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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.



4 FUKUSHIMA: HEALTH EFFECTS ASSOCIATED WITH THE NUC LEAR
CATASTROPHE

4.1 Radiation Exposure 5 years later

The Chernobyl catastrophe for the first time in bigtory of mankind provided a vast amc 'nt of
information on health effects of radiation in a widose interval. After almost tk ty year. of
research a lot of answers have been obtained tkethguestions in radiation biole |,y ai. ! radiation
protection. However some issues are still not el need more concern and * .1derstari.'ng in the
future.

The observed health effects of Chernobyl could héded into major arov.s. =ficcts due to
ionizing radiation (high-dose and low-dose); eféedue to a combined ¢ uon i radiation and
confounding factors; and effects due to influent@sycho-social “actors (h ='.n effects, 2011).
Such division thus providing a background for tesessment ¢ rad 1. 2n effects is to a great extent
an artificial one as the majority of diseases idolg the stochostic ffe ts exhibit a multifactbria
origin and could be triggered by a set of mutati@mag hincd ' ith an incapability of the
homeostatic systems. Such approach should be dppliee | = 'th « ¢ xcts of Fukushima too.

The Fukushima Daiichi nuclear accident on 11 Mc*h 1 was a consequence of the 9.0
magnitude Bthoku earthquake and the followingsunc mi.." sesfesngoing equipment failures in
several units of the power plant led to release 2dio- ctive material into the atmosphere and the
seawater. Based on these emissions, the Accide egarded as a level 7 (major accident) on the
International Nuclear and Radiological E ent S &) (Thielen, 2012).

The Government of Japan recom: .ier. 'edetr& uation of about 78,000 people living within
a 20-km radius of the powg@tar’ and thc = l.eltering in their own homes of al®?1000
other peopldiving between zu ar. ' 30 km from the plaBRuacuation of these people was
performed between March I . and rn 'd-June 2Qldter, in April 2011, theGovernment
recommended the evacuatic n «f about 10,000 morpl@éwing farther to the north-west
of the plant (eferred to a. the delic ~rate evacuation area) CEER, 2014).

The United Nations' scie * “c C ommittee on the Effeof Atomic Radiation (UNSCEAR) experts
considered atmosplieric rel rases of iodine-131 awsiem-137 (two of the more significant
radionuclides ~ om . e pareective of exposurgsetaple and the environment) in the ranges of 100
to 500 petab’ cquerei (PBq) and 6 to 20 PBq, réspBc These estimates are lower, indicatively,
by a factar o about © 0 and 5, respectively, thamesponding estimates of atmospheric releases
resultin, 1.»m "2 _hernobyl accident. Winds transgd a large portion of the atmospheric
relee’.es to e Pacific Ocean. In addition, liquettases were discharged directly into the
surrol ding sec.. The direct discharges amountpdrtaaps 10 and 50 per cent of the corresponding
.umospl: ric discharges for iodine-131 and caesi8-fespectively; low- level releases into the
oce .n werc still ongoing in May 2013 (UNSCEAR, 2014

Sc. th2 environmental impact of the Chernobyl amtidvas much greater than of the Fukushima
accident. For Chernobyl, a total release of 5,3B§ fexcluding noble gases) has been established,
while for Fukushimall of 520 (340-800) PBq. In the course of the Fukushiccident, the
majority of the radionuclides (more than 80%) wasisported offshore and deposited in the Pacific
Ocean. In contrast to Chernobyl, no fatalities ttuacute radiation effects occurred in Fukushima
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(Steinhauseet al, 2014). Recently published estimates suggest tetahse amounts of 12-36.7
PBq of'*'Cs and 150-160 PBq bt1. (Aliyu et al, 2015).

From the end of March to early April 2011, extreynkigh activities were observed in the coas*al
surface seawater near the Fukushima NPEs release in the North Pacific Ocean was estima 2d
to be 15.3 + 2.6 PBq. The amount’dfCs released by the Fukushima NPP accident incr~ased
North Pacific inventory of*'Cs due to bomb testing during the 1950s and e®804 by 20%.
(Inomataet al, 2015).

In regard to the long-term effects of radioactieatamination in the environmert7's is he most
important radionuclide, both in Chernobyl and Fukos-1. The contamir (ed arec around
Chernobyl is more than 10 times larger than Fukuahl. It is noteworthy, hawe\ »r, that although
the Chernobyl NPP is surrounded by land, the eadtetf of the surror.adings  f Fukushima
Daiichi NPP is in the Pacific Ocean, and most ef discharged radioact. 'ty fr_.. ~urushima-1 is
believed to have streamed toward the ocean, blowrthb prevailing v sterli.s over Japan
(Imanakaet al, 2015). However, it should be mentioned the hictmpytatio. 7 ensity in Japan
compared to the population density around Cherndbyhccouiit fo e fact that even though the
area of terrestrial contamination may be smalkes, does not mran | ss eople are affected.

The nuclear catastrophe following the Great Eas&dae: 1. qua * and tsunami has indicated
several important conclusions albeit not final orfésst’ . the prchability of large-scale accidents
occurred to be higher than estimated before, th»mwi a © need for further development of
radiation protection. The need for increased - d&o al | © paredness for the accidents is an
important conclusion. Input of the internatior, ‘Ham' _ations (IAEA, UNSCEAR, ICRP, WHO
etc.) was substantial; reports and recommeaenda. it high levels of expertise (UNSCEAR,
2014).

At the same time, the media has a -« of ~onsistr .tal reports of lack of efficacy of the Japaee
authorities and the Tokyo Electr’. Power = ipangRTO) in preventing and overcoming the
consequences of the accident at v = Fukushima IDaN@P for the environment and health,
inadequate information policy .1d risk ommuniaatibiding, late, contradictory and even falsity
of official information about ' he actual scale dfetdisaster with the underestimation of its
consequences. As well a. it 5 ccsidered thatddeactive pollution of the Pacific Ocean is
significantly higher th-.. 2xpc o1 d. It is also eampbed that the features of the Japanese mentality
strongly contributes to =antc health deteriorati@s well as information policy and risk
communication inadequacy ollowing the Fukushimaidb& nuclear disaster (Loganovsky and
Loganovskaja zui.®

Accordine to' he Cen ar for Marine and EnvironméiRRadioactivity Woods Hole Oceanographic
Institution ottp. “»a22v.whoi.edu/cm@r the release of radioactive contaminants fromusukna
remz .1s an L nrecedented event for the peoplepainJand the Pacific Ocean. In the aftermath of
Fikus. ‘ma—ai.er years of relative complacency - phblic and policymakers have expressed
“2neweG ~oncerns about radioactive contaminatioraddition, radioactive wastes have piled up
witkJut saie places to store them.

In" e’,-media there is information on peculiaritgsenvironmental and health effects. Due to the
wina direction to the East, the majority of radibbae release of the Fukushima Daiichi NPP
catastrophe fell into the Pacific Ocean, As a teghe ground radioactive contamination was
reduced. Moreover, sea-food eating (with stablene)dprevents the overexposure of the thyroid
gland by radioactive iodine.
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Health effects of the catastrophe can be estimadsdd on the categories (type) of exposed people
and their radiation doses. The exposed groupsdeduhe emergency and clean-up workers of the
TEPCO, its contractors and subcontractors, andrgepepulation.UNSCEAR latest estimate
for the global average annual exposure to natudturring sources of radiation is 2.4 mSv
and the average annual absorbed dose to the thfnand naturally occurring sources o.
radiation is typically of the order of 1 mGy (UNSEE, 2014).

Workers. By January 31, 2014 the number of workers that been involved in the clec n-up
activities after March 11, 2011 was 31,386. Of thdn@86 represented the TEPCC staff, ar. ' the
27,297 were employed by contractors or subcontrachxrcording to their records .ne < ‘erage =D
of the 25,000 workers recorded over the first 1the after the catastrophe :.as abou. 12 mSwv.
About 35% of the workforce received total dosemofe than 10 mSv over that p. siod according to
the records, while 0.7% of the workforce receivedat of more than 100 Sv (Us,  According to
the MH, Labour and Welfare of Japan there has beesignificant interna. 2xp7 su. » reported since
October, 2011. The average combined internal ateleed cumulative ED ace P} arch, 2011 till
December, 2013 was reported to be 23.60 mSv folTERCO ‘werkers ana 17.97 mSv for the
contractors (Ministry of Health, 2011).

According to Hasegawet al. (2015) emergency workers scem 2 I ave veen stgltggsotected
from radiation. According to a 2013 TEPCO repassithan 1L 4 o1 » such workers were exposed
to a radiation dose (effective dose, combined eatesr 1 int rne. sources) of 100 mSv or higher;
the average dose was 11.9 mSv. Among 173 work=os. & josuie dose exceeded 100 mSyv, 149
(86%) were skilled TEPCO workers. The expe dre fdss © emergency workers exceeded 250
mSv; however, no worker received a radiatic 1 ex ®glose of more than the reference level
recommended by the ICRP, ie, 1000 mSy\._to . oiegreedeterministic injuries. Notably, most
injuries or illnesses were not related to radia. ype *ure. The maximum exposure dose among
Japan Self-Defense Force (JSDF) per< onnel ai 1 htefgyinvolved in the emergency work was
81.2 mSv. Thus, no acute effects of .ad: tion ey ®such as acute radiation sickness (ARS) were
reported after the Fukushima . ichi Ni T uccidéfihergency workers seem to have been
successfully protected from radiatior. However, dorergency workers with radiation exposure of
more than 100 mSv, a small i rease 1. incidenaanter attributable to radiation exposure might
be expected (Hasegawtal, 20 5,

The thyroid irradiatic’” Jase. C Ie to the catastopdry in a wide range (Health Effects, 2011).
The UNSCEAR repi rted =2 .the data of internal expo$or the 12 most exposed TEPCO workers
and confirmed that tiiey haa received absorbed ithyn@diation doses in the range of 2 to 12 Gy,
mostly from in".alau 1 o34 UNSCEAR, 2011). Intakes of the more short-liigotopes of iodine
were not an lysed, «ausing possible dose undegdsgiim In 5 members of a disaster medical
assistanc= te m of Fi «ui Prefectural Hospital wenehworked on March 15-16 at a distance of 40
km fror thv . Fu 'sk'na Daiichi NPP the thyroid aityiwalues were from 249 to 1,082 Bq with an
inver e relau nship between age and thyroid d@gtiltUNSCEAR, 2011). For the 12 workers
whkose =2xposur: data were scrutinized by the UNSCBAdRIn whom the received absorbed the
“iyroid 1 adiation doses fror™ intake were estimated separately in the rang2 wf 12 Gy, an
incr..ased sk of thyroid cancer and other thyigkase developing can be inferred. According to
.= loss of infrastructure there was a delay inbiaginning of measuring of tH&! incorporation to
the tk roid gland, so the thyroid irradiation dogses large proportion of TEPCO and contractor
companies workers have to be reconstructed.

TEPCO reported about more than 160 additional werkeho received an ED over 100 mSy,
predominantly from external exposures. Increasddtian-induced cancer risks are suggested for
this group. Of course any statistically significacess can not be registered in a such limited
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group. However, such prognosis is based on sonssibld dose values representing the mean
doses in the subjects of analytical studies. Thgeaof doses in cases is broader, i.e. in the
NRCRM leukemia study in cleanup workers the dosased from 3.7x108 to 3.170 mGy. The
experience of Chernobyl demonstrates a need iowellp examination of all workers, but not on'
those having the ED above 100 mSv. They will becistly examined, including the thorougt:
annual examinations of the thyroid, stomach, lamgestine and lungs for the potentiz! late
radiation-related health effects.

Apart from those groups, the vivo monitoring of the 8,380 members of personne! aféd wiu

the United States Department of Defense was caotg¢detween March 11, 201* ana A\ugust 31,
2011. About 3 per cent of those monitored had nrehsel activity levels with 2 .naximur. ED of
0.4 mSv and a maximum absorbed dose to the thgfddb MGy (UNSCEAR.20. "),

According to the UNSCEAR white paper (UNSCEAR, 20I1® cktc minicuc =ffects from
radiation exposure have been observed among the workers. Disesgstere ~ durir J the recovery
operations were not related to radiation exposiisethe dose va'ue> were in . ! w-dose range any
information on the other effects can only be ol#dinvithin cpide 1 logical studies at a longer
time period. Follow-up programs would need to bedtated.

General population. The most important early counterme a_:irec . fter ridfwgt and Fukushima
included evacuation of general population (Healtfed's 2C .1, "INSCEAR, 2011; UNSCEAR,
2014). The levels of decision making however wsfen nt: after Chernobyl the unprecedented
evacuation was performed under the central ge.anh ‘eci.’ ns, while in Japan the Government
had only recommended the evacuation but th. dec sequired an adoption at prefectural levels.
In the first days about 78,000 people livinowitla.”™ -km radius around the NPP were evacuated
and re-settled mainly within Fukushima refec %®&. the 62,000 of people living at the distance
from 20 to 30 km from the plant the svacuat »n wasceded by sheltering. Evacuation was
performed between March 12 and r'.d-o ne 207 .. ml 2p11 about 10,000 more people living at
the contaminated north-west terri*_ ‘es we: o .&cU@UNSCEAR, 2014).

Individual radiation doses in ¢ . 2eral pc 2ulatioreasmated based on various surveys were low or
very low.. Nagataket al. (2013) e, orted that the individual external ridiadoses, determined by

a behaviour survey in th . “e acuction and delilgemtacuation area” (“deliberate evacuation
areas” were designa*.. as . € area excludingatestrarea where the annual cumulative dose of
radiation was expec 2d t- =~ac, 20 mySafter the accident ) in the first 4 months, webewSv in
97.4% of residents (inaximu 1: 15 mSv). Doses in Bbkua Prefecture were <3 mSv in 99.3% of
386,572 resid.its  nalzau. External doses in fukias City were <1 mSv during 3 months
(September- Jovemk 'r, 2011) in 99.7% of residentxifmum: 2.7 mSv). Thyroid radiation doses,
determinad il March ising a Nal (TI) scintillatisarvey meter in children in the evacuation and
deliber e ac 2tizy area, were <10 mSv in 95.f78hitren (maximum: 35 mSv). Therefore, all
dose’. were .>ss than the intervention level of S8 mproposed by international organizations.
Intarnc ' radiatich doses determined’8Cs and*'Cs whole-body counters (WBCs) were <1 mSv
1 99% ¢ the residents, and the maximum thyroidiejent dose by WBCs was 20 mSv
(Ne ,atakie. al,.2013).

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

After the launch of the health survey the ultragbdhyroid screening was performed on &l
residents of the Fukushima Prefecture aged lessliBaears. The first round of screening include
298,577 examinees, and a second one has beganiin2®i4. At the timepoint of 20-30 manths
after the catastrophe, Watanobeal. did not confirm any discernible deleterious effe € the
emitted radioactivity on the thyroid of young Fukimsa residents (Watanole¢ al, 2014)

Later Tsudoet al. (2015) analyzed the prefecture results from th& fand secor d r¢ 1d up 10
December 31, 2014 in comparison with the Japanasead incidence and the icidence within a
reference area in Fukushima Prefecture. From @&l12ltrasound screen-positive cases by the end
of December, 2014 the 2,067 cases were examinsdcondary examinati.ns, whe e 110 thyroid
cancer cases were detected, as indicated by ésemure of cancer cells 1 der. y« 'og.cal tests afte
the fine-needle aspiration biopsy. Among the 1168esa 87 ones were « erate . by the end of
December 2014. The 86 cancer cases were histollygicafirme | (3 papillar 2 arcinomas and 3
low-differentiated carcinomas). A benign tumor wasally diagno: = ' in one case. The highest
incidence rate ratio at a latency period of 4 yeaes obse:ved ‘n .re central district of the
prefecture compared with the Japanese annual mmd@ncic'enc = R R = 50; 95% CI=25, 90). The
thyroid cancer prevalence was 605 per million exaes (9 »« Cl=>¢ 2, 1.082) and the prevalence
odds ratio vs. reference district in Fukushima &sefre<vas . .6 5% CI=0.99, 7.0). In the second
screening round even under an assumption that de>a examinees were disease-free, an
incidence RR of 12 has already been observer ©B 1.1, * ). An excess of thyroid cancer has
been detected by ultrasound among childrei. and ademts in Fukushima Prefecture within 4
years of the radioactive release, and accordiray. .rs is unlikely to be explained by a screening
surge (Tsudoet al, 2015).

(D. Bazyka)

4.2 Certain consequences 5 y. ars later
4.2.1 Thyroid Cancer

Evaluation of possibl .. diau > consequencesssdan data on the amount of radiation exposure.
Attention is drawn O dif =ant stimates of tin emissions. According to Nagataki, Takamura
(2014) the amount - | rele sed to the environment following Fukushimecident was 120
petabecquere’ wic.  is:;or s — tenth that in the @t|yl accident. Some other assessment
presented ' n public ation of Tsuad al. (2015): rdiation released into the atmosphere fribm

Fukushinz ac. ‘dent w; s estimated todpgproximately 90@etabecquerel{i: 500 petabecquerel’’Cs:
10 peta! ec.ierc Tha adiologic equivalence t3Y International Nuclear Evercale was approximately

one-g'th of ti » 5,200 petabecquetalculated to have been released by the Chernaigydlent. These
deta e ‘idence . ossible influence of radioiodinehymoid cancer incidence rate.

"' the lo. ner term an exposure to radionuclides Waing half-lives, including®*'Cs and"*“Cs, with
phv<.cal hcif-lives of 30 and 2 years, respectivelgf an another concern (Fushiki, 2013).

Ar. otk r type of childhood cancer related to radiatexposure is childhood leukemia, which was
well described in A-bomb survivors. Unexpectedhgre was no increase in childhood leukemia
after the Chernobyl catastrophe, indicating thatdntrast indicating that in contrast to the ingrn
exposure to radioactive iodine the external ragimiéxposure had no distinguishable effects in
terms of cancer induction in children (Suzekial.,2014).

61



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

Yamashita and Suzuki S. (2013) accentuated thaemmgntation of a prospective epider alogicc.
study on human health risks from low-dose radiatirposure and comprehensive hea'.i pi. tection
from radiation should be emphasized on a basiessions learnt from the Chernobyl ¢ :tastrop. =. In
contrast to Chernobyl, the doses to a vast majarftpopulation in Fukushima:wer. not high
enough to expect any increase in cancer incidendenaalth effects in the futur<. Howeve . public
concerns about the long-term health effects ofoaative environmental.cor. amination have
increased in Japan. Since May, 2011 the Fukushimeéed®ure started .1e Fuk.shima Health
Management Survey Project with the purpose of lemm health care® ‘dmi~.s. aticn and early
medical diagnosis/treatment for the prefecturabiesss.

Review of Fushiki S. (2013) focuses on what hapgeafter the acc 1 1ts at the Three Mile Island
nuclear power station in 1979 and the Chernobyl NPR987 in ' 2rn.: of the effects of these
incidents on human health. The most critical isstien congider. g 1e eirects of radiation on the
health of children was the increase of thyroid eanas it we 5 lea.™ demonstrated among people
who were children or adolescents at the time ofCGher: obyl caw strophe. Therefore, in early days
after a catastrophe the efforts to prevent the sy= o, <h dren to radioactive iodine through
inhalation and ingestion should be the primary <ongc, 2ca.* 2 radioactive iodine is preferentially
accumulated in thyroid gland.

As pointed out Nagataki, Takamura (27 14), ~ =2si. 2nts near the $hikwa nuclear plant were
evacuated within a few days and fooc stuffs we retrolad within 1 or 2 weeks. Therefore the
thyroid irradiation doses were les. th.on 100 mSatefvention levels for the stable iodine
administration) in the majority of <. ‘ldren, ...=".d less than 1 year olds, living in the evacuation
areas. Because the incidence or chi. 'hood thyraitter increased in those residing near the site
following the Chernobyl catc .‘rophe . thyroid soreg of all children (0-18 years old) in
Fukushima Prefecture was ste te.'. To date thersageef more than 280,000 children has resulted
in the thyroid cancer dia_nos s in 90 children fappnate incidence 313 per million). Thus,
although the dose of . atic > | 'as much lower in&ence of thyroid cancer appears to be much
higher than that follc ninc *>2 C ernobyl catast@phhis result is partly due to a screening effect
Nevertheless as poiritea out Tsudaal. (2015) among those ages 18 years and youngéxlih i
Fukushima Pr_.iecw e, 2r7.oximately 30-fold excesseexternal comparisons and variability in
internal com| arisons Hn thyroid cancer detectiorevadserved in Fukushima Prefecture within as
few as 4 »ea : after t ie Fukushima NPP accider.r&bult was unlikely to be fully explained by
the scrz cn. xg e ‘oot

As po.ted oul (Jacokt al, 2014) thyroid cancer is one of the main healthceons after the
atastrop he in Fukushima. Ultrasonography surveyeiag performed in persons residing in the
Pre’:cture at the time of the accident with an afgep to 18 years. The expected thyroid cancer
, 2valer ce is assessed based on an ultrasonograptey of Ukrainians, who were exposed at age
of _n0 18 years t&* released during the Chernobyl catastrophe, andifterences in equipment
and study protocol in two surveys. The predictidrramliation-related thyroid cancer in the most
exposed fraction (a few ten thousand persons) ef dtreened population of the Fukushima
Prefecture has a large uncertainty with the bashates of the average risk of 0.1-0.3%, depending
on average dose.
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As pointed out by Mabuchet al. (2013) it is important that regulatory bodies asavisory
organizations have as complete understanding asbi@®f the risks according to gender, age at
exposure, time since exposure, health status dret ctlated variables to protect the workers and
public from harmful effects of radiation exposufée 2011 catastrophe at the Fukushima comp’ex
again alerted the world to the possibility thagkagroups, including many adults, can be exposec to
1341t reminds us that it is important to understdhe effect of age at exposure on cancer risk i)
achieve effective radiation protection and to pltha responses to future nuclear cate ‘rophe <
terrorist events involving radiation.

The main conclusion of reviewed publications iseaness of thyroid cancer incif znce rate which
can only partly be explained by wide implementatiminscreening. Other f-ims of ¢ ncer -
leukemia and solid tumors since 5 years after Fuikue accident in the reviewec nublications not
yet mentioned.

The Chernobyl catastrophe and Fukushima eventeestdan existence ot diatir 1 accidents risk
even in modern perfect industry, where any nudieetnology is ' nvalved.
(A. Prysyazhnyuk)

4.2.2. Non-cancer Health Effects of the Fukushima tc stro, ! 2

Past nuclear disasters, such as the atomic bombist8 = a d major accidents at nuclear power
plants, have highlighted similarities in poter.gut ‘c 1 - Ath effects of radiation in both
circumstances, including health issues unrela. ¥ad don exposure. Since nuclear disasters can
affect hundreds of thousands of people, a <uba. .dmber of people are at risk of physical and
mental harm in each disaster (Ohtsetal. 2015,.

There are main health risks of the F'.kus xima a# alsé as follows: radiation exposure, heat stress,
psychological stress, and infectic . > disea. = ud&rat al, 2015). At high doses, and possibly at
low doses, radiation might increase e risk oflimarascular disease and some other non-cancer
diseases (Kamiyat al, 2015).

Less than 1% of all emer_enc 7 wc kers were exptsezkternal radiation of >100 mSv, and to
date no deaths or he=... adv . ‘ties from radidtare been reported for those workers (Shinetira

al., 2015). The indiv dua < -tei. al doses of 421,394dezds for the first four months (excluding

radiation workers) had a dis ‘ibution as followg:®%, <1 mSv; 94.0%, <2 mSv; 99.4%, <3 mSv.
The arithmetic me.n a2d-maximum for the individeaternal doses were 0.8 and 25 mSy,
respectively.’ So, the estimated external doses genrerally low and no discernible increased
incidence of | diation ‘elated health effects ipapted (Ishikawat al. 2015).

No & .ute efic ots of radiation exposure such asea@diation sickness (ARS) were reported after
tha Fu "ushima Daiichi NPP accident. However, foeagancy workers with radiation exposure of
“aore the.> 100 mSv, a small increase in incidenaané€er attributable to radiation exposure might
be 7 spected (Hasegawaal.,2015). Moreover, the results from medical exanimet conducted in
.12 of workers who were engaged in clean-up wank2012 showed that the prevalence of
ab. o7 nal findings was 4.21%, 3.23 points highentlize 0.98% that was found prior to the
accident (Yasui, 2015).

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

Evacuation-related mortality risks for vulnerabldegly populations are increased. Experiencil
the disasters did not have a significant influeanemortality (hazard ratio 1.10, 95% confidenct
interval: 0.84-1.43). Evacuation was associatedh WiB2 times higher mortality (95% confiae:.c2
interval: 1.22-2.70) after adjusting for confoursjewith the initial evacuation from tk_ ¢ ‘ginal

facility associated with 3.37 times higher mortalisk (95% confidence interval: 1.F,-6.81) Yan
non-evacuation (Nomurt al, 2016).

Among the aged evacuees living in temporary housftey the Great East Japan -arthquake 62.0%
residents had chronic pain, including 29.6% tha#th relatively severe. .ain, a  well as their
quality of life was assessed to be significantlywéo, when compared v (h th " atic nal standard
values (Yabuket al, 2015).

Residents proximal to the evacuation zone (medig, 64 years) s «wed sign.riicant post-disaster
increases in body weight, body mass index, sysanlid diastolic I oc ' pressure, blood glucose
levels, and triglyceride levels (Tsubokued al., 2014). Roa, wi ight and the proportion of
overweight/obese people increased among residesysgcial. - 2vac ' es, in the evacuation zone of
Fukushima prefecture after the Great East Japahdteke (\hi. =t &a.,2015). The prevalence of
atrial fibrillation increased (before: 1.9% vs.aaxft2.4%, + .0t 1) ai iong residents in the evacuation
zone of Fukushima prefecture after the Great E& darv ~ar. ¢ 1ake, with excess alcohol intake and
obesity associated with an increased risk ¢ afiitz .latior. (Suzuki et al, 2015). After the
disaster, the prevalence of diabetes increc <ulfisatly among evacuees than among
nonevacuees. Evacuation was significar.y a. ~aL. tth the incidence of diabetes (Satethal,
2015).

Life as an evacuee after the Fuku yima L »iick" @dBgdent is a cause of polycythemia: red blood
cell count, hemoglobin levels, <ina Yematocrit digantly increased in both men and women
evacuees. Common causes | f polyc,hemia are pbleya vera (myeloproliferative disease),
secondary polycythemia caus o "y diseases suchl@asmary heart disease that induce a chronic
lack of oxygen or an ery. rop ieti ~oroducing tumand relative polycythemia or stress-induced
polycythemia (Sakaet~'. 20. 4) At the same time, no marked effects oiataxh exposure on the
distribution of white/bloo | celi ounts, includimgutrophil and lymphocyte counts were detected
within one year after he disc ster in the evacuatmne (Sakaet al, 2015).

Non-radiatior effects »f a radiation catastropluehsas economical, social and psychological could
prevail and L 2 much nore important for the comnythtan purely the radiation factor. For the
exposer . ou. tion .ter Fukushima, the almosi tidvastation and loss of infrastructure in the
area.as a , owertul factor. The fact that for thet fLO years after the Chernobyl catastrophe the
healti effects v =re significantly different fromegicted ones is of importance for the estimation of
f-rther ¢ »nsequences of Fukushima. Stress, alimentehanges and other negative factors brought
a siriifica. t contribution to the health declineatlf categories of exposed population and form a
2 _Kkgror'nd for the induction of a wide range of 4sancer somatic and psychosomatic diseases,
ar ' 72’50 influencing disability and mortality. Lack drawbacks of the prepared guidelines
undcrstandable to population and authorities orteption from this complex of factors have
contributed to the induction of the non-radiati@ahh effects.

The non-radiation factors of the catastrophe cbeldhe substantial risk modifiers. Influence of the
mentioned non-radiation factors as well as ger@gdisposition could be substantial and has to be

64



encountered when analyzing such radiation-induckelcts as leukemia or solid cancers in
population exposed to radiation doses several tereseding the natural radiation background.

The longitudinal follow-up studies of traditionallsecognized health effects due to ionizirg
radiation are needed for radiation workers, evasf@i@en the 20-kilometer zone, persons with higi -
dose exposure of thyroid gland, females pregnatiieatnoment of exposure and children..Snecic'
attention should be delivered to the non-cancexadiss, cognitive dysfunction, and catarz ts.

So, the estimated external doses were generallyalmilarge-scalediscernible increas 4 incide. ce
of radiation-related health effecse not expected (Ishikawat al, 2015).
(*.. Loganc rsky)

4.2.3 Mental health impact

The Great East Japan Earthquake with trio impaotl{guake, tsiinemi and ra ‘7 .ion catastrophe at
the Fukushima NPP) provides new challenges to emeygpsycl < vy. This sub-chapter is an

overview of the relevant peer reviewed papers awndgeding: of 1e nternational Conferences
related to the mental health effects of the Fukushilisaster

Traumatic effects of emergencies were describedecthe (ivii 'Var in USA (1861-1865) as a

psychological and psychosomatic aftermath. Thepmisx es of morbidity from depression, post-
traumatic stress disorder (PTSD), and alcoholis'.e,y ar p = t disaster. The rates vary widely i.e.
from 25 to 75% during the first year, depend. qatlee magniude of the event. Both natural and
human-made disasters have acute effects. The mada-disasters have more long-term effects.
Events involving radiation may have th. mos pr =oh and complex effects, namely not only
depression, PTSD, alcoholism and smc king, bu #isdhealth-related anxiety taking the form of

medically unexplained physical sym .con = (Bror 21,340.

A chronic shortage of mental health 2sources teah Ipreviously reported in the Tohoku region,
and the triple disaster worsen ' the siw ationnEaadly a public health approach was implemented
by providing a common room n =mporary housingalepments to build a sense of community
and to approach evacuee. so hat ey could lgetriand referred to mental health teams. Japan
now advocates usir,, syc. 9 ogical first aid to adecthe first responders (Yamashita and
Shigemura, 2013).  'he =els >f distress and PT&Dhagher in Fukushima Daiichi workers.
Discriminations/slurs are as¢ sciated with highstrdss (Shigemuret al, 2012).

The risk of r diation- 'ssociated health consequenteesidents in Fukushima is quite different

from that.of ¢ hernob | and is considerably lowesdzhon the estimated radiation doses received
during.“1e rate trorlie for individuals. A large t@mof people have received psychosocial and
ment 4 stres. »s aggravated by radiation fear amgtgnand remained in an indeterminate and

urserw n situauwon having been evacuated buteiotated (Yamashita and Takamura, 2015).

Accrding «© Bromet (2014) the emotional conseqasnof NPP disasters include depression,
. xiety< 2TSD, and medically unexplained somatim@pms. Preliminary data from Fukushima
int e suggest that workers and mothers of youiigreh are at a risk of depression, anxiety,
psychosomatic and post-traumatic symptoms both diseat result of their fears about radiation

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

medical treatment in their clinics (Bromet, 2014).
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Current mental health outcomes of Fukushima mamdiuded the PTSD, depression, and anxiety
symptoms. Physical health changes, such as slegmidgeating disturbances, also occurred. In
Fukushima the radioactive release induced mass&®e &nd uncertainty in a large number of
people, causing massive distress among the affeetédients, especially among mothers of younag
children and nuclear plant workers. Stigma wasdtht@nal challenge to the Fukushima resident .
The disaster emergency workers, children, inteyndisplaced people, patients with psynshiatric

disorders, and the bereaved persons are the mostrable groups (Haradd al, 2015).

One month after the Great East Japan Earthquakadiegion exposure was a concei. for the 2%
of workers of disaster medical assistance teams.cbncern was especially incre .set 'n men, but
did not appear significant in women. The authommedo conclusion that cons :rn over Aadiation
exposure was strongly associated with psychologitisiress. At the same u ne reliable and
accurate information on radiation exposure mighbtioe the deployment-re’ sted dis. :ess in disaster
rescue workers (Matsuol al.,2012).

Symptoms of depression were found in 28% of mothaxgng behie= in Soso k2 region in which
the NPP is located), and mothers that had changsigtoical caie fe 2. ties. In contrast, mothers in
Iwaki and Aizu, regions with relatively low radiati levels, v:ere | igr. ficantly less likely to be
screen-positive for depression (Gatbal, 2015). A higher r-opc tic ) of r-ukushima motherthw
fetal loss, especially those with miscarriage aitbisth, hac . = ac ‘essive symptoms compared
to those who experienced normal childbirth (YosHfae iyae al, 2015).

Nuclear disasters can affect hundreds of thous«n@s dple ind a substantial number of people
are at risk of physical and mental harm. Dui g ¥ .overy period after a nuclear disaster the
physicians might need to conduct screenina fori. ~ ¢ggical burdens and provide general physical
and mental health care for many affecte’. resic *htx might experience a long-term displacement
(Ohtsuruet al, 2015).

Five major nuclear accidents he®  occur, .. &t p i.e, at Kyshtym (Russia [then USSR],
1957), Windscale Piles (UK, 1457), Three Mile IslafUSA, 1979), Chernobyl (Ukraine [then
USSR], 1986), and Fukushiri .. (Japar. . 2011). Thectsffef these accidents on individuals and
societies are diverse and end ri 3. Accumulatedesge about radiation health effects on atomic
bomb survivors and oth.« r diau »n-exposed peorde formed the basis for national and
international regulati<.... ab u radiation protettidn addition to health effects of radiation
exposure (i.e., acut: ra “=tior, syndrome and isegkancidence of cancer), adverse effects on
mental health were reporte 1 after the Fukushimacbiaand Chernobyl NPP accidents. The
Fukushima D7.cni 'PP.=22_ident showed the headtksrdof unplanned evacuation and relocation
for vulnerabl : peoplt such as hospital inpatiems elderly people needing nursing care, and
failure to.res_ond to' 2mergency medical needs etNRP. Displacement of a large number of
people iac cre. 24 wide range of public health-@ad social issues. However, past experiences
sugg st that »:ommon issues were not necessarigigathynealth problems directly attributable to
radiati. 1 exposare, but rather psychological andas@ffects. Additionally, evacuation and long-
“2rm dis, 'acement created severe health-care pngbfer the most vulnerable people, such as
hos .ital inpatients and elderly people (Hasegeinal, 2015).

Th e sacuees frequently had got chronic pain amerdghysical and mental quality of life scores
compared to the national standard values (Yaletkal, 2015). Fukushima might cause social
isolation among the elderly, leading to the merdeorders and alcohol use disorder. Early
diagnosis and intervention might be beneficial fiodividuals presenting the above symptoms
(Morita et al, 2015). Significant issues that emerged includedrippling radiation anxiety, a
considerable stigma toward addressing mental healte, and a shortage of mental health care
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throughout the region, as well as the ongoing psycb symptoms such as insomnia, anxiety, and
alcohol misuse (Karet al, 2014). Patient health questionnaire 9 (PHQ-9yexcof 10 or greater
were found in 12% of the residents proximal to éwvacuation zone, indicating that a substantial
number had major depression (Tsuboketral.,2014).

Suicides are a very important problem following dagpan Earthquake (Orat al, 2014; Oht~=t

al., 2015). Devastating disasters may increase suictles due to mental distress. 2reviouc

domestic Japanese studies have reported decraasil sates among men following 7 sas. >rs. In

disaster-stricken areas, post-disaster male sureitds decreased during the 24 mc ths follc ing
the earthquake. This trend differed relative totamrareas. Female suicide rates .ncre 2sed during
the first seven months (Orat al, 2014).

Mental health problems associated with stress,edspyn, anxiety, evacue’.on, losc of loved ones,
inability to return home, stigma, and fear of raéidia effects for self" \nd ... 'reri are being
recognized as the most serious health consequentee ccatastrophe (v .suo! 4 al, 2012;
Shigemuraet al. 2012; Bromet, 2013). Indeed, Fukushima d'setemtahdne. 't* effects, on the
base of the current radiation dose estimationpregent could ve n a.2ly attributed to the severest
stresses and their further mental, psychosomatid, playsical ~ealt  a: »rmath (Loganovsky and
Loganovskaja, 2011a, b, c; 2013). However, simjlatlleas” 5 y ar. afte: the Chernobyl disaster,
the International community did not recognize aagliologi o efte~ 5 from. Thus further health
effects studies in Fukushima with radiation dosdfieatic ns a e . cessary.

Bromet (2013) considers the main lessons o’ Fuy ®he = follows: 1) given physical/mental
comorbidity the mental health measures shou: " teg¥ .ted inlo medical research and surveillance
studies (and vice versa); 2) primary care provide. Jld be educated to recognise and manage the
health anxiety, depression, and impair_ient \ . d. wctioning after exposure events; 3) it is
necessary to create alliances with & jpropria icgaahts (community advisors, community
ambassadors, sharing findings dire .dy). E. Broi aaetonsidering from radiological point of view
the Fukushima nuclear catastrop’.  rather " sdreed’ hree Mile Island crisis (1979) than to the
Chernobyl catastrophe (1986) «s th. estimated trawdlidoses in Fukushima were reported to be
significantly lower than in Che . 2obyl.

In many ways we share ~. E omc*s point of view. tAe same time, there is much common
between the Chernok,. 'nd .7y ushima, namely tlesstelated disorders are practically the same.
There is one main Jsyr 22'og. al-psychiatric lesebrChernobyl unclaimed in Fukushima: the
equally inadequate inrorn ition policy and risk coammication, secrecy, untruthfulness,
untimeliness, a0on:traisparence, non-professionalism contradictory, and
politicization/ .ommer. ‘alization - all together thare dramatically increasing stress, fear, anxiety
and psychos. matic d sorders, etc. Moreover, sus¢idetential cerebrovascular disease, cognitive
deficit,< ne rou el“pmental disorders, psychosisgd alcohol abuse should be monitored
(Log- novsky »nd Loganovskaja, 2011a, b, c; 2013).

“ne mo." important issues here are the organizatmprovements, and support of constant
mer’.cal arid psychologic-psychiatric care and/ceri@ntions. This should include annual general
. 2dica! and neuropsychiatric examinations, eargulostic and treatment of physical and mental
prchl<ins, mother's mental health care and psyclcdbgare for children and their parents,
individual relevant educational programs, no sdpamaof children from parents and relatives,
radiation risk perception management.

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

Further prospective studies on mental health aridnpial neuropsychiatric effects in Fukushim

disasters clean-up workers and survivors are neadbdserification of radiation doses.
(K. Logan~ ‘sky)

4.3 Expected consequences

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

Table 4.3.1 - Projection of Chernobyl health effetue to ionizing radiatior, ") Fuk .shima

Parameters Chernobyl o Fukushima
Level be the IAEA scale 7 7 |
31| release (Bq) 1.76x 107 15x .
137 Cs release (Bq) 8.6x 10%° 1.2x 10°

32Te release to atmospherl.15x13°  (U'.SCE AR, .8x10°(Tagamiet al, 2013.
(Bq) 2014)

Acute radiation syndromgel34 Not observed
cases A
Immunology /Cytogenetics Mark_d ci anges .n cleanujCould be observed. Additional data
wr n ts durnny first yearsneeded
and po, ‘llation

Radiation cataracts _serves to higher extenCould be observed in exposed|to
ha. expected less than 0.5 Gy radiation doses
Non-chronic lymphc'd | RR 2.73/Gy ERR similar with regard to smallér
leukaemia (15 years: ollc v-u% dose & # of exposed people
Chronic lymphoid " 2uk e 'BERR 4.09/Gy Questionable
(15 years followo2d
Thyroid cance. in chi trer. Incidence  higher  thapRisks could be less than |n
| expected Chernobyl
Thyroid < ranc=r: _‘.creenincObserved Could be minimal due to the early
effect start of ultrasound screening
L programs
Countribc ion of stable iodingPresent No
defic’zncy
| 2ter cacers Increase in some populatioiQuestionable
groups
| Caru.ovascular disease High incidence & mortality| Low incidence in population
Cerebrovascular disease |¢{High incidence To be analyzed

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

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

Potentially expected: lor »-term
psychosocial disadapt=.on  and
different neurode\ >lopmer. 2|
disorders, cognitiv. dis >armony,
maybe mild cogni’ ve impai 2ent
stress-related Jisorders -
psychosoma’ ¢ disorc >rs — mental
and physicc diszasc 3

The data presented shows that after the destruatithre four reactor  «* Fukushima NPP the extent
and levels of radioactive contamination are sliglhdwer than {rose in Cernobyl. Nearly 20-fold
less number of workers were involved in liquidatioihthe: -ukc =hi na catastrophe compared to
Chernobyl. Doses from external and internal exposuel » teve | times lower compared to
Chernobyl. In quantitative terms the evacuatiopedple fron the R0—km zone was quite similar to
that in Chernobyl. External radiation doses anddir* “-rac tic n doses in the total population were
lower in Fukushima. As in Chernobyl, the incic .méa yro. ' cancer in Fukushima has begun to
increase 4 years after the catastrophe. The igle’ xence of thyroid cancer under the lower
radiation doses are unexpected and surprisina. & nee diseases that are compared in Chernobyl
and Fukushima catastrophes i.e. the r.diatic ae. 3rcardiovascular disease, cerebrovascular
disease, cognitive dysfunction, and bel ign thyk sdormalities are still being analysed and it is
expected that the hazardous effect i ra. ‘atidaul ushima may be lower. No deterministic effects
of radiation among the worker. were ic_.stered. [\esigned epidemiological research is
necessary to evaluate the health effe s in wockfor the remote period.
(D. Bazyka)
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