCT. N _-bidity «.°d mortabtycur in survivors at a younger age than in the
entire population.

(N. Omelianets)

2.3.9.3 Neurc rsyc »atric ffects

The opinions . u. . peintof genesis of the Cheyholeuropsychiatric aftermath are extremely
controversial At the . ame time, the cerebral ¢ffed low doses of ionizing radiation, especially
the cerehrov >scular ' lisease and cognitive impairnaee in the focus of research interest
worldwi.e ‘Ba. =<, al, 2013a, b, 2014; Loganovsky, 2012, 2013). This-chdpter is an
over’ ew of .. = recergeer reviewegbublications and proceedings of international eogrices and
evider. »e-baseu studies on neuropsychiatric effgicthe Chernobyl. There are recognised ones
.nong t »m and also those not been fully recogrbyetie International community.

. Incre asing pool of data supports the radioseitgitof the central nervous system (CNS). There
arc 7 2veral 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 andogity at Fukushima Daiichi NPP also /s
incorrect because of presence of internal preexiabsure to radioiodine in these nuclear accider: s.

The World Health Organization (WHO) in 1992-199%ilemented a pilot project «Brain Yamayc
in Utero» within «International Program on the HleaEffects of the Chernobyl < iccii2nt»
(IPHECA). Analysis of the results in Belarus, the Bnd Ukraine showed the follov ng facte 1)
prevalence of mild mental retardation in childreqp@sedin uterois higher than t'.e sc me in the
control groups; 2) increasing trend in the incideraf emotional and behav’ .ural disc ders in
children exposedn uterg 3) increased prevalence of borderline neuronsy. i disorders in
parents of prenatally exposed (WHO, 1996). Howetleese results ha e not « 2en definitely
recognized internationally. Possible relation oumo@sychiatric effect. and u. ses of prenatal
exposure remained unstudied, whereas the assesshmantal health of ch. ren e \posedutero
and aetiology of neuropsychiatric disorders rewetateghem is stil’ centradictor

In this regard a thorough research was performédkmine in 2298 '00 " within the framework of
the French-German Initiative for Chernobyl, lookisigpooten*'al € “ec s of prenatal exposure on the
brain. The 154 children born between 26 April, 1986 26 - Yruc - , 1987 to mothers evacuated
from the city of Pripyat to Kiev, and 143 of thelassnate. we e examined. Among children of
Pripyat there were 52 (33.8%) persons with equirtatid. = 1 the thyroid glandh utero>1 Sv,
and 20 (13.2%) of them had a dose of fetal expsLi® mS - In the prenatally exposed examined
children no cases of severe mental retardc ion  urocepnaly were found. A significantly
increased incidence of abnormal psycholonicai  garaknt, emotional-behavioural and organic
mental disorders and paroxysmal states  vere ¢ 2@ xghem. In prenatally irradiated children the
full scale of intellectual quotient (IQ) w is lowdt » to lower values of verbal 1Q, which caused
higher frequency of disharmonious.itei aence, Wiaedisharmony of IQ (nonverbal 1Q - verbal
IQ) in the prenatally exposed ch’. ren exc = .eg@bts it was correlated with fetal irradiation
dose. Mothers of both groups nad . ‘milar verbalites, however, the evacuees experienced a
significantly greater real stre. . ‘ul eve: ‘s, havimgher level of depression, posttraumatic-stress
and somatoform disorder, anx 3ty .insomnia andasaiisfunction (Nyaget al, 2004).

According to Bromer . (20.) the very young children and those expasedatero who lived
near the plant when t ex :'=dec or in severely aomhated areas have been the subject of intensive
research, but the finuings ar : inconsistent. Restewlies of prenatally exposed children conducted
in Kiev (Nyac.et .. 1992 2004; Loganovskaja, Loganovsky, 1999; Logaky et al, 2008,
2012; Logan vsky, 2115), Sweden (Almoetl al, 2007), Finland (Huizinket al, 2008), and
Norway (Hei -vanget al, 2010) found out the specific neuropsychiatric anments associated
with ras’.at 1 €. 2osurm uterothat could increase the risk of neurodevelopmaetisalrders.

Inoro. ~ective iudies conducted in Ukraine thaatimony of intelligence due to the lowering of
“erbal I\ appears to be a radioneuroembryologiti@ce of prenatal exposure as a result of
acc’.ent ava nuclear reactor. We suggested alri@aglyr first studies a prevailing violation of the
« ~mina: ( left cerebral hemisphere, especially aigical-limbic structures, in children irradiatad
ute o.s 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 formeor
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 percentions
and epidemiologic risk factors. The increased ddtthyroid cancer and other diagnoses 10 dou.
contributed to the evacuees’ less positive subjectiealth. The strong effect of th. m. thers’
perceptions argues in favor of developing of tls& tommunication programs for f¢ nilies ra Yer
than for mothers or adolescents as separate tgrgeps (Bromett al., 2009). Ho ' .eve - neither
individual radiation doses utero estimations, nor verbal intellectual abilitie @ssnenw.  were
applied in these studies.

In Belarusian prospective mental health studiethef250 prenatally expc sed »'s. *50 non-exposed
persons at the age ofB, the prenatally irradiated children had lowerrage full }'y and low 1Q
(80-89) rate excess. However, at the age oflP0and 1516 ye: rs »ld there . e no statistically
significant differences between IQ in exposed aondtrol group: lo statistically significant
correlation was found in the exposed group betwadividua: thyr id (2sdn uteroas well as
individual antenatal external dose and 1Q at the @fgs-7, 1¢ 12, »n¢ 1516 years old. However,

a sub-group of persons with the highest externtdreaal do: 2. (mc  than 30 mGy) has relatively
lower mean full IQ vs. the whole exposed grouphat . ge f 6, .10-12, and 1516 years. An
increased risk of emotional disorders also wasdo» “e « xg )sed group. Visual characteristics of
electroencephalograms (EEG) in both examine . grd pao. iffer significantly (Igumnov, 1996,
2001, 2009, 2015; Kolominslet al.,1999; Igumr. v, F ozdovitch, 2000, 2001, 2002, 2003).

In Belarus they have come to conclusic ( that < iles -ole in the origin of borderline intellectual
functioning and emotional disorders in | renatak} #sed children was played by the unfavourable
socio-psychological and socio-cult.rolog ‘cal fatgigumnov, 1996; Kolominskgt al., 1999;
Igumnov, Drozdovitch, 2000, 207 1, 2002, vu4aalihough the average 1Q of the most exposed
ones (with doses to the thyram utero. 1 Gy) was lower compared to all other exposettcm
(lgumnov, Drozdovitch, 200\, Morec ‘er the neurapblpgical abnormalities in prenatally
exposed persons in Belarus v 2re normalized and BieG did not differ from the non-irradiated
controls (Igumnov, 2001, 2C9). They came to casiolu that the borderline intellectual
functioning and eme.or Al a. ¢ ‘ders in the expogenlip of children are due to unfavourable
psychosocial and ¢cic ... ra. factors such as va éalucational level of parents, break of
microsocial cont=cts and dif .culties of adaptatiaich appeared in the wake of evacuation and
relocation fror « the ¢ »ntc .nated areas. Howeverhtfperkinetic disorders, disorders of scholastic
skills and bo dJerline 1 tellectual functioning ajuamior school age could be regarded as significant
predictor: of . *able c¢r nduct disorders at adoldsag® (Igumnov and Drozdovitch, 2002). Thus the
cognit® e a. 1 n.o i disorders in prenatally exgossidents of Belarus are attributed mainly to
the < ‘cial anu nsychological factors (Igumnov, 2015

he radic. ‘'on risks of cerebrovascular diseaségundators were reported at radiation doses >0.15
Gv  Ivanov, 2007). Radiation risks of mental disasdand cerebrovascular disease including the
1. ortalit, from stroke in liquidators were founddases >0.25 Gy (Buzunet al, 2011). There is a
sig. “ cantly increased level of mental and behaxab disorders, vascular dementia, alcohol abuse,
dysthymia and PTSD in liquidators and evacueesuidajors have an increased incidence of
organic mental disorders, namely depressive, anxanotional 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: n
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.,2009a,b, 2015a,b, Volovydt al.,2010; Bazykaet al, 2013a, b, 2014; ¥ rasnov
et al.,2015) and the Acute Radiation Sickness (ARS) sorgiAntypchuk, 2003; Logar svsk “and
Zdorenko, 2012).

The neurocognitive deficit in the Chernobyl cataghre survivors with PTSD is. ugher the > that in
Afghanistan war veterans. The “postradiation” PTiSzharacterized by a rroje tion of fear and
insecurity about the future (“anticipatory stresstncerning cancer, cone znital m 'formations in
the descendants, etc. The risk of stroke and athlerosis is increased in quic . 5 with PTSD, as
well as dysfunction of neocortex, hippocampus, deép cerebral struc. es (! bganovsky and
Zdanevich, 2013).

A significant number of consistent studies was médgepuk’ishe. 0. the neurophysiological
(Zhavoronkoveet al., 1995,1998, 2006, 2008, 2010, 2017 Lc_ar wskyamyev, 2001, 2004;
Loganovsky et al.,, 2011; Denisuk, 2004; Mel'nikove v al.,  010), neuropsychological
(Zhavoronkoveet al., 1998, 2006, 2008, 2010, 2012; 2oly kh.al.,2000; Turuspekova, 2002;
Antypchuk, 2004; Gamachet al, 2005; Loganovs!aet »l., 2009a, b, 2011; Loganovsky and
Zdorenko, 2012), neuroimaging (Bomko, < 20C '; ' ol et al, 2007, Kholodova,
Zhavoronkova, 2011) and neuroimmune (Bazy <al, ~J13a, 0, 2014) deviations in liquidators in
whom as a whole the organic brain damage.was griBummarising the results of these studies it
should be emphasized that various aut'ors 1. lep 'wde®und the comparable and/or even the
same evidences of neurocognitive def :it, cere souiar disease, and accelerated aging of the
CNS in liquidators of the Chernobyl .cci. =nt.

The radiation-induced neuropsychia ‘ic effects udel accelerated aging and neurodegeneration
(Polyukovet al.,2000; Bazyka& ~I.,200- Kholodovat al, 2007) which could be associated with
cell senescence and telomere ci anges (Baglylkd, 2013b, 2014). Polymorphic disorders in the
clean-up workers cohort, | *hic  fit i. to the conceppsycho-organic syndrome, are based on the
multifactorial aetioloe, . nd ¢ cific pathogenesith the influence of biological, psychological,
and social factors. T e ¢ »nle. of these factaadddo early onset of cerebrovascular disease that
manifests as a variety of symptom-complexes with tore symptom-complex of cognitive
impairment (K asnic =t 2! 7015). Moreover, the demyelinating disorders @& tiervous system
including mu :iple sci rosis in exposed people #thdae constantly monitored. Preliminary data
testify to the ' xcess ¢ multiple sclerosis in gapan of the most RCT in Ukraine (Kolosinskaja,
2011).

Th= a. ze-related cerebral abnormalities followingegposure to >0.3 Gy doses and radiation brain
“aarkers' at doses >1 Gy (Acute Radiation Sicknessjewevealed by the NRCRM staff
(Loz anovsiy and Yuriev, 2001, 2004; Bomko, 2004niBek, 2006; Loganovskegt al, 2011;

. ganor sky, 2012, 2015;). We had proposed the aatimbic dysfunction in the dominant
he. ~ic phere 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.~ame
have been shown in experimental radioneuroembricdbgchizophrenia models (Korr * + al.,
2001) including the nonhuman primates (Schindteal.,2002; Selemoet al.,2009; Fries.nai. and
Selemon, 2010; Selemon and Friedman, 2013).

Loganovsky (2000) first suggested the Chronic fe&i§yndrome (CFS) as a . naracter. tic after-
effect of radio-ecological disaster. Currently, thational Chronic Fatigue !mm ne Dysfunction
(CFIDS) Syndrome Foundation (NCF, USA) has offigiahe link betwe ' n CFS >nd radiation
exposure in low doseshitfp://www.ncf-net.org/PressReleases.htm}né oros e five study of
personnel working on transformation of the CherhdbyP Object “Shelte. ™ into : n ecologically
safe system showed that exposure to radiologiceB§T mSvN'+$D:19.9+1. ¢ mSv dose) and
industrial risk factors may lead to the onset ofjratve CFS chai w erized by a dysfunction of
cortical-limbic system mainly in the dominant (Jeftemispherc witt an “mportant involvement of
hippocampus. An effect of selection of the “radiatiresis’ant oi <er” was found. That is the
individuals who have been earlier exposed to ramhawith nc <2y I > Ith consequences were more
resistant to further irradiation (Perchuk, 2010ganovsl eta 2c.'5, 2015a).

Thus, radiation exposure has multiple effects @ dair be. - siour and cognitive functions. These
changes depend largely on the radiation dose.

Summarising, the mental health and ne urops, ~hic Mitsequences of the Chernobyl catastrophe
could be outlined as follows: 1) ps chologic Al apgdychosomatic disorders; 2) long-term
disturbance in mental health inclusing “he alc &bluse; 3) celebrovascular and other organic
diseases of the CNS, 4) cognit'. > disoi. ', 5eotdf on the developing brain; 6) potential
radiocerebral effects, 7) CFS, 8) uicides. Furtheyspective psychological-psychiatric and
neuropsychiatric studies wii .. an ac ‘anced dosimesupport on the base of analytical
epidemiology are urgent (Loge 16 sky, 2015).

There is a strong ne_csity f¢ improve the syst@mnéuropsychiatric care for the Chernobyl
disaster survivors. Thic =zvs. m should include theensive neuropsychiatric, emergency
psychological and psychiatri . crews, networks afisrand rehabilitation centers, neuropsychiatric
outpatient anc «pa. 2nts0¥s in the general hatspi

Further stud.>s on |} .ological mechanisms of lowedwslated cerebral effects in Chernobyl
survives s v th o~ r2uiation doses verification aeeessary.
(K. Loganovsky)
2...9.4 Genetic effects

. »ue of genetic effects in the first and furthengrations of descendants of the exposed parents is
ev. 1< .ore 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 th=2
conclusions of the Chernobyl Forum (Chernobyl'sdasg 2006.).

Contrary to the above-mentioned statement the apalegical study by Werteleclet al. (7114)
has shown one of the highest incidence of neura¢ tnalformations in Europe, k'astc athy,
microcephaly, and microphthalmia (Yusket al, 2004) in children born on ¢ \ntaminced
territories in Ukrainian Northern Polessye (Rivndast). The available results <.re < :fficient to
justify the continuation and expanding of studiesnaalformations in regions of chronic . ‘v-dose
radiation impact in Ukraine.

To assess possible mutagenic and teratogenic ®fféatnvironmental faors inclu 'ing ionizing
radiation, it is proposed to study the incidenceaigenital birth defects, =r’.nel henotypes, and
minor birth defects as well (Stepanaataal, 2007).

It has been established that the exposure to radidtiring organog r. sis leads to development of
morphogenetic variants with minor birth defectse Mounger tk» ge: tati. nal age and the higher the
radiation dose, the more minor developmental ababties ¢ ‘e p. 2si nted in a child (Stepaneva
al., 2007).

Results of cytogenetic studies indicate the in@d~ .. Jer.»e of stable and unstable chromosome-
type aberrations in children residing on the oma :d te itories of Ukraine. The incidence
positively correlated with level of radioactive « W .ation and radiation dose to the fetal bone
marrow (Pilinskaiaet al, 2011; Stepanoves ., 220,

Phenotypes of children born upon fath r's parti gmain the clean-up work after the Chernobyl
catastrophe featured multiple sme’ deve Come dgabemalities in association with a complex of
signs characterizing the connect ve ‘ssue aysplggndrome. More than half of them have had the
syndrome of heart structures ~onnecu e tissueldggp(HSCTD) with a broad spectrum of minor
developmental abnormalities. e pro.upse of miaat tricuspid valves, and abnormal left
ventricular chords were niast [ eve 'ent at that.

Children suffering H,C'I ) ha.' nainly a dysplastipayof somatic development i.e. the asthenical
organization of the £ »dy wi.. poor muscular devatept (Kondrashovat al, 2014Db).

In the study/Jy Dui ‘ove. al. (1996) the frequency of mutations in children bamnheavily
contaminatec areas ( f the Mogilev oblast in Belafier the Chernobyl catastrophe was found
twice as nigl.as in the control group. Mutationerat families from the Mogilev province
correl=.ed v th u.C ievel 0f'Cs soil contamination being consistent with radiatinduction of
gern, ne muta 9ns.

simi'ar de. 2 were received within examination af family members in the region of Techya River
‘D oroveet al, 2006).

Inciase 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 (Weinbetgal,
2001).
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Radiation disorders induced in parental germ aals be revealed in descendants at various stages
of ontogenesis. The “small” mutations persistinghgterozygous state and giving place to the
hereditary structures destabilization are presuynaddlized in the postnatal period. Vorobtzova
(2006) predicted this phenomenon being the basthefo-called “physiological inferiority” anc
decreased vital capacity of descendants of exppseents. Multiple dismorphic abnormalities
visceral dysplasia, and increased incidence of robemme aberrations and mutaticns o
microsatellite DNA-fraction can be the consequerafasherited genome instability in des endaii.c
of irradiated persons (Barbet al, 2006). All that predispose to disorders of ad@émtatc 2xis g
conditions, increased risk of development and zadbn of multifactor disorders, an< health i vel
decrease in children born from parents exposeoniaing radiation.

Nowadays the possible pathways of trans-generatimssability are studied . nd externisively
discussed. The possibility to predict the genetinsequences of radiatior impact an human, the
goal of genetics for the last five decades, is hawéar from reality. Net 2rthe'cc . just now they
suppose that the trans-generational instability iognease the cancer rish «d r’ ,k of congenital
malformation in offspring. Possibly due to the pess in the nev: csntempore 7 echnologies some
answers will be found to the numerous yet uncleaestoiis ar 1 issues associated with the
development of unfavourable effects in children asqun tc' low: los . ionizing radiation and
children born from the exposed individuals.
=. Stepanova, S. lgumnov)
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