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I support the znghsn edition of the e Bt ot cnmmyl
ter for laaine” (RCRM,
scconding o e exsting acadenic cooprave greemen:between our nsuions

ol S ol ok e ado<onaminaed fild of
Chormongt i Unrte Trie ettt ot pznlm lar importance
sive frameworks o Center of Excellence (COE) programs. These are 214 Co
Progam enld “Termaiona Cosorian o Mecical CaeofHiaksh and udiaion
Life Science” from FY2002 to FY2006 for five years and a newly established Global COE
Progam eniled *Globl Srtegic Centr for Radiation Health Kisk Contol from
v Lo o e, We e tdd o exblch vl conefor ocation
et il oo focs on o popiton
Now, on the spedal occasion of the 254 innlvusary jriip— ciens, e
yea ot

iAo
'“"hnnmbyl Sine his

i pes whi territori
through fallous and exposure of millions of residents of all ages, consequences for health
and radioecology could not b reliably estimated within a rlatively short time.

Ukair

v done acue and

o s 2 well 5 o e s e of coldos on i Mosots o

leukemla thyroid cancer, non-cancer diseases and 5o on. A wide-ranged and tremendous

enion o0 complinglhe et btined by RCRM is Nighy appreciated t ez e

ot and cutent sision o Charmoby vietms. Moreove, e comparatie st ity

Belarusand Russta wil b cesived 0 furhr tvenghen (e impot on vious sspects of
ealth effects of the Chomoby! accidents.

Among several important collaborative esaceh prjecs i e (ramewor of our
Global COE -
Sohc and eyeatc doraes, e wokd 1t s emphaslu, as an important tximple.

necessiy of joint studies o radiation-indiced thyroid cancers around Chomobyl. The
mddem:e ofthyrod cancer in childen grew dramatclly in the teicaries zlled«i by the
Chor

cer has substantially Ampmved our understandiag of the disease in
several fields, Including clinical practice, pathology and molecular carcinogenesis.



of childhood thyroid that ge s leading 1o activation of
oAl e

Recently another important ﬂndlng s een reparied it o common genetc predisposkion
homobyl. nmhn

includin i linico-pa
EOEDR B TS A e

I ,mdlnlmg the urge:
{hyroid cancer in Chomobyl-affected ares in the framework of our academic cooperative
eeach o A Ukt ety of s vengheni Choraohl Tome B
cooperative relationship with RCRM, Global COE program of

Nagasal Urivershy sy s o he achicvement of new tidicipliary scadumic
outcome, an establishment of “Radiation Health and Life Sciences" in cooperation with the
lading edocaion and esearch st and universiis in Euresia and developed coun-
tries. Nagasaki University s now forwarding its uaigue education and research activiies in
i o esarc . Iemaonds Redlaton Healh Slence, Atomic Bomb Disase
Medicine, and Radiation Basic Life Science. ideal to share our knowledge on
Atomic bomb surisors withand expand t oo the Chinmin .

Foit v the occsion o Chocaoby 25% aniversry, RCEM and Nage-
s e agreement for
sandpaltof environmental sensing and human body monitoring for nuclear workers o

o he high rsk and consrined working areas. We sepaaely plan t provide necesary

spputan st il s o et (i e e seoring o bl
. Wi have futer gres] o seare for & possbilly af preputng & new

blicaion with enatve il of “Hiroshim u.gas.k.cwnobyv in future.

Afier [wrote nd Tsunar
Japan region serio dmuaed the Fulashiza Dalichi Nocesr eactor Power Pant on
Warch 1, 201 1 mysef staned (0 be deeply ivolved n crss sk frce from the begin-
sk

The ol
of accident as well as t the mm«mamumed areas. It st toslve the cria

et ffced by ol vt ey e o s T QA
ore and living, The Iessnns Ieaml from Chormobyl, therefore, will be definitely useful and
contue o oy o worst nuclear reactor disaster in Japan.

L e o s g sl g e g
m.ply o o groups acute and chonic effects, and igh and low dose effcts. e
national cooperative projects are, therefore, of vital importance for solving problems in
sadiaion emergency medicine s well 1 for deniying poental impact of low dose and

eguatory sclence i realy ¢ trm(:l o ‘maintaining a healthy life and safeguard at the
Noclar Age of the >

Professor Shunichi Yamashita

Dean, Graduate School of Biomedical Sciences,

Nagasaki University
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PREFACE FROM UKRAINIAN EDITORS

On April 26, 1986 the largest accident in the history of the nuclear industry occured at
the Chomobyl NPP Unit IV. More than 300 MC (141018 Bq) of radioactive materials were
released from the reactor core, causing the contamination of 50,500 km? of the territory of
Ulaaine, where in 2,218 seulements had home o over 2.4 million people. Central part of
Ukeine,sout-asem egons of Belaus and some regons of European Russia undrwent

25 million chilren under the age of 7 years. Over 600,000 people took part in o0
inceaap works ofacident. Collectve ffscivedose rly Ukmne s total population

dose (10 21 regions of Ukraine and Kyiv) comprised 1.306. oy ersonGra, of which
were doses in children and adolescents.

of
nuclear i
accident. To our mind, such rad Gent as the 2011 G
tsunami, and the last fact of workers overexposure a an iradiation acilty in Bulgaria show
the existing necessity of continuous assessment of the experience of Chornobyl at naional
levels as well as standardized approaches of the intemational scientfc evaluation.
Ealy response afe the acidens inclded esimatio o e scle o the cciden,
reporting, prehospital care, patents sorting and evacuaion. I has shown timely evacuaion
o ihy oo Pl e pmcued s, Ll s eyt st o
in Pripya, adjasent selements and latr in Kyiv was explained by the need of changes in
rgency irecting them il

stcondary r even mpossble, Ooe of the s challnges ws the evacuation of residents of
Pripyat and 30-km zone. Photos of the process, captured by the U.S. satelltes have fixed a
ional level of this defense plans. Not

later 1
needed staf, police and emergency health care Support. Substantial part of the population of
‘it s e evacuted uing 3000 pvte s A the sae e, raion precion
actions for adjacent area were regarded secondary and used later. An increase of

bsence of faciliis for

big oth
iy eoaehes conmoad wih raclomelies s e vocustion e on e el day
retumned for providing public transportation to Kyiv, increasing the radiation tail.

Before the accident for Ukraine’s population that lived near the Chomobyl nuclear
power plant, the radmlon protection limits were used that were appropriate in the USSR.

SR St
the accident the. 'emwrary accdetalregulatons were intoduced oo rdoacive contamina-
nd ant

em W the Chornobyl accident. In the summary of the international
en Yeas altr the Chornooy Disane. Lessons Lestci (001 i gaps
ore meoned i pycholgicalsppon andssted i ack of expertse In radilogy cid
ot allow peaple to personally assess the accuracy of information distributed by press, radio
md leision.As 3 el e ablermve pmepon of the posile consequences of the ac-




Preface 7

o the Soviet Union — altisaken
together made the accident really a
disaster for millions of people, trans- =
Iting them ino the category of “al- Or Cosera Munncipos GOCP
fected by the Chornobyl accident”.
To comment, it should be noted th:

the stability of 'he exis

Hereepr, 1 Mas 1986 roaa

oo oo . ohain fison rescton of
T T it o d0s 1o 6.
ractor i inthe OFF

T
Bt s St co. stale

g1, a i
Ul sccide, s only provided Minsters. May 1, 1985,
thei ent for decades. Dif-

fience benrae he offadl iroaion pesate a g L e el sttio (Fg. 2
show its inadequacy. To the contrary, the individual human reactions directed to escape from
the facor known 0 be extremely harmful forhurman e o thersand thele pogeny could
be estimated as adequate and could not be averted by

of radiaton protetion actions known o population e ot et mmmgs ot the

‘cold war” times

up (2007)

b it i e, by the e of 1996 3 ol of L1600 b eaciaed
4,700 in Belarus, s evscutd in o ope

Arramteg bt iripet specifc ctena on eyeing he popaion 10 aree i

st conaminton are discsse, I was laned 1o evacuate from the radaton coniol

were 200 thousand children, which allowed 10 reduce by R expected am
of radinion fo 1906, aough he unitcot ofavered dose s igh. Of s mm-nual pried

psycho\orglcnl status of the popula
timely imisonmion of sabe odine vas smang the ot seiows dratcks
of the emergency

o

ey litedby LA i, mz»m mmdawry mmmendanm xpymved by e USSR

Minisu

prneiivl SComlehl (e ety he g emegenir lan g i o3,
2 2 st pever implemented at e criial momentof Chomobyl. O negtive e

1, the dacilo o odine ropylxls ad 10 b gproveda th egiona evels, agreed
with igher
was stated at the end of the acute “lodine”

aformaton on th sable lodne admitisaaton I sl conradicory. Acconding o the
Ministry of Health of the USSR about 5 million iocine tablets were distributed, but there is
acason o belleve st nly shout 3% dstiuted pls were wed. Accrding o e IAEA
International “Chornobyl Project” the decisions on stable iodide tablets distribution were in
lne i Susanale pacices and nteenion wes Josfied: o h ey of Pipyt sable
iodine administration covered 70% of the population, including 60% on April 268, Informa-

m th
loine adminisain. The Vv of Hesihof Ukrioe o repore ot locing f o
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diofodine covered about S million

L0 people, including 1.6 million chil-

. dren. However, regional authorites
Pl 4+ decision on distribution the iodine
NGl Vi o _st0 mymperessi. Ppreparations was idnp(cd only on
LR il May 6 — in fact aftr the cessati-

on of intense emissions from re-
actor. The primary efforts were
aimed at providing siable iodine
1o clean-up workers, pregnant wo-
men and children in the affected
areas. “The temporry instruction
on prevention of injuries by radio-
active iodine” (N 05-15/3) was
the USSR Ministry

Health only on 07.05.1986 and on
09.05.1986 was sent 1o the Minis-

of Healthof Uraine. In Russia,

#
T 4y g e ST the stable iodine was distributed
e s dlar Bl from June to mid August and ad-

Confieniial MinStered 1071930 indivicials, of
INFORMATION ‘whom 26,060 were in cildbood.
In Belarus,

9am 0205

. in large numbers were
Bt shialon,
Batiston bckgroun n some isticts of Ky amouns 0 1100

not used or administered with a

At 9 am, OLOS. t"( 1t was. 1500 microroantgenhour, formation on administration of tab-
3 pm., 01.05.1986 it was 1800-2200 microroentgen/bowr. lets to children and adults, who

2 Mot as were evacuated to “clean” sreas
s of the southern disicts of Gomel
P region. The actual effectivness 0
lower of irradiation to thy-

w roid, witness to the incompleteness.
N and untimely star of the iodine
i ror Sy block. Only in Ukraine th Ist to-
K s o tal of surgery pecations on thyroid
= gland in people who were in child-
Chwiles rialn hmd at the time of the accident is

4. he ol of stbe bdine -
minis
o radioiodine in sblecmrs wnd

ien | 1)
Moty of e s o |
st

s B o i 272 esons, ey 12

K, g s it o sy 103 s, S0 2 present s less obvi
rdioogical consequen-
Toslydeplped 1200 b 25 years were
g T M i the subject of constant sention.

ol the ealy post-accidental years

i 2 sl roor anthe e analyl of Chorsashusien. PFOGROSUIC calculations of dose
May2,1986 loads for diffeent categories o af-



peop
by radionuclides from the Chomobyl accident carried out. The Radiation Safety Standards.
of Ukraine (NRBU-97) were iiroduced with amendments in 2000. Several methods were

propos years after

inttoduced and implemented inluding the restoin,of bilogicaldoss using electon pin
resonance of tooth enamel.

ith the IAEA Reference L ot o

Standards nd Techlog, USA
in clean-up workers and n. Fluorescent i situ hybridization, i dﬂmﬁmnm\ of

o he ooy el s o Ve TRcHBecA o TR
inthe firs 20 yers ater the accidet rlabe data were colle(wd e presaned

oty s o taimes of i <xposed. Of specal imporance were studies o
the early and
epidemiology and molecular mechanisms of radiation-induced thyroid cancer in children,
Jeukemia in clean-up workers and epidemiology of specifc types of cancers. Among the
pricrities are the studies on the excess of chronic lymphocytic leukemia that are the subject
of the ongoing International research now. The same i the situation with myelodysplastic
snirome s mliple mycloms.

For ubstantial amount of data is collected but still there is no
consenss o ther ralaion g, e o fonger o of i e xdnia oo
in the

e i i domeny of mmbmmg extemal irradiation and lncnrpomlan
of radionuclides (thyroid cancer in clean-up workers of the accident, evacuees expos
adulthood, benign thyroid disease, breast cancer), or wmndmoly data

partcularly exposed in utero, ists,
R b T bk ives a sciendic analysi of data accumulated I recent years

A 25-yeasperiod s the perod of el ssesmen of acedent cosequences,conch

6 s e e & o b et et o1 ionizing

he human bods, its organs and systems, cel populations. In the e ok e

2 low-dose radiosenstviy. Among the resls of the las studies are molecula stuies of

leukemia, bone marow microenvironment, CD34* stem cells, telomere length, gene poly-

‘morphism and expression. These studies have (o be continued. The important contribution

of the State Institution “Research Centre for Radiation Medicine of the National Academy of

edical Sciences of Ukraine” are also the lat effects of acute radiation syndrome, changes

of brain function and epidemiological studies on non-tumor diseases, which are detailed in
the next sections.

Professor Andrii Serdiuk,

President National Academy of Medical Sciences of Ukraine

Professor Vol Bebesiiko,

Director-General Research Centre. for Radiation Medicine

fessor Dimitry Bazyka,

First Deputy Director Research Conte for Radiation Medicine
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cusrrr 1 DOSES
OF EXPOSURE

ooty diascrve eese saned Al L 26, 1986 and a
ing 1o some estimate, Iosed 10.15 days. Shortlved
radionuclides (udimsomves such as niobium, zirconium, odine, etc.) played a role of
dose factors in the early phase of the accident. With the distance from the start of the
accident, the aplng the dose was played by caesium
(175, 24C) and much I ). Radio f i
241Am), though were present
and chemical propertis of the in which they were fixed,
the role of the transuranic dose was small
Durin the emergency radioaciv releas the westhr condions consantly
changed,causingsgifcn herognesy of milolmve fallout in Ukraine: 197Cs fallou
density varied from m2. %95t contamination levels were
Approximatly 10 tmes e i e populanon residence levels of fallout %Py
varied from 0.004 to 0.9 kBq m-2 (at the average level of global fallout 23240py for
raine — 0.037 kBqm-

‘While in the arca of radiaion influence of the Chorobyl accident virtually all
the residents of Ukraine were somehow involved, but four critical forces that are most
experienced accidental exposure are highlighted:

) duwp e s of ity NER b vl dce e oy
ived in work on the in mobyl 30-km
2 mcuma reidem of Prypiat o chonmhyl o el 5 snamens of 30k

3) hidren and adolecents (g — at th time of he acciden), whase thyrold gland
s undergone imadiaion by rodioaciv lolopes o fdine, which came nt the
body with food or inhaled in

4) rural residents lving on contaminated iy

‘The population of the contaminated areas is the largest in number among the four
contingents outlined above and makes millions of people in Ukraine.

Do e 5 s s o it o palln e
taminated ar

5 exernal whole by gamma Iradition from the complex of gamma-emiing a-
dionuclides in the fall-out on the soil
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2) internal irradiation of thyroid gland from radiocaesium (in 1986) and whole body
iradiation from radiocesium (and much less from other radionuclides) due to con-
i ioactively 3

nated territories.
. Likehtare)
1.1 RADIATION DOSES OF CLEAN-UP WORKERS OF THE
ACCIDENT. RETROSPECTIVE DOSE RECONSTRUCTION
'WORKERS OF THE ACCIDENT

Clean-up wnrkus of the Chormobyl NPP acciden (aso known as “lquidators”)
the Chor-
nobyl accident. Despm the importance of his population — both in terms of medical and

of 1
Ukt (SBU i perins i oy the Chnnmhyl accident only about a hal have
o of dvidua A ined unclear both the quality of available dosimetric

o the ol st o flle of aton protection during clean-up works.
Tradiional were ideas of ot toal flifction of atson adistion doses and
f fix its. It was al i situation wi

of crystalline lens, one of the most radiosensitive organs, especially beta rad

the Chornoby! radionuclide mixture. Therefore a large range of actvities was plzlmed

‘and largely implemented for the past ten years aimed at bringing clarity to the real

xposure of clean-up workers and retrospective evaluation of dosimetric monitoring
Tl i G i,

A special place i the complex problems of exposure assessment dosimety of

stuis. These snles requie Idormationcn sibjecs' e dws sl e
problem of

al ‘which was da
and snccesslu]ly us!d 10 reconstuct individual dos:s of clean-up workes is mnuz

lation method |o|mly developed by Russia (Insumle o Biophysics), Ukraine (Research
Centre for Radiation Medicine, Chormobyl NPP), USA (National Cancer Institute) and
Frce Itemakusl Ageecy lor Ressel cn Cance)
oot 'eamre o s et based o s iy of clen-ap workar, he
nalysi es by expert monitoring team and the use of expansive
ot of eoon srton e places of clean-up works, s that it can be uni-
versally applied to any clean-up worker, including the deceased (through the inquiry of
collsguesand elatives).
RUE method was widely used to reconstruct individual doses for whole body
st bone o of pubject caes and conls) of Ukl S esearch of ket
doses up workers using
RADRUE method, in particular 79 subjects who died (through quemomng colleagues
and relatives of the deceased clean-up workers)
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dng into account that the cohort studied included clean-up workers of 1986~
1990, which have offcal status and egistered nqmd.m in the SRU, the dose range
Gy, , pomeic

mean— 12 mGy. P mg range of doses suggests extreme heterogeneity of
G cleanap workers composed it he same tine with the people who recerved arge
doses in the first days after the accident, and household sector employees or persons
who visited the 30-km zone during a short business trip.

p iffer (Table
1.1). Thus, ‘the Ministry of Internal i for which there-

fewer power
professionals (NPP employees, workers of Construction Administration-605) received

ly i . a power pr
19 also incudesso-clled ey qudaors, Le.pele fom Chaby) NEP persoal

o prieston il conr

jously, the highest doses mceived participants of clean-up works for which
noctteciv system of radiation protection and exposure management was used, first of
all, early Tiquidators (those who plrlicipntd in the clean-up works during April-May,
1986) and certain categories of workers who carried out works on individual tasks,
‘mostly outside the scope of attention of radiation monitoring services. Dynamics of
‘military liquidators exposure by years (Table 1.1) adequately reflects the evolution of
the radiation situation in the 30 km zone and a gradual reduction of the dose limits
within 1997 1988. It should be noted that the average dose of miltary liquidators were

by finding agrees well with the independent analysis of official dose records
and qualitative considerations concerning radiation monitoring features of the troops
during the clean-up works.
Tave 1.
accld
s | rona s
Wiary (18] E) 7
‘Separately by year o parlcips-
the ciean-up wor
1985 9 105 [ 189
1967 52 i % 232
1968 4“4 2 1 241
1989 2 3 7 22
1990 3 50 2
Protessional atomist 35 301 217
Sttt of MiA 27 203 173
i £ 70 ]
Drivers 213 2] ]
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It should be noted that the cohort of subjects of Ukraine-US study of leukemia
among liquidators is quite representative, because data on levels of doses, type of work
and distribution of professional groups (categories) of clean-up warks (Table 1.2) are
very informative and can characterize the total set of Ukrainian clean-up workers.

A separate scientific and practical problem is to determine the lens exposure in
clean-up workers, including assessment of individual doses of beta-radiation. The es-
sence of the problem is that during the clean-up works beta-irradiation doses were not
controlled (because of shortage of existing logistical and methodological basis) while
in the Chomobyl mixture of radionuclides were amply represented hard
(14Cefr, 195Ry / Rh, %0Sr / Y), which could form a substanial remote dose beta-i
radiation. Under certain conditions, beta doseson lnsofcean-up worers mayexceed
an order of the appropriate dose of gamma-radiati
A lrge sudy on reconsiucton of naividual doses of lens beta-tadiation of
8,607 particlpants of Ukraine-US ocular Chornobyl research (UACOS) RCRM special-
ists conduced oty wih the Instiue o Occuptinal Heolih, AMS of Ukrane the
the project UACOS). ‘model took into account
the time elapsed after the mdm ond. accordmglyv changes inhe composion of the
Chornobyl
quesnumng of llqnldamrs) L eharacie of work, workplace charscersie usmg of
an adequate exposure model was used (phantom, taking
Tt account ihe amstomicl oaon of e e exposure from horizontal and verti
surfaces with different textures) and the method of calculating the distance doses of beta
radiation by the Monte Carlo method.

Although the ultimate goal

- was 10 assess the total doses o
the lens, a correlation between

- doses of gamma and bea radia-
tion is also of (Pig. 11).

It was found that apvmxlmilely

) 2% of e o sudy
don doses were Mgher
T e e comecponiog g
g doses (i, the toal miition
@ dose in he lens was more than

of beta irmadiation did ot ex-
ceed a half o the corresponding

of gamma radiation.
T T ik R aaae Parameters of total dos-
[ es (beta + gamma) of lens ir-
£, 4. T bt ot o bt o dpes o g 13l n certain groups of
8607 subjectsof UnaineAmerican Charnabyacuar _ clean-up workers — the study
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subjects are listed in the table 1.3. The table shows that the largest radiation dose received
so-called early liquidators, i.e. staff persons from the Chornobyl NPP and other units that
were involved in the clean-up warks in at the first days and weeks after the accident.
It should be noted that in view of the nature of exposure (dose gamma irradiation +
beta; see Fig. 1.1) and characteristics of the cohort (clean-up workers of 1986-1987)
doses of the largest group of studied subects — military liquidators — are in a good
agreement with the dose reconstruction by RADRUE (Table 1.1).

Another original feature of ocular dosimetry project was the sharing of various.
methods of dosimetry that were relatively uniform across a single calibration standard
("gold standard"), Thus, o assess individual doses of gamma irradiation the high-quality
dataof peronal dosmeey monioring (stff of Constcion Administaion No 605 —

. the results of calculation and analytical dose reconstruction (ADR), the official
o recorts (ODR) o milary liguidatrs e

against EPR dosimetry

on oot vt accurteand vl metod for reospective dosimet. This
caused the introduction of calibration correction n the primary dose assessment. Thus,
it appears that ODR of military liquidators approximately tiwice overstate the actual
levels of exposure i this category of clean-up workers.

rect the primary ODR and take into account of doses uncertalnty it was
o multiply the initial ODR by an adjustment of logarithmically normal distribution
type with the following parameters: geometric mean — 0.5, geometric standard devia-
tion — 2.2. These options of the corrective distribution reflect large systematic shift
of registered doses, as well as a considerable uncertainty of radiation monitoring data
of military liquidators. Unique data on individual doses of liquidators’ lens irradiation
enabled (o succeed ocular research and to analyze the risks of cataract under the influ-
ence of ionizing radiation.
it 1. Charactorisis offens exguss of getain gaups of cean-up workers arilars of
Utalne:American ocular Chomoby research (UACOS)

o G s
o ot st ot sy oM of b ot ns:
i

L T e
Emp ]
nwmmm o vatus rovs  EPR cosmaty
Soper o4 9410, 420)
Early ||qm¢amvs / analytical dose reconstruction (ADR) n2 502 (142, 1143)
‘Sent to the 30-km 20ne / ADR 126 16 (1, 242)
Military liquidators / Official dose records (ODR),
feceived by the roup and group. 7,255 121 (30, 287)
Toul o607 25 (5,100

rious attention was pald to assessing the quality and reliabiity of existing dose
ecords o dnton vt clean-up workers. These attempts were made on several
areas:
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Collection and unification of all exi
corresponding paper archives.
Studyig he pracice ofradton protcton s radition comml of various con-
singents ofclea-op workers, inclding nstiuionsl and regultry
Stady o dosmenric eiitaion sccar s,
opettive evaluaton af dosmetly uachlny SLSRU daa by compag e
ffcal v with v el of dose reference EPR dos

g databases on individual doses and the

with funding
from the National Ca
during the clean-up work were acquired. Unfortunately, this information gathered by the
efforts of Russian colleagues from the Iustitute of Biophysics (Moscow) was not use-
ful for practical se due to lack of reliable identifiers for Jinking records in dosimetric
databases with the data in SRU.

the transfer of hi e Min-
ey of Defence of Ukraine in an electronic database. Results of this work, earded out
jnlndy by specialists of Mmlary Archive, Milary Medical Academy and the RCRM

i eserv), those hat Inclode ‘b v of participation in the clean-up works, the
number of units and individual dose during the clean-up works. Comparison of data
from the archive of Ministry of Defence (MOD) with ODR of the State Register of
Ukraine proved o be very instructive. It appeared that the dose of military liquida-
tors who are registered on the SRU practically coincide with the data contained in the
military archive. Moreover, the degree of overlapping data sets and SRU and Military
Archive was quite high — almost all of the records contained in the Military Archive
is reflected in the SRU. This conclusion confirms the high importance of SRU data as a
source of dosimetric information for military liquidators, who are about 90% of people
with registered dose in the SRU.

Study of regulations and practices of radiation protection and radiation monitor-
ing during the clean-up works that has been done in the framework of Franco-German
Initative “Chornobyl", allowed 10 better assess the qualiy, eliabiliy and completeness

of dosimetric data on clean-up workers. It was found that in terms of quality and level
o caltingent eoverage by doe conyal, i pekk ci b gl ot (TS 1.4)

the preaccidental period the dosimetry and radiation safety service satisfac-

il § leilled s, sudden aceicnt reveled a complet falue of the exising

eveaf  pesannel rdiwon sy ' emergency condmons Teshould be noted that the
perod of confusion e quckly overcome and since the second decade of May, 196G
Gosmeiry sytem i suppert of amergency workes began t be made geadualy and
n early June (about a month after the accident) the foundations of effective radiation
protection and radiation control of the main forces involved to overcome the disaster

It was found that

depends o whichservice r aemcy comdiceed raditdonprtecian of lxqmdm.s and

dosimetry control. During up works (1986-1990) in the 30-km zone four large
Table 1
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viders (USSR Academy of Sciences, USSR Academy of Medical Sciences, Integrated
Expedition of Institute of Atomic Energy, etc.) were in function. These dosimetric

servics began at diffrent imes afe he acciden,covring variousconingerts and,
f individual

doses of clan-up o o, Tt th ‘completeness, quality and reliability of their
dosimetric data differ significantly (Table 1.5).
Table 1.4 Perlds of dosimetrc malatenarce o clean-up works

rows | twemo | owrion

o e f Gy % sy s
Proaccidental 197826041985 1550rgance with Radiation Standards-76.

1986 Inabilty of cmmwyt NP dosimetry service, the use of the
forces

nidal 3b0ut 105,986 _war-ime approaches to dose control of
about  Parall operation of dosimetry services Chorrobyl NPF and
nterim 10.05.1986 - tho amy, itroducing a single exposurs imi (250 mGy),
01.06.1085
i e e, Gprtonfdosimty s of Gy 9P, GA<05
1986 and MOD unis based on diferent appr:

Paralle! operation of dosimetry services of Chornobyl NPP,
hang S Gy amnt. an WOD aparmars, G
to normal operation, reduction of dose limits (1987-1988)

Tabe 15
sover e
1. Chornobyl Ministry of Energy and  May, 1986 - NPP personnel and ~satistactory-
NPP Radiation Electrification of the USSR,  to present  temporarily attached high (depen-
Monitoring Service from July 1986 — USSR o the Chomobyl  ding on the
Minstry of Aomic Eneroy NPP personnel perid afer
o scsidont)
2 Defence May, 1986 - y fag Tow
nistry of Defence end of 1990
B Wedi i and

ium June
Conlrol CA-605___ Ministry of the USSR 1986-1987 _ stuctors o CA-605
USSR Ministry of Alomic _ Novomber, _civiizn personnel _ satsfactory
1986,

3
H
H
£
£

Controlof 1A Energy ~to who worked in the
<Combinat» and prasent 30-kn zone outside
ts successors the buiding site of

imetry control of CA-605 staff of the Ministry of Medium Machine Building

(MMMB]uhhe
phagus (“Shelter” ized. The result of thi ‘work
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s 1 of quality TLD
of CA-605, mostly business. lnvelm from MMMB mlelpﬂszs based in Russia.

Dose control, homoby]
ioed by fluc I he frstweeks aftr th accdent (whn te regala dosimecc means
have proved inadequate for measuring high levels of doses) and the gradual restora-
tion of high-quality dose monitoring, which ended only in June-July, 1986. Negative
consequence of such failure of the regular radiation control of Chornobyl NPP was that
doses of early liquidators — probably the highest among clean-up workers — remained
unknown. Consequently, the completeness of dosimetry daa of Chomalyl NEP per-
sonnel was insufficient (including — in the sense of covering by dosimetric e ﬁx
o liuidatr duing the enire period of clan-up works) that ined
for reconsruction of dividual doos. Thoughoutte vears 1506-1596 in ol 1,600
individual doses of Chomoby) NPP workers and those temporarily assigned to e sn-
tion were evaluated ADR calculation method. Since July, 1986 dosimetry moni
ond reconding of dividual doscs were €ared out a the Chormobyl NP properly ang
that dosimetric information s characterized by high quality and completeness.

Dose control of civilian personnel (permanent and temporarily assigned), work-
ing in 30-km zone, due to organizational problems practically was not carried out dur-
ing 1986 and part of 1987, while this function gradually took over the
Conirol of 1A "Combinat” / RIA “Prypiat’. Thus, doses of this contingent, especially in
19861987, are characterized by a lack of completeness and ot always high quality.

e largest contingent of clean-up works were militay liquidators — professional
soldiers,sldies ndlly) and,the most, persons emporaily called 1o the army from
e. The this category is greater, as about 95% of ODR in SRU belong,
Joo m|hlary liquidators (Fig. 1.2).
‘with ODR of militay liqui the result of a
of this mnllngem by dose conirol and peculiarties of input dosimetric information to
S i e S50 TGP 1 e of iltaey getsonicl g ROPEREERY
sheet to military ticket) which were on hand in all military but In very few civilian

— . 6o Cadtemittary; 5:10%
PA*Combinar; 0.10%

Sont an Misson 0 the 30-4m
Temporary assigned to
CONPP 0.60%
ChPP; 0.10%
A0-605:160%

Ministy of nterior; 0%
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clean-up workers. However, concurrently with the exemplary coverage the dosimetry
of miliey liqidaors ifeed by th loweetprecision of individualdpsesbecae of
rude and inaccurate methods of dose assessment. For military Liquidators generally
‘per group) and ted all group

e n he basis ituation and the planned

members
work) dosimetry meth

It was found dunng he rerospeetive assessment of accuracy and biasof the dose
estimates of miltary liguidator tha the average doses estimated by these methods ex-
ceeded levelof

reta-
o of onar oion o individual doses of the military uqmdams (Fig. 1.3)
as the evidence of fraud dosimetry information to bring the reporting of exposure levels
of military Timits (250, )
ot vas confmed.

Statistical
of the dose does not exceed 10% of the total, and the atypical form of distribution (left
depleted and a sharp precipice at doses above the limit) corresponds o fairly unusual
practice of doses management when the person who recelved allowance dose exempted
from the armed forces and ther replaced by  new reservist.

In general, , which

the Ch

limits. p i i
of the acciden and concered rather limited group of so-called early liquidators.

o
0w W w0 o w0 2 w0 w0 0 w0 0

ovse 6y

Fig 13, ‘partisans”)of 18881987
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In the future (from late May, 1986) contingents of many thousands was provided
with adequate radiation protection forces, and cases of exceeding the established dose
limits (250 mSv in 1986 and graduated limits of 100 and 50 mSY in subsequent years)
were rare and usually occured in cases prescribed by current at that time Radiation
Standard-76.

Conclusions:

1. The largest individual doses received so-called early liquidators — people who
paticipated in the clean-up works in April-May, 1986, under conditions of poorly
explored radiation situation and lack of adequate facilites for radiation control.

2. Doses of clean-up workers of laer periods (since June, 1966) are largely in accor-
i . o " ) Adecin

during the clean-up works, mostly fulfilied its function and provided non-exceeding
of permissible exposure.

S Tl o complmmes o ey icmla g caly difee fari
ferent groups of clean-up , causing the nee
of exising o recods, reospective asesomens of dividul doses and reviion
and correction of available dosimetric dat

4. Doses of military liquidators are not characterized by strong falsification, but are
displaced (in the direction of overstating actual exposure) and not accurate (with
large uncerainty).

. Studying ekl consequence of Chornatyl NP acciden amon clean-vp workers
ey Rgpies s appleslon SEWSEmipeeive ssieip s Samertn il
doses of subjects

6. Developed in recent years retrospective dosimetry methods, in paricular instrumental
EPR dosimetry on tooth enamel and analytical calculation method RADRUE allow
o efetively support the ostChornoby! eidemioloicl sudies

gave clean-up workers.
Conelraton of s faco I et 1 ssing ik f ot ey wrktn

1.2 DOSIMETRY OF EVACUEES

Individual effective dose of irradiation for 12,632 inhabitants of Prypiat (group.

A, about 25% of the city evacuated population) and 14,084 residents of other villages

of 30 km area (group B) were recovered and analyzed by the method of imitation and

inquiry of evacuees.

Overall evacuees represent 104 village of 30-km zone, including the cities of Prypiat

and Chornaby; 223 residents who lived in 40 settlements of the Belarusian part of the
zone were also interviewed and included in the total number of investigated.

The average effective dose of group A contingent that was accumulated prio
evacuaion was 10 mSv. Doses of 534 persans from hi group exceeded he level
of 25 S sd anly 10 penple recelved dises of 0 S Masimuan vloe of effcive
doses among this group of inhabitants of Prypiat was 75 m

Fequency dixbuon of lsdvdun sfectivedotes 15 shawn i Fig, 14, Para-
‘meters of this dose distribution are shown n Table. 1.
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Century Aftermath
Table 1.
P sty of dtermitae casion
Wumber of persons 1 The group 2632
The average porton of time outdoors 02t
Distibution of effective doses of exteral gamma radiation exposurs (mSv)
The arithmetic moan 101
Median 893
Geomeric mean 673
Geomeric standard doviation a1
] .
95 percentit 2
Tho coticent o varaton (%) i
@ 1.4 shows that the dis-

tributlon of individual doses is

tion exposure doses. 95% of the
evacuated residents of Pryplat
(group A) received a dose not
above 24 mSv.

£ @ @ 0]

i 1.4 Th dhaton ol does o i o 12652
persons ovacuated ram PryplaL. Aesus of etomnisticclciaton

Table 1.7

- |..,,,s|mm|mm|.m|m. =l
Age group (years) 712 12-16  16-25

Number of persons n the group. 1597 zm 2138 601 1159 use
The average portion of time 014 0.7 018 021 025 025 021
outdoors

Distribution of effectve doses.
of extermal gamma radiation
exposure (M)

“The arithmetic mezn 83 909 90 105 108 115 102
i 015 015 014 03 024 042 0%
Median 735 783 763 935 963 105 856
Geometric mean 55 615 632 716 67 185 707
Geomelrc standard deviaton 318 304 279 302 36 313 274
75 percentlle 12 122 122 151 163 156 142
00 202 213 48 259 29

95 percentile X 28
The cosfficint of variation (%) _ 74 75 73 72 75 1075
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Table 1.8. from a professional
atfillation of
P ¥
AT RRICTHE
— §§§§3§§§§§§§§

TR o s 50 e 7 o 20 4 1

¢
Thsvge ANl Me g5 019 022 023 028 026 024 027 026 020 020
Distribution of effective doses of external gamma radiation sxposure (msv)

The arthmetic mean 881 94 102 115 109 115 108 126 130 894 051
Ertor in mean 011 013 036 059 028 0.16 030 073 040 054 0.35
Median 772 799 966 108 96 105 966 108 124 854 811
Geometric mean 582 651 7.05 757 766 7.7 7.1 827 839 574 692
‘Gaometic standard deviaton 311 288 272 3,16 286 321 3.46 309 384 325 253
YSDelcennh 189 128 137 165 145 159 149 167 180 128 134
95 percentile zo.u 226 224 274 251 262 247 297 282 201 204

'hecu:lﬂulnlolvinmnn(%) Mo T4 68 T3 T2 T 72 84 66 75 70

1.3 THE CALCULATION OF EXTERNAL EXPOSURE OF PEOPLE
EVACUATED FROM VILLAGES OF 30 KM ZONE

Dosimetric models for

of 14,084 persons evacuated from the settlements of the 30- Jm one. The alulton
from the begi the accident and til the

beyond the 30-an zone. The average effetive dose amon this group (sbout 2% of
the evsctated popuaton) ws 159 wSv. Among this group the dose of 1,260 per
exceeded 50 mSv
s done of 204 m dos exceeded 200 mSv. Calulaed in the course of revision
the average dose of 15.9 mSv was slightly (14%) lower than the one that vas identified
in preceding study — 18.2 mSv. This difference has several reasons.

l, from this review 3,119 persons were excluded, who lived in remote from
Chornobyl NPP villages and whose doses were, respecivel, gt small. Onthe ther
hand, a critical review of dose rate measurement forced to reject some, perhaps, false
values. In addition, a more sophisticated meibud of ot interpolation has prevented
e development o aifical nressonably bigh vlues of the Inerpolted dose rtes

For these two reasons, number of persons with high doses slighily decreased. So, if ac-
crding o the preliminary consideration £44 s dosercre s 100 i the

i nitude. Morcove
justas in s problem of dose assessment Cofthe unm. population, use of ngdependem
factors of
tive doses received s a result of the audit.
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Table 1. & don of 14,084
inhabitants of 30 km zone.
Tablo 1.9, Parameters of Individual doses distibutlon of extoral exposure of Indiduats who were

Group strenghs 14084
CThe average share of ime outdoors 041
Distroution of effective doses of external gamma radialion exposUre (mSv)

average. 159
median 77

metri 713

sl mnnam deviation 408

75 perce 161

o1

ol vasaton () 142

Noteworthy i a very large coefficient o variaion of individual doses — 142%. Such
villages of

the 30-km in the zonc
tion (dll[emm i of svacuton), and lndwlduzl dl"mmes in vmpolllon of time spent

ofpesetet n th calculated populatin, comprlsmg e it o iy contaminated
villages (such were majority) and duwellers of localities with high dose

Qi a wide o distlwon of sares o ime outdoors Fg, 16 G shows tha hlf

of e popalatin spent more han 42% of e o th sest and level of G5% o e

rural population. If

preebor by average share of 21% time outdoors, (Table 1.7), the rural Tesdens

w ‘more time spent in the court,

that certainly contributed to

higher levels of exposure.

‘Another factor that has con-

siderable influence on the re-

sulting dose was the duration

§ of stay of residents in the area

o

of Incmzsed udmion,

s of in-
§ vt doen Mscbons
for the seulements included
in the reconstruction of doses
are presented in Table. 1.10.
For villages with a number
° e of surveyed less than 20, the
ki Asme e median and 35% quanile

e

3
58
%
H

e o e Jerem? ble shows that for all sectors

calultion except Sector B (Fig. 1.7),




Chapter 1. Doses of exposure 35

maximum (95% quantile) dose for the individual settlement exceeded the level of
50 mSy. On average, the highest doses were received in the villages Usiv — 154 mSy,
Mashevo — 79 mSv (both — Sector C) and Chistogalivka — 70 mSv (Sector A). The
‘parameters of the distributions are shown in the Table. 1.11. For comparison, the table
contains parameters for the distribution of Chornoby] — much less affected settlement
of the most the 30-km zone populati

Sinute uancy,
ssssgzags

W AR A ]
Losston i

Fig 15 Fig 1

Nknaone hei names seein Tabis 110, 111

ble 1.10.
zone.Location o setlements see Fig. 1.7

v s | gy o0t [ T w25,
v % EI T
P — w7 w4 @ on ow
% Burtika s 8 & m u w
16 Nova Krasnytsia 89 8 48 2 23 29
18 Rechytsia 382 7 50 24 2% 33
1 Touy s w8 s % @ ow
1 K w8 @ w ouw w
{of Tovstoiis rural district)
10 Rudky 43 32 10 12 19
o y— 07w s s ow
2 vitnta u o0 ow ow o om
% vt w0 6w e
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i
e | et | 20 [T v | 55,
Sector B
1 Novoshepelychi 815 6 7 15 13 3
2 Staroshepelychi 209 7 50 21 2 31
s sorora w8 @ ow ow
¢ biaswoa Tos a6 - -
5 Dovatr O
2ty W s 4w s w
Sector ¢
54 Mashevo 162 8 54 % 9 96
v w8 4w
& Woloatly : 7 o
55 zusia [ T S ——
55 Ky w o7 © -
5Kt e s v m - -
oD
51 Zymovyshche 431 7 37 37 a2 56
%2 Kova Gas P A
. St e
7 ooda o
7 vyt w8 e 4 4 s
& onaiia w8 w5 1 s
75_ ooty s s wm s -
St
& o ™ f e & ® &
o telor w s e u @ w
6 chomoon @ 1w s 6w
oz W8 o= 7 8w
70 Zapillia 69 9 48 6 7 8
71 Cherevach 263 9 a7 5 5 8
3 towsty wm s @ s & e
33 Korogod 601 8 52 4 5 L]
29 Stechanka 333 8 43 4 4 5
30 Rozyizzhe 49 8 37 3 3 a
31 llintsy 366 8 45 3 3 4
32 Rudnia Iflinetska. 15 1" 36 4 4 5
34_ Glinka 221 7 34 2 2 2
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Table 1.11. Paramelers of distribations of indvidual external exposure doses to certain lacalites of
30 km zone. Results of deterministic calculation

Soto o R
® o =)

uariiy of group

Distrbution of sffective doses of external o ununan e (msv>
average 638
median - n 7 59.7 584
geometric mean 146 692 147 34
geomeric standard deviation 128 166 277 414
95 percantile 165 957 9.1 "4

Cosfiient of variation (%) [ 77 52 (5

It is seen that within the same locality variation of individual doses is rather small
Geometrc standard deviation size for small settlements equal (o 1.4-2.8 proves for a
great homogeneity of the population in terms of exposure, in particular mode of behay-
for. The exception t0 this rule are such large setlements like Chornobyl, many popula-
tion groups of which are characterized by a variety of behavior modes. In sditin,he
migration of Chornobyl residents out of the city, as well as self-evacuation of so
them esulted n signiicant expansionof dose absrbed by residensoftis seemen.

2 Chomobyl evacuees

[ 14, which i the value of this
forgonera P AN evacuees (Table 1.9).

i seneral, a5 1 1 seen fom sbove quite typical examples, the uncertainty of
individual dose estimates of the rural population is slightly higher than for the re-
construction of the urban population doses, but even with uncertainty at the level of
60-80% (coefficient of variation) can be stated that such precision Is adequate for the
purposes of retrospective assessment of individual doses of population evacuated from
the accident

Doses of evacuation route

‘The doses received by Prypiat residents during evacuation were estimated as a

nalysis of routing form), completed in 1988-1989

during a large-scale survey of evacuees allowed to identify four main routes by which
the people of Prypiat moved in the direction of evacuation points (Table 1.12)

‘The most significant itinerary was the road to Polisske which passed in the west
direction. Prevalent quantity of evacuees took his route. Another, somewhat less impor-
ant, was the route to Kyiv direction, the path of which went through the “Red Forest”,
Kopachi, Chornoby), Cherevach and further to Kyiy. Two less important itineraries were
revealed: the railway in the direction of Chemihiv, and self-evacuation on their own
transpor towads Belars the oad 0 the Bl Soroka.

realiz of Prypiat population.
“analyis ol e radiodon situaion ot evacustonroute she tt e entire
tinerary can be divided into two essentially different parts (phases): phase 1, wi
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passed through the 5-km zone of Chormobyl NP, and the rest of the route (phase 2)
from 5-km border zone to the place of destination.
Table 1.12. Features of evacualion Wierarie trom Prypiat (per survy)

Cortent | ‘Dwection o svacuation Gote o rote \ . l Frmias

T Poisshe T 3] 2
2 Kyiv 2 s 27
3 Chemihiv 3 %8 3
4 Belorussian 4 612 4
5 The route is not speciicaly fsted 5 2n 14
6__Inthe vilages of 30-km 20ns 3 1063 7

Tota: 16193 00

‘Crucial difference of phase 1 is that the evacuation route crossed several extremely
powerfal traces of radioactive emissions, the scale (characterisic size) of which some-
times reached only tens or hundreds of meters. The rest of the evacuarion (phase 2) went
through the less contaminated areas with much lower dose rate overfalls.

5 resul, assessment of doss eceivd on these o other routesof evacuation
was carried out separately for phases 1 and 2. In the case of phase 1 doses reconstruc-
tion was conducted marually using cartograms of radiation Sionmens prosided by
Chomobyl NPP. In phase 2 dose was estimated by Integrating the dose rate profiles
along the route.

s from the estimation of doses receved during each of the routes of
movement, ar sall evacuaon o, ancpatd by he plan of civl deence n the
ot really less safe than direction. On the other hand,
sl change of roue — leaving the Prypiat thiough  the rallway cmssmg near the
plant “Jupiter” instead of travel through the contaminated area near the overpass over
the railroad, crossing Prypiat-Chornobyl NPP and cottages south of the station Yaniv —
cold sgnficanly reduce e dose load of evacuees.
to Kyiv was also associated with significant dose load due to travel through
avery bk Spot in the cross NPP-Chornobyl-Prypiat. While the rest of the route to the
south Jed i les conaminate ares,doses formed a the firs e wee high enough.
was most intense on the route i the direction of Chernibiv. This route flew
about 6% questioned evacuees. Evacuation in this direction was s canied by, 0
electric trains leaved from relatively polluted station Yaniv, then went on the north by
the fence of the building site where the dose rates reached a fairly large values. Finally,
electric trains made stops provided by schedules at platform Semihody (north-eastern
outskirts of Chorobyl NPP), which only led to greater accumulation of doses. As a
result, the doses received by evacuations of rail in the direction of Chemnihiv were the
Largest of all possible routes of evacuation.
“Thus, the doses of iat dwellers, i x
were within 11-19 mSy, which can be compared with pre-evacuation ircadation.
For comparisn a the indivdual level componerts of th dose before ond during
f those

de o
the general evacuation and indicated clmrly the point of pideid o post 6,908
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people met these criteria) the:
dose received at the route of
evacuation by individualized
estimation was attributed.
Then the partial contribu-
tion of dose recelved at the

of dose partial contributions
durig evacuton presented
L0, shows it s,
i v o er oz 03 04 05 W &7 4 0s 1
most likely value is 0. e Pacofdos hriog vt

average (5219)% of dose

evacues received ust during [ Facloralcontblon o dosn e i e evcuaton
evacuation.

“Thus, it i obvious that the correct estimation of doses during cvocvton sgnifi-
cantly i,

of Prypi

Soroka (Belarus route), o o e vacoaton o e the nnly e
of 6% of e ol duse.

result of these efforts, integral dose was estimated separately for each of
e four ke ppenred tht In tes of dos urden during evscunton, ‘manning
evacuation route In the Polisske direction, which was the plan of civil defense, was
not optimal. Evacuation in the Belarussian direction resulted in the accumulation of
an order of magnitude smaller doses than any of the other tracks. On the other hand,
driving in the direction of Chomobyl-Kyiv and evacuation by train to Chernihiv gave
even higher doses.
parison of individualized dose estimates on the evacuation route with indi-
vidual doses received while staying within the Prypiat during the evacuation, showed
that a large number of doses of the evacuation route were comparable of even larger
than those that were received prior to evacuation. In general, the dose of the evacu-
ation route had given the contribution 10 the total dose of evacuees at around 50%.
“Thus, consideration of dose on the evacuation route severely alters the overall picture
of evacuees’ imadiation.

1.4 POPULATION IRRADIATION DOSES
Ranﬁnlnglu] mnmrin; in 1986

in ‘monitoring iter-
ally the first hours and days the mass measurement of gamma-field ratio in the air from
radioactive fallout on the ground, and later — soil sampling for gamma-spectrometric
udies of radionuclide f the most radioacti
‘were carried out.
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As for the control of
doumury monioring was Contacn ol enough goad q\nllly‘ asin m poct

radi |sompes of iodine, which accumulate in hyroid gland, and at he beginning of he
1986), layed by radioisotopes

of caesium, which are lenvely evenly distributed in the soft tissues.

Total in Ukraine in May-June, 1986 more than 150 thousand direct measurements
of radioiodine activity in the thyroid gland of residents of northern districts of Kyiv,
Zhytomyr and Che regions (among them 130 thousand children and teenagers)
were made. In addition, since July, 1986 in residents of Kyiv and Zhytomyr regions

about 23 thousand f the current isotopes in the body
(137434 Cs) using whole hndy ‘counters (WhBC) were made.
Doses of

irradiation in 1
Whole body e
Tabl 113 shows valuesof average doses o nterml radiation from caesium resi-
dens of districts of Kyiv and Zhytomyr regions, assessed by resuls of measurements
on whole body counters (WHBC), conducted in summer and autumn of 1986.

velyconaminated ares  simlaton of e transfe of dose forming ridmmclldzs (mm

ing non-statonary models that are wraditionally used for etospection and
p(oglwsbkmencsand Tevels of
in particular) as well as exposure doses of the population consumed these producis.

, the main source of internal radiation doses in 1986 was the con-
tamination of two components of the diet: leafy green, and milk (and milk products).

o

Table 1.13. (yiv and Zhylomy:
1986
of fallout "Cs in soll >37 KBg:m?
e i 10y T cntaen o 0 yore }
Distict doss, mSv | doss, mSv m sy
{"messuemens | ou o5 | messwamens hu Taso] messurmens c oS0
Znylomyr region
Korostens'kyi - — 3 013 29
Lugyns'iyl — — 2 032 48
Narodytskyi 1995 18 39 1120 18 39 2753 156 43
Ovruchsigyi 19 11 28 8 043 25 18 019 35
Kylv region
Bilotserkivskyl %0 04 23 2% 089 18 -
Bogusiavsky 8 028 24 17 030 30 -
Ivankivskyi 208 061 33 261 042 30 652 029 36
Kagarlitskyi 12 07 32 78 039 26 -
Poliskyi 1323 12 35 msv 08 33 1872 081 35

011 36 57 009 28

Stvyshchersio
Chomobyey__1195__15_56 Sb os3s o _om 5
— geometrc mean, GSD — geometric tondard Geviaion
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Evaluations of effective doses of internal radiation from basic radionuclides of
emergency release (per 1 kBq m2197Cs in soll) obained according to this model are
presented in Table 1.14.

In terms of i ratio first

mergency year and doses accumulated over subsequent years, may reach 10 or more in
fzvnr ot msx gex: A1 e ameiline 2 vty ol imrcerktc; b i Uklne

ich

o olncucie g e vegettion and frther o the milk, a5 el us 8

etro enough technology of dairy production in the private sector of Ukraine, identified

a wide range of internal radiation dose ratios in the first and subsequent years.

Table 1.14. Effective doses of intermal expasure In 1885 from the main radionucides of Chormobyl

mess {omakied o 1 B of 7G5t W se) I 30k el lrs o U, catsd by
consumpton of mi

K and tealy gree
b T cetgmn | [
Radltoce [ i ?] lae [jovpor 1 18q 7] roive [y e By ] e
e A R e T Fe e
i |waowe| “mesol |iwdme| ‘wessi |woow (s
s X o6 0oed 15 016 028
00 039 o7 0084 24 048 08
s 9807 17606 0021 05 021 o;
2 4gE06 8205 0002 " o2 007
iRy oo oo on 28 ot 018
o5Ry oo oo o0d7 95 039 05
gy 039 o7 oots 038 041 07
g5 68 2 028 66 Bl "
g 10 " 036 92 10 "
g 008 o1 o0 03 010 016
w a w 23 5 a3 6
g 10E07  17EQ7 0038 10 o008 006
g 2506 43606 021 53 021 03
o5 oot oo 00 25 010 016
Mtonucides 59 100 40 100 & 100
In Ukraine (Table 1.15) the ratio of effective dose of internal radiation of the

first year (256 days) o the appropriate dose for the next nearly 20 years (1987-2005)
ssnly depends o th aggegte vale of ransfer fcor llmilky (TF.92) in 2
per kBqm?,
e afdoses f e ot o amother 19 years is 8-50 in favor of e rm year. For
areas with TE-92 in the range 0.5-2 Bq'I per kBqim?, this ratio s 1-2, but
b st year. AL the sar e or the sulement, here th veue of TF.62 14 2.20

I per kBqm2 doses in the middle and Jate phases of the accideat exceed the first
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TS T it ittt e ety B o SO o

n areas with
ek o e s o g ey i v o TE52 bt excnd
factor *Sol-mik” (TF-82), Doses were estmated bY 2011 per k2 doses of the first
he Method87 (o 420 settements of Uesre) Lo 20 BEe

; L[ osbmeros | Nomberor T dose or subsequent yeurs.
oo vt nt | e | e hus, In some agro-ecological

005 o 269 conditions (peat-swampy acidic soil
00501 s 2t of pastures) the population can receive
01-02 15 fs  signifiandy lage doses of eral
02:05 80 dr i ol deal pernd o

051 26 g pabed i U7 O Emetpensy f

12 1 a1 year (for example, a number of settle-

25 051 e ments Rokytne district, Ri on,

510 025 145 ond Kamin- Kashkrsky( district, Volyn

1020 ot 15 region). On the other hand, where the

2900 o o ikt wesprevalin, e
ation dos ¥

752 e o detemned for o tme el 15110 OO

contamination of sl and ik every st dose (for example a mumber of setle-
meats, Cherkassy region).
Irradiation of the thyroid
‘The most significant in terms of radiation exposure and expected radioinduced
consequencesaltr oyl ccdes wes hyod adision ofcilren by eclodie
that came mainly from contaminated milk, dairy products and leafy green in May-June,
1505, tree Tevlsysem of econsrutlon o dyrld doss developed and veiied on

specific doses of the thyroid gland for al settlements of Ukraine (Table 1.16).

Table 1.16. Average reglonal thyrod doses (mGy) in difereat age groups of inhabltants of ifferent
reglons of Ukraine:

- The average Dyrid ose (ny) by age groues (s
El 21 r=n) 1t
Vinnitsa £ 13 98 92 2
Voiyn &7 % 2% 2 3
Lugansk 12 40 31 31 4
Onipropetrovsk. 13 a4 34 34 45
Donetsk 2 80 50 61 81
Znytomyr 21 8 o 5 8t
Transcarpathian 76 28 21 18 27
Zaporznzhia % 8 52 65 88
ano-Frankivsk 19 71 53 48 67
Kyiv 262 75 % 5 7

Kirovograd 8 3 2 2 1)
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Tl | o 7w [ wse | w | al

AR Crimea ] 2 58 84 2
14 a9 38 35 48

Mykolaiv 2 71 54 50 70
Odessa 15 52 38 37 51
Poltava 5 19 15 13 18
Rivne 7 6 4 2 &
Sumy 7 2 19 19 o
Temopil ] 64 48 45 62
Knarkiv % 87 65 66 86
Knerson B 1" 78 3 10
Knmelnytsky 39 15 11 10 1
Chercassy 102 52 30 a7 )
Chernivts @ " 10 93 13
Cherniniv 151 5 43 a7 50
Kyiv it o 0 2 % 2
Sevastopol cty % 18 “ 1 19
Al Uksaine 55 2 15 1 19

7 shows the distribution of children, adolescents and adults at intervals
of absorbed radiation doses to the thyroid gland as a whole across Ukraine.

Table 1.17 The retative distbution of child, adolescent and adult population with 2 mean absorbed
doses of thyraid

Relaive (%) Ostaowion of populton

B o I Ty ] vt | s | ot Lo ot
<0.05 72 93 3

oos-01 s 4 35 a7 50
0102 o2 2 13 I 20
0205 s o e o o5
05-1.0 077 0.08 005 004 012
1.0-20 015 003 002 001 003
2050 0n o oo oo oms
>50 001 0.0005 - - 0.001

Dosimetric certification and radiological monitoring
at the middle and late phases of disaster
‘Concept of the Annual Total Effective Dose”, adopted in 1991, was important
for planning and carrying out measures to reduce the impact of radioactive emissions
on the population. Regulatons o this concept were legalized in he Law of Ukralne
791X rgor
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= el f e Chomotyl Bt (1291) and 1 e L of Ukl e 26-X110m
the oyl disaster” (1991).

e pnm‘lple of lecevl oy thtfor te crial poplation group (hldren
born in 1986), the value of calculated effective dose of additional radiation associated
with the Chornobyl disaster, should not exceed 1.0 mSv (0.1 rem) per year and 70.0
S (7 rem)Lo e e o el e popladn' pre-accident period
certain natural conditions).

clides
terion. These laws set a four territorial zone of radioactive contamiy

Table 1.16.
falout determined by The Law of Ukraine Ne 791

i (1981)

Toning otara
Terioritzons ot dershy o s, KBq m? 0
ragosaosum | adostontun | gt

T Exclusion zone = = = —

2 Zone of implict (mandatory) resettiment 5555 111 537 >
5 Zone of guaraioe volnlry resefoment 165-555 55-111 03737 >1
4 Zone of enhanced 7185 074-55 018-037 505

1 i th et ofthe L flou densy s gven i unts of “Grk”
In Appendix 1 of the Decree of Cabinet of Ukraine Ne 106 from July 23, 1991 a

list of 2172 settlements was given, which were formally assigned to one of four zones.

of radioactive contamination according to the Law of Ukraine s 791a-XIL.

e 1991 unil 2008, Al dose

calculations nnual
tion of milk and potatoes produced in those settlements, whi Py — by the
Decree of Cabinet of Uksaine Ne 106. In addition, for radiation monitoring of affected
areas resldents a united WhBC network of Ukraine was set up during the 1995-1997,
roviing peratoal cocte ofthe level of locaesium n the body of the okt
ants of affected areas (Fig. 1.
fedical organization prrp— regions of Ukraine were provided with
57 units of WhBC “Skrynner-3M” both stationary (40 units) and mobile (17 units)
samples prodiced ot the It of Fuman Ecology (Ky)wih the e of progam
method . developed by the Dosimetry Control
ST URCiM of AMSLat Ul Fro 1955 1 2008 sbowt 30 thovkand WhBC
rements was held within the netswork of WBC. The table 1.19 contains the rela-
tive distribution of all certified settlements according to established territorial areas as
a result of dose certification within 2001-2008,
e dynamics of change in numbers of settlements in different zones in 2001,
2005 ad 2008 fo selcted eglons of Uktsne wher helargestnumber o setlemens
were dose certified is shown in Table L.19. As it is seen from the table data,
2001 ~15-19% of all certified settlements were in the 4% zone of e smenced et
monitoring”, and 70-80% in general were outside the established territorial zones of
radioactive contamination.
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Totat 57 WCs I 12 egions

Fig. 1.9, WBG Uniled Netork of Usrane, established
unter the dosimetrc cetfcation

Tabe 10
I tified settiemer yoar)
] e S = B -
T N N T
2001 2163 15 18 023
w2 o s w o
2003 2163 n 16 13 0.09
2004 2183 72 19 9 <001
ws 5 " 5 an
2006 1967 82 " 35 005
2007 1596 81 15 36 <001
2008 1925 86 12 002 -

Table 1.20. A comparalive analysis of certication of setlements of Ukraine in 2001, 2008, and 2008
Quaniy 1 rabted o Wi s doses iy you )
Region 2008

o505 5 5 [ 5s [<os]ost] 15 o8
Vinnitsa 89 - - - = - & — — -
on 165 — 3 163 — 3 — w3 —
Zomyr 698 472 135 93 — 4 - 59 T4 1 —
Kyiv 0 M1 W 5 — 3 - W9 —
Rwe 339 99 109 126 5 5 — 150 99 % —
Cherassy 103 101 2 — — - - 2 — —
Chemihiv 248 205 41 2 — - — w1 - -

“Gat for 2008 (in 2095 dosecercation s ot performed)
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It shouldbe ottt the Klew and Zhytomye egons In 201-2000, he
umber of settlements in 2—4h z0nes continuously decreased in comparison with the
ffcil distbuio by he Decree of Cabinet of Uktaine N 106 (Table. 1.20. Most of
ments in these areas were “shifted” to “safe” zone, where passport annual dose

oo caeeed 0 e e region, according to Decree of Cabinet of Ukaine
e 106 the majority (~76%) of settlements was attributed to the third zone of “volun-
tary resettlement” (passport dose should be between 5.1 mSv). But in 2001 already, in
i zone remained ~30% ofsettementsand n 2008 ~7% o he sedements, Mot of
ed” in the 41 zone (passport dose — 0.5-1 mSv), or “safe” zone

(usapon dose <05 mS).

In 2008, almost 82% of the setlements of Kyiv and Zhytomyr regions referred
by the Decree of Cabinet of Ukraine Ne 106 to 20 — 4 zones actually have a “pass-
port” dose of less than 0.5 mSviyear. That i, the dose criterion of the teritory of these
settlements have already lost the status of “victims”. At Rivnenshchina passport doses
below 0.5 mSv per year had 44% of settlements.

here is an annual reduction of settlements, which according to the dose criteria
an be attibuted to 3 zone u -5 mSy - year). For the 2 sone (dose >5 mSv) since
2000 in Kyiv and there were actaally to that
area, an in Rivne rgion in 2001 in his zone were to b orly 5 it

Doses accumulated by the residents of Ukraine for 25 years
after the Chornobyl accident

Table 1.21 estimates averages (weighted by number of inhabitants in settlements)
effective doses of external, internal and total (external and intenal) exposure for all
reons of Ukrine,Estimates o the televantdoses i 190 scoed Doty 187201
and for the whole p period and ion for each area are
prsend based of the deniy o oo, e 125 e stolar tar
for Ukraine as o whole.

able 1
after the Churnubyl accident for all regions of Ukraine, Kyiv, Sevasmpol as well 3
Ukraine as a
1o 126 shos e dstbusion of el | popution i, Ukmne, living in areas
of 197Cs fallout in 7 kBgm dos
‘accumulated during the 1986-2011.

Tavlo 121 Ukraine:
Gepnting n o Gty of oot et n 1985

il B 1986 | 19872011 | 1986 | 1387-2011 | 1986-2011
- & p e w s ow §
R A A A
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S
e =
. 1ag6 | 1osroort | o8 | tosr-zons | vses-zory

<37 9 034 0.68 0. 022 17

Lagusk 37185 0.69 10 21 17 033 52
it

b '] 002 129 26 28 0.40 71
e

Donetsk 37185 56 11 22 14 027 50
Zhytomyr 185-555 72 68 % 19 34 258
Wi o mowowon W

21440 006 52 103 22 32 208

Zaporizhzhia <37 100 0.07 015 0.15. 015 0.52
Kyiv. 185-555 11 82 16 65 27 El
S%oow W s owonooa

i e 5 om % % om

e ow s % o o

Liv 37 100 009 017 017 0.16 058
Rivne 37-185 2 22 43 19 " 2
37185 30 16 31 33 077 87

Ll 37185 001 132 22 24 054 63
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T o (O e T
wogon (it e| wotsom [t ||t
o0 e vrnt | v | werzon | e
Toarsor S v 0w o o 0w
@ w om om os  om i1
Kmenysy w5 17 16 a3 36 0w 87
185555 0.003 6.7 13 15 015 35
& s om0 0w 0w 17
Chercassy 37-185 15 19 37 33 054 95
WesE oy 13 15 _ws o wm
<37 92 036 072 074 035 22
Chemivsi wes  7s 17 34 32 o es
wsss  om 59 w1 os gt
@ w0 045 4T 0w 18
s 32 16 9 23 22 98
Chernitiv 185-555 0.08 74 15 81 40 34
siu0_ oo 8 s % 0w
vy & oe 0% om0 1s
Sevastopol city <7 100 02 040 034 044 11
Tt 122
Ukraine In general, depending on the density of faflout 1¥7Cs In soil
” e
st oty 75 |, e I
ot | | soraon | ressaon
% T om om  om 12
ar-185 a7 wooar o2 s om
165-555 o2 woowo 3 o om
5551450 00 R Y
1440 s m e % @ 3w
T 123,

of diferent reglons of Ukraine

P s G (ol oy

Rsgion accortingto time ieral

[ o T oervess T~ vsoraon T ioeeanii
Vinnitsa 102 061 030 193
Volyn 072 234 LE) 386
Lugansk 084 080 031 175
Dnipropetrousk 027 025 013 065
Donetsk 080 047 025 132

Zhytomyr 19 291 132 619
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i duss (1) of ol Wil bdy rdaon
Region Py ey
[ iosriges | 1986-2011
‘Transcarpatian 037 050
022 052
Ivano-Frankivsk 101 203
Kyiv 196 476
Kirovograd 081 118
AR Crimea 032 072
Liv 025 058
Mykotaiv 035 074
Odessa 054 107
Poltava 048 104
Rivne 148 672
Sumy 067 145
Tornopil 083 140
Knarkiv 050 103
0z 049
Knmelngtsky 059 122
Chercassy 163 307
st 145 275
Cheraihiv. 077 190
Kyiv city 078 186
Sovastopol city 054 108
I Ukraine ot 172
Table 1.24. Relative (%) of rural of fallout
13735 37 kBg.m? (. e,
ous times after the Chornobyl accident
Time intervals
Dose inervis m) 1985-2011
% of the whls popuition
< — = 2 =
12 62 2 ) —
25 60 40 K] 94
510 2 19 1 40
10-20 69 15 27 3
20-50 078 42 021 3
50-100 o001 o - 15
>100 = - = 008

. Likhiriow, L. Kovgan, . Chumk, . Vsylenko, 5. Nechaev)






cuenes & IMEDICAL PROTECTION
OF VICTIMS IN ACUTE
PERIOD OF LIQUIDATION
OF CHORNOBYL DISASTER
CONSEQUENCES

fler the accident at the Three Mile Island NPP TMA (USA,

(WHO) in Brussels, for planning purposes in case of ac-
cldents at nuclear power plants recommended scheme of the accident in time, which
allocated three consecutive phases: early, intermediate and late. Moreover, this phasing
was not dependent on the level of accident (5, 6 or 7) and the scale of contamination
of the environment as determined solely by the change in time of emergency racionu-
clide mixture emissions in accordance with the laws of radioactive decay and a general
decline in their total activity [1].

Early phase should be considered as the initial, acute period of the accident, last-
ing il the toppge of unconoled emisins

ntermediate (middle) phase — the period of varying lengths when mainly emer-
awarranty urther

pnllullw In addiion at the beglnning of this phase ormaton and th final sabilizaion
‘weeks or months, depending

P comvlexny arisen accident.
e phase is per se post-accident or recovery period of gradual return to normal
sty il b sting for many years as medical, social, ecological and economic
flects o disste et ong-emreseach and il deterine the number of specil
peculaiies of population il acdvity lving In conamiated a
However, uch gradation of e accdert deelopment could no seve s a pro-
ductive basis for the staged emergency planning, because it does not take into account
the radiological characteristics, which idenify the main sources of possible harm to
population et
the experience of Chornobyl showed, early phase lasted from April 26 uniil
May 5, 1986 (9 days after the acciden), when basic emissions stopped. Completely
emissions stopped and radiation environment got stabilized only in 15 days after the
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accident, 5o all levels of external gamma radiation to compare estimates were reduced
to that term [1].

In view of studying X ik
Chormobyl, the recommended gradation in order to clear criteria for practical planning
and carrying out protection activities, we have proposed next stages of this accident:
a) stage 1 — within 1 day since the accident;

b) stage 2 — 2-15 days after the accident;
©) stage 3 — 2-8 weeks after the acciden;
d) stage 4 — 1.5-2 months after the accident.

‘The first stage is due, on the one hand, to the fact that the first accident emis-
sions are usually most dominant, forming a significant portion of forecasted doses of
imadiation, including inhalation dose of radiozctive fodine on the thyroid gland (TG),
that accumulates very quicKly, while iodine prophylaxis efficiency is rapidly decreas-
ing in time.

Ferms of the second stage are mainly determined by cessation of uncontrollable
accident contaminants emission and stebilization of radioactive situation, as well as by
necessity of all completion major evacuation and other urgent anti-radiation protective
actions.

“The first and second stages cover the initial (acute) period of emergency (early
8¢ withn the WHO terminology)an reuie pariclaly careul pliumng and fore-
handed aining of necs
of s comeuences. In aelogeal erms,

of

“the period o .udm danger” because
well s for dose

formation dynamics with their participation.
e third phase marks the completion of radiologicaly significant “period of iodine
isk?, whlch deemines e st afbthprotectio mesves, nd medieldagnastice

e beriod (T) o: iodine-131 (8.1 days], wlnch s the longestof all emergeney
missions fodine radionuclides.
‘The he last phase

(a late one). In the radiological impact be presented with radionuclides among
which dominate radionuclides of cesium, following afterthe fodine period — “cesium
peri 2.1)

“Toenty five years after the Chornobyl catastrophe passed, but still we feel s -
gact ot esthof e population [2-51, The temaorsl oy s idenified
this failure
resulted Kilometes, i ]
2.4 million people in 2,218 locations (6-8].

Ioternational At Energy Agency (AEA) had ssigned the Chomoby! sccdent
a highest category and described it as «the biggest nuclear disaster in history» (9].

v we eaty (0 respond (o uch radiation aciden adequatly? s he Unified
Prevention And Emelgancy Respunse Sysem serving in Ubsin the perfctone?

tion amdems, ranging from ensuring the effecti

planning, developmen of e
s impossible
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Alert people about the accident that occurred, should been reported automatically
according to a premeditated plan for the radiation protection, but automation has been
disabled.

ly impeded the following

circumstances:

*+ release of radioactive products from the emergency unit lasted for a long time and
forming a radiation environment on specific areas was determined with stuf disper-
sion and height of emissions of ralcacive seusl s metorological condiions
that characterized with motions of unstable weak winds in variable directions in the
e simospbere and doni e by forces at 1 ke or more. As a esul, radiation

d patchy
ndins locen e places withot enough clea comeladon bewecn the concnts.
tion of radioactive clouds and its ground tracks, both in overall radioactivity, and by
some stapes (especilyiodine snd cefun)y

+ radiation effects of various degrees of covered large areas that were not only directly
adjacent to the sttt bt away from it for hundreds and even thousand kilometers,
50 involving in the accident millions of people.

In this regard, people
o e

coningens ofthe popultonacvee et e soved practice.

gether, these two factors determined the main difficulties in assessing radia-

onvecalogica ituaion, the e5ablshing exposore af the afeced population, hat n

trn influenced on the timeliness of medical and preventive measures, primarily for

emergency prevention activities.
Lack

tions ly
in the implementation of radiomefric control of food, water, environmental objects not
only in terms of overall activity, but also in spectrum of radionuclide’s content. Para-
doxical siwuation: the ministries and departments responsibe for production, harvesting,
processing, storage, transportation and sale of food, raw food, and water supply was more
tha the same time, they were 5o poorly equiped and had fiew trained person-
nel that t first the main burden of control was ld on th of the MPIH of UKISSR.
“The fist attempt to join f
nation and exposure of people was realized hy the inifative of the MPH of UkrSSR,
approved by the Decree of Council of Ministers of UkrSSR from 06/13/1986 No 332
pe, about sharing the responsibilities for radiometric and radiation control between
ministries and departments in the Ukrainian SSR.
Only with the onde of Counell of Minsiecs ofthe USSR from 1013171986,
e 2204 pe the for
was assigned as the leading organization to monitor, assess e ond predict the radiation
siation i the counry, especially i the conamiated ares around Chormobyl
rk on the
organization g persons exposed to. e e May was issued
the first order on organization of health care for population affected by the disaster
e MPH of UKTSSR in early May established scientific advisory group of the
leading specialists of the Republic. The main tasks of the group were identified as the
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collection and analysis information related to radioactive contamination of air, water,
soil, food and irradiation of population.

Mojo rders Minsy of Public Healthof ke are presnted in ables 22-24,

fo e s ame o e OSSR o Uhsans S e ot ot Ministey of Public
Health of Ukraine from the June 6, 198 «On the order of prophylactic clinical examina-
tion (dispensarisation) of persons who were in a zone of heightened radiation.”
Table 2.2. Major Ministry of Publl Health of Ukraine orders dealing with health care of populaion
alfected by radiation
Noe |
V" 050311985 On the organzation of medical mmx :u ‘opulaton and aflected
In comnection with he Chornaby ac
27 ositsitess 3 of Kyiv rgion
sticts
1o 05/19/1985 On additonal measures 1o ensure medical organization in connection with
he Chornobyl accidont
Ao 051281986 On medical maintenance of "
of Ky and Zhytomyr ther

resettloment
Table 2.3. Major orders Miniiry of Uiraine on providing
ot women

T T T
L e L

2c 052201986 m. oo uuwzmunmmﬂmu s gaion o rn popuain
Znytomyr and Ghernihiv

@ os0nes o the organization of sther o chiden nd prognart women from
zone i

Table 24, Major
‘hornabyi accident

Homter
e T o o el [ g nd o
onnsction wih the Cmnubyl

406t 0572711986
who participate n the ot e cmmuw ey

A temporary instruction “Organization of the work of sanifary- epidemiclogicl
service of Ukrainian SSR to ensure the radiation safety of the population in
i e nuclar reactoracedent at Chomabyl Nocloor Power Plant was developed
for the Radiological Service of the Republic and approved by the chief sanitary doctor
of Ukrainian SSR on 05/22/1986.

All e criiclimes of Choruch ccsden e esolved vi
scientists and experts of Ukrain

involving leading
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necessitated immedi . Gov-
cment Comtthon il ket deiion 0 the avacvacion o e ity of Prypi
and the Chornobyl region. During the period from 04/27/1986 to 05/05/1986 89,400
people were evacuated, including 21,750 children. From the city of Prypiat to Polisske
district of Kyiv region were evacuated 20,000 of population, to Ivankiv — 2,500, The
population of the Chornobyl area (29,534 persons) was evacuated to the Borodyansky
district and part (7,646 persons) to other settlements of the Chornobyl region.

Ministry of Public Health of the Ukrainian Republic was not informed on the de-
cision of the Government Commission of the USSR about the first stage of evacuation
fsn Pyt oo st of 10 e,

zone, pelfien from the west track and outside th 30-n zone — in the proces of dis-
of health care means
of Ukrainian and Belorussian SSR was. perlormed fter the events, not according (o the
Previously worked cut lans et ssessment of scaion o reservs (1)
In the early days after the accident 450 mobile medical teams with ambulatories
and 5,960 of personnel (1,240 doctors, 920 nurses, 360 medical assistants and 2,720
operating personnel) were formed and sent 1o the area of Chornobyl. These teams had
‘made survey of 135,000 people, including 100,000 children, more than 100,000 radio-
i roid d thousand:

using whole body counters. Medical assistance to population affected by the Chornobyl

accident, in addition to 543 doctors and 1068 paramedicals who regularly worked in

Polisske, Ivankiv, Makariv and Boryspil disteict of Kyiv region, was provided by mobile

teams from all regions of the country. Only in May 1986 3.4 thousand specialists were

attracted .ddmomlly, acllag 40 docats, 750 s 180 sy doci. 1980
s,

outpatient clinics were Cleunched 112

it s o ot apen o e ol Bl .
cine in the country, despite the fact that the subject of radiology has been studied m
v any athr, prablem of radiaion medicine ealy were rinawn  broad medicl
‘community, except the trainings in Civil Defense.

It should be added that of elimination of lerge radiation accidents abroad (Wind-
scale Great Britain, 1957; NPP “Three Mile Island”, USA, 1974) and domestic (South
Urals, in 1950 and 1957) (South Ural, 1950 and 1957) was not the achievement nor
medicl sience vor the genea publc.

body, In health care system, really was not ready for “Chor-
oyl mosthealth pm(esslonzls and scientists demonstreted their radiation ignorance
with very distorted imagination, overly exaggerated with journalism on the waves of
emotional anti-nuclear propaganda.

s the damage of such magnitude previously was not expected all medical
measures i case of accidents at nuclear power plant were relied on its medical care
department without attraction of local forces and involvement of health authoities. In
connection with this, both stand-by system and the organizational principles of medi-
cal care has not been developed to meet the broad-scale evacuation of population aad.
involvement in the incident both primary, and specialized medical care.
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The sysiem of medical care of Civil Defense Service (o9, capmlnes of its

forces as horm

o real situation. Thenlm e s nu.er b«rden o heli cre lod nn et core o
ns and authorites of Ukrainian and Byelorusslan SSR. Acute need for covering

ot both quanitative and cusliative defcc of ecessry forées nd meons 1 enhance

health and specific local health authorities had to solve in urgently without sufficient

justification.

Due to complex picture of fallout over large areas in some localities preventive.
‘measures were caried out partially or not performed. As a result, iodine prophylaxis
wwas not applied even to the most young children because areas of vital necessity were
et ely e,

addition, there was no consensus on the dosage of iodine, and only with the
release of “Temporary cmergency msmetions © prvent desinclon by adcacivs
odine” on 7 of May, 1986 finally was installed dose of st

i regard, for cxampl, n Zhytomyr region prophylacic nake of odine
stared only on 17% ofoy 1586, Suongh it s emealy kaown Wt corsumpticn of

iable
o hyrou by 95%, witin & hous aher radioactve i 50%, and 24 hours afler
radioactive fodine absorbtion iodine prophylaxis is practically useless (13}

‘This definitely shows the delay and incomplete coverage of iodine for all who
seded ; seberlaly fpes o i, whlch 4 el ol Gy [14).

of prinary medial ends vilsted e spence of Seeata ol -

diation exposure, contamination and medical care, sigificant
o baanced and thoughtl decisions. Lte t compleated anayss and genecaizaion
of medical care resuls.

Despite th i , there were many

difficulties and unsolved problems, the main of which included:

5 medical service plans were not provided with recommendations on the scope
and frequency of examination evacuated population at different stages of evacuation,
depending on possible dose of radiation absorbed during emergency situations at
‘nuclear power plants;

+ ways of evacuation did not provide separate flows of people and cattle, creating a
possible risk of secondary contamination;

« places of medical teams formation were not proy ith special clothing and other
facilities for personal protection from radioactive substances, creating additional dif-
ficultes in their ensuring;

+ dosimetric instruments from mobilization reserve (ordinance on their depreserva-
tion came a day after the evacuation tarted), bad unsuited bateries of 1971-1981
manufacture

+ deconamination-cleaning works were carred out n the road, where dosimetry and
medical examination of the evacuated population were conducted. Special areas for
cleaning transport have not been equipped by the end of evacuation. This situation
contributed to the contamination of additional people and the transport of radioactive
substances in adjacent to disaster areas;
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* lack even 0 rds data of garments and
‘cutaneous dosimetry on stages of evacuation, the amount of sanitization processing,
etc.) hindered consecution of medical events;

+ temporary cleaning points were overloaded with the sanitary processing of evacuees,
especially children, elderly and infirm from the medical point of view people, because.
G Tack th necessry ctclaion, and werenox adapted to work at night-time and
atlow lempﬂamms

allowable
and clothing, a5 wel s the failure of insittions and organizatons I the Minisres
of Communal Services affected Republics for sanitization of the population, despi
the fact tha i was envisaged by CDS plans hrelore, beals auborties engaged in
medical acivities had to execute other functions not inherent to them;

+ lack of sanitization of the population;

+ tasks for providing population with exchange clothing funds were solved in a hurry
had inflicted more troubles for heads of medical institutions.

‘The above mentioned circumstances significantly complicated the medical and
tactical situation, embarrass health perposetal civiy and reduced eficency of g
scale and laborious actvities that were carried out.

Over 135,000 people were evacui(ed 0 other areas, resulting in dramatically
increased pressure on exising hosial

Post-Chornoby firmed all o
o ca experience that blood parameters are valuzble dug.mmc tests of biologi-
cal dosimetry only for acute radiation syndrome, but at doses below 0.1 Gy are not
informative, because they almost imperceptibly differ from the original indices [15,
16]. However, they clearly respond (o physical and psychological overload, and other
f the results of

blood tes of medical workers
inowledge o o e, ‘This was one of the sources of anxiety and increased
mental and emotional stress among
"N number o iherapetic and dagnostic atviescared out blindly, without the
necessary information on radiation doses was focused on revealing radiation injuries.
Involvement of unreasonably large number of health workers, working on shift
method of nessonaby fequenly changiog tears, created a fvorable basi for the
ocaumenceof wogen
ent change of medi teams, on the one hand, made for quite conmdmory
el o et condition monitoring, while, on the other el it
arise (0 a sense of rresponsibility for the final resulis of their activ
the shift method itself became a source of anxiety and nervousness of
resident populmun, often cansidered as another sign of trouble in their radioactive
comaminate
i o e of very high psycho-emotional tension among medical
ks arrived for a work in the “contaminated area”, which could not but affect
the nature of contacts with patients, given the social role of medical officer in overall
anxiety.
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he key mechanism of growth of psychosacial stress, besides low levels of
knowledge and competence in the fields of radiation medicine, psycho-neurology,
Social and medical psychology of medical staff, who were the main source of inad-
equate, too controversial, and disturbing information about diseases and defects in
the health of the monitored population was excessively low level of knowledge of
the population as well as serious defects and lack of official information about the
situation. It formed a trust deficit in the acute period of the accident continued for
‘many years, taking the form of crisis of confidence not only against the authorities,
including public health, and medical science, a5 well as forelgn experts who worked
i the affected areas to objectively assess the medical consequences of the Chomobyl
sekden 17,

Late and insufficient objective information to the public about the Chornobyl
accident by the govermentccted e preconditos fo socio-pychologca s in

ey

1 psychosocial
that the resulting lack o waining of social psychology arose situation when emotior

Lensions could be  souce of mach gresernarm 10 eaith dha e radition (19, The
negative consequences associated with stress may be a greater scale than that of the
i Persons were not

ated from the exclusion zone, the direct participants of liquidation of consequences of
‘Chomobyl disaster and those who lived in areas within the zone of radioactive contami-
nation, but covered almost the entire population of Ukraine.

In spite of above mentioned shortcomings from the present position it should be
noted that the measures of health protection implemented in the first months after the
accident prevented possible acute radiation injury in the population of Ukraine.
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ity st i e e st ccéen on NPP ot e expienc of Chmmabl. Ve
AMS, 2: 14-19. (In Russian).

1. 199 1n: The
urgent and health . proc.
ot cont., Kyiv, 1995. Ky, p. 152, (In Russiao).

(A. Romanenko, 0. Petrychenko)



cunerer 3 REGISTRIES OF AFFECTED
POPULATION

3.1 THE STATE REGISTRY OF UKRAINE OF THE PERSONS
AFFECTED BY THE CHORNOBYL CATASTROPHE

e of the major problems arising from large-scale catastrophes
and natoral disasters is the registration of victims, their iden-
o od orationof ety fot e mnloring
re the Chomobyl accident, in many countries throughout the world, a number
s(u:s vworeasablsd and e suceesfully funcicaing o e mome. The e
i i
ing raciaon o000 " buman body. Thee egiry dat re the bst or Ivesigations of
cause and effect relationship between influences and risks for various health changes.
In addition to registries made up to monitor negative impact of environmental
nd ather acors here e popuation and hospal nosclogical reies comaiing
information o e ersons withone orsevrs! diseases. Cancer-registry is one of the
el ke nooeloiea regiorios n the world s funtioning in many counies
nctding Uaine.

tion mm..auon), impact factors characteristics, s of d.agnw.c and methods of
disease treatment (depending on registry type
Bnlatin on peie efecs of fonizing radiation o bt
indust

e metcine s dteper insight o healh effects Important Crole o played
th regity of persons affcted by aditon e o her professona acivides and
mergency situations. Registri

in over svera yars i Canods, Japan, Franc, Great Bt and the USA. There are
also various registries of population exposed to radiation due to their location in the
districts of mining and processing of uranium ores (Spain and Slovenia), as a result
of muctear weapons tests (the Marshall Islands, Japan) o disaster involving the use of
radioactive sources.

Aol i s Mgk Lt sl (SO Lk i
disaster in 1957 was possible on the data of the registry of exposed per

“The most complte generalization of medical consequences o Hioshima and
Nagasaki

ind
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Tation-survivors as well as compiling of cancer registres in affected places. The latter
R certa

o, clclateth iks of carcinogenesi or vaious doss.
Immediately after the disaster at Unit 4 of the Chornobyl NPP on April 1986, du-
the mmano.. and resulement o exposed population and pover plan workers,
Uleai istra-

tton and keeping various medical documenaion. Racoon ‘monitoring services along
all evacuation routes and in the local medical institutions also were keeping medical
records, Nevreles,on he st letel such egsiraton documens were ot svil
able. The available local registration forms were not standardized for all categories of
paricpants. The sale and spetfc characie o radiston fam the Chomoby dsester
in 1986 made it necessary (o develop a nified form to register the survivors. Solving,
this problem was delayed because of departmental dissociation and lack of experience.
“The first attempt 1o develop registration documents for evacuces from the Chornobyl
failed as a result of the fact that the majority of scientific investigations persuaded
only scientific aims - a complet collecton of medica-bilogical and dosimetic data
was
released and adnpxed by the Ministry o P e (MPH) of the USSR, yet it was
ot executed by the end of 1986. Under coordination of Radiation Hygiene Department,
the MPH of the USSR held numerous consultations of employees of the MH of Ukraine,
Belarus and sclentists of newly organized All-Union Centre for Radiation Medicine,
Academy of Medical Sciences of the USSR (AURCRM) in Kyiv and Medical Institute of
Radiology in Obninsk were held. Iniial registration documents were prepared concerning,
inimal pespor diagnosic and dosimeteic dats,same s th resus of egular medical
check- ple. Classifiers, i
nd

ips
organization, recording
oped. As a result, an appropriate document (Order No. 640, the MPH of the USSR) was
developed and released, it was replicated in all Soviet Republics. Throughout Ukraine,
an enormous organizational, methodological and medical diagnostic works were car.
i s M
registration forms (iling, transfer them o the newly created regional and MPH expert
committee, following information input and transfer of i ‘magneic media
in the National Data-Processing (Computer) Centre. Many specialists were involved
10 do this work within 1987-1988. Those were employees of the MPH, researchers of
AURCRM, workers of regional health departments and some research institutes with
direct partcipation of local healthcare personnel. The first results were published and
presented at the Intemational Conference held in Kyiv, April, 1986.

Over the next four years the Registry was updated with new case information on
population health a5 a result of targeted clinical examination. With Registry database
(DB) the rseach eam of AURCRM, ad Mical st o Radiology Acsdemy

of Medical Sciences of the USSR, have designed ref which were
S puied e wiuteriet it o e practical purposes. To -
the Registry, in Ukraine we have developed a system of statistical records of
ani helh ofexpose popation 1 the registry. The system was the basis of e slal.e
statstical record on USSR It covered
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was functioning up to the end of 1991. Since independency of Ukraine, the necessity
appeared to develop new legal acts to maintain the Registry as a uniform system of
monitoring and long-term regular medical check-up of the exposed population.

new stage of the development of the State Registry of Ukraine of the Persons
Affected by the Chornobyl Disaster (SRU) was realized in accordance with the Law
‘of Ukrane “On the status and social protection of citizens affected by the Chormobyl
catastrophe”, February 2, 1991.

gl 3 -
ment and vict ion as well in 1991 WHO adoy
the Innemallonal Program on Health Effects of the Chomobyl Accident (IPHECA). Pilot
rojects e developed to mplmenttherm n Dlans Rusan Pderstion and Uik
“Thyrold Gland®, (2) “Hematology”, (3) “Brain Damage In Utero”,
ic Registry”, (5) “Dentistry” (only in Belarus). The objective s
was 10 encourage the development and mastering of methods, to secwmie
experience fo the furier long e perod. A specl syt for DB procesing s
designed for quality control and updating through all ste

The SRU kept e hecrlevl disibuion ntre. Sach asysem (@istic, region,
country) was the most stable and vi

‘The SRU is a special sysﬂm for deteton, collection and storing (on magnctic
media), automated processing and analysis of data on health, radiation exposure and
medical care of exposed people, for the development of system measures (o preserve
bt ma.ke it and socplogal s

The 1 is: dataware for medical and soclal measures on prevention of
negative mlm e of the Chormoby disetr

tasks of the SRU are:
sl oo o e affected p
" personalised reisraton of esuls of anmiat clinial examinaio, ncoding data n
doses of external and internal radiation, 1311 thyroid doses;

+ annual analysis and evaluation of victims* health (morbidity, disability, mortality with
‘potential risk factors being identified);
prepaaon of nfomation and anlyical mueralsfo o deparanants (WHO,
Ministry for Emergency Situations, National Academy of Medical Sciences of Ukraine)
regaring decionmaring in Planning of peventve measures, specialized sclndtic
epidemiological, clinical, radiation-biological, social and hygienic, sociological re-
search etc;
+ information suppor of research projects.

These tasks are provided through the creation and des Sl ot it
information systems (AIS) for personal registration of victims in Ukral

15 af e S5 Rion whae (e ARG o PEEE, LG
of th Sate Registy of Uktine on the Chornebyl Victms» spproved by the Cabinet
of inistrs of Ui on June , 1997, No. 571 (erelafe efred 1o 35 Rels-

SRU functoning i coordinated by the Milsey fo Emergency Situatons of
Ukraine. The MPH of Ukaine is responsible for the list of establishments and institu-
tions that provide the SRU objectives.
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Creation of the SRU AIS is an important contribution to the heahh nformadon
technology and research on the medical consequences of the Chornobyl d
Structurally the SRU is a large-scale, seogaphically disiuted or depanmtmzl
that has a

‘The SRU subdivisions are as follow:
+ th st vl Ste Intntion lalnan Cente for Information Technology and the
Nat stry of the MH of Ukraine ” (1 “UCIT and NR”), relevant specialized
units of the Ministry of Delese the iy of el Afss, Secusy Seviceof
Ukraine that manage the Ul Military Registry and its subdivisions along with
spetlet i af esearch, sz, the ol sy of Ml Scinces
o Natonal Academy o Scinces of Ui
+ Autonomous Republic of Crimea — the Sie sy cene of the MPH of Astono-

- regloral, munilpllevel — egloal a ity hosptl (enre o dispensary);
e e hospital.
Functions of state-level SRU whu:h information and communication core is the
ATS are executed by SI “UCIT and NR”, MPH of Ukraine. It provides centralized man-
‘agement and administration of common distributed SRU DB, automated technology to
collect data on victims, secure data storage in distributed info media, collective user
access to the SRU DB, data searching and processing in real time. The general scheme
of automated data processing technology see in Fig, 3.1.
Reglonllvel SRU fuctons o the bsi ofregional hosptals nd st bealh
Xecute registration and examination of the affected persons.
zquipped i specialized software and hardware integrated into the global information
etwork by mezns of telecommunications.
District-level SRU function on the basis of district hospitals. These are uniform
special-purpose program-technical systems on the basis of separate software package
integrated into the global information network.

Fig 3.1, Seheme of dta collecton and processing
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A hetegional level the SRU Centres were eiabihed i he Autononic Republic
of Crimes, all 24 regions e and also in the cities of Kyiv and Sevastopol. At
the district level, data of e SR e available from 77 contaminated areas.
Scientific subregistriesare functioning i the framework of the SRU, among them
ical Regi Research C ic
1 Academy of Medical Sciences of Ukrai It was created for in-depth
study on the influence of the Chomobyl disaster on victims' health.
s of March 31, 2010, registered in the State Registry of Ukraine were 2 343 796
persons affected by the Chornoby disaster (Table 3.1).

Table 3.1. Distrbution of persons reglstered in the State Regisiry of Ukraine by primary registralion
oroups.

Py ayeion gt gt sonons| of s
Tio Chomobyl ciean-up workers 314 191 34T
of them

Cloan-up workers 1986-190°, Incuding 2,28 —
Cloan-up workers 1986-1067 807 —
Clean-up workers 19881950 a1t —
Clean-up workers 1986-1087 (women)* 17485 -
Clean-up warkrs accorcing o th Interor Ministry Rgistry 2130 -
Evacuees of thase who left the area 80756 345
Residents of contaminated areas 152989 527
Peopl bor to parents of pimary registaton growps 1-8 adls) 275224 1174
Chilen born to parents o primary registration groups 1-3 143731 613
ToaL 2m378 100
s Regiys ~incluing rm—
s Regisys

tem soft are, software,
B management systems, general-purpose application software, special-purpose ap-
plication sofcware.

108 systems and Operating
systems used in the SRU: MS-DOS 6.22, Windows NT 4.0, Wi 78
Netware, used in the SRU: netware Microsoft Windows
D managementsystems usedinthe SRU: FoxPro 2. 5 and FoxPro 25 or M-
DOS, FoxPro 2.5 for Wi
Specalpurpose applcaio software I developed by SI “UCIT and NR” for the
Regis
I should be recognized that the existing information and software ALS of the SRU
needs modernization and further development.
Sirong necesiy for modernizaton s due (0 te fllowin factors:
= increased requirements for general scientific and technical level of Registry AIS and
its functionality;
+ iradoan o nee vt s, melbcal i o dosimetry data re-
cords, containing extended information o indices and relationship between them.
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For this purpose the procedures of primary data collection and analysis are to be

‘Raising of general scientific and technological standards of SRU AIS suggests the
replacement of the most outdated technologies and implementation of such measures:
+ transition to UNIX platform;

+ implementation of Intemet technologies;

+ analysis and transition to open systems and information interfaces;
+ development of SRU telecommunications;

+ development and utilization of saff resources.

The SRU AIS operates under the joint interdepartmental programs developed by
the Ministry for Emergency Situations and MPH of Ukraine.

To establish the State Medical and Dosimetric Registry of Ukraine and to ensure
the long-term automated personal record of victims is one of the priority tasks of “The
National Program to Minimize the Consequences of the Chornobyl Catastroph

Registry establishment and operation allowed to complete a serics of large-scale.

jical studi i the C| i

ology of malignant tumors; epidemiology of non-tumor diseases; the exposed children’s
health; medical and demographic consequences for population living in contaminated
areas. The results are presented in several sections of this monograph.

SRU a peciali stries provide DB studies
among exposed people. The SRU adequacy and information value are dependent on
the amount and completeness of data, quality of data collection, recording and stor-
age. Need for data analysis has been emphasized in UNSCEAR report, UN General
‘Assembly 2000, in the report of Expert Group “Health, UN Chomobyl Forum, 2006,
and Intemational Conference “Twenty-five Years after Chomobyl Accident. Safety for
the Future”, 2011

(V. Buzunov, B. Ledoschuk, M. Omelyanets, G. Kartushin,
Bobylyova, S. Tereshchenko)

3.2 SPECIAL

Clinical and Epidemiological Registry
Clinical and Epiderniological Registry (CER) of RCRM is a research subregistry
of the State Registry of Ukraine. CER functions in the framework of comprehensive
clinical ‘monitoring that s bei 1992 o the basis
of Radiation Registry Polyclinics (RRP) [1].
the course of CER operation, an automated medical-information system was
created, unique data being collected. This data are unique not only for Ukraine but
also for Russia, Belarus and other countries where study of ionizing radiation health
effects has been conducted. Herewith, the basis for comprehensive and qualitative as-
sessment of medical and biological consequences of the Chomobyl disaster has been
provided (2, 3].
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CER is simed to study, assessment and prognosis of medical and biological
‘consequences of the Chornobyl accident on the basis of long-term health monitoring
of victims’ contingents, substantiation of measres to improve health monitoring and
preventive healthicare measures.

Main tasks of research in the framework of CER are as follows:

+ epidemiological analysis and estimated impact of radiation and non-radiation factors
on diseases generation among victims in post-accidental period;
- clincl nvestgaons of disesse mechanims fn vitins o he Chorobyl scidet;
+ develop
and rehabilaton methods.

A background for complex problems solving is the following — the availability
of adequai databse soeand srctrs, pmvldmg with elizble clinical and dosimetric
data, due regard I, occupational,
edica, cconomie and prispesren may prom

To study these problems methods and means of obaining rlable medical and

imetri  analysis of CER

data, health P it i v Serslopel
“The basic parameters studied within CER system are as follows: non-tumor mor-
bidiy,physcal nd sxual development, mental heli, eprodsective beal, conge
‘malformations, pattern and pathogenesis of tumor and non-tumor diseases.
e of survivors examinee (n Adul: Deparmen of RRP,sod regsered
in CER are shown in Table 3.

Table 32
Vi vl e fom
—— Fipiland el whoke -ty oz
[oror T wonen | conat | oo
Totl 20609 11034 9675 7336 aea7_ 5eam
Clean-up workers. inciuding 10092 6214 178 724362 _gee
— clean-up workers 0 1986-1987 8043 71681775 4410 3565 845
Evacuees, including 7172006 46813243 67 2376
~ aduls at he time of the accident W09 188 2021 120 61 1359
~ hildren and adolscents at the momant
s 308 1848 2060 1623 806 1017
Residents of contaminated areas, including 4292 1435 287 —
~ aduts at the time o the zccident 207 ol s —  —
~ chi i
e g sdoscnsat o momen o rog e
The rest, vmlumnn Those exposed n lors” (o
and mixed contngents - - - - -

‘Table 3.3. Presents information by primary registration groups of children and
adolescents examined in Children’s Department of RRP within 19922009 and regis-
tered in CER.




[ HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a

‘Quarter of Century Aftermath
Table 3: (it
primay ristaton o Mot | ol sy
30-km zone, InGloing hose exposed W d
i
Chiren born o the Chornobyl clean-up workers of 1966-1967 P
fen bor to the Chornoby! cean-up workers of 1988 @
rén born 1o evacuees from Prypiat and 30-km zans. 2079 o019
ton bom in zone 2 3
ren born i zone 3 2709 6598
ren born in zone 4 3856
v = gosed “in vtero” 957 __957
iiren bor 10 evacuees from controled areas 04200
ot 1685416850

‘CER structure was not formed simultaneously. Table 3.4 presents mumber of pa-
tients registered within 1992-2009 and first examined under CER program, as well as
total number of examined persons (re-examined ones included) by years.

Table 3.4, Number of patients annually examined under Clinical and Epidemlological Registry
program.

, TR (e Do i e Dy
[ eoswerpn | eomies | g sep ) | mnes

5 2 2 705 705
1998 un w73 1520 1528
1994 28 28 1574 25
1995 1444 2804 1084 2165
199 1657 25 T4 2554
1997 1924 a8 e 2559
1998 1302 3660 w7 2645
1999 230 410 1541 2907
2000 174 4003 %0 2106
2001 147 4165 a9 028
2002 75 21 P 250
2008 2 1304 09 274
2004 a2 1254 1031

2005 on 21 s 3014
208 40 20 1017 03
207 %7 424 276
208 P a2 %9 013
2009 32 4152 0t 40
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Thoeequares of the adult CER size 74.3%) was formed during 1992-2000
People who wished 10 be registered and to be screened every 2 years did not
respond slmnllinewsly and proy mplete data. That resulted in differing number
oFcxamined prsons by year. Thre i 15 a ealy dropow rom monirng

R strctue forchildren and adalocents n dynanics 5 varable. At the per-

ns who are o be followed-up within CER, their medical cards will be awomatically

transferred to adult Radiation Regisiry Polyclinic when they reach the age of 18. Though

some contingents (evacuees, children and adolescents, exposed “in utero®) dropped out
of CER, their records are being stored in CER database.

Medical examinations in CER system are unified by stendardized protocols. The
vesults obtained are submitted o CER database, both adults and children and adolescents
directly from workplace of medical specialist. For this purpose a local computer network
for data collcting and processing was st up

e, tesidents of contaminated aeas, Rediaon monoing boraary et hody

social, occupational, haviowsl snd wher chrcrsoics

Mandatory clinical tials of CER patients include physical examination by spe-
i, insrumental and aboratorystdy. In accordance with siandadizd potocols
adults are examined by neurologist, endocrinologist, cardiologist, gastroenterologist,
Rematlogio, aphihalmologist, pulmanolegie, peyehiaut, walogir, dematclogit
ynecologis., otainolaryngologs children and adolescents are subeced o sadl-
tional examination by pediatrician, orthopedic surgeon, cardioreumatologist. In case of
. e ON o SPESONY BESGD, Genaltt iso. woali
by surgeon-oncologist, gynecologist-gnetct, dens; ehildren and adolescens —

neticist
oo ey ol Asgaslesily s ssoand isvesation
of abdominal cavity, thyroid, heart, small pelvic, electrocardiography. Electroencepha-

lography, rheoencephalography, reogrzphy, e paple: Wssetnd mmugzuon of
female genitals, breast, bladder, lymph nodes, vessels of the meck, upper and lower
lmbs, kidney, prostate; fibrocolonoscopy, X-ray, radiography, audiometry, colposcopy,
gastroscopy, bronchoscopy are used if needed.

‘complex of laboratory and diagnostic investigations, general blood analysis,
blood biochemistcy, general analysis of urine are obligatory. There are additional cyto-
logical study of various materials, special analysis of urine, coprogram, bacteriological
testing of different materials, hormonal and immunodetection, etc.

necessary, patients are referred to the Clinic of the Institute of Clinical Radiclogy
‘of RCRM. Usually 50-70% of children eximined in RRP are referred to the Clinic
“The dataare being aecumulated n CER system provide an opportunty (0 6b-
T aaE SR e Moo Shbed e b o
accident, they are used in particular to determine mechanisms of non-tumor discases
influenced by radiation and non-radietion factors [4, 5). Lack of funding, especially
concerning devices retrofittng, disposable materials, reagents etc. is a main problem
of this unique system for health monioring of persons affected by the Chornobyl
accident.
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3.3 NATIONAL CANCER REGISTRY OF UKRAINE

Reforming of public health in Ukraine is impossible without radical changes in
its organization and admlnlslnnou. Implementation of information technologies is an
important part of it Comy amaiminckylerars the most effective tools
for obtaining the reliable: " atormtion, which seves spmising boh healh care control
as a whole and activity of medical msitiions They also ecome a sgnificant oolkit
for changing the habitual way of analysis and interpreting of data and their quality, a
basis of evidence-based medicine as well. A special place in the process of implement-
ing the computerized information technologies in health care system takes creation of
registrles, which is possible mainly in branches with sate system of registration of cases
of disease, cancer including.

‘Creation of the computerized registry of cancer patients in Ukraine was condi-
toned by the ned n e nfomnzion for both scientifc research and reasonable

i exad

in Ulsine, alowed Natonal Cancer Institut t commence on creating common n
mation medium in oncology in 1989, In 1996 this nitiative has received the oot
el T e O of Vinisry of Public Health of Ukrain from 12.30.1996 No 10
“On Establishment of the National Cancer Registry of Ukraine”, and the Order from
11.09.1998 No 318 “On Approval of Registration Card of Patlents with Malignant Neo-
plasm”. The main feature of this Regisury is data accumulation about all cancer cases
in Ukrainian population.

implementation of moder information technology of National Cancer Registry.
of Ukraine (NCRU) in epidemiological research in oncology created pnlenllallues for
resolving following tasks: computerized registration of detalled personal data of all
cancer patints in Uraine,contrl on cancer trestunent qualiy and apensary follow-
up. I, also, made easy:
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+ monitoring the level of cancer incidence and mortality in Ukreinian population;
analysis of their dynamics;
‘making forecast estimates;
determination of cancer risk for different population groups;
exploration of impact of the Chornobyl accident on the Ukrainian popnlallen;
s v I ot ke e of e o
ncer survi
mh)rmannn Aoy analynml support for the authorites of public health and oncology

anadays NCRU contains personal information of all cancer cases and all cancer

are available
Slace 1993-1997. At the beginniag of 2010, s database contains records of 3 million
cancer patiens.

Computerized information system of NCRU enables receiving adequate informa-
tion about dynamics of cancer epidemiological process in Ukrainian population. The
symem llos suslyss ol e process o e eyl of ppul o, s of e
‘groups of persons depending on administrative territory (regions, disticts), age, gend
cancer nosologie fom, . Furthr, mach attenion s pald o ssesing e basic e
care ra verification
of cancer, leve of patients v el lrez(mem, stage of the tumour disease
in terms of Tumour ~ Node ~ Metastasis (TNM) Classification of Malignant Tumours.
It s also possible to study cancer incidence, mortality, prevalence etc. of persons suf-
fered from the Chornobyl accident (liquidators, evacuees, residents of contaminated
areas and their children).

NCRU was created as a distributed network of data collection. Central cancer
registry (CR) unit is a department of the National Institute of Cancer; it accumulates
all personal data from regional cancer registries (RCR). RCR gather information on
each cancer case or death, detected in this region (region mainly, but districts CRs also
). The necwork of populaon-based RCRs covers the whole terrtry of Uidaine.

d can -
logical dispensaries and centres of Ukraine. They registr ll cases of hospnallsauon of
patets wit s and accumulte informaion sbout el disgses, restment
dispensary follow-up that s more detailed ther ulation-based CRs.

Commonality and snformity of information edhnelagies of hospital based and
population-based registries and facilicy developed for data exchange between them are
partcularly relevant for improving the quality and completeness of cancer data and are a
o el o in ne
of the m regisuy i I lity control of
povided by ‘means of information techinology. The NCRU procedures, which provide
data quality control, are mainly based on recommendations of International Agency for

rchof Caner (1ARC) (1, 21 They iclde cheks of acurcy,cosistency and
iy of data, auoma of certain data attributes (ICD and ICD-O co

e Sorvd o h st an morphology of the tumour rgisteed, checs for sage
o he disase basd an he TN ndics regitced Checke for cotet regscaon of
‘multiple primary cancers. The procedures of quality control also enable calculation of
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some indlces that descnbe data qulity,comecnessand estures of daa egitaion in
RCRs.

patient in e AR doaoe. T organize i friendly input and attendant data
quality control, the standardized codifiers having inteligent interface for registration of
tumour site, its morphology. types of medical treatment (surgery, chemotherapy, radia-
tion therapy and their combinations), records of treatment courses, etc. are developed,
L T

procedces of suomated dat kage e also developedand implemeried

registries, and with any other database that contain vzlwml oaon.In turn, this
opens boad ay (o cooperaiv s, whichfomely were mpussible o exvenely
time-consuming to cont
o s ht oncology branch of health care service of Ukraine has
functioning on the national level branch-wide cancer registry, which enbles good use
of present technical and information possibilties to obtain adequate data about epi-
demiological situation as well as the state of anti-cancer acuvity in Uktaine. NCRU
technology and database are also used for calculation and prepring for publication the
annual “Bulletin of the National Cancer Reistry: Cancer in Ukraine”. The Bulletin is
also available on the NCRU website (hUtp://ww.i.com.ua/~ucr).
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cnner & ACUTE
RADIATION SYNDROME

A cute radiation synd.mme (ARS) beczuse o the accidental radia-
rmobyl NP

in 237 persons. After
Hematoagical symploms of ARS have boenrevealed n 134 p:llenls oy, ncain : %

paients without i it o have

Together
group of patients with non-confirmed ARS (ARS NQ oot e oot priority
follow-up to study probable early and long-term consequences of radiation impact.
As far back as in 1986-1967, when RCRM researchers planned long-term resea
they understood that these investigations would resemble the Life Span Study for A-
bormbing victims in Hiroshima and Nagasaki since 1945, The main tasks for studying
negative effects of radiation exposure have to contain the assessment of (1) stochastic
‘consequences (leukemia and cancer evclopmenty 2 sin ehanges aer local acute

iR conte o omals dlsces rcareacs, Tht Lot otk 1 1 b s s
difficult because of the integral test of patient’s health status should be done, and wide

of medical investigations should be applied as well as numerous non-radiation
diswrbing factors are needed to be analyzed.

At the beginning of October 1986, in the list of patients under follow-up there
were 91 ARS survivors and 99 persons with ARS NC living in Ukraine (Table 4.1).

‘The groups of patients did not differ significantly by age at the moment of ir-
radiation. On the contrary, average values of absorbed doses differed significantly
(p<0.001).

“The absorbed doses of external irradiation were determined in 1986 by analyses
of chromosomal aberration in peripheral blood lymphocytes (number of dicentrics per
100 «us) ().

uring 25 post-accidental years every time having admission into the RCRM
cnicy patients were examined by specialist as therapeist, hematlogs, cardiologis,
rologist, -

chiatris, dermatologi
tigation included obligatory complex of blood and urine analyses, studying of cellular
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and humoral immunity, hormonal status, ultrasound examination (USE) of abdominal
andsmll pelvis argans, s el a5 thyroid gland and heart mmmmd.egum (ECG)

lectroencephalogram (EEG) recording, X-ray examination, e of gastro-
esine vy GTTy onchoscopy and i special methods were wsed fr padens”
examination as wel

Table 41. Age-ger revor
ndess sG] s oo RS rode 3 | ARS o
Gondar: fim. 08 23% 1740 01z £
‘Age at imadialon, years
MaSD2 3594103 332:62  385:139 409+165 3662125
min-max 184603 176-563 179793 204726 176793
s CI 338387 305358 341429 304513 340-392
Absorbed radation dose, Gy ne=15 =30 =37 nafl ne78
MasD 0403 10406 24509  45:14 2215
min-max 01-10 0133 0549 2971 0171
95% Cl 0205 0843 2127 3655 1925

e o deermined

roceedings of patient’s examination have the cerificate of conformity to
national and international. medical standards though certain methods of examination
were improved during follow-up period, and exploited laboratory and diagnostic facili
ties were upgraded with new analogs.

i the patients” data from
case histories since 1986 were input in computer database, which structure corresponded
o chapirs and ltems of spectal questonnaire tht bad been worked out by Germar,
Russian and was orlented on low-
up [2). Microsoft Access program was used for this purpose.

Statistical analysis was done by computer program SPSS 16. Entire follow-up.
period was. on 5 years stages for analysis. Thus, the 1* stage corresponded to
fime passed since 26.04.1986 (0 25.04.1991, the 2% stage included the same dates of
1991-1996, the 31 of 19962001, 41 of 2001-2006 and the 5™ stage of 2006-2011.

4.1 THE MAIN REASONS OF PATIENTS POST-ACCIDENTAL DEATH

‘The number of ly reduces d follow-up caused
) two reasons s a rule: (1) deaths of cohort members or (2) their dropping out of
follow-up, for example, owing 1o resettlement in another city or refusing from medical
examination.

At the end of 1986 RCRM medical staff had medical documentation delivered
from hospitals where patients included in the group of primary follow-up were treated
right away afie irradiation and where ARS was diagnosed for them. At the 1% stage
86 patients of 91 ARS survivors and 93 patients of 99 persons of ARS NC group were
examined because non-examined men were living in rural regions or other cties than
Kyiv and refused from visit in RCRM Ciinic. Several paticnts died on this stage duc to
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diseases and accidents. The number of examined and deceased patients on cvery stage
is represented in the Table 4.2,

Table 4.2. Number of
I Stagss™
I 2 T CR
[m’ Ansluslul | |ms Anslnns
i el P el P el P 3 P Y
oamined 93 % 81 84 63 63 54 51 37 %
Gecwasod 3 2 3 9 1 3 8 4 2 4

e coresponds o i passedsice 26,04 1985 10 25 04,199 the 2 stage Iclades the same date o
e T T 8o 001000 and e 5 v o 005 2011

Nambor of
patants

Within 25 years 20 patients of ARS NC group, 3 survivors of ARS grade 1 group,
and 7 survivors of ARS grade 2 were lost for follow-up. These persons skipped medical
‘examination at three consecutive stages or more. The most of the patients, when they
had been called up by phone, refused from exemination and reatment because they
feel well.

o uin postsccdenal pecod 39 patints die. Al Iethalcees coul be deed

ur classe ‘main reason of death:

25 anlogies ond amesaaisligice Gauiogy A5 o e mseases
and infections, (4) trauma and accidents (Table 4.3).

Table 43,
vty o sz amongst
frssons ofdetn s e [ A orade 1 [ ARS grade 2 [ %5 grate 3 | ot

Cardiovascular diseases, 5 3 z 7 17

Malgnant blood diseases and sofid omors 8 2 3 2 15
‘Somatc and neurolagica diseases,inections 2 1 3 1 7
Trauma, accidents 2 2 1 5
Total R 8 ] 5 3

eyl T ol s S 20 (8206, L skl

tients to fatal outcome. More detailed characteristics of these persons and every de

case will be submitted belov. Howeves tlsa fact that the number of panems v did
pachology .9:1). Even if we

e (AICC)

uthology,
e T, sccoianes vt WHO pebicadon 3 i 3003 e frequency of
deathfromal cardiovasclar diseases Comiedof 604 o from s 2% amongs

ind 12% for CIS counries.
Loakmg ove WHO saisie sice 190 il e esen me, we found that uring e
Tast 20-23 el ded diseases, has always

exceeded by 4-5 times the number of m d from cancer. Such stable indices,
SR aft LchT ot FnbI fogtiafios, 158 S50t S6LHE o of s
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will be the same i md cohon K replemsmd by the new persons) if outside
factors such a e the exising ratio.

oy i i o0 caly (0 uy about ...y Tnercase o ancologéa paiology caused
by radiation because it is hardly proved by statstics on such small group of follow-up.
Equal mumber of people died from cardiovascular discases and cancers is typical for
highly developed European countries (rlatively 35-37% and 30-31% in 2006). How-

cancer.
oty of Ittty dymamics o h gtoup ofprionity ollowup prabibly I (0 come 10
efinite conclusion.

Somatic diseases ranked the third as a reason of death (2 patients with liver ci
shosis and a patient with lung discase complicated by fatal lung gangrenc; all paticnts
survived ARS grade 2) together with neurological diseases (encephalitis with bulbar
paralysis, ARS NC group) and infections (lung tuberculosis in ARS NC, ARS grade 1
and ARS grade 3)

Five persons (13%) died as a result of accidents that is coresponded to WHO
statitic on CIS [3].

4.2 BLOOD MALIGNANT DISEASES AND SOLID TUMORS

Chomabyl
sion that during post-accidental period oncological marbidity increased in victims [4]
and experimental animals inhabited round the Chomobyl NPP [5]. Other researchers
concluded that the accident at the ChNPP did ot result in essentlal increase of cancer
development and mortality from malignant tumors correspondingl in irradiated per-
Sons in comparison with the rest of population [6]. Such different research results most
likely were connected with substantial variation of dose ranges that was typical for
‘ChNPP clean-up staff. There s an opinion that dose 0.1 Gy and higher could lead to
statitically significant increase of cancer risk [7, 8], and 0.4 Gy to leukemia increase
100% between 1988 and 1998 [9]. As far as radi ARS survivors were
igher than these levels it is the topical task to find oncological and oncohematological
pathology in this cohort.
first case of malignant hypoplasia of hemopoiesis was revealed on August
1986 in a patient who was working in the ChNPP zone on May and July. Hematologi-
cal statis was chiractrized by esental leukopenia and sllghl anemia. The début of
pathalogy ARS grade 1. However,further
disease i doubts (nncemlng pathology
that was proved by bone marrow analysis.

During following years myelodisplastic syndrome (MDS) developed in two ARS
grade 3 and one ARS grade 1 survivors. All cases brought these three patients (o death
(Table 4.4). One more ARS grade 2 survivor fell ll with myelomonoblastic leukemia
in 11.8 years after irradiation and died in spite of treatment.

Al patients with oncohematological pathology were male of mean age 46.3+7.5
years at the moment of radiation exposure. At the time of diagnosis they were 54.0:8.1




‘Chapter 4. Acute radiation syndrome 7

ye ol sl e wiipe o deall S50 88 vyl T Lot ol
radiation to the first signs of disease was 9.6:2.1 years. Today the relative number of
persons, who fell ill and died from malignant blood discases, Is 2.6% of 190 patients
of the group of primary follow-up and 4.4% amongst ARS survivors.

Table 4.4, 1 ARS NG

Ags fysars) at
] e [ e T

1 Mnrlim of hematopoesis NC August 1986 486 493 died on April 1987

2 M orade 1 Seplember 1995 450 507 died on May 2002

8 MDS grade 3 March 1993 521 522 died on April 1993

4 MDS qgrade 3 October 1995 646 647 died on December 1995
5

Acule myeiomonoblastic  grade 2 February 1998 599 60.7 died on December1998
leukermia

“The first case of malignant tumor was revealed in ARS NC survivor at 1992 (Ta-
ble 4.5). A subcutaneaus, dense, and painfal formation having size as a pigeon egg was
found on right hip of 34 years old patient. The patient was suggested to Vi onco-
ol e ey 1 b o i exaciasion, 2 e,

0804,
e et b e right hip. The pau!m :gam lymmd the visit to oncologist.
At the end of 1993 he died. An autopsy revealed sarcoma of soft tissues of the hip.

Table 4.5.

o o | oo [T guns

[Gagnosi] coat
T Sarcoma of ip soft tsues NG APII 1932 341 948 diod on 1993
2 Cancer o cob 1 March1997 545 operated on June 1957
3 Leiomyosarcoma of shin NG August 1998 725 759 died on 2001

‘Gancer of colon June 1999
4 Cancer of throat NG July 2000 593 599 died on February 2001
5 Canceroftyroidgland 2 November 2000 376 operated on Novernber 2000
6 Cancerof tyroidgland 2 Decembor 2000 429 operated on January 2001
7 Gancer of kidney NG December 2000 444 operated on January 2001
8 Cancer of colon NG November 2001 636 675 died on October 2005
9 Gancer of prostate N May 2001 n7 73
10 Cancer of ung NG February 2001 461 operated on June 2003
1 Neurinoma of lower jaw 2 October 2003 527 539 died on December 2004
12 Cancer of stomach NG May 2004 775 781 died on January 2005
13 Cancer of stomach NG July 2004 657 659 diod on September 2004
14 Basalcal carcinoma of head 1 November 2006 519 radiation

15 Cancer of uinry bladder 2 June2008 668 669 diad on August 2008
16 Cancer of maslary sinus 1 January 2009 51.0_ 522 died on Apil 2010
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‘The second case of oncological pathology, notably sigmoid colon cancer, was
diagnosed in 1997. Adewoarcnama s i e tevsle g colencecpy and
proved by histological investigati
14 octssory o noe that al ollowing cases of solid tumars elther developed
without any clinical symptoms and were revealed by chance  dusing e examina-

were attended with minimum non-specific compliances.

(50 called "syndmme af inor 1) I e ast s, a umor hagaosl should e

attributed to oncologic alarm of physicians. However, the situations took place when
tents i i d refused from

‘and treatment. Cancer of stomach with evident cliical symptoms and clear endoscopic
picture was found in a patient. There were no contra-indications Lo surgical intervention
but he declined the operation and died in three month after the day of diagnosis.

Toclly duing 18 yee afer the fst dingosi of saroma 15 cances wee e-

Tocalizat h, 2 cases —
hyrid lan, ach cose ot g, ey, simry lodder, maxillary sinus, m
prostate, as well as neurinoma of lower jaw, and basal cell carcinoma of hea
i ARS N oy CaGe O o Talwed nEiyosrctons 52 ft sl
which was operated and fractionated radiation expose on the shin was applied in a dose
of 52 Gy.
In two patients of ARS NC group malignant tumrs (stomach and throat cancer)

Pad id development. Thetme since diagnosis to el aucame was 3 6 monts,

Febrary 2504 ot paten was oo e haspnal in July 2004 clinical
‘and endoscopic picture of cancer was evident. Cancer of throat T;N ;Mo was diagnosed
Inthe e paient duing anaua olow-up. The asent had ot any coplins. An
il i UM il XY S5 e i g
Al patiets with cance and sacoma wire male of 40.1612.1 yeos t g

s the mpoveof Pl Amgoegnd sneciagial pothelogy A Sl Ty 1
555413.0 and GLE13,0 years ol espeivly. Toe Igen. peiod fom radiaion 0
the first signs of the disease was 15.74.2 years. The relative number of patients with
oncological pachology was 8.4%. Amongst all ARS survivors mzllinzm tumors were
cevealed in 7.7% of patients, and in ARS NC group in 9.1% of

Stattcal anly<is showe hat umor development did not depend on ARS grade
or the fact that a patient survived ARS (Table 4.6).

Table 4.6, Dependence of solid tumors development on radiatin factor

‘Radiation factor I e
> v v
S g & [ T oa
ABS xistng 008 028 12 o

‘The malignant blood discases in ARS survivors preceded solid tumors develop-
ment. They were not characterized by diversity of nosological forms (3 MDS cases,
acute myelomonoblastic leukemia and hypoplasia of hemopoiesis) whereas in A-bormb-
ing victims in Hiroshima and Nagasaki from 1950 to 1987 diffecent forms of acute and
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chronic leukemia, lymphomas and non-Hodgkin), and multiple myelomas
wre sevenld 10 1] T ke bighest Gequency was obsrved on the 5-8 yar

Analyzing lenk:mu data n i and persons wh vas medlully imadiated

Hall (12 that leukerni

eluded it shorter, notably 2-3 years, or Ionger 10 years (131, 0 posd cunvspol\ds
cases i pat

e firstpatit (mu
4.4) developed in nnhk:ly short term after the fist contact with fonizing radiation to
conclude this disease induced by radiation. Most likely the disease had started earlier
st linka] s sppesreddiin e i’ sy o AP 2.
e Chomobyl accident MDS was diagnosed in 6 patients, including ARS

suvivos,of 110645 “auidaors [14] Al hesepeple were working during 1986-1990
in zone of radiation and makes up 46% of all clean-up staff
0 1. Sekine [15], amongst 93700 victims of A-bombing MDS developed
during 50 years that is absolutely and relatively higher than in CHNPP accident victims.
Howevet the duration of observation period in Chomabyl victims is twice lesser than
T e
MDS dependence from

Cancers emdnpe« tors" during the first years after the accident could
be the result of promotion not induction of existing fumors. The maximal frequency of
radiation induced cancer should be expected in 15-25 years afer irradiation. The fist
e cancel vbo T ARS gexdes ] aessvealad fn 11 yaoeaties e ealion
impact.
hociat [16] opinion that i period for solid tumors is 10 years and more.
After this time 2 frequency of cancer will increase.

‘Cancers are the nonthreshold radiation effect. After short-term total body irradia-
tion with low energy transfer in dose up to 0.1 Sy the risk of cancer death increases by
0.5-1.4% in excess of existing level, and in ﬂnse 1S it consists of 9% for male and

13% for female. Or be expected
AR murlrues b cocparive v peont, 15, who have been exposed to radiation in
dhaosbekom | Gy Homeve i om reeh st wes fagrcsed el foanify murs

frequent (9.|°/.; in patients of ARS NC rvivors (1.7%).
No iience was evesled n frequency of oncolgicl pathlogy between ARS rade
1-3 survivors.

Amonget alcaes of cacaogial paicogy i ARS savivors and ptets ith
dose of irradiation less than 1 Gy it is impossible to determine what tumor is induced
by exion o spotancnsly developd. Paients’ roups re oo smal o splying

of studying Nagasaki A-bombing victims
showed that during 2555159 fom e sl s of 86533 ‘people in the cohort of
“life span study” 7578 patients died of solid twmors from which 334 persons (4.4%)
could be attributed to radiation. Evidently this data is not Wulbk w extrapolate on
ulnllv:ly sl roup o ARS svivors ogaher wifh ARS N o
ox ARSING s s of ol (3 s o o et .
Based o

thy
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‘on A-bombing survivors it was revealed the significant risk excess for cancer develop-
‘ment and death for the first two types of tumor. The same conclusion concems cancer
I g 42 Ty biaddr 1t e Foumd s sigilicnt G oF skin cancer (not
japan, however their lethality did not exceed population level. Cancer of
e, prsna 4nd Hdnep 933 R comm s iRy T o HUpeB

Sarcoma is a malignant tumor of tissues originated from mesenchyme, whereas

cancer appears in epithelial tissue. No one research of A-bombing victims in Hiroshima

our
emcareh i s cass s g ol puintsbat B ot soongh
for statistical analysis.

Mean age of ARS and ARS NC survivors was 56.2412.2 years at diagnosis of

tumors, moreover
age group (2044 years), 9 ones were middle age persons (45-59 years) and 8 ones
e 1 398 6ot s gecs). THo MR 1% A pople it ol o i
hematological pathology and tumors was $9.3:1 and in 8 patients it was less
han e expecancy To e in Usesing, whichin 20017003 was 623 yer 1 2006
st 618 Iy 008 vl o €43 e a0 WHO bnd el ]

The { more than a hlf of he patens, who hud dicd, 4 ot each this
extremely o e expectancy in Ukraine (for example, this index in Eur-A was 77.8
years for male in 2008) let to consider the oncological situation for ARS survivors and
Dersons with radiation doses lower | Gy as very alarming. A way out from this situa-
tion is to diagnose tmors at the early stage of their development and to apply radical
cure. Al neoplasm cases were diagnosed in the cahort of priority follow-up by routine.
methods of examination (blood test, X-ray examination, USE, cndoscopy etc.), which
are used in RCRM Clinic,

ur research work has showed that malignant tumors appeared in exposed people
against the background of chronic non-specific diseases of GIT, hepatobiliary system,
and lungs, which did not threaten patient’s life but as any pathological state increased
the probability of cell mutagenesis. Therefore, the treatment of chronic diseases is one
mote way to decrease a risk of malignant tumor appearance.

4.3 SKIN STATUS DURING FOLLOW-UP IN PATIENTS
WHO HAD ACUTE RADIATION SKIN LESIONS

There were 38 patients under RCRM follow-up for whom local radiation skin le-
sions were diagnosed in 1986, including 5 patients of ARS NC group, 8 of ARS grade
1, 15 of ARS grade 2 and 10 of ARS grade 3. The main damaging agents consisted of
P and y4-emitting radionuclides, which felt on skin together with dust particles and
‘combustion products of 4™ reactor constructions and building as well. Patients’ distribu-
tion in dependence on it represented in Table 4.7

Local radiation damages of grade 1 were found in 29 patients, of grade 2 in 14
and grade 3 in 4 patients. Amongst all patients with radiation burns 147 zones of skin
damages were revealed, including 83 regions with lesion of grade 1, 51 of grade 2 and
13 of grade 3. The most often local skin damages localized on lower extremities (30
including shins frontal (23 persons) and foot back (10 persons) surfaces. Ra-
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diation damages of upper extremities (19 patients) notably hands (17 patients) ranked
second followed by lesions of face and neck (12 patients), chest frontal surface, back
and buttocks (11 patent).

Tablo 47.
T Patnts s
saveiy [ mmsne_ | mRsamet | ARsoadez | ARsaradsd
7 3 G 2 z
2 2 1 1 2
3 1
1and2 1 2 2
2and3 2
122003 1
Localrditon lesons grade L s 2 esalted i completerecovery fskin during

in one of 4 patients with i s of grade ' Toe secons patients had erosion on pd
olace fskin burs,the i ki unrecovered s andhe ourhcould ot oversome

et helaf lnveeiraniy s ampinid l 0w third part of the shin
i 50 months o

O the first and further follow-up stages it was not revealed any signs of skin
changes at the places of acute radiation bums in 15 (38.5%) patients (3 of ARS NC,
5 of ARS grade 1 5 of ARS grade 2 and 2 of ARS grade 3). Amongst these patiets
acute radiation skin lesions grade 1 had been diagnos grade 2.
one patient. Acute radiation skin lesions grade 1 completely recovered in 4 ]untm!
st e vt ol vt sy f dmags ‘The same skwation
cerned 2 patients with skin lesions grade 2. During post-accidental period the rest
oF e Bad Foloig pnmlamul skin changes at the places of former radiation
skin burns.
« Atrophy. Skin became dry and thin with well visible veins; skin turgor decreased,
pecling appeared (Fig. 4.1). Histological research showed thin epidermis, flatness of
epidermodermal boundary, rerefaction of elastic fibers, atrophy of skin appendages.
Hyper- and hypopigmentation that caused by changes of melanin content in cells of
idernisbasllyer (Fig 42
Pecling. result o cells rejection in comeal
Telangiectasia. i e steady non-inflammatory s of superficial capillaries
(Fig. 43,4.4).
Hyperkeratosis is the thickening of epidermis comeal layer (Fig. 4.5).
it U I ilkia TN, 4.0) s IG5
o g, A el o e s (Fig.
During 25 years peri
ed in three palkms with radiation grade 3 local skin
frequency of pathological skin changes was si
1-2 radiation burns.

s (Table 4.8). ‘Ine
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o 1 PRILE. o B N 1570105 rade 2
and raation
ofthin skin ar

mages of shins grade 1 regions

i 42 P . cae Wy W 45 ARS yrde 3
ant local radi |mmm-u=m;mmnnmme
ontal surtace o bot e regions of
o oo, nd i sy

Ak oot i et st o e same aten
e Fig.
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Tabie 4.8. Pathologlcal skin char fer patients with
vadison burms
Grade o radation |-

S tetrs [ | I T oo [t | et | s
1(n=10) 10 7 4 7 5
2(0-13) 12 10 7 FR 4 s
30 3 3 s s 3 33

= ramber of patents with radiation burms of the same grode

raditon sk elons

Al pathological skin cnges b bigh and s.gmncam mmlauon with grades of
Spearm:

(Table 49). Tel d ul correlated with
rades of ARS a5 el
Table 4.
[ I e o 175
stopaeogel [ e | T
o | o > i s

Tcers 2115 <0001 066 <000 1701 001 056 <0001
Hyperoratosis 2143 <0001 062 <0001 2100 0001 058 <0001
Telnglecasiz 1633 <0001 062 <0001 1226 <005 032 <05
Auophy 998 Q01 049 <001 563 5005 03 <005
Hyperpigmentation 1034 <001 049 <001 455 005 032 <005
Hypopigmentation 1113 <001 049 <001 89 5005 042 <008
734 005 041001 700 >005 025 5005
“The analysis of latent period mean values for such pathological skin changes as
atrophy, hyper- and hypopigmentation, hyperkeratosis and ulcers showed that it was.
shorter if the g skin lesion had becn higher (Table 4.10). Peeling and
parly telangiectasia i
in patients with radiation burs grade 1 in comparison with grade 2. Individual mean-
ings of latent period of various pathological skin changes differed greatly therefore
the value of standard deviation even exceded the mean in any Table cells. However
in spite of these sample peculiarities the significant difference in Student’s t-test was
Siund e yicw indes.

e sin changes during ollow-up period after local adaton exposure ae con-
ationton pathological processes, which had been developing in epidermis and derma
during acute phase of mdmlnn bur. The most rdosnsiive skin suctues ar e

sal layer skinlesions
it VA evapon oF o e Ty Ossue and recoveey o damaged sin el
ments becomes defectlve, Therefore during the follow-up the effect of doses, which
caused acute radiation dermatitis (radiation burn grade 1), are exhibited by decrease of
epidermis thickness up (o several cellular layers, papilary layer flattening, appearance
of melanin foci in superficial derma. A dose increase leads to loss of hair follicles,
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i of oil

d sudoriferous glands, appearance of telangiectasia and fibrosis of

i circulation is

i, and o
» e devnlnpmtm of wophic lees dumlg follow-up period.
Tl 410 Laontprod e vles (4250, years) of s ptblogcal chames dug o
Imadiaion n patiats wit raiation burn

| pesing [ | veus
59151 1457 26:1 47333

36142 29122 19415 66:48 6933 56:38

11505 11505 51496 15108 51144  4de6d

ANOVA P 5005 5005 5005 5005 >005  >005 5005
trect Py 5005 5005 5005 5005 5005
Pia 001 5005 001 5005 5005

p“ <001 5005 001 5005 <001 5005 5005

earches showed that after mild local skin radiation lesion as dry epiderri
many oo ot o ‘pathological skin changes of epidermis and derma could be romaled
in patients. So we observed dermoepidermal atrophy, telangiectasia, pigmentation dis-
orders, but did not detect hyperkeratosis, skin erasions and ulcers, which are typical for
radiation bums grade 1-

‘Chronic atrophic changes of skin and ulcers needs to be under medical control
because they are the pre-cancer states. It was found that after radiation exposure of skin
malignant tumors developed more often on altered skin (fibrosis, telangiectasia, late
radiation nl«n, and keratosis).

During 25 years afe the Chornobyl sccdent no one tumor on he places of
former racion Skin buens was revaled: Only one malignan ncoplasm notably ba-
salioma developed on non-injured part of head in ARS grade 1 survivor. Nevertheless
all patients with late radiation skin lesions were included in the subgroup of high on-
cological risk.

4.4 CHANGES OF EYE LENSES

During the post-accidental period radiation (posterior subcapsular) cataract was
diagnosed in 24 patients and involutional cataract in 118 ones (Table 4.11). In order to
discriminate these types of cataracts we use criterion described by Choshi [17). Com-
bination of radiation and involutional cataracts was revealed in 12 ARS survivors and
st of RS NG,

aracs significantly depended on ARS grade whereas a frequency of
involuionl lens opauﬁcxlmn it dife n paiets of ARS NC and ARS grade |
ncy

with other pati d by the feor cases. Inall
able 4.12).
The minimal latent period mean value for radiation and involutional cataracts was
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revealed in ARS grade 3 survivors, however any differences between group of ARS
survivors and patients of ARS NC group were insignificant.

Table 411, Table 4.1
485 Ratiaton (s %) ivlaton s 7%
74)" 3741 61/624 L
gade 1 (34)  3/88 27824
gade2 (1:35) 87229 /688 e TEAL ST
gade3(0=11)  10/909 5455 gaded 9952 11507
F 67 818 gade? 9133 105045
L Y 5005 gage3 5134 90:50

‘@ total mumber offollowed p patets

During the first § years of follow-up the radiation cataract had been diagnosed
in 10 patients, whereas the rest 14 cataracts appeared between the 5% and the 15%
post-accidental years (Fig. 4.

There was not revealed any ro-
diation induced
the 4% and 5% stage of follow-
up. This fact lets us to suppose
that radiation cataract develops
not later the first 15 years after
irradiation. The appearance of
lens opacification under the back
capsule late this term should be

ities and single vacuoles. These
changes corresponded to the 1
stage of cataract development
[17). The rest three ARS grade 3
survivors demonstrated cataract
of 274, 319 and 4% stages. Dur-
ing 25 years radiation cataracts
had progressed in one patient
of ARS NC group, three ARS sl el oe Lo e e,
frade 2 and thse ARS grade 3
survivors (Fig. 4.

According A opinion of i 4. Aatstion cataracs progressing dutng follow-vp In ARS
some authors [18] & dose of ex-  survors and pallents ol ARS NG goup

[res—

[ sz e
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temal irradiation has to be not less than 4 SV 10 cause the radiation cataract. However

another researchers consider that minimal dose for cataract development should be

0.7-0.75 Gy [19] or less [20]. In our research the posterior subcapsular cataracis were
dingnosed in persons with external radiation dose below 1 Gy.

According to traditional conceptions about radiation cataracts they are the deter-

i i G 100%

o

if dose threshold was exceeded. ARS is the classical example of deterministic effect

It develops in every person if dose of external irradiation cxceeds | Gy. The second

distinctive feature of these offects is the increase of its severity with inerement of above
Lo i hown that red

ract did not develop in the most of patients whose radiation doses exceeded the known
cataract threshold. The high severity cataract had been diagnoscd only in several ARS
grade 3 survivors during prolonged follow-up. Cataract afterripening was also found in
ARS grade 2 survivors and patients of ARS NC group. We excluded from the analysis
those patients having local radiation skin damage of facc, neck and head which prob-
ably could influence on cataract progressing. We also did not find that radiation cataract
development correlates with radiation burns of such location (¢-test: F=1.212, p>0.05,
an’s rank correlation r =0.085, p>0.05).

“Therefore our analysis showed that radiation cataract does not fit in with classical
features of deterministic effects (Table 4.13) but much better corresponds to stochastic
radiation effects. If we accept this conception as basis it becomes clear that absence of
dose threshold causes cataract even in persons iradiated by small dose. Here is why
Fedirko [21] found typical radiation cataract signs in clean-up staff, who had been ex-
posed to radiation in dose near 0.02 Gy, but he considered this dose level as cataract
hreshold f classical id 1
progressing was observed more often in ARS grade 3 survivors and this fact does not
allow without any doubis to think radiation induced lens opacification as stochastic
consequence. Perhaps the following examination of these patients together with analysis

B g

all non-r of phenomenon
radiation cataract is.
Table 4.13. Comparison of factor \d deter-
it let f rdaion
et s T o [
TS
I availability il patients it a threshold ~ No

is exceeded.

igher eataly
dos nremont deviopment

Stochastic

‘Absence of a trashold. Prababilly Cataract develops in porsons iradiated i mini-  Yes.

of the effectincreass wih dose  mal dose and high doss as wel but i the last

increment case more frequently

Severily of the ffect does Intensity oflens opaciicaton i similar in Partally
dosos.
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During 25 years of follow-up involutional cataracts were revealed in 65.8% of
examined patients. Puchkovskaya et al. [22] consider that under ordinary conditions a

senile cataract begin to develop after 45 years and in persons older than 65 years its
mqum:y increases from 7% t 60%. Inour researches the rlative mumber of patients

patients were young and mature age. This factlet to suppose a predominant mmmhuum
of radiation in involutional cataract forming. As far back as Chornobyl catastrophe it
enile lens changes in employers who have been
working under conditions of fixed irradiation that did not exceeded limits for accept-
able doses (23], In favor of radiation influence on lens changes the fact says that in
Chornobyl NP clean-up staff the frequency of involutional cataracts was significantly
greater but in group exposed to radiation in higher doses. It is the opinion that as a
result of radiation impact premature agi i

Wheaiee spes i comtiaionof islog radiaton in lens pathology it is
necessary t0 take i
T et s of oo Insioon o Eve Disesses and Tiasue Therapy of Na-
tor Rty o i Selopees of Ujonie dived it fsguencyrme and terms
of involutional cataracts. ith 2y
in ptencs 2 hyperensve har dscae (HHD) of 2 5, sags,liver and GIT diseases.
In presence of these diseases the cataract appears 10 years earlier. Our investigations
showed that every patient under follow-up sufered with these somatic diseases, which
could also influence on age-related lens opacities.

“Thus the data of othr researchersand out investgations showed that oint influ-
ence of radiation and
frequency rate during mng«.m period after radiation exposure in ARS Survivors and
persons who had undergone o iradiation in doses below 1 Gy.

45 CHANGES OF HEMATOPOIESIS BY PERIPHERAL BLOOD COUNT

NC vari-
ous Mmzmlogh:al sylldmnws gmmny connected with decrease ol mare perlphe
the

patients),
(24.9%) followed.
we changed approaches o asessment of cytopenia n comparison with those (at was
e belireand relecied 1 sveral publcaions (24, 25). Firt, o patients of ARS NC
group were excluded from follow-up if they had been examined on the initial stage only
but ot later. Second, we excluded from staistcal analysis those patients with tra
cytopenia if the last one had a duration several days only and never repeated.

‘During all follow-up period the cytopenia frequency in ARS survivors was higher
than in patients of ARS NC group (Fig. 4.10).

During all five stages of follow-up it was not revealed by t-est the significant
difference in cytopenia frequency amongst patients who survived ARS of grade 1, 2
and 3 but on the 1% stage the frequency rate of aforementioned hematological syn-
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‘dromes was higher in ARS survivors in comparison with ARS NC patients (Fig. 4.11)
and these difference was significant according to 2test excluding granulocytopenia
(Table 4.14).

%

sesvays

Eytrooopeia | Tvambacyopena | Lymphocyopenia  Ganocyapenia
Fig. 410, Frequency rate of ematoloical syndromes durn follow-up peod In ARS
NC group 27

% s o
2 © s gan 13
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2 3 4 s
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»
w0
e e s
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Fig. 4,11 Frequency of granlocylopenis (8, ymahocytopeta (5, thrambocytapeta (C)and erybroyiapes (0)
on he filow-up sages In ARS surhors and ARS NG patients. A —
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Table 414 wich were re.
Ve i e o s e it ' v e

I A5 g T s

| S . B
Grandooyopen 30 ) 23 E
Lymphocyopenia 127 w01 88 ot
Thvombocytopenia 11 w0 a4 0%

138 <0t 101 0

e or 22 tables the dota 1 represetedwith Ve corecton fo coniuly

After culminating the cytopenia frequency level on the 19 stage of follow-up it
spusousle et 1o frepuemcr decras ke iimecuen v, Ow s 50 stage
the frequency of all hematological syndromes was significantly lower than on the 1%

stage in AR tients of ARS NC
erythrocytopenia and lymphocytopenia (Table 4.15).
Table 4.15. Comparis ARS survivars and ARS.

NG palets o o st and h st Tollow  stages

- g o019 S sage 062011

" ’Tm; s gun 12| * e s3] % | P | %%
Gamiocyopena 165 302 08 54 a1 5005 005 <0000
Lmphocylopenia 275 48 <001 165 31 5005 >005 <0001
Thombocyiopena 220 384 005 54 0 5005 <001 0001

Eyiocylopenia 207 510 <0001 324 281 »005 005 <00t

Mo g1 - dffomesof e beven ARS N nd A5 rice 1300 e Lt e
. Sgence f e et AR NC ord AR rde 13 e 5 g
g

i

‘The dynamics of erythrocytopenia frequency differed from other hematological
syndromes both in ARS survivors and ARS NC patients. Amongst the first ones the.
ORENG AU f DAEAS G i y0Ries ot EIEOIS SeneMAt (S5 571205
during 20 years and decreased on the 5 stage. In ARS NC group the erythrocytopenia
frequency increased from the 15 to the 4 stage (from 29.7 to 48.1%) and decreased
on the 5 stage but remaining above the initial level on 2.7%
‘Transitory short-time and prolonged (during several years) cytopenia in fact is
inevitable consequences of middle and high doses irradiation of man that can bring

tem, which has ben king place duringlong
X ol anemia of long time
in A-bombin Jspanese vl 27]audsulfrers 3 el of various wedents | [2&
29).

s e et [ seoed ARG poatic
marrow investigation in patients, who had survived ARS and demonstrated
eylopenl: in the long-term petiod, revealed such changes as focal hypo- and hyperplasia
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of different severity together with damage of marrow vascular bed and stroma sclerosis.
‘Translent cytopenia in the peripheral blood continved during several years [301.
Bebeshko et al. [30] studied the state of hematopoiesis in patients, who survived
ARS in a result of the accident at ChNPP, and analyzed i plios el
1 this field of knowledge. They came to conclusion that depending from proportion
b foc i hypoplasiar s regonertin s bone ese o o o oF
hemtopoessrecovry can eis: (1) complete compensato wiih nnrmalnalmn o

(3) reticular- plzsmzllc pmlumunn with cytopenia o eytapenta phase | e ievcop.
ment of hem: disease. The second choice is more often and has
n s own bt pos n deficit of stem cells that resulted in the decrease of
matre cells onten of syt and myelod inages, 1 10 yeas aler the sccdnt o
CHPP clean-up staf having steady changes of peripheral blood count demonstrated in

and damage of vascular wal, edema of stroms, and substttion of hemopoteic issue
by fibroreticular fibers (30].
it daa proves the cytpeni stte in persons, who exposed 0 oizing
ndtalmn impact, ncluding ARS suvivors, and aso explins{ natre. Transory cy-
foes not agree with classic frames for stochastic and dete
e b the last ones is confirmed b
hematological syndromes frequency rate, excluding granulocytopenia, with ARS grade
il ms i vl We capslle ccpen 4 e affecs of g
in bone marrow after exposure. Since radiation BMS is a typical
arerminttc effc, a0 1 own il it pphoriae v during
recovery period.

4.6 SOMATIC DISEASES DURING LONG-TERM PERIOD
AFTER THE IRRADIATION

At the moment of ircadiation, the majority of people owned to cohort of priority.
follow-up were healthy persons in fact. According to their professional membership,
more than 80 per cent of patients were ChNPP employers and guards, builders, fire-
fighters, and police officers. The ChNPP guards, firefighters and police officers actu-
ally served in military force whose staff should be healthy what was proved by annual
medical commission. ChNPP employers also had their regular medical examination.
However, the analysis of medical documents had shown that diseases of internal organ
and systems were revealed before the accident in several patients of priority follow-up
cohort (Tables 4.16 and 4.17). Diseases of GIT and hepatobiliary system were the most
frequent pathology amongst ARS grade 1-3 survivors and ARS NC patients. There were
chronic inflammatory discases ulsmmach dudenum and gallbladir, a8 well 2 views
B hepatits, W sed in six ARS survivors and nine ARS NC patlents.
Diseases of c:mluvascular, hmnchop«lmonary, exogtng nd gl spens

innobody. ARS grade
2o 157 st rom ot n s sivor f ARS grade 3 had the cerebral
‘contusion in his 17 years old.
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Talo .16
‘tion and its growth during follow-up stages
o
vt [ o o
o L1oyor [ 5o [y [ s | B

Cardiovascular system 55 478 96 94 174 00 897
Bronchopulmonary system k2 126 88 281 253 58 883
Endoine system 16t w7 mz 24 a8
Urogenital system 44 286 156 116 89 238 940
Nervous system 55 789 137 19 00 00 100
Hepatobiliary system 143 568 145 72 72 00 100
s 99 683 106 69 21 22 100
B o s wm2 w3 20 00w

Table 4.17. Feequency (%) of vrlous organ and systems diseases In ARS NG patlnts before the Ir-
radiation and is growth during folaw-up stages

o
vt [y o
5 years | 10 years | 15 years | 20 years | 25 years | 25 yoars
o 6T @0 78 36 79 16 80
Bronchopuimonary system 3.0 179 135 155 %5 00 754
ndocine sy B ss es ts 45 s
Urogenital system 30 200 216 186 103 58 8.3
oous systom 0 ms wr a8 13 oo ser
Hepatobiliary system 16.2 616 87 81 27 27 100
ar 7s w1 a8 18 40 20 e
Eye 00 484 276 151 64 25 100

During analysis of different organ and system diseases several peculiarities of
e develogment e found. Th fest was ha duing the i v years afe the
imadiation ARS grade 1-3 and ARS NC survivors gave the essential rise of diseases
of cardiovascular, nervous and hepatobiliary systems, GIT and eye (Table 4.16, 4.17
and Fig, 4.12). During subsequent years, this increase of frequency growth became
slower. At nita follow-up stage the diseases of bronchopulmonary, endocrine and
urogenital eq atthe g stage their relative
quota steadily rose and in 25 years was the same as diseases of cardiovascular, nervous.
nd other systems notably 05-100%. So high lml of prevalence of different organ
and systems pathology was the second pe of health status in this cohort of the
Chomobytacedentvitm. It ssenthy excoeaed comesponding populaion mlce.
In 25 years after irtadiation the frequency of all organ and systems diseases, excluding
‘hepatobiliary system and eye, was higher in ARS survivors in comparison with patients
of ARS NC. However, these differences were insignificant under t-test.
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mZjesrs  Zjeas  wiiSs  In0jears  winSyers  oBafrs e accdent

2. The treqoenc
u-vinnmninlhmmllxm(!m " cardiovascular, 2 bronchopulmonary, .- endocrin, 4 - rogenll,
- hapatobilary, 7 - G, and 8-2ye)

4.7 CARDIOVASCULAR SYSTEM

Before the accident, different diseases of cardiovascular system were revealed In
six patients of ARS NC and five ARS survivors. Amongst ARS NC patients two ones
had diagnosis of rheumatic cardiis with heart valves damges in their childhood, three
persons suffered from HHD (110, 111, according to ICD-10) and one patient from IHD
(120.1, 125.0-125.2, 125.6). In the group of ARS survivors four patlents suffered from
IHD, and one man had acute myocardial infarction ten years before the accident at that,
wihereas in another one varicose veins of lower extremities was diagnosed. These people
wvere excluded from the statistical analysis of radiation factors influence on cardiovas-
cular diseases developmen.

During the fist five years after irradiation, such discases as HHD and neurovascu-
lar dystonia (NVD) dominated in all groups (Fig. 4.13). The NVD frequency rose With
increase of radiation damage severity, in other words, from patients of ARS NC to ARS
grade 2 and 3 (x2-test, p=0.042), whereas HHD frequency decreased (p=0.167). This
phenomenﬂn cold b expained by an occarnce n 3 palint e same puclogicl

{very often it had a characterstic of sympathoadrenal cnsls) [y bewikpbn

level usually without constant hypotensive therapy. If AH had a stable character, what

with drugs as p- diuretics, and
used in that years, dered

in a patient but not NVD.

refore, if we assessed the total number of patients with AH (NVD and HHD)
on the 1 follow-up stage is frequency in ARS NC group was 74.2% and in ARS grade
1,2and 3, 71.1, 83.8 1 81.8%, respectively. It is scen that the dependence of the disease.
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of ARS NG on diferet follow-p stages

occurrence from ra exposure disappeared. The same situation was observed on
the 2% and 31 stages. The HHD frequency increased from 1% 1o S™ stages, and NVD.
frequency decreased, respectively, and this pathological state was not revealed in the
ate terms of follow-up.

On whole stages HHD frequency in ARS NC patients was higher in comparison
with ARS survivrs (Fig. 4.13, B). That estimate the significance of these difference
during 25 years petiod we used the Kaplan-Meler survival analy: logrank criterion
(Fig. 4.14). In 2 years after irradiation and later the quota of patients with HHD was
higher in ARS NC group at every timeline segment. The median of survival rate, that
is duration of period when the half of group population did ot fall in illness, was 5.8
years for ARS NC group, and 7.9 years for ARS survivors. Nevertheless, logrank test
Lnowed tht i diference was hignificat (5-0166)

THD ranked third according to frequency of
‘occurrence afier HHD and NVD. At every stage the
relative number of patients with IHD was higher
in ARS NC group than in ARS grade 1-3. Dur-
ing 25 years after the accident at ChNPP the IHD
frequency steadily increased in whole cohort of
primary follow-up (Fig. 4.15) but if at any stage it

w
K1 Lt
o] wsen
s
o
»
L »
IR ]
et g, 0
Tt Sl D orcas 0
o s TR PR s
T o 15 s nd e f Ry g

ARS NC o Fig. 415, Ischemie
yearsof medial examiation patens of ARS NC a the ollow-up stages
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deresed i conparisan with pevios sage s Fuctves explained by loss of patients
due 10 their death or migatio
infarction had i R

NC group and one ARS g,nde 2 survivor.
At the end of 31 fllow-upstge we used the snlyss of varanc Lo detemine
HHD and [HD dependence from different risk factors, including exposure.
had shown that [HD developing was influcnced by combination of fctors mn:lndmg
AH, , p<0.05, RR=1.5), whereas
HHD oceurrence correlated with excessive body mass only (F=14.188, p<0.001) [24].
Ten years later we applied the survival analysis for the same purpose, notably Cox
regression or the model of proportional risks. As risk factors, which could influence
‘on HHD and IHD appearance, we estimated (1) ARS grade, (2) the gender, (3) an age
at the moment of radiation exposure, (4) smoking, (5) total cholesterol, (6) body mass
index and (7) AH HD.
Asitis shown in Table 4.18, only the age at
ices, which influenced on
NC patients. Odds ratio shows if patient’s age at the momeat of radiation exposure
increased on a year probability to fall in ill with HHD increased by 2.3% (confidence
interval 0.5-4.2%). The risk of HHD occurrence increased by 4.8% if BMI (tatio of
body mass in kg to squared height in m) rose on a unit. The growth of total cholesterol
by 1 mmol per liter increased HHD risk by 27.2%.

radiation, BMI and fotal cholesterol
both d AR

Table 418,
was

RS grade 0125 0057 1608
Gender 0118 0384 0111
Age atthe inadiation  0.023 0009 6248
‘Smoking 0196 0196 1.006
0109 0032 11915

Tota cholosterol 0240 0089 7.341

[ :
i € 95 confdence intrvl for 046 et

Concerning IHD, the risk of s occurrence was significantly increased by more
older paient’s age and greater BMI but decreased by AH (Table 4.19). The last fact con-
tradicis multicentered investigations including Framingham Heart Study. I is explained
by the fact ht paient, whom AH i been diagnosd (st tned 1 b weated by
the drugs for athero-

e o s ot no enely ond regulaty
by the patients they postponed dmloped coronary atherosclerosis in any case.
st-accidental sudden cardiac death was the most frequent reason

uring pos
of patients’ death (Table 4.20). Allhough all dead persons suffered from HHD and / or
IHD autopsy did not revealed the signs of coronary syndrome or other discases that
ol bring e o Tetha owcome. Threspatiets had 3% stage D hit complicted
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by AICC ended with death. One patieat, who survived ARS grade 1, had died as the
result of progressing HF developing duc to THD.

Tablo 419
N | ssoxoimever
B | s Wu|¢||w‘MJ|T"‘MT
ARS grade, ToaT 0158 0072 078 102 0771 1408
Gendor 0663 0507 1708 0191 1940 0718 5240

T
1
Ageatthe iadiation 0113 0015 53380 1 0000 1120 1085 1154
0664 0297 497 1 0026 0515 0287 092

1

1

1

Smoking 0208 0317 0430 0512 0812 1512
8wl 0120 0048 6233 0013 1127 106 1238
Total cholesterol 0259 0163 2527 0112 1296 0941 1785

“a— regresion cosfcient
raio - S5%%-confidence imerva for odds rtto

Patients” age (all of them was male) at the moment of their death was 61.1:16.8
years. In seven men the age was lower than 62.3 years, notably the mean life span of
man in Ukraine [3].

Table 420,
g ollow-0p perod
Far s momart
o RS aats | oot | s eson | A gaanosas | oot sean | A0¢ e o
T W FRDZvsap RGO 7901 o7 G2
WHD 29 stage 1991
2 owo o0 s 2004 618
WHD 37 S0 1987
ERCIS G et 2006 517
O 1990
e e A o 2008 510
[ 1989
5N R v S o 1903 559
o+ 1986
S ' noosee M 1987 2007
T 3w SGD_Bofore 19852001
T 1 WD Tsge S0 1987 1993
91 WD Zestage 500 1988 1995
W2 D ) 1978 1908
12 W £ 1987 199
HHD 1% sage 1967
TS st Yo 1992 s

“The dsease was diagrosed befoe te Irodaton: AICC — acute impairmens of ceebral crculaton; HHD —
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yocardium is essentially radioresistent tissue and damaged in human by lethal

rzdlannn doses only, but vessel endothelium has showed the high sensitvity t0 radia-

posure. A death of endothelial cells in laboratory animals was observed in early

{erms afe exienal X.tay imadiation under dow of G5 Gy and remaine durin long

follow-up period [31]. It is considered that the direct damaging radiation effects on

endothelium start to appear since doses, which induced ARS. Endothelium injury doe

i that are con-

e injuring factors is prolonged activation

S e s, e s st [32], ey chmges of

is form the state in cells, which is called of “oxidative stress”. Thus,

g i et undergone to maximal structural and functional
reorganization.

“Today it is the opinion that the reason of endothelial dysfunction is just an oxida-
tive stress [33]. The nature of this stress plays no essential role in onset of endothelial
dysfunction. The direct and indirect radiation impact on endothelial cells starts up &

ascade of biochemical reactions, which finally leads (o endothelial dysfunction and
AH development [34, 35),

Therefore, the thearetical preconditions existe for seeking a connection between
cardiovascular pathology and radiation. However, in our Investigation the severity of
radiation exposure or absorbed radiation dose did et ity el VD
and IHD occurrence. This fact results in two assur . radiation impact had too
Shors exposare Tat was nough for Chinglng blochemical pocesss 1 a el bt nok
enough to give them the steady pathological character. The increase of dose value could
not compensate this lack of ra impact duration. By other words, the energy of
ionizing radiation, what high it could be (in the frames of organism survivability), is
impossible o compete with convenional sk factor, which sat (0 affct the human

his birth. The is oppositely to the first: ra

tion exposure, even it was short-term, having influence on endothelial cell metabolism
oo 0 e nf amlovasclar pghalogy B e evelof e Titence lape
below tha doses, which the patients of priority cohort (clinical and subelinical form of
ARS) had. Pechaps, in the range of “low” doses cardiovascular morbidity and mortality
depend from dose value, at least this fact was proved by the data of Russian scientists,
Ivanov et al. [361, who conducted the epidemiological investigations on the voluminous
cohorts of ChNPP clean-up staff living in Russia and victims of the accident at Mayak
industrial association.

4.8 ENDOCRINE SYSTEM

Taking into account that at the moment of explosion the majority of persons
amongst the cohort of priority follow-up was close to destroyed 4™ block it is possible
o suppose they accumulated radioactive iodine into the thyroid gland. This thesis was
proved by other authors” data [37] according to which thyroid gland doses varied from
0.1 to 1.8 Gy in ARS survivors.

In post-accidental years goiter and diabetes mellitus were the most often pathoi-
ogy. Their frequency differed insignificantly in groups of ARS survivors and ARS NC
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patients (Fig. 4.16). Amongst whole cases of thyroid gland enlargement the diffuse or
nodular goiters were diagnosed frequently but their combination rarel .

‘The analysis of entirc endocrine pathology has shown that during 20 years it fre-
quency in ARS NC patieats was lower than in ARS survivors (Fig. 4.12) and only o the
5" stage approached to the level of oo bt anct Tho rival syl s vl o
ARS sur been falling ill “faster” then ARS NC patients (logrank test, p<0.001
So, the half of the group ARS grade 1-3 fell ill in 15£1.1 years, and the Wl of ARS
NC group in 200,7 years (Fig. 4.17). At the end of 5 stage of follow-up endocrine
pathology was revealed in 919 of ARS survivorsund in 8.1% of ARS NC.

“The significant ifference of goiters frequency (diffuse, nodular and mixed) i
ARS survivors and ARS NC patients was absent. It is connected most likely with the
fact that the majority of patients of both groups spent their fime equally in the accident
zone and therefore were underwent to risk of iodine-131 intake in equal parts

4.9 OTHER ORGAN AND SYSTEMS

Morbidity of bronchopulmonary, hepatobiliary, urogenital, and nervous systems
and GIT did not reveal their dependence from ARS grade or ARS existing in a patient.
The correlation with radiation absorbed dose was absent too.

‘The most widely-distrbuted disease of bronchopulmonary system was chronic
bronchitis (Fig. 4.18). It did not depend on severity of radiation exposure. During 25
years of follow-up its frequency steadily increased both in ARS survivors and ARS NC
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patients. Bronchial asthma was diagnosed in three ARS NC patients and a patient of
ARS grade 3.
$r postaccidnial period chonio non-s

ific diseases of GIT (gastritis and gas-

pathology of digestive system (Fig. 4.19). Their frequency did not differ according to

follow-up groups in fact. Erosive and ulcerous processcs ranked as second diseases

according to prevalence of GIT pathology and hepatitis as pathology of hepatobiliary
tem.

During entire follow-up period inflammatory kidney discases (chronic pyelone-
phritis) were revealed in a patient of ARS NC group and five ARS survivors (
Kndn:y eyt and el werote move ficquent pulogy reveaed by USE. Chronie

ctal examination, USE
and analyss of prostate ton  isoos of rostats was ound In five WRs e
patients and three ARS survivors.
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rebral increased (Fxg 4.21), On
e 250 year of follow-up the Quats nf these nosological forms reached 100% in ARS.
survivors and 98.7% in
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Conclusions

Our investigations that had been fulfilled during 25 years let us came to following
conclusions concerning «restricted» cohort of patients, who survived ARS, and persons.
irradiated in doses below 1 Gy.
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1. Mortality rate from tumors and blood malignant diseases in the cohort of pri-
mary follow-up exceeds the same index from cardiovascular system diseases and this.
fact could not be explained except the radiation stochasti effects occurrence.
2."The age of half patents, who died from oncological and cardiovascular diseases

‘was lower the mean life span of men in Ukraine (62.3 years).

Deepness and evidence of long-term skin damages o the foci of former skin
burns are directly and proportionally depended on their severity.

4. The laent priod of radiation cataracts did not exceed 15 years and was shorter
in ARS grade 3 pa lion cataacs re close 1 stochaste efecs tha o
determinisic ones.

ly G peript

bi frequent d
followed by d quency rate of cytopenia,
excluding granulocytopenia, during the first five years of follow-up sigaificantly cor-
related with severity of radiation exposure and ARS occurrence in a patient

6. During the first five years after irradiation the essential rise of diseases of
nervous, digestive, cardiovascular diseases (45-8456), and eyes as well was found. The
frequency of bronchopulmonary, endocrine and urogenital system increased insignifi-
cantly (7-33%). In 25 years the frequency of aforementioned diseases was 85-100%.
No one disease was connected with radiation factor.
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cneren O LEUKEMIA

5.1. EPIDEMIOLOGY

‘emopoetic tissue is one of the most sensitive to ionizing ra-

diation human organs and systems. In the remote period af-

ter exposure lonizing radiation causes the appearance of stochastic effects, especially
Teukemia.

Excessive risk of leukemia is proven in studies of those who survived after the
atomic bombing in Japan In 1945 {1, 2], of Marshall Islands residents, patients who
received different doses of irmadiation due to the diagnostic and therapeutic pracedures
[31, a5 well as professionals-radiologists [4].

According to Japanese reseatchers data (5] the excess relative risk of leukemia
per L Sv of exposure among people who survived the atomic bombing (hibakushi), in
average was from 3.3 t0 9.1 depending on the type of leukemia.

One hundred and three of 310 recorded deaths from leukemia in the hibakushi

bombing was registered in the first 15 years after exposure [1]. However, puseiiel
estimates were obiained for persons affected by a high dose fora veryshort

flong Imkemla
sisk i inerest. In the nuclear
industry in North America and Europe the sudsut:lly e e et o
that require further analysis (6, 71.

tatstically significant dose-dependent increase of mortality from leukemia was

found n the cohor of worlersofnucea plant Mayak n Rusia [8 it received st

fooigmas sngmhcam dependeneof ke sk exes rom the perod of adoion
was determined. For doses recei he period from 310 5 years before death, excess
relative risk was zppmxlmalely 7 per 1 Gy of radon (<0001, but s g was
orly 045 pec ¢ for doses received from 5 to 45 years to
rk unique conditons and theheterogeney of exposure lnl.luw(ng the

Chormoby accdent the stdy pused populations deserves high
ity and 5 of a grea aplid and scintic ntren,

“The study of leukemia and related diseases among the Chornoby! clean-up workers
(liquidators) was initiated by RCRM and the U.S. National Cancer Institute in 1997.
‘The study was conditionally divided into 2 phases of execution.
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gnosed in 1986-
2000 were analyzed and during the second one — the cases diagnosed in 2001-2006.

Studied paplaion groo ws es ed to clean-up workers (liquidators) regis-
tered in the SRU. Cohort consisted of 110 645 male liquidators who were residents in
Dripropeteovsk, Ky, Kharki, Cherkasy and Cheritiv egions and Kyiv cly a he
time of registation. Survey period included the years 1986-2006. All forms of acute and
chronic leukemia, multiple myeloma and in addition to the first phase myelodysplastic
syndrome were studied. Doses to the bone marrow were estimated retrospectively us-
ing a new time-and-motion method called RADRUE. It bases on interviewing of study
subjects and further analysis of the nature, timing and location of works during period
of 19061990, o the relted adation doe 91

nsafrznm e saemifed by likage between created computerized registry of leuke-

and egions and the colo e, Caesof leukemia and multiple myeloma diagnosed in
2001-2006 were identified by automated linkage of database of NCRU with the cohort
fle Th tasksofthe st phas of the stuy wre e s Tk ks of
dose-dependent leukemia risk among liquidators were
A significant association between Chornobyl-related i ot sl
total risk of leukemia was observed. The excess relative risk (ERR) of total leukemia
a7

rms of leukemia were analyzed together because of few
se 1 issttes and hypothesis, it was decided

cover the whole 20-year post-accident period with the potential possibility to give a
more precise estimaes for separate forms of leukemia and above all chronic lymphoid
leukemia, Finding an excess risk of this form of leukemia in the first phase is a new
significant contribution to the radiobiological knowledge, taking into account previous
research experience in this area. Thus, there was apparent need for increased monitoting
to obtain satistically significant estimates.

Jative isk of leskemia per unt dose of external Iradiaion of red bone matrow
{ERA/a) e etdlors cohr (1685 2000

Excss e 1k er 1 Gy of ira0ton (ERVGy)

" s 5% congsn vl |
AN loukemizs, imciuding: 341 04878 PX]
09 @44 075
Non-CLL 273 ©-1350 o075

“owoyear g period i considered

Basic muhudnlugmil approaches to the 1% and 2% phase of the project were
identical [11]. sures comparability of data and the possibiliy of their association
an furhr ot analyets.
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‘The only sigaificant difference compared with the previous methodology was
the method of cases identification, which was first thoroughly tested in order to ensure
compleensssof . During the 1 phase rtingou et wasconducted foreach case
of leukemia or the
male population pr c.mspm.ng age (bicth yeals 1926-1972). These doswere
duced in a special form, and then all filling forms were entered into a database. Thus,
the Provisional Leukemis Regisy was formed. Then lnkage of the study cohor file
with the Leukemia Registry ed using computerized pr
linkage. As a result records on
estimated that a palr refers to the same person. Scores above a certain threshold were
accepted as true matches. Thus, the cases in the cohort were identified.

identify cases on the phase 2 the linkage of the cohort file with fragment of
NCRU database corresponding (o region, sex, age and cancer site was performed.

“This technique could not be applied at the 1% phase, because the NCRU began
operating in automatic mode in the studied regions anly in 1993-1997's, and the study
period included 1986-2000.

Asearch for all available medical records (case histories, clinical and Utpeaiey
records, individual cases i
ision fofth Diease Linked o the Chomobyt Accdend ogesher with pripherl lood
smears and slides of bone marrow aspirates preserved in the clinical and pathological-
morphologca lborstoris s e forexch eniiedcse Prersuisie was o

in the most complete information at the time of diagnosis. Based o the collected

a3 pper and electeonc “Brie Clinea Forms" were il fr each ase. Tis doca

was accompanied by marked biological material preparations and it was referred

o final case validation directly to an International Hematology Panel which was held

in several sessions. Smears or biopsy sections (or a detailed description of biological

material) were available for 75% of cases submitted for the review. Diagnosic date
were presented only by medical records for 25% of cases.

The Intenaionl Hematology Panel hoh o the 1 12) and 2 phase o

ive
the U.S., UK and Ukreine. They were: Dr Bt Bam. oA Petersen, Dr. s
MakFedran, . Svetlana Gaydukova and Dr. Dol Glvzman.

According to the previously developed procedure, the experts considered the
set of 5 cases. Each expert on the Panel independently reviewed a clinical abstract
of each medical record togecher with available bone marrow aspiration smears or
sections of each case and brought its opinion to the special form. In cases with a dis-
patity of opinion, each case was discussed at length until 2 cansensus diagnosis was
reached. Consensus resuls were recorded on a blackboard and fixed by camera. Then
the experts considered the next block of cases. The experts studied 20-25 cases each
working day.

Leukemia, MDS, muhiple myeloma, Hodgkin malignant lymphoma 252 cases
in total, and 21 control cases were referved to the International Hematology Panel
(Fig. 9.1). This approach with verification of the diagnosis by the international expert
group significantly increased the level of the data reliability.
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The inclusion of non-Hodgkin’s malignant lymphoma in this sample was due (o
finding cases of ymphoma with small lymphocytes (SLL), which according to modern
dlassification of lymphoid neoplasms, is regarded as identical with CLL (CLL / SLL).

‘One hundred fifty eight of 195 cases of leukemia referred to the panel were
non-Hodgkin's

ed
Thus, for the period of 1986 — 2006 162 confirmed cases of leukemia were identified
in the study cohort (Table 5.2).

Table 5.2,
by the International Hematolagy Panel
Type of Loutoma Womber of cass £

‘Acute Myeloblastc (AML) 0
Acute Lymhoblastic (ALL) 8
Acute Leukemia non-classified (AL) 1
Chronic Lymphoid (CLL) 0
Chronic Myelod (CHL) £l
Chronie Leukeria from Large Granular Lymphaocytes (T-cels) (L6L-T-cell) 5
Al Types 162

E E
2

Mot ot om0 Noconons: s
™ 3
o oS Cuer
1 17
A Lymphomn Cres
Is
pepiny

Fig. 5.1 Scheme ofthe Interational Hematology Pane resuls
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‘The number of identified leukemia cases corresponded with calculated expected
number that suggesting a satisfactory completeness of collected data
case-control study method of epidemiological research was used. According to
the strategy for each confirmed case of leukemia 9 controls were randomly selected: 5
major and 4 — to replace if necessary. The controls were matched o the case on region
f esldence and yes of i, Furlherthe sudy subjects weee raced to coniact with
them and conduct intervi
Search was conduced using the data of medical institutions (clinics, regional
dispensaries of specialized radiaon protecton, NCRU), information ofrference and
procedure included on t0 the study subject
e of eidnce, lelephone and personal contacts. pics study subjects were inter-
yeied pasaally. o chicof decessed subfct i elaive and cllengne so-cal=d
+Jrony) were inervieved o bainthe detilinformation on i clsn-up atvites n
he Choobyt sone. Insome to apply a contact
The s e o s o el Phsom o s subjee ocaion and the
subject’s refusal to participate in the study (Teble 5.3). This led to a a il ioise
Ineqined esoures oo the ecesay informaion,Padicular d
{osees among e e hat-wete. s e 1 ABlecs WA ey s et et
from the cohort members. The loss of each case could potentially be displayed on the
accuracy of analytical estimates.

Table 5.3, Characterstcs of losses to follow up.

T ETTT
I T
e Levkoms Gses 3 0 3
Decessed Laukaia ases
Proxy Reltives 2 6 W
Proy Galagues 1 P o
Rive Conrors 60 I 20
Daceased ontas
Proy Rl = u 0
Proy Collsaguss o 6 s

Thes entified the response rate that is the identifier of the efficiency of
Lo study subjects. Rather high response rate for all cleguie o e
study subjects was reached, approximately the same for both phases (Table 5.

Interviews were conducted by experienced interviewers, former dalors, and
familiar with details of work after accident. In a case of consent to participate in the
study before the interview liquidator or “proxy” signed informed consent. Without this

rview was not conducted. This requirement of ethical standards in research was
strictly followed.

‘Completed questionnaires were registered and processed in the data coordinating
center (DCC) and then transferred to the expert dosimetrist for dose reconstruction with
RADRUE method.
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Now all data have been processed in dosimetry group, and twice entered into the.
De duabase “Total for the entire stody period (1986-2006) 1003 doses of external
0 the red bone marrow were reconstructed. Summary results of this work
e presened in Table 55

Table 5.4. Response rate by study subject types.

‘Alive Loukana Ceses

o n @
) Golenes n u
i G 7 )
ek Gl
Proxy Relatives 60 28
o Gl ot s ot o
T 55 p—
[Ie— e
Alive Leukemia Cases. 39 68
s Lo G % @
Alive Controls 358 823
[ ; «
o P
ol that although represented a wide range
1t irds of them were militar (36%)

as sent to mission to the 30-km zone (32%). Place and duration of Clean-up activites
were substantially different in various groups. As a result, subjects dose could vary by
7 orders of magitude: from the natural background to almost lethal
hould be noted that at this stage of rescarch only part of the error, so-called
internal uncertainty of the data could be evaluated. At the same time component of un-
rainty associated with the human factor could only be defined as “significant.” The
‘main source of such ercors are data received not from the liquidator personally, but from
his deputies, “proxy”. Deviations from the true dose values can be quite large, but in
general estimates are not biased. Each task of the Project, including dose estimates, was.
perormed withte andstoryus of qelty coal pocedues fo e 3 high level
of research in general and analytical assessments based on the results.
‘Summarizing the above data we can conclude that:
1. As a result of the research the information basis for leukemia risk analysis in
20 years’ post-accident petiod was formed.
2. Analysis of the leukemia risk in the studied liquidators cohort of 1986-2000
completed. Based on that the excess relative sk of leukemia in total was defined to be
3.44 (95% C1 0.47-9.78, p<0.01).
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3. Cases identified and verified at 21 stage of research (2001-2006 study period)
will increase study power and allow obtaining statistcally significant risk estimates of
certain forms of ik,

4. Current approaches (o radiation support of the project provided an opportunity
@ obain dose«‘kpendenl csimatesof excer sk of eokemi ‘among liquidators of the
Chomobyl dsas

stage
gum.g ik estimate ofthe igh leve of tust that meets the requirementsto analytical
epidemiological studies.
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5.2 MOLECULAR BIOLOGICAL FEATURES OF ACUTE LEUKEMIA
IN PATIENTS EXPOSED TO IONIZING RADIATION DUE
TO THE CHORNOBYL ACCIDENT

‘The results of epidemiological studies among clean-up workers at the Chornobyl
NPP established a causative link of leukemia with preceding radiation exposure. How-
ever, the question remains debatable as to the existence of associations betsween spe-
ifc moleclar tnomalies nsce lkenia (AL) and preious exposre of human
1o ionizing radiation (IR). The main problem that hampers determination of radiation
leukemoganeets s the uncertaint ahot edionsindueed nature of specifc cases tht
developed in the exposed human population.

t promising for further study in acute myeloid leukemia (AML) and
myelodysplastic syndrome (MDS) in persons exposed to IR due to the Chomobyl ca-
tastrophe, we recognized the rearangements of chromosome 21422 with involvement
of AMLI gene, and chromosome 1123 with involvement of the MLL gene. The deta
obtained in several published studies demonstrated the probable relationship between
the formato of he fuson wanscpt between AMLL gene s smsnal partns on

chromosomes 1, 18 and 19 and. ML [1]. repo
a high frequency of point mutations of i e oo of ot o
bombing of Hiroshima [2]. The rearrangements of MLL gene are common in second-
arylekenis nduced by DNA tooisomerse 1 nlibfors 3], The e, howeve, hat
secandary AM the.
cytostatics i ikely ot oo Gevclopg air exogenons gentosl lgems
have some common molecular alterations.
Anumber of f ed to study rst, AL
in humans per s is often associated with ranslocation of genes [4]. Second. et
effect dependence for additional cases of leukemia after exposure to IR is characterized
by the curvilinear function. And, thirdly, IR is able to form dicentrics and translocations
i irradiated cells with a frequency described by curvilinear dependence on dose [5).
Fifty-three AML samples at diagaosis were analyzed in our study for the pres-
ence of AMLI abnormalities using fluotescent in situ hybridization (FISH) and reverse
transcription polymerase chain reaction (RT-PCR). Selection bias can be excluded in
this analysis because all available AML patients were enrolled in the study and blindl
checked for the presence of AMLI rearrangements. In contrast to the study of Hromas
etal. [1], we did not find any unusual alteration of the AMLI locus accompanied by

associated AML. The observed patterns of FISH signals are shown in n
example of AMLI/ETO fusion gene amplification products electrophoresis is shown in
Fig. 5.3

By FISH and the RI-PCR assay, AMLL/ETO translocation was found in only 1
of 24 radiation-associated AML. In contrast, AMLI/ETO translocations were identified
In 9 (31%) of 29 spontancous AML cases (p<0,05). Noteworthy, that the frequency of
AMLI/ETO wanslocation registered in the control group was similar to that observed in
AML among residents of the western regions of Russia and was higher than that among
the AML patients in Scandinavia and North America (4]. The higher level of transloca-
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tions of AMLI/ETO in spontane-
ous AML in Russian and Ukrai-
nian cohorss reflects the features
of Eastern European population
in genera)

In the identical spectrom of
morphological variants, frequen-
y of large rearrangements in the
AMLI locus in study groups dif-
fers sigificantly, indicating pe-
culiarities of radation-associated
leukemia. Chromosomal translo-
cations of the AMLI gene, char-
acteristic for the disease de novo

D e s e trilslon o ML ool WS and cherapy-telated AML after

Bt (00 gren and two e sigals osted separth) 2 — {reatment with topoisomerase I1
inhibitors,
o o 10 ) S 3~ n s Al Ton et 54 AT g ents exposed 10 11

oy threuregand e g s o par -

i
ot 43 160 a0 s nn ad g o absaned. e 10 the Chornobyl accident,

characterized by translocation of
AMLI/ETO. 1t is likely that be-
cause of the peculiaritis of the
pathogenesis of leukemic process
with the more frequent gains and
Tosses of chromosomal material in
radiation-assaciated AML, there
is some redistribution of cases by
5,53, T el o i o eplalog s YOS CHEEOis acompa-
um uwcn fof AMLYETO gee: 1 — ol walgh marer nied by relative decreased fre-
et i e f e i . quency of samlosacanal evrts,
s e e o o 6 AW 75 vt
G gatv COnol PG — posivs contl

diation-associated leukemia se-
verely limits theic therapy. Treatment of AML is largely based on the use of high doses
cytarabine (Ara-C) in consolidation of the disease remission. It is most successful if
AMLI/ETO translocation Is present. The fewer portions of patients expected to respond
10 high doses Ara-C reduces the chances of exposed patienis o be cured by conventional
chemotherapy. This fact can be considered as an important negative prognostic factor
in radiation-associated AML and convincing evidence in favour to appropriate use of
intensive therapeutic, based on hemapoetc st cels (HSC) ranslanaionprotocols
and clinical trials of innovative weatm
Howeves, e seseverl d.wms it other stdies on AMLI gene 0 comment.
th AML
m\pussm!e - e Spontancous nature of th disease

frst,
in Japan [s] Though, i
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in those cases, and this fact could only reflect the heterogeneity of the cohort of patients
in terms of etiology. Moreover, other mechanisms of leukemia development could be

of the patients in our study. Second, the formation of AMLI/ETO fusion gene in cells

exposed to radiation was reported n experimental systems (7). The discrepancy with
preted by iy lo AML patents in

eded I from

our study. Higher
e e o oA B O et ‘mechanisms, rather than
‘gene translocations could contribute o radiation leukemogenesis at low doses range.
neral, the heterogeneity of group of radiation-associated AML patients in
terms of etiology complicated the analysis in our study. The assignment of patients to
group of patients with radiation-associated leukemia certainly did not mean that IR
doubtless contributed o the disease development. The mean absorbed dose of radia-
tion for the entire cohort of clean-up workers participated in recovery operations at the
‘Chonobyl NP in 1986-1987 is 17 cSv [8]. Based on calculations of Metder et al. [9]
on excess relative risk, we can assume that only 30-40% of the clean-up workers whh
leukaemia developed the radiationin duced disease. The existence n the main stuc

portion of patlents with ke the i sy groupy
necessary to draw the solid conclusions.
During the FISH. which dy the abr

es at AMLI gene,tisomy of chromosome 8 was revealed in 3 pateni. Trisomy 8 is
one of recurrent chromosomal anomalies in myeloid tissue neaplasms. Anomaly occurs
as sole abnommallty in 5% of cases with abnormal karyotype AML and as a second

abemration in 15% of patients identified 1ol
The pathogenic ol of oy & n eukemogensi is under iscussion. The snomily
y 8is

ecoied 1300 o s of s promyelocytic leukaemia (APL) with ¢ (15;17) as
mg second annma]y The requency of isomy  in AML ad MDS developed follov-
wch I

novo [10]. Th
AML. In our smdy, in the absence of stati

al mmmcu e B, w8
radia-

ed AML (2 of 21 cases). This Imzmgenelly
" th ted AML Dotk

s spontaneous cases. Other investigations have indicated that trisomy 8 may be rel
o exposure to benzene or other organic solvents [10]. Davico et al. [11] found a cor-
relation between smoking and chromosome 8 aberrations. Thus, even more pronounced
heterogeneiy ofaur groupsin terms of AML causalty coud be assumed

f radiation 1 point mutation
analysis was performed in 5 pulems with MDS, or AML vouowmg MDS, by direct
sequencing of DNA. There were 2 cases of refractory anemia, 1 case of refractory ane-
mia with excess of blasts in transformation and 3 cases of AML post MDS. All patients
paticipated in the Chornoby! clean-up work in 1986. One of the patients survived acute
radiation syndrome (ARS) (case 263). No single nucleotide changes in the gene were
found in any of the investigated cases. However, in patient, who had survived ARS
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10 years before (case 263), an
in frame hexanucleotide duplica-
tion of CGGCAT in exon 8 (after
poslin 3502) wes fuad, ht

uses an extra Glycine and Iso-

the presence of the mutation
(Fig. 5.4).
In spite of some differen-
ces to the data of Harada et al.,
i, 54, Pt of e A1 o Pon ot
our study does not contradict the G unscio e o TOPD.Th s 1 — e
model that radiation may contri-  Saquence 1 AVL post MDS patent (cas 22— uwmmn
et o

el
e G0 lekemia developmen. 1 TR
- 8 e S s

AMLI point mutations in MDS  in re n the aminoacids sequance
arising among atomic bomb sur-
vivors swere found in the DNA-binding Runt homology domain, whereas mutations i
the carboxy(C)-termial region were considered to be strongly correlated with a spon-
taneous etlology (2. The AML mutation i ou study wss ocalizd to he C-termial
ue 368, present in the MDS case with
th ighest probabily o being o v T patient survived ARS caused by
whole-body exposure to a dose of 1.7 Gy. Epidemiological data on radiation-associated
et i A ok, G 50 e bl S L) el
shi 1 DS s et e 0. e of i ool
st may explain findings on
AMLI by acei Acbomb in Japan.
. the ifren paient populadons were xamined (Asin and European). Sacond,
the differences in the frequencies of point mutations of a single nucleatide, which are
on the border of statistical ignificance (6 out of 13 cases in the study of Harada et al.
2] versus 0 of 6 cases in our work, p=0.1), disappear in the analysis of mutations of all
types. A small number of patients in all studied groups make any quantiariv assess-
oot ke A IaRE T3Sl S o IS, St o A ONSRE
AMLL gene was dore by differen methodologicl approaches. Harada et al. screened
‘with PCR si of genomic DNA wit
tion cDNA sequencing, and we used genomic DNA sequencing. And mm.ly, there is
the difference in terms of MDS manifestation after ridlanon action. We believe that
this factor is the mo; nt because the average latency period for manifestation
of e disease was 45-55 years Inthe echor o Japancse paents and ooty 12 years
the group of the Chorobyl liquidators.

nd

Secondary MDS development. However, uncertainty remains whether the found altera-
tons reflect the existence of the distinctive features of radiation-induced pathology or
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L will eventually clarify the sigs of changes of
AMLI gene in radiation leukemia etiology. Our data confirm the hypa sis of Harada
etal. (2] that AMLI point mutation can be considered the most likely distinct molecular
feature of the leukemic process induce
"he esuls of s fusberstudiesshow tat ranslocatons of ML g, which re
oypicl for W inhibitors 4 AML (3]
re not common in s presence of MLL gene abrormali-
i was examined by FISH in 41 AML patients, Of thse, there were 11 clean-up work.
ers, 18 inhabitants of contaminated areas, and 18 conirol cases. An abormal paern of
hybridization was found in two cases. Variants of the signals recorded during the AML
cells hybridization with MLL brezk apart probe are presented in Fig, 5.5.

Tl 55 o gt of bt o ML e ot L gk, | s s ols s 29

12 e copies
S o e s e et o a8 e SR ML ocson uth sl s

Staisical analysis showed no dfferencs between parents with aditon-ssoci-
ated anc tients i terms of 3 vs. 1in 18 cases,
=0.44) and any mzrrangsmem (10f23vs. 1in 18 0) of MLL gene, identi-
fied by FISH experiments. The frequency of MLL anciocatons I the whes cobort of
patens i the sty of AML was 245%,which comesponds (o daaof lertue on e
revalence ofsuch anomalles b nseleted patent groops [13]. There is no eviden
that MLL tanslocations are essenial mogenesis in those exposed 10 IR as a
o f e necchnt, Mosesves, oo e losherta's yrogansticly i
ent from those that occur after therepeutic application of topoisomerase IT inhibitors,
where non-random rearrangements involving the MLL locus on chromosome 11 were
observed. Nevertheless, our data support the hypothesis of Smith et al. (3], postulated
that radiation may act as many other DNA-damaging agents and similar to alkylating
agents.Ideed, theonly MLL g seaangement fund i adiaion-asociated AML
cases in our study was the gene duplice a patient evacuated from the Chomobyl
Cxchusion 0me (cae 12). I ptints with an ad0ionl copy of the MLL gene, oy
2 signals of centromeres 11 were observed in all analyzed cells, which allowed us to
xclde rsomy 11 this case. However, the number of copies of the gene Cyclin DI

aried from 3 105 in 179% of the cells (Fig. 5.5),
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‘The genomic amplification
of oncogene is a frequent v
in solid tumours, but s rarely
observed in haematological ma-
lignancies. The estimated inci-
dence of cytogenetically detect-
able gene amplification in AML
is approximately 1%. A rough es-
timate of the incidence of 11q23
segmental amplifications in al
‘myeloid disorders, including not l|2). 100 1 — e normal ptem with (o geen Sl w
only AML and MDS but also
chronic myeloproliferative dis-  conesponding 1o two centromere 11 and 4 copes of Gycine D1
orders was given by Reddy et al,
[14] as 4/690 (0.57%). This is
dramatically different to leukaemia cases diagnosed after mutagen exposure. Here du-
plication or amplification of chromosome band 11q23 with 3-7 copies of the MLL gene
was detected by FISH in 12 out of 70 unselected patients (17%) who developed MDS
or AML following 2 receding chemathcrapy withalkylaing agnts (131

ur findings exclude MLL gene wanslocations as an important factor in the etiol-

ithth histoy of raditon exposure due 10 the Chormob! accdens

the
understanding the echanam of leukemogenesis. Karyotype analysis helps to distin-
guish AML into three main categories. The first category includes AML with balanced
ehromosome aberrations and a favorable clinical prognosis. This category includes
‘cases with AMLI/ETO translocation. AML patients exposed to IR due to the Chornobyl
accident are rarely characterized by such abnormalities. The samples of leukemic cells
of Chomobyl victims were not checked for the presence of other major anomalies of
this category such as PML/RAR-alpha and CBFb/MYHIL translocations, which are
closely assoclated with specific morphological subtypes of AML namely M3 and Mdeo
respectively. However, s it is described below, AML Mdeo is more often registered
in

translocation could be induced by IR. This hypothesis is supported by the resuls obtained
in the University of Chicago (3],
e second category of AML includes patients with normal karyotype without
significant prognostic cytogenetic markers, which belong to the intermediate risk sub-
‘group. The third category includes adverse prognosis AML with unbalanced chromoso-
 abnormalic h d complex ki 1)

According to our data, the spectrum of molecular genefic alterations of substrate cells
in radiation-associated AML i shifted towards such anomalies This hypothesis was
confirmed by ith using of -densi

Snglenacicide polymorphism (SNE) amays camie ou on sampics of eukemic cell
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of a set of 19 AML cases that developed in paens ‘exposed to IR from the Chornobyl
nuclear amd:m We examined 13 Chomobyl liqidators and 6 residens o tercores
conta i

il that could by sze be pa by karyotyping of G-painted chromosomes. In

"6 ofthe caes we detected at eas one largeregion of allelc loss. Eight cases (42%)

demonstrated loss of heterozygosity (LOH) at 5q and 7, which are known to character-

ize the AML subgroup with complex karyotypic alterations and poor prognosis. The

frequency o deleios of chomosome 5 andor 7 inpaiets with adiaon :swcmnd

frequently (p: expected accord;
AML. Argu

of R s smilr 1 allylatng agents hat wigger A high frequency of deletions

at chromosomes 5 a

Recently, mutations Feurs eceptorhave acqred agreat nerest [ he contet
large

cohors of patents suffering from Pt novo, FLT3 mutations occur in o3 1
normal

Karyotype an the
disese 15, Implicatons of FLT3 receptor mutations are <l unknown. The changes n
y impai par

in
tumor cels resistance to chemother prevalem:e of FLTS gene mutations,
e s of ecepor nibors i promiing for e reatment of ke

requency of FLT3 internal tandem duplications (ITD) at AML in our study

peared to be lower compared to the expected by the literature, as in the group of

radiation-associated cases (7 out of 69 cases, 10%) and as in the group of spontaneous
cases (9 out of 48 cases, 19%). Mutations in codon D835 of FLT3 gene activation loop
was found in 1 of 69 patients with radiation-associated AML and in 3 out of 48 spon-
taneous AML cases. FLT3 abnormalities were not found in patients with MDS. Among.
the 35 patients with ALL, the sole gene mutation was internal tandem duplication in the
resident of teritories contaminated with radionuclides. There was statistical difference
in the presence of FLT3 abnormalities between radiation-associated and spontaneous
disease group neither in AML, nor in ALL. Moreover, the frequency of FLT3 mutations
of all types in radiation-associated AML appeared significantly lower compared with
the frequency in large groups of not-selected AML patients In other studies [16]. The
resulis suggest that FLT3 gene mutations ate insigaificant in radiation leukemogenesis.
Christiansen and Pedersen-Bjergaard (17] also noted the low frequency of FLT3 muta-
Gons in the secondary, therapy-related AML.

Alignment of ail
(Arg-Glu-Tyr-Glu) in all cases. The FLT3 ITD alterations i the adiaton-assocated
AML exhibited the longest duplication events, each having a duplication of more than

nucleotides.
The diference inaverage siae of longest dupicated fagmens n paincs with
ignificant (7<0.05). Ques-

licated for radiati *"lenkemumu&nlhe

further study.
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‘The main conclusion obtained at the study of FLT3 gene is that because of low.
prevalence of FLT3 receptor changes, the use of s inhibitors for the theapy of AML
bas limited perspectives in persons exposed to IR. The frequency of FLT3 mnmions
in the case of AML, as defined in this chapter has been less than expected, accor
10 dita o Ierature. s posbl that In many publishd stdies based o the use of
N L, souiwto. s s e feqmency ol ol fn 75, Thoe

predisposition o having in bank the DNA samples from patients with higher
lewdsof el white hlond cel coun, whic s ssocated ik imccesed requencyof
anomalies. ly 9% of patients in our study had AML M3 subtype of the
iseas, which i usuly jebdotton by the highest FLT3 mutation frequency [15).
For the full cohort’s compatibility, M3 variant of the disease should account 15% of
all cases of AML.

But the most important is that the presence of FLT3 mutations are usually closely

lowfrequency
nd

camiawd it normal Kryorype of eukenic el 16] I his regad, e

et of comarinmad s v chagrensod by the presence of e iseninod
chromosomal aberrations. This confirms the hypothesis put forward in the study and
made conclusions about the shift of the spectrum of cytogenetic and molecular charac-
teristics of radiation-associated and radiation-induced cases of AML, toward losses and
s ofchromosomal msterel. AL i seenro he low reqency of FLTS moions
should be observed in patients exposed to IR due to the Chornobyl acciden

‘The frequency of FLT3 mutations was also lower in the group of spomamm

cases in our study than expected according to data of literature. However,if the
o mocae eemtal e el ekt ey L AML i

lanced chromosome abnormalities and has smaller portion of patients with normal
karynlype which could cause the lower frequency of abnormallty, the control group
has excessive AMLI/ETO translocation frequency characteristic for spontaneous AML
in Eastern European populations. To confirm, we cite data Kottaridis et al. [15] who
showed intemal tandem duplication of FLT3 gene in only 9% of patients with translo-
cation of AMLI/ETO.

However, i duplicated, the FLTS gene in our study in radiation-associated cases

cantly more often in radiation-associated AML compared to spontaneous cases (5 of 7

5. 1 of 9 cases, p<0.05). This fact provides the evidence that AML in patients exposed
10 IR due to the Chornobyl accident is characterized by clonal heterogeneity already at
the time o initial diagnosis of leukemia and supports the hypothesis that radiatiorras-
sociated AML more often than spontaneous AML has signs of genetic instability.
presence of several leukemic clones at the time of manifestation, which are usually
characterized by sig

lution
of the disease reduces the cnancesolexw&ed pauzms for sccessil resment rsults
after mnmnmx chemotherapy.

fre b

s proved of
FLT3 mmams il aegores Sich as "o, ane, "Sile i, “mare than e
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12345 678810111213 1415161718 NVl mutant” can successfully re-
place the prognostic classifica-

than one mutation of FLT3 are
characterized by significantly
i 57 The s of s f L3 M domal higher mortality in remission
W\xsmvinmls o i, i g and shorter overall survival
gart el cases 45 5nd 2 1 (15).
oS cons 1 Rt v o The re ults of monitor-
or the Chornoby clean-up.
workers and residents of contaminated areas indicate that et genciic features of
AL in persons exposed (o IR are translated into clinical bebaviour, which makes them
somehow different rom spontaneous leukemia. This suppors m. ‘need t0 allocate the
o a categ
After we compared the clinical course of 82 AML cases R pe——
victims with 70 sporadic AML cases, we concluded that the patients with radiation-
associated AML frequently manifested with factors of unfavourable prognosis of the
disease. The clean-up warkers and residents of contaminated areas in our study had
more often AML preceded by MDS than sporadic AML cases (18 of 82 cases vs. 6
of 70 cases respectively, p<0.05). For high frequency of myelodysplastic prephase,
radiation-associated leukemia resembles AML induced by alkylating drugs. The pres-
nce o Tesions such
as involvement of skin and central nervous system, severe hemorthagic syndrome at
presentation was recorded in patients with spontaneous and radiation-associated AML
with eqal freguency. However, dnical course n paints exposed to IR, more often

Cof th tients
with ud-annnsmcmed s genually ower, A siprfcanty grear pan of the
cases had the e WHO scale

2 more than 2 oins Evﬂy Bl pant with AV i Chornobyl victims had
induction (16 of 62 cases vs.
5170 inthe contel group, p<0.05). Sglfcant difference between groups of patents
with mdlanen«asm:lated and spontancous AML in the number of cases, which can be
a the adequate chemotherapy, reduces the chances of Chornoby patients for
the long-1 Lerm survival withot laps,

The lactate dehydrogenase (LDH) level more often exceeded the value of 500
unitsf, in Chornobyl AML and ALL patients compared to sporadic leukaemia cases
(p<0,05). The patients with radiation-associated AML initially had lower number of red
blond cells and hemoglobin level in blood. Significantly more patients of this group

mpared to the control group required red blood cells transfusions at the time of diag-
st judged by the hemoglobin Teve lover than 60 /L. AML in clean-up workers and
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inhabitants of contaminated areas more often than AML in the control group were rep-
resented with promyelocytic morphology and rarely had Mdeo variant of the disease.
‘The analysis of patients with radiation-associated AL treatment results provides
refine the existing in terms
of extraction of this entity into the separate category of leukemia. The effectiveness of
AML and ALL treatment in clean-up workers and inhabitants of contaminated areas of
Ukraine was substantially different from those for spontaneous cases for overall sur-
vival and response to therapy. Patlents with rediation-associated AL both myeloid and
lymphoid nature rarely reach complete remission and have a shorter overall survival.
Median survival for patients with radiation-associated and spontaneous AML was 99
and 407 days respectively (p<0.0001), and 293 and B07 days respectively for patients
with ALL (p<0.05). Overall survival curves are shown in Fig. 5.8.

05 <0201 ongant)

o
200 40 600 00 1500 200 v0 16w a0 | G G 000w 2000 70 s
o om2

Fig. 58 et and ALL (ight) n ndv
.2~ groop

ofpaents withraiaion-associted e

‘Complete remission was achieved in only 4 of 64 patients with radiation-associated
AML in our study whereas in 31 of 64 people of control group p<0.0001, and in 14 of
30  paients i adiaionassocited ALL compared wih 22 of 28 sporaneous ALL

. Morcover, Chornobyl AML patients more frequently than the patients
il spontaneous eoonis v cuns.dmd as resistant (o standard chemotherapy (43
of 64 v5. 23 of 64 cases respectivel ).

Besides the clcl hilures. e vove st the phenotypic characteristcs, in-

t-drug

AML patients. Drug primacl ‘multiple causes and has been described in membrane
wansport, drug metabolism, drug raraas, sl eepoe echenams, nd nthe by
of cells to recognize a toxic insult and engage apoptosis. We examined the expression
ot epses such o B gjymp(olem P-49) lng tesisnce procin (LRP) and
mol

Bzx, s X, 53 and Fas and a farget of anticancer drugs sich as topoisomerase o
AML patients exposed to IR due to the Chornobyl accident.

st rescarchers believe that the most significant role i the formation of MDR
plays P-gp [18]. There is the hope that pharmacological blocking of P-gp function might
significantly improve the results of stendard chemotherapy. According to our experi-
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ence, leukemic cells in patients with radiation-associated AML were more often P-gp.
positive than in patients with spontaneous disease (12 out of 20 cases compared to 9
of the 32 cases respectively, p<0.05). Indicative results of flow cytometric analysis of
Ieemie calla areshovs [P, S3. There wes s assm:‘mlw of overexpression of
P49 by lukenic clone with resistance to

However, there was no difference o o overl survivl of P-gp posiive and
negative patients both i all
and sporadic AML cases. This could be explained in the way that P-gp negativity m.gm
ot be rnsaed it he cversl snrvlvil ldvim.age over the patients with P-gp overex-
pressior i ety
et the grenter accumulaton of ytostadcs in leukemic cells a P-gp negatviy, which
s accompanied by the more itense tumor destruction compared 1o antigen posiiviy,
lead:

whid
s v Sy ek a mnsequum. in case of insufficiency of supportive
care, the advantage of P-gp negative

be balanced by early lethality.

‘There was not found any difference between radiation-associated and sporadic
AML in terms of LRP, MRP, pS3, Bax, and Bel-XL expression. In general, the low ex-
pression of MRP, which we observed i studied cases, could reflect the peculiaritcs of
Eastem European populations of patients with AML. We found also that the expression
of P-gp, MRP and LR in leukemic cells of patients with ALL, who were exposed to
IR due to the Chornabyl accident, is not a significant factor determining the unsatisfac-
fory results of their treatment, and the modulation of transport proteins function should
not be considered for treatment strategy of radiation-associated ALL. Our studies on
P-gp, MRP and LRP overexpression could provides the information to assess the rela-
tive impact of transport protelns in the formation of MDR i radiation-associated and
spontancous AML and ALL (Table. 5.6).

Table. 5.6,
‘and spontaneous AML and ALL

s Gl Sssocted ous | oot assoces ananis
g0 overaxpression - 0 = s
MRP overexpression - - - -
LRP overexprossion + . - -

icnceof g0, and (3 meansthe arest dgree ”

The important reason of MDR in rediation-associated AML in victims of the
Chormoby] accident might be the alteration of the apoptotic process. The leukemic
celsin AML ptents exposd t IR saisically more often expressed anti-apoptotic
protein BCL-2 (12 of 21 vs. 6 of 35 cases respectively, p<0.005) and rarely expressed
Dro-apoptotic receptor Fas (3 of 21 vs. S of 3 cases cspacively, pe0.09. The difer
ence of umor cels i adiaion-sssoiaed compared 0 sponaneoss leukemia in pre-
Senting as elther BCL-2 positive and/or Fas negaive reached even higher significance
(p<0.001). Moreover, radi Jomasseciaied naune of the disese requendly asocited
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. 59. An ncrease o P-gp posiiv celi nunt
spontaneous (8) AML after stainng with MK

(2-rglon) I rafalon-ssaclated () n comparson with
yimary and Aat Mouse-Kappa-PE secondary anibdy. An

AL atter At dotplts
feprasentig stinng with Ant-B0L-2 FITC (FL1) and Anl-Fas PE (FL-2) anibodes a signfcant ncrease was
shown of 01 @

expression n sportaneous AL (7).
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with asynchronism of BCL-2 and Fas expression. BCL-2 positivity combined with Fas
negativity was found in 4 out of 21 exposed patients, whereas in none of 35 spontane-
ous AML cases (p<0.03).

The paiens with AML post MDS moreofen were BCL2 posive (.yu 3,p<0t5)

isa prive
s oy Brs overexpression .mgm be the further stage in the evolution of the
tumor clone. Radiation-induced natute provides leukemia with pathogenetic difference
and AML in patients irmadiated due to the Chornobyl accident is often characterized
by mysldyplasic prephase i the dicee developmen. The further transformation
MDS in overt AML could be driven by BCL-2 mediated apoptosis alieration. The
histograms on Fig, 5.10 show how the transformation of MDS, refractory anemia with
excess of blasts in patient parcicipated in Chomohy] clean-up work into AML MZ was
accompanied by changes of BCL-2 negativty of tumor cells into BCL-2
o dta demonsaned tha, th expresion of programmed cel deah o
such as FAS, p53, BAX, BCL-2 and BCL-XL does not discriminate between the radia-
tion-associated and spontaneous cases of ALL. However, the expression of inhibitors
of apoptosis such as BCL-2 and BCL-XL could be the sigaificant reason for the drug
resistance of leukemic processes in ALL in general. Thus, the modulation of these pro-
ke funclon e o gAY el impvs gsne micsne in ALL
universally. According to our experience, the of BCL-2 and BCL-XL
i< ramey common for ALL bah of edaion-asecined oo s sy,
Other researchers have shown that BCL-2 and BCL-XL cells decermine resistance to
the action of cytostatic agents. Leukemic cells with high levels of BCL-2 and BCL-XL
are characterized by autonomous growth. In addition, BCL-2 and BCL-XL makes cells
unable to undergo FAS mediated apoptosis. I is shown that leukemic cells of patients.
with minimal residual disease express high levels of antl-apoptotic proteins BCL-2
and BCL-XL. The assumptions were made about their crucial role in the survival of
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the tumor clone at chematherapy. Given the aforementioned, the drug that can over-
come the inhibitory effect of BCL-2 and BCL-XL o the tumor death will be the useful
supplement to therapeutic applications being used (0 treat ALL in patients affected by
the Chornoby disaster.

‘The performed FISH experiments identified the high frequency of BCR/ABL
translocation in blast cell of clean-up workers and inhabitants of contaminated areas
with AL. The liquidators with AML, who experienced the greatest impact of IR, w
found to have BCRARL nocalfgallcaly s ey e patre ot
control g of 6 vs. T out of 20 <0.
Whie e found tht ediaion-ssocined ekermia i characened by onacnion of
'BCR/ABL disproportionately more often than spontaneous, considering this abnormal-
ity as specific feature of radiation-induced tumour would be too ambiguous. Given the
high frequency of BGR/ABL positivity in AML and ALL in patients exposed to fonizing
radiation due o the Chomobyl accident, the differential diagnosis between AL and
chronic myelogenous leukemia might be challenging in some cases and will make it
necessary (o use the broad spectrum of clinical, cytological, cytogenetic, and molecular
genetic parameters. This data provides the background for the concept of treatment of
secondary AML and ALL. Expression of BCR/ABL is an essential factor of drag re-
sistance n caseof ke, I provides Independenceofthe mor cel rom growih

rs and disrupts the implemenation of apoptosis. The fact that Chornoby! patients
e ftn charactrzad by BCRABL tansiocadon opens e perspectives for the use of
tyrosine kinase inhibitors like imatinib. Unfortunately, there are none ongoing clinical
wials testing the effectiveness of imatinib in Ph positive AML and publications on its
et AL el v e
12 obiained in our study demonsirating the likely contribution of pro-apop-
wlt (FAS BAX, p53) and antspopoic (BCL2 BCL-XL, BGRABL) teglars (o
AML and

We belee tht the primary diagnostic work-up for radiation-associated AL shonld n'
cludethe et for MDR markers. Given thei prevlenceand clinica signfcnce, the
exptession of P-gp, BCL-2, and FAS for AML BOL-2 and BGL XL for ALL, and the
presence of translocation BCR/ABL both for AML and ALL should be determined.

Table 5.7.
Tociod and spontanos AR s R

T T gy
MOR deeminaris [ T spomaneoss | radaion ssoentes | _sporansons
s " = =
B - - - -
P53 . - - -
BoL2 e . . .
oLX, + + . "
BCR/ABL - - - -
where () means he lowest degree o
ahsence o i, and (+++) mear th lrgestdegree Fo proapato egurs (FAS, BAY, 753 h vk

e of oo et e o et oy ot v e
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Series of experiments we aimed to identify potential targets for chemotherapeutic
i i s o vt oo ML and ALL. Many researchers have
1 and primarily their a forms

the s ofhe i
of human cancers. Expression of this enzyme was associated with prognostic markers,
such as Ki7 in non- Hodgkin’s lymphomas and gastric cancer, fraction of cells in phase
of syotess I brestcancer,ad with cyclin A in leukemi
arding the rel tween expression of DNA topoisomerase Il and
sensnlvhy oftumor el to DNA topoisomerase 1 nhibiors, most o the work publshed
in the litrature were performed on the cell lines. Some of them allowed concluding
that cells that express more enzyme are more sesitive 1o inhibitors of topoisomerase
11, and the way you can reduce resistance to treatment is to increase the level of topoi-
somerase 1 [19].
The data of our study for the levels of topoisomerase I1a expressing by substrate
cells in AML and ALL patients go along with the published data of other researchers.
We found no benefit in patients with positive expression of the enzyme on the overall
survival and believe that the high lovel of expression of the enzyme i not a favourable
prognostic factor in terms of AL treatment results, The method evaluating the levels of
the enzyme has limited prospects for application in ciinical practice. There was no dif-
ference bewween the frequencies of DNA topolsomerase Ila positivity in patients with
e S o L

P=0.52) and ALL (2 out of 10 vs. 0 out of 9 cases respectively, p=0.47).
Thus, acute leokemia in patients exposed to IR due to the Chornobyl accident is
characterized by drug resistance resulting from its pathogenesis and pronounced MDR
‘phenomenon with the lack of targets for directed tumor therapy. The tumor cells in ra-
diation-associated leukaemia are likely not responding to conventional chemotherapy.
Therefore, if we can not stratify patients with radiation-associated AL according to the
results of karyotype analysis and molecular-biological characterisics of substrate cells
to certain risk geoup, it should be considered as a patient of group with unfavourable
prognosis of the disea
The ormaton f drugresistnce s mulfctr natee, molecular characteristics
of substate cells in radiation-associated leukemia forces using the transplantation of
HSC as a necessary component of therapeutic strategies. “Given e unfavourable pros
pects for achieving the complete remission by conventional chemtherapy, the initial
chemotherapy can be positioned as cytoreductive before making HSC transplantation
and may not have a goal of achieving complete remission during treatment of radiation-
associated AL. The proposal for treatment strategy for clean-up workers at the Chor-
nobyl accident and inhabitants of contaminated areas with AL is graphically depicted in
Fig. 5.1 and Fig, 5.12
In the absence of prognostic markers of favourable response to conventional che-
maherpy such 55 translocation of AMLI/ETO, PMI/RAR-alpha and CBFb/MYHLL in
AM e impossibility of performing allogenic HSC transplantation, patients with
ndl o sssocied AL showidbe considered as priority candidates for inclusion into
function
hibitors, and inhibitors of

al apoptotic molecules and P-gp, tyrosine kinase receptor
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angiogenesis. High frequency of BCR/ABL translocation in radiation-associated AY
and ALL and its adverse prognostic significance forces to prove i elamvenes ot
in their treatment.

1 Antraciclines + ATRA

bo asecuero

43" + high dose AraC

All other B
T

S
.
=

‘The clinical course, outcomes, clinical-hematological features, molecular biologi-
cal characteristics of AML and ALL that developed in persons exposed to IR due o
the Chornobyl accident significantly distinguish radiation-associated leukemic process
from spontaneous one. There are many factors that can determine the drug resistance,
which are characteristic for radiation-associated leukemia and should be considered in
planning the therapy of Chomobyl victims. The study of multistage pathogenesis of
radistion-assocated AML and ALL evens that mznge the balance between the cell

Fig 51, Treatment srategy o radiaon-associated AML In Chortoby vicims

e conmunt o semttion ot nowiedge about A pathological process will allow
modifying the therapeutic goals and treatment sirategies, to refine diagnostic markers
and useful indicators of prognosis in radiation-induced leukemia.
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5.3. RADIATION AND MYELOPROLIFERATIVE DISEASE

Monitoring nf ma hlnod disorders and discases within 24 years after accident al-

myelwmlllemwe oroc myelogenous leukemia, osteomyelofibrosis among persons
ive factors of the Chornobyl accident (1)

 Along with many uncesolved problems further sty of the peculaies of the
(CMPD) in il ffcid by

the Chnnmhyl plarinehiim post-accident period remains as urgent
riant reduction of the apoptosis intensity, which leads to expansion of he
pathological clone cells pays an essential role in the pathogenesis of CMPD. In this
regad the sy of regulatory mechanisms responsible for apoptosis in hematopoesis

e Is important.

it is well known that the apoptosis processes are under the influence
of :Heclmg e mmuonmg of apoptosis genes-inducers and suppressaor of apoptosis —

and bel-2. Activation of the gene pS3, located on the short arm of chromosome 17,
occurs when DNA s damaged, and because of many other processes in the cell (hy-
poxia, aging, etc.) [2]. Running process of apoptosis occurs by activating p53 family
genes proapoptotic BAX or BID-bel-2. Mutations in p53 are found in the case of wumor
progression [3].

‘The function of genes bel-2 family is the inhibition of apoptosis. In norm this
protaoncogen localized on chromosome 18q21, a chromosomal translocation as a result
of t (14; 18) moves in 14432 [4]. This leads to gene transcription dysregulation and

Byperesresion of b2 protin hat s missingon primlive hematopoietic predecessor,
but s expressed on immature precursors of T-and B-cells and its expression increases
with their maturation {5]. Peripheral Hlood ymphocyes at et In most xpess b2
and CDY5 antigen. In activated Iymphocytes in vitro and in vivo T-expresslon of bcl-2
decreased.

‘One of the mechanisms regulating the proces o apopsi n ornl and el

CD9S/FasL.. This syst
i nducedtrough the CD3 el anden nuplor. Bixdiog of el s i
D3 95-ligand,

it e receptor and CDY5-recepta
was detected in malignant Canstormed e opoieecall i chonic myelold leukemia,
‘myelodysplastic syndrome, acute myeloid leukemia [6]. Th* CD4" killer cells, which
ransmit the signal to cells to apoptosis, are characterized by a pronounced expression
of CDS-ligand.

Cytostatic drugs that are prescribed for the treatment of chronic myeloprolifera-
(ive diseases act on malignant transformed cells through CD5-receptor-ligand system.
Thus, cells that express CD95-receptor are more sersitive to enty into Fas- mediated
apoptosis and this makes it possible to predict the further course of the disease and the
effectiveness of therapy.

“The lierature presents data on study characteristics of apoptosis in patients with
chronic myelogenous leukemia and osteomyelofibross (5], Howevr, only a few works
devoted to the diagnosis of disorders of apoptosis processes and molecular genetic
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changes in the genome affected by the Chormoby) accident [7]. These aspects require
further study.

Significant progress recently achieved in the treatment of chronic myelogenous
leukemia — a single oncohematological disease i charactrstic Epsmsaecshe-
tion Ply-chromosome, which is formed by translocation between 934 and 2211 — t
(9 22)and 15 a marker for 90-96% of paents wih e e Do 10 e g e
M-BCR region (b1-bS) of chromosome 9 and the gap in the a2 exon of the gene c-ABL,
which is localized on chromosome 22, Is formed chimerical gene BCR/ABL, located on
the snumned 2 dromosou.

Pro a higher than pL5.
by which iy gem is normally symhzslmd (7). The consequence of gene activation
ABL in gene BCR/ABL i 2 lengthening of granulocytic cclls life expectancy s in

poptosis a

cellular elements. Imatynib is a drug that effectively lnhihhs ECWABHymMe klmse

at the cellular level, selectively suppresses proliferation and restores apoptosis of cell

llnts posmvtfvrBCR/AEL Hew(ver lhe effect of the drug also has limitations, because
or leveles out and

lhe lermlnal phisev ﬂused hy m dtvelovmem of ns(slance to imatinib.

ML
patlm s eail by ool 1 cases of e bsence of adequate response to therapy. If
initial level of CD38 antigen s high in primary CML patients, it becomes lower with
the achievement of remission and increase in the absence of response to therapy. There
s also an idea that the basis of resistance to the action of tyrosine kinase inhibitors is
the accumulation in the wbpop\llanon of cells CD34'CD38 different mufations that
affect the effectiveness of treatm

“The stcomyelofibrois (OMF) i among radialon-assocated hemtologicl dis
eases, but [9] questions on the dose dependency remain unsolved.
i known that the senitiiy of recursor megakaryocue to fonizing radiation
s highe n comparison wih predscessrs of leuko- and erythropess In the process
ir functional propertes,
WD ccumulate from vaious envtonmenal compoun
egakaryocytes have a higher contnt of AT more intensely Km:lude
nuceotaes, adenine,

y
than immature.
in megakaryocytes depends on the processes of protein synthesis. Most of biochemical

characteristics and functional propertis of platelets are determined be megakaryocytes,
depending largely o th degree of maturiy hem (101 The ctiviy o acid phosphatase
toplasm
reflec the intensity of metabolic processes In megakaryocyt
 Inormation abow the s of oizing rdision on

nizing radiation were revealed, If
the iinfluence of ionizing radiation in high doses and effects of such actions are widely

covered by domestic and forelgn literature, the impact of IR in the range of low-cose and
long-term effects of such actions are contradictory. To date, no systematic data on the
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and functional at various
doses are available. So, it is known that as a nsuh ‘of IR among the first from hemato-
logical diseases appears acute leukemia, chronic myeloid leukemis, and then — solid
wumors [1]. Al the above indicates the need for research to obtain new knowledge in
radiation hematoloy
dence of chronic myeloproliferative disease among residents of Ulaine is
about 1.5 per 100 000. Among the sufferers of the Chornoby! acciden, this figure is
higher,but here are ceraln eaturesof the course CMPD i i category of ptient.
Underthe sperlonof the hematologists of RCRM for 25 years after a
more than 700 ptien o, iy
tients who were ex'poled 10 a complex of negative factors of the Chornobyl accider
CMED course, both in affected by the Chornobyl accident with radiarion dose
the range 17-21.5 ¢Sv in March and in the apposite group of people, du to the general
condition of the patient, the depth of hemopo’etic disorders, pathological stage process,
Ky diagnosis and therapeutic adequacy measures. For most patients in the clinical
the

spleen and
Tiver acrese the b of eakeeyis with & i o Ienatre forms of aramlocyie,
thrombocytosis, gradual development of anermia.

analysis.
it the sumber of red blood cells and hemoglobin level in afected by the Chumobyl
accident patients was significantly higher (4.1940.005 T/L and 140.66:0.29 gL, re-
spectively, compared with opposit group — 3.2640.01 /L, and 110062045 gL, and
the number of white blood cells — significantly lower (14.520.11 g/L compared with
48.010.10 g/L). The same trend was observed for platelet Indices (207.33£1.20 g/L.
and 396.36,65 gL, respectively).

‘The peripheral blood of affected patients have significant reduction in both im-
mature (promyelocytes, myelocytes, metamyelocytes) and mature granulocytes (band
andsegnen). The s patern s found for Iymphocytes and monocytes (p<0.05).

aspirate patients — sufferers of the Chornoby] accident is characterized
ignifcant recuction in myelokarioeytes againt ncreasing the number of megakaryo-
cytes compared with the opposite group.
iber of mature granulocytes (band and segmen) in the liquidators group
exceeded similar values in the group of untreated patients. They also found probable
yies, perceniage of basophilc granulocytes was
significantly hig . There ymplcyes
lasma el (3320 m%, 1.840.19% and 0.1:40.001, respective
Exythroi this group are characterized by e edncton of the per-
cenage proaryrblass, basuplulu: erytroblasts with a gradual aligament of content and
oxyphlc polymorgic erytroblasts.
peripheral blood of chronic phase increase of the number of mature and
immatare (myelocgtes, promyelocyes) s neutrophilic and eosinophilc granulocyes,
basophilic CML was characterized. A number of qualitatve differences in CML were
registered in hematopoietic cells.

In a small proportion of CML patients (10-12%) in the bone martow dominated

by immature megakariacytes without detaching cytoplasm and Isolated mikromega-
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Kariocytes indicaing the presence of dysplastic disorders in megakariocytes lineage of
bematopoiesis.

use CML is based on the proliferation of granulocytic lineage, the cells af-
fected by h i

of severit.

mcuclzaion et mcle and
cytoplasm and degnnllli((on ul the cytoplasm. The presence of granulocyte cell with
toxic, clearly s with few

cytoplasm and a mmpme :hsence of granules (degranulation), and the presence Pelger
anomaly attracted ateention (Fig. 5.13, 5.14).

g, 5.13. Peripheral bood smear photamiciograph of  Fig 514, Perphera blood stear phatomicrograph of
atent wih L ios s acunialn L paisns Moo ong hyegrni ediopis
myek <1

35

A feedback was established between the fragmentation of the Sl
and exposure (r= ~0.87, p<0.05). Revealed that there is A direct relationship be
these parameters (r=0.39, p<0.05), but reverce with toxic granularity in the cyloplasm
of neutrophils (= -0.61, P<0.05) were reveled and no such connecion n degramlaed
neutrophils (1= -0.05, p<0.05)

I CML patients from the radiaion affected group a sigaificant increase of cells
with nucei iﬂgmemamon, foxe gran o cytoplasm,nucleus and cytoplasm vacuolization

ytoplasm were ith a group of

mdlvldnals (p<0 os)

logcal e namely: wide cytoplasm, hairy and basophilic cytoplasm, mucleus and
<ytoplasm vacuolisation. The percentage of lymphocytes with changes In the cytaplasm
, and hairy cytoplasm) did not differ in both groups of investigated patients.
At the same time significantly increased levels of lymphocytes with vacuolisation of
the cytoplasm and nucleus In a group of sufferers were abserved as compared to the
opposite group of patients.

rythrold lineage of CML patients in both groups was characterized by moderate
anizocytosis: erythrocytes of different forms from microcytes to megalocytes against
the background of increased number of normocytes.
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In CML i
signficant ncrease myeloperoxidse actvity (MPO) (Fig. - 15) and acid phosphatase
(APh) (p<0.05) while reducing the glycogen content compared with the no-ircadiated
group of patients.

o swsm.mm---wmm-mw
myelocyle (3. Staing by Lova x1000.

Fig 5.16. Bane marnow umm Gpeogon st
ve neophls (A). Staiog by McMtanus and Hotoss,

Glycogen content in the group of
sufferers was significantly lower than in
the comparison group and was found in
all granulocyte cells: in a part of them as
a diffuse reaction in the other part — as
diffuse-granular (Fig. 5.16).

Peripheral blood Iymphocytes of af-

CML patients against the base
reduction of cellularity typical fibrotic
changes with increased number of mega-
Jaryocytes wereseen compared with 2
group of unexposed pat

In the chronic phase ¢ morghological
picture of bone marrow tissue in patients
with osteomyelofibrosis was characterized
by different degees of the bor
architectonics disrupti
due to granulocytic and erythroid cells
proliferation at different stages of matura-
tion. For patients affected by the Chormo-
byl accident the enhanced diffuse distribu-
tion reticulin fibers and fibrous transfor-
‘mation of varying degrees of manifesta-
tion were characteristic. Bone marrow si-
nuses were narrowed, endothelium — hy-
perplastic, some vessels contained eryih-
rocytes (Fig. 5.17).

ed patients with
osteomyelofibrosis (OMF) the bone mar-
row fibrous tissue contained elongated
reticular cells and dramatically deformed,
Sometimes as many as stratum, altered
megakaryocytes.
‘The most striking change wete re-

Fig 51
fow paton wlhasteomyelfibross The dveloprentof
ostoi "

opiess b madizted people with CML,

b Nt osi,x 200

but analysis o
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bution by the degree of differentiation

percentage

basophili

hil
megakaryocytes and free nuclei from
the control indices (Fig. 5.18).

‘The total number of functioning

igh-
ex in comparison with opposite group
(p0.01) (Fig. 5.19). Probably higher
were percentage of basophitic mega-
Karyocytes that form platelets (p<0.05),

and lower — ones.
(ps0.05) in comparison with opposite
group. Number of oxyphilic mega-
Karyocytes that form platelets did not
depend on exposure.

Moreoves, in CML, especially

segmented (9.33£1.5%) and two-seg-
mented megakaryocytes (13.70 +1.8%)
compared to opposite group (2.8%+
0.6% and 2.5£0.6%, respectively
PS0.01, p<0.001) (Fig. 5.20). These
changes are accompanied by reduction
in cell number with 4-7 segments of
nuclei, which were the largest popu-
lation of cells in the control group
(p<0.001). Should also be noted A re-
duction of hypersegmented megakaryo-
cytes (ps0.01; Fig. 5.20) that are the
hallmark of osteomyelofibrosis.

in exposed CML

patients the number of micro- (1181
2.2%) and dysplastic megakaryocytes
(7.10£1.5%) increased in contrast to
the opposite group 0.9:0.3%, 0.6+

3 Aging popul-

tion of cells that
have entered the path of apopsis
also increased. This was evident fro

fhe iaerase of moyalargocytes with
piknotic nuclei (9.712.1%) and iso-
lted one or more segments of nuclei
(4:2980.9%) compared with opposite

o x
» T Do

G e
0

Fos2 m-mumnmu-u aryocytes nuce
s amoed i o e
s s,
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o (L120.45% P00, 1320 8%, p<0.05). The above data proved for disturbance of
ryocytes differentiation in CML even at the early chronic phase.
" Meabalic aciviy of megakaryocytie hneage célls 1 ptints wich OME showed
Increased gycogen content i the b marow megakaryocytes of patiets exposed 0
IR, compared ow,pe005.

10.745.93% and 260823565

556
uspedxvelyv '<0.07) (Fg. 521 4) et incees i o amber o el having high gly-
cogen content (50.04 3.45% and 40.81¢4.14% respectively, p<0.09) (Fig. 521 B).

Fig. 521.
ity g e ston, () Uesaayoots oy s ofapsn whih el s sid o

It should be nmed dm the majority of cels with a high contnt of glycogen in -

o piknotyc nuclei, cynwlasm was actively “explosion-] e separated into platelets
(Fig. 521 B).

The activity of acid phosphatase in bone marrow megakaryocytes of patients af-
fected vith OMF vas difieet fom e appole grup (LOLE0.10 300 207006, =07)

peripheral

coma (<005 and p< 005 Nspemvely) “Ths canbe explained by ntee thrombocy-
topolesis with being of considerable apoptotic fate of bane marrow cells, for
i o defne the high ackvy of acidphesphaase, whichresued i “amoothing”
of the negative balance of the average ratio in bone marrow megakaryocytes. Increased
percentage of megakaryocytes with a high content of glycogen in patients with OMF
radiated by the Chornobyl accident characterized the energy potential of the cells and
shows a much greater percentage of mature and active apoptotic separated platelets
‘megakaryocytes, compared with the opposite group [11].

Cytogenetic and molecular genetic analysi of bone marrow cells in .u potens
with CML showed
Pv-chromosome, which was speciic fortis disease i

e shsence of ther adiionl

progression. oaceme it M vee subjected to ionizing radiation had no other
specific violations of the karyotype.
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In samples of bone
‘marrow and peripheral blo-
od of patients with CML
the expression of chimeri-
cal gene BCR/ABL, which

(exons b1-b5) with a2 ex-
ons of the gene c-ABL was
noticed. Thus the expres-
sion of M-ber mRNA type
of b2a2 or b3a2 appeared,
leading 0 protein ber/ABL
with a molecular weight
of p210 kDa. Sometimes
the protein with a molecu-
lar weight of p190 (m-ber)
appeared, which was an
unfavorable prognostic
g ety 5.2, Watase s tace sl of bone o s o .
Toresppons ofgan. s Vil onEson Uanscato (3 22, i sdor o

scripts were observed de-

pending on gaps of BCR
and ABL genes localiza-
tion: b3a2, b2a2, ela2.
Most patients (60%) had
transeript b3a2. In 36%
cases b2a2 was found, and
in 4% co-expression of
WO transcripts b3a2 and - Fi, 52¢ Wtghas nd ephase il of bore m
a2, or sz and eia2 BT ok vt s

Fig. 522. Metaphase and nterphase nociel of bone marraw cels of GHL
patiens wlh chromasome ranshcatlon (3, 22), 10X100.

erved. S
ity sign polyclonal process. Cytogenetic studies in these cases
revaled he same eligament {5, 2) (G341 [12)

1o 436 of exposed patlens wih CML saditioal clonal vioations of arysype
e such as: 46,XY,der()(9:2)(q34:2)(20]; 47.XX, 155 2@, <derz2)
©; 12)(q3b.q11]lzl/ 46, xxnm XKD G191 ;
Tqil), marmms XY[13;
47XX, 1), ) )7l;
46,XY,1(9;22) (34:11)[4V46,XY,(2:9:22)(q] 11)[1y45 XY[15].
‘The FISH-analysis, which allows determine the type of translocation for more
mel.nphises is helpful in such cases (Fig. 5.2, 5.23).
cytogenetic analysis of bone marrow cells of patients with osteomyelofi-
st clone dontere Karyotype was not detected in any case (Fig. 5.24).
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Immunophenotype of peripheral blood and bone marrow cells in patients with
CML had a certain number of features. S0 for the chronic phase of CML increase in
CD4* cells level by reducing CD8* cells, and CD3, CDS* were inherent to lymphoid
cells. For granlocyte populatons a decteased CDI3" count was characersic s 4
possible precedet of blast crisi

was characterized by an e of eosinophilic s

Discriminating analysis stages of programmed cell deah n lymphoid and grans-
locyte subpopulations of patients with CML in chronic phase of disease (Fig. 5.25)
showed that the relative number of cells at early and late stage of apoptosis (Anne
Vel smenly VP ells) dertessed sgalnst the background of treatment by tyro-

lmuge these panmlm s Ao iy Increasing percentage of cels at the late
 apoposis. e reflctd the delayed response o therapy and e lack o 2 rue

death, despi cells to Fas-mediated
apopm (Table 58).
® S
- ® - ®

i

FL2ANFL2Hogh —>
w

w

1w

W N e e o
[ERRE N:\m—» FLIAHAA Hoight —

subpop-
-nlur P s s 1 (o Tl ol 2ol e 3 1, 2 s VTG 5
saeo
Sanoin VFC sy g of sopos).

Table 8. Comparison of the evel of early (annexin-V*PH) and late (snexi-V*PL') apoptosis In pe-
oL

Aovexin V- “Aen VP

ot befos afar ostment
CD4'14- Iymphocytes MsSD 22942801  7.90:3.74° 0594051  0.38:0.18
CD45*14- granulocytes MsSD 86474820  72.25:345 3514165  460:2.16

H

‘The level of CD33* cells in the bone marrow of patients with CML is a prognostic
criterion, Determination of this index showed the presence of correlation between the
percentage CD38" cells in the bone marrow of patients (below 30% and above 30%)
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and number of metaphase with Philade  Iphia chromosome in bone marrow cells
{1-4) (a method of interval estimation was used, the limits of confidence intervals:
0.72-0.58-0.44; 0.4-0,20-0.09).

A ranking of Cytogenetic responses were ranged by the degree of metaphases with
Philadelphia chromosome percentage: 1 — 0%, 2 — 1-35%, 3 — 36-65%, 4 — 66-95%
or more. It was found that at @ value of up to 30% CD38-positive bone marrow cells in
patients with CML was dominated 1 and 2 degree of response, indicating a high efficacy
of the treatment by tyrosine-kinase inhibitors. When values of CD38-positive cells were

sbove 30% 3 and 4 degree of cytogenetic response was dominated, which correlated
with igifcany worse response 10 theray.

s, determining the level of expression of CD38* cells along with the determina-
on o leves of xpression S35, B and P53 is important for prognosis of chronic
myeloid leukemia aginst a background of reament by nhibitors of yosineKinase,
evaluation of possible responses to treatment, that influences on duration of obtained
Crogenede remaslons ang it qualiy of patients with this disease (Table 5.9).

Table 5.9. Pedictve crtra for the course CL
Frogose cors [
055 — (evel wilhin the mormal values
52 vt i o vl v
953 — evel within the nomal values
€038 — lvel 10 30%
ogative ‘G095 — levelhigher than the normal valus
B0l-2 — level higher than the normal value
953 — lvel igher than the normal value
038 — leve higher 30%
“Thus, radi i i sease; CML and OMF ae
‘molecular
munologicl fetures. For the bone martow of OME patiets s inprent e Sevelopmen
of various degrees of fibross, which causes clinical and hanmlog]cal fetures of course
of the disease. CML patients.
an inereased number of lnnclmnm( e megakiryncylts, hyposegmented o

=y

ot

and additional translocations
and k lﬂnscllp's 5332 ild elz? i ‘ML in addition to Phila-

of pﬂlydﬂlli| Proge
Prognostic criteria fo, i

isthe leve of expression CD35* cll i the bone martow of patient (30% and above)
and the number of Philadelphia chromosome metaphase in bone marrow cells,

Given our own rescarch data optimized the treatmen of patients with CML and
OMF and criteria for evaluating the effectiveness of therapy.

nti ly an),
hydroxyurea (hydrea), interferons, cytarabin. However, because of the dwzlnpmem of
modern technologies in the treatment of malignant Baemaopoieic sysem at wiling
cells, affec d

enhancing , which leads
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and normalization of blood-forming system. One of the most famous of this group of
dnugs is st hat e 1 he revlutonary estment of CML acics and becaus of
its high efficiency, a first-line drug for the treatment of Ph-positive

e efetiveness of i restment stimated by rormalizadon of perpheral
blood cell and level of elimination of Philadelphia chromosome and Ber-Abl, fe depth
obtained hematological and/or cytogenetic remission. To determine the therapeutic
‘management must also evalute the level of expression along with cell CD38, CD95
fevel, Bel-2 and p53, which are important for prognosis of chronic myeloid leukemia
in patients who receive treatment by tyrosine kinase inhibitors.

Given the presence of unfavorable prognostic criteria of course, getting poor
response to imatinib therapy in chronic phase CML, it is desirable to determine the
mutational status of the patient, increase the dose of imatinib or switch tyrosine kinase
Iabibidors 21d gneratlon — o, dazatynl with usher ytogenetc snd molec-
I monitoring. i s 2050 tes and daztin — o 325 tmes more acive
at ose patents in e chroni prase of CML who are rlractry (0 i,
e methetions i ECRIABE s except T3151.

e presence of mutation T3151 is a direct indication (ot allogenic bone mar-
row wansplantation (BMT) (Fig. 5.26).

JSUPRPINI PR ey MDY QUSSP

Doso noreasing_|—{_2nd genersion_|——»| A0 BMT

[rewerts  ——|

Fig. 526, Fiow-chartfr treatment of CHL patients  chonle

reament of paderts with steomyelfirasis depends on the stage, age, pres-

ence of complications. At the initial stage of the disease patients do not receive specific

therapy, and are under the dynamic monioring and scelving sympromatc theray,

which i imed at comecion of concomitant dises. In the crse of disease progres-
hydroxyurea, prodymin [N,
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etylendyamin], a-i neteon sl doses of cysine -asinosid, confcostnold dge
1y, some success in treating nslanmydnﬂhmls were idomide
in small doses in combination with cortosteroiddry
Speciic eatment for s diseae at (s stage of knowledge does not exst,
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5.4 MYELODYSPLASTIC

1o the clonal character of disease, however, Mmampolulc cellshave s caaciy o it
ferentiation, unlike leukemia, when blast cells lose it lonal abnormalities
appea n 43-60% of ptients with primary myelodisplata povo average t0 80%
in secondary o “therapy-related” MDS {1-3]. Presence of few cytogenetic abnormalities
(complex karyotype) is the reliable criterion to prognose the disease.

“There are 3 basic types of the MDS evolution (4, SI: (1) a stable karyotype with
slow progression to acute leukemia (AL); (2) a rapid progression with the development
of acute myeloid leukemia (AML) and preliminary appearance of cytogenetic abnor-
malities; (3) a complex aberrations of karyotype at the stage when MDS s diagnosed
and characterized with a rapid transformation t0 Al

0k of i imennil aberratons in MDS reached 35-70%, some-

(30-50%) {6). For y anemia with
(RARS) paiets th percentag of such changes vris rom 12.5 (0 4%, I efacory
anemia (RA) it is considerably higher and reached 32-85%. More often revealed the
changes of chromosomes 5, 20, 8 and 7 — del(5q), del(20q), trisomy 8 and manosomy.
7, which can combine with other aberrations; translocations (mainly chromosomes 1, 2,
37 and 11) appeas rmly For patients with refractory anemia with the excess of blasts

57 %.‘l'he most un-

is monos
o pnts. Pdets with MDS reque he ymamic ok bt of chmmowmil
abnormalites are not stable and their amount can grow with the discase

o secondary MDS néxt changes of Koyouype e il 7 (41 —
@0%), — 5 (11%), 210 (9%), 70, 8 and deri2p (8%, (u 7), — 12 (7%), e (s%y,
de 69 (5%) and derdq derl, — 17, — 16, derl (). The aversge umber of
cytogenetic sbrormalities in secondary MDS is 5.3, e n primary MDS —
Increased risk of transformation to AL and short life-span is observed for patients i
7 or with ‘complex karyotype (three and
y AL post MDS are typical besrations of chromasones

8,9,12,17 and 21 [7).

“The results of cytogenetic investigations today are used as progaostic factors for
MDS management. The most known is the Intetnational Prognostic Scoring System
(IPSS, Greenberg V. et &l 1997) [8, 9. A risk group according to IPSS is taking into
account three criteria — percentage of blast cels in bone marrow (BM), presence of
Karyotype changes and the degree of cytopenia. A tisk group of the MDS patient is
determined by scores: low (LR) has el G 1) 05 ey
intermediate-2 (IR-2) has 1.5-2 scores, high (HR) has 2.5-3.5 sco

] the frequency of AL post-MDS and hle»q)in
. gatin nclded the high
ik of MDS acce L with multiple abnormali type

(including — 7/7q, 5q in combination with other chromosomal :hnnrmallllts]‘ e
with the intermediate risk of transformation to AL — they had i(17g), isolated cytoge-
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12p, wisomy 8; patients with

Ther
of MDS and type of chromosomal aberrations at the stage of discase diagnosis.

‘The degree of angiogenesis can be used also as a prognostic factor of MDS.
‘management (12). The secretion of angiogenic cytokines and growth factors correlates
with the increase of microvessels density (MVD) in bone marrow tissue in MDS cases.
Aguayo of et al., 2000 investigated the areas of vessels and their amount in BM of
healthy persons and patients with MDS and AL. Forall patients with MDS vasculariza-
tion of BM was considerably higher comparatively with control. The level of vascular

is ith AML, chronic

« i ly
‘myelomonocytic leukemia (CMML) and MDS.

Deviations of apoptosis also allow to prognose the MDS course. In most cases of
RA, RARS and RAEB the large number of apoptotic cells appeared in BM, including
CD34* cells with high expression of Fas-antigen which are absent in healthy persons.
It was found out the negative correlation between expression of CD34 antigene and
percentage of BM blasts (13, 14]. For MDS patients it was found out the increased
secretion of proapoptotic cytokines I1-1b, l-1a, TNF by stromal cells and correlation
of their level with the degree of apoptosis deviatiors.

‘The peculiarities of myelodysplastic syndrome were investigated in 89 patiens.
Peripheral blood (PB) and (BM) counts in patients with myelodysplastic syndrome ac-
cording to radiation exposure are presented in Tables 5.10, 5.1

Table 5.10,
Varats o VDS wih 5% bt n 8 (A AT SUNOS)
Varanis of WOS with 55% st i S8 (RAEBRY
P indrss s paert, | Nor-adisted | iraaad pavers, | Nopmadted
s patint, 019 nets patants, 1-10
W
Erythvocytes coun, 71 323:0.98 267028 744022 2524036
lvel, g1 9319:660 8488835 724
Platlets count, G 1325417041 1208261280' 72502653
Loukocytos count, GA 406:0.481 9444121
Blasts, % 0 0 293052
Promysiocytes.th [ [ 15720427
Myslocytes. 0 o 506061
Metamyelocytes.% [ 0 3718027
Eosinophils,% 35210581 220036 114047
0295004 0422007 031006
Band neutrophils,% 615071 45076 4.07:027°
‘Segmented neutrophils %  39.0743.72 45482282 27.9124.92
Lymphocytes.% 449129 e 4625474
Monocytes, % 522048 573071 10431191 ¥
ESR, mmh 224:318' 19815322 4614s767 3671058
<05

non rradiated patens, <03 (*p<0.1)
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Table 5.9.
s ST W % Bt B S MDS)
b U
0 indias niadaes adaed
siionss | pumencts | poeenets | oy 1o
am,
Hyeiokaryocytas count, G/ TIE511389 87672942 121035815 85502415
Blasts % 253035 3030520 14714148 12250169
Promyelocytes.%. 123:016% ¢ 2730350 418031 120:0.8
locytes % 9954103 1058:089  1066:081  896:078
Metamyslocytes % 570s071  7.96:092'  667:089°  318:089
Band neutrophils, % 10091061 115201500 4202048 674:072
‘Segmented neutrophils % I8 1120075 7550210 15.13:098
Eosinophils % 226:030  308:047  079:003  063:004
Basophils.%. 0326005 024:009  046:005 0662007
Monocytes. 3875047 545:081 305024 819:063
Lymphocytes % 16584102 1455:169 16520201  17.89:058
Plasma cells 5 110021 102018 068006  106+0.09
Erythroblasts % 146015 104012 286037 1562047
Normacytes basaphilc.% 381:045 2461036 251035 1472025

Normocytes polychromatophiic% 1351139 1022s1.17' 7701208 5831042
Normacytes oxyphic.%. 12504108 12745131 6722146 5241027
Megakariocytes, 61 3813:978 35604753 27.37:628 22434427

<% and =
irradicted ond non-rradiated paiens, p<0.05 (4p<001)

Ady isi 14 years did not find the survival
of iradiated and diated CMML patients and reached 46.8% and d
ingly. Hundred percentage lethality of the irradiated RAEB and refractory anemia with
the excess of blasts i transformation (RAEB-T) patients was revealed during 2.5 years,
in non-irradiated patients — during 3 years.

logy characteristics of BM biopsies were studied in 22 exposed patients with
MDS (RA, RARS, unclassified myelodysplastic syndrome — U-MDS). Histology inves-
tigation showed that BM cellularity was different (Table 5.12): diffuse hypercellurarity
@persons) focal hypeccellurarity (2 persons), diffuse hypocellurarity (2 persons), focal

®

hypocel ). Normal cellularity was observed in 13% of patients.
Table 5.12. Histological characteristcs of MDS patlents
e T Worbw o vetadpoons (020

Difusa hyperceluraily

Focal hypercallurarity
1s¢ hypocellurarity

Focal hypocellurarty

2
2
3
Normal celiurarity 3
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des in the PB and BM samples
MDS (RA, RARS, CMML). All
of elyihmud cells dysvlasn Dysplastic changes in leukocytes and platelets were absent.
revious literature data revealed that exposed due to the Chonabyl NPP accident
MDS patients with incorporated doses of 9.5-30.0 ¢Sv had leukopenia and BM hy-
pocelluarity, reduced erythroid hematopoiesis with delayed erytroblasts maturation,
yshemopotsis fetues in thee linages.

in MDS pati 0 doses from

0,515V 0.67.86 ¢ s probability
(p<0.0) increasing of (mqnenty of hypasegmentation, hypersegmentation, fragmenta-
tion of nuclei, presence of toxic granules, vacuolization, degranulation of the cytoplasm
of granulocytes; binuclea, fragmentation of nuclei, vacuolization and basophilia of the
lymphocytes cytoplasm; nuclei fragmentation, decreased nuclearicytoplasmic rato,
frequency of vacuolization and granularity in the cytoplasm of monocytes.
Differences of Iahomnry indices in MDS patiens aking ino accoun th ge
et I B b sl didnen ot

ding 5%, women found out
BM erythroblasts and Increase of BM i ke gt
‘The non-rradiated MDS patients with the percent of BM blastcell to 5% in accordance
with a gender (women were in comparison with men) had an increased amount of PB
band neutrophiles and reduced count of BM erythroblast.

Chomoby| NPPsceiden (17 patiens with he amount of bl cels in BM o %, incud-
gRA8, RAED .4, U-MDS 5 and every cnepatent wilh e diagooss RAEE,
RAEB-T and CMML). Cytogenetic changes were found out in 9 from 20 investigated
persons (Table 5.12). The group of investigated persons was composed by 5 resdens of
workers of
25.0-67.86 cSv. Addmnnzly v patients and 1 ARS grade 1 patient with leukopenia
cytogenetic investigation was conducted to determinate rodiation markers.

From 20 inspected MDS patients 7 had normal male aryotype — 46, XY, 4 pa-
eats had Karyotype 46, XX. Karyotype of patients with cytogenetic abnormalties are
presented below.

For patient F-ko (RA), resident of contaminated area (31 zone), karyotype was
as follow — 46, XX[29)del(p14)[2], del(q15){1] (Table 5.13). Karyotype in 29 cells

s normal. 1n 2 cells (6.25%) deletion of long arm of chromosome 4 was revealed, in
one cell (3.13%) deletion of short arm of chromosome 12 was revealed, however this
aberrations cannot be considered as clonal.

After the investigation of karyotype of patient K-va (RA), clean-up worker of
1986, in 4 (18.18%) from 22 cells a marker chromosome was found out, there was not
‘any other changes in other cells (46,XY-+mar[4) 46XY(18]) (Table 5.13).

Some chromosome aberations were revealed in patient K-ko (RA) resident of
radionuclide contaminated territory (3 zone) (Table 5.13). Although the founded
momaliies were ot clona,her quaniyreqired urtr ytogenetc monioring

1y of chromosomes X, 16 and 19 observed in one cell (3.45% from a general
‘amount — 29 cells). In one cell a monosomy of chromosomes 12 and 15 took place.
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In the third cell, in addition to a monosomy of chromosomes 8 and 9, the ransloca-
tion 1(5;10) (q35; G24) was determined, inversion of chromosome 9 (inv(9) (21;934)),
dleion o clyomosomes 10, 1, 13, 18 s 19. T laryotye of i paent was
following: 46,XX[26/43,X /44, XX,-12,-5{1)/44, XX -8,-9.(5:10)(435:424),
V@21 EI10024) .mu n(qzsmelm)(qm a9 eI,

ko o crmosis 1746, XX, da7G2AL12) were s (lele iy 13)

In Karyotype of patient A-ka, resident of 4% zone, clone (7 cells — 24,14% of a
i SO S STEATS 25 5 ¥ ChToeten st W e of hromipsne ¥
i 513

Some cytogenetic abnormalites observed in MDS patient N-ka: 46, XY(36146,
XY, dellg 316, XY, dekqoL7Vde, XY, In16)3046, X¥, (16,161 (Tale 513)
In 3 (6.0%) cells deletion of short arm of chromosome 20 took place. In 7 cells dele-
ton of sht amof hromasome 16 wes detected, in 3 cells inversion of chromosome
as detected, in one cell a translocation of chromosomes 16 1(16;16) was detected.
Takmg into account the formal signs (clone must be presen not less than 10% from the
neral amount of the investigated cells) in this patient only deletion of chromosomes
16 del(16)(q-), that was found out in 7 cells (14.0%) can be estimated as clonal abnor-
malic, the presnce of mltpl chromosomal sberations st severe damage
A disease tha RA
proyess(ve pencytopeia, nd pacendied n 7 ‘months.
rmation RAEB to AML (M2) in 3 months was diagnosed in patient P-ko
with argotype 46, XX, auL 2022 2(11) (e 5.13). In B and PB cells of this pa-
tent the expression of /ETO was revealed. A patient died because
o the progresion of AML post Wi
Karyotype of liguidator of 1986 Mva vas following: 46, XY[46], (12q:120)(1],
dic(3q:5q)(11, del(@)[1],chbr(7q)[1} (Table 5.13). Term of disease was 25.3 months,
patient died because of the progressive pancytopenia and intoxication.
‘The clone of BM cells of CMML patient M-lo was presented by Ph posi
(Table 5.13). A monitoring over The patieat is under follow-up.
Distribution of investigated patients to PSS groups was following: LR —
IR1 — 5 IR2— 3, HR — L In next peiod 3 patets were st 1o follow up. ™
scosleraon o diseatecaused desh of 3 persons /0 had pancytopenia (N-ka, variant

R, and Moy, variant of RAEB) and in 1 atint Pk (RAER) was a mostormation
of disease to AML,

o o he sk groups of MDS patients according to IPSS revealed the
sigalficant difference of some laboratory parameters (Table 5.14). Patients from a LR
group had a sigaifically (p<0.05) lower indices of PB b-mmm QD025 agint
114£0.12%), PB easinophiles (1.20:0.45 against 4.75 01), BM erythro-
blass (0.5340.10 against 1.3740.245), BM myelokaryocytes. $52.00437.78 againe
snasmAicK,

m

e cells

mparison of Indices of patients from LR and IR-2 groups (Table 5.14) testi-
oS lhe anificant (s 05 dclne n s group e 7B Pl coun (6764168
a
15020.45) and BM erytroblass (1.1040.3 agaiet 055340.10
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. o

| am

PB basophiles,% 0.4040.25* 1.14:0.12
P vk e
Myelokaryocytes, GL 332.24:37.78"

primS

S

PB platelet count, G/L 183.60425.98¢
PB gosinophiles, % 1.20:0.45¢

0.53:0.10F 3

Ty T o7

o et S

In R-2 MDS patens i comparison it R ptets the Hb levlsgaiicandy
decreased (Table 5.
Positive mrmlzllon pres evesllcgeen e simaon ofte MO pallecis
peo.

(=0.977, p<0. oon, e Rl e =072,
et e PSS Hois (cues) ok B vl (=069, 01 PB erythrocytes count
(£=-0.886, p<0.01) w
o 1bSS risk roup posnmly correlated with the PSS status (scores) (=0.679,
p<0.05) a..a A negatively colied with PB eytrcytes vl (=479, p0.01), Kb
level (=
Summanzlng i mm. it should be noted that in the spectrum of Karyotype
aberrations in irradiated patients (incorporated doses 0.51-67.86 csv) with MDS (RA,
RARS, U-MDS) prevailed deletion of Kvomosome 4. 7. 10, 14, 12, 15, 16, 10, 19,
20. The second place was occupied by the losses of chromosomes 8, 9, 16, 19 and X,
e sl i i b, e, e, e
found out a chromosome
‘Taking into account 1+ L w—
found out, we conducted the estimation of patients status in accordance with IPSS.
7 persons were included to LR group, 8 — 10 IR-1 group, 3 — to IR-2 group (two
emens iod), 1 1o I granp (pmaent ). The oty of sanls nf etogousis
investgation in MDS patntsconfims, hat the degoeofconal sbormlites tesity
o possibility

further MDS acceleration.

Aceordng o the previousdaa (15, 52.1% of the MDS patients suffres of he
ChNPP accident have karyotype abnormalaties. Frequency of chromosomal aberrations
depended on the variant of MDS and were present in 50-53% of CMML patients and
in 75% of RAEB-T patients. Authors divided three risk groups taking into account the
transformation of MDS to AL: high (presence of complex abrormalities of karyotype,
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anomaly 7 — and monosomy 7), low (normal BM karyotype, single anomalies of S-,
7p-, 11p-, 16q-, 20q-) and intermediate (other abnormalities).

‘The concentration of serum VEGF in MDS patients with the amount of blasts in
BM to 5% and in CMML patients was defined (Table 5.15).

Table 515, patients
Concentaton o saru VG porml (4amy i
oiagnesis fted patrts, Nonadited patets, | Gontrl o
%2 ) 2
DS (5% biasts in BM) T20.86+36 467 T56-1000

(012, p=0,019)
oML -t

‘The concenteation of VEGF in non-iradiated patients (297.12+35.49 pg/ml) sig-
nificantly exceeded normative values (Table .15). The concentration of serum VEGF
i irradiated MDS patients was significantly lower than in non-iradiated persons —
120.86:36.46 pg/ml against 297.12:35.49 pg/m] (p<0.05).

‘omparison of serum VEGF concentration in CMML patients and control group
(Table 5.15) revealed that in
(35556$€14i pg/mL, p<0.05) than i non-
(p<0.05).

igh
radiated patients — 111.95£17.40 pg/ml

led
ated MDS patients w455 ama 25
BM basophylic normocytes (r=0.77, p<0.01).

or the non-irradiated MDS patients with content of BM blast cells below 5%
concentration of serum VEGF positively correlated with BM myelokaryocytes count
(0,991, p<0.01), percentage
of BM myelocytes (r=0.96,
P<0.05) and oxyphilic normo-
cytes (1=0.952,

Positive correlation was

percentage of PB myelocytes
(=098, p<0.05), PB ba-
sophiles (=0.998, p<0.03).

tration of serum VEGF and " v
stats of CMML patents ac- 0 ,
cording to EC( ‘concentation and PB platelets count In Iradiated
(= ~0.998, p<0.05). ass <%,

ofseram VEGE
S patlents (B4
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Positive correlation was revealed between the concentration of serum VEGF in
non-irradiated CMML patients and their age (+=0.98, p<0.05), percentage of PB leuco-
cytes (1=0.999, p<0.05), platelets (r=0.997, p<0.05) it ethocyies (20997, p<0.0),
PB lymphocytes (of =0.976, p<0.05)

‘Thas, the investigation of cytogenetic and molecular-genetic peculiarities of
hemopoiesis in MDS patients sufferers of the ChNPP accident confirms their role in
patiogeesi of e and gves pusibiliy o progrose myelodiplana course.

e variance analysis allowed 10 estimate the influence of IR on variabiliy of

group
with stable leucopenia. A percentage of IR contribution to varibility of indices were
estimated according to existing views: up (o 5% as moderate, 5-20% as middle, over

ence.
Influence of IR o varabilty of indices of MDS pa

i (<5 B blasl cells)
1, percer

showed

i mye[ncy!es. PB metamyelocytes, BM myelucyres, o b Aeutophies
and CD45"14- PB granulocytes (Tabie 5.16). More significant contribution was re-
vened it ‘percentage of annexin'propidy iodide” granulocytes on the late stages
of apaptosis and ESR.

able
blast cels in BM)
ges [ Fewrsotern® | o<

B srythrocytos, T 697 341 [
Hb level, oL 701 1348 005
PB myalocytes.% 667 140 005
PB metamyelocytes. % 41 on 005
ESR, wwh 1581 260 0001
BM myelocytes, % 653 1345 005
M band neutriphies,% 384 819 005
PB CD45+14- granulocytes. % 448 1831 005
BM ann*P- granulocytes, 857 5683 005

For patients with the MDS variants RAEB and m&'r IR made 3 sigaificant

rcentage of PB the earl

apoptosissages, BM oxyphilic normocytes, BM P lympboq'les. BM CD5'20"
Iymphocytes, CD7-33* granulocytes and activated BM T-, B-lymphocytes (Table 5.17).

Tabi 5.1
bastcelsIn B)
ngices T Fsver's rtarn ()| Purcentage ol R conrition | o<

The sz oF spieon, (=3 2551 0%
PB annP- granulocytos, % 50 336 005
B oxyphil normocytes 455 245 005
B CDT0V19* ymphocyes. S 10673 816 001
B CD5°20° ymphocyles. % 1557 852 005
BM CO7-33" ranulocyos %o 15126 5954 005

BM activaled T 3059 9386 005
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For the group of CMML patients the high degree of IR contribution was revealed
on duration of disease, serum VEGF level and serum LGH concentration, percentage
of PB leukocytes, blast cells, myelocytes, band neutrophiles and CDI13" HLA-DR*
granulocytes (Table 5.18).

Table 5.1, y y Indices of CMML patients

T e o oo | e
56.31 001

disease, i, 16
Serum VEGF concantration, po/ml 1425 7809 005
Serum LGH concentation, UL 178 737 005
PB leukocytes.% 20 262 005
PB biast cells % 704 a8 005
PB myelocytes.% 512 390 005
P band neutrophies. S 397 3061 005
PB CO13 HLA-DR granulocytes % 1735 826 005
Variance analyss allowed models ¢ ions) for
progrose of the MDS patients survival fking o sccoun eix adiatlon sta

In the group of the lmdmed MDS pa ce analysts alowed toseprte
theoest i
(2g) which was det right lok B
b granulocytes (x,) and B T—hzlptrs (- Relsble (216,99, <0001 pmhabnluy
of survival progaosis for his patients group is described by
*-7796‘004)(,‘097)(; .25 x, ,-BZSX, o
6439 + 0.08 x) + 078 x, ~ 0.06 x; - 0.03 x, @
Accnmmg i the conducted variane anelyss prognosic citera wer i cerain
elation to survival of the no-irradiated MDS patients and included next immunologi-
gal prametes: percentage of BCL2" aranuloaries (e, CDH:33* cels () and ]

T-helpers(ey). L give possibility
p<0.05) probability of survival are following:
1= 27,05+ 117 X~ 091 x; + 089 x @
V2= 4524+ 175~ 134 x + 108 x, @

significant diff dices

of MDS paents were the basi to work out a Integral ndox — Index of prognosis
(IPMDS). Criteria of the IPMDS are presented in Table 5.19. The calculation of sum-
‘marised probability of independent unfavorable prognosis for investigated MDS paients
was made by formula (5) of edditional probability of independent events.

X
Pe1-1a-P), ©

where P — summarise pr Lo die when he Infuence o ik factors oceurs,
Py — probability to die when the meaning of i-th index is critical,
1 — muldplication (1 ~ P), i — number of risk factor, k — number of factors.

‘When patient has all risk factors (Table 5.15), the calculation is as follow:

53
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Table 519, Index of prognosis critria (PMDS) n MDS patients

ialnge (P

Frababity of nlivorabe progrols
for e on condton it prsence o

Crtarion ot
untaortle

proguss

[~

Sudents
ateron

noss

83

Erthrocytes count, 1L

730

381 15282 401 326 005 >150

17394

Hepatomegalia (determined in maximal

Pei-(-0m) -
o Gt oy
2000 a0z 055008
= a7 LA
o hen patien has al isk factors the probability
of masimally snavorble pognosis s af $9.7%.Pob.
ability of minimum unfavorable progaosis for MDS

tieats 1s 40.0%. Reltive isks (RR) of opportunity
(o die during 2.5 years of monitoring in MDS patients
were from 2.14 10 26.25.

Summarizing mateials of the chapter and (ak-

ing into account the above-mentioned peculiarres of

98 o y o enphasi that revealed clini-
ol bematological mmanclogical, moleculr genetic,
cytogenetic characteristics require futher study and

244

83 esumatio
Immurophenogpe and prograrmed cell

T MDS includes the group of syndromes, that are

characterized by a clonal cell growth and the ineffec-
= s|  dve hematopoiesis. Last stuies have shown a relation-
S | ship between the MDS onset and the fonizing radiation

exposure. Morphological changes of the haematopoi-
83| eic cells (HC) of BM and PB are described at MDS
8| in Chornobyl clean-up workers as well as cytogenetic

and molecular changes [16, 17]. It is known from the
%8 other MDS studies that cell function and death are
| controlled and associated with a set of membrane re-
g | comorsand e igands,whichactiae both proceses
28] of proliferation and apoptosis. Howeve, the number
® of poblicalons on Immanclogleal phenoiype of PB

and BM cells in a secondary MDS after the radiation

exposure i relatively limited.

Myelodysplasia is characterized by a dispar-

Ly between the high cell proliferation activity and
" cytopenia syndrome, that allowed to set a theory of
S 2| anineffective hematopoiesis”. Most researchers are
£ E|  inclined to consider apoptosis as the basic mechanism
H of the myelodysplasla phenomenon,
g , the research on the role, specificity,
5 balance af presentaion of pro- and ani-apoptotic
3 ‘molecules in the complex cascade of the programmed
2 2| cell death is a priority dicection of the myelodysplasia
H pathways research. In radiation-exposed the actuality
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of apoptosis studies also s proven by the fact that changes in apoptotic pad\wiyx five

s olagopio nd ponam
of the immune system’s response to the activating agents, and determines its
S Tecvtuss e o A response o immune tolerance.

‘The analysis of the white blood cells (WBC) showed no
ifference between the secondary myelodysplasa n radladon exposed i comparison
with idiopathic MDS. Changes correlated with the type of disease. No changes were
demonstrated in antigen expression on lymphocytes in a group of patients with RAEB,
RAEB-T, a5 compared with control. Comparative analysis of PB and BM cells showed
a significant reduction in expression of CD45 antigen on lymphoid cells. BM granu-
locytes in a subgroup of patients with RA represented the dominant population il
high expression of CD45, which can be regarded as a manifestation of a dyspla:
gramilocyte maturation. 1n RAEB and RAEB.T ncreased BM CDAS*14- numbers 5
‘compared with PC were characteristc.

of the linear antigens expression showed no differences
between the exposed and not—exposed in major T-cell (CDS*, CD3", CD7*) subsers,
while high individual variablity wes typical for antgen expression. Changes were dem-
onssted mainly n CD4* and CDS* cels at posciymic sages A tendency of CDG"
subset increase was accomy the decline of CD4" cell numbers. In all MDS
b e o 20 densiy CD56 HLA-DR" cells was shown.

o reveal
compared — (1) idiopathic MDS in ested 10 natural radiaton background, MDS, (2)
secondary to low-dose radiation exposure during the Chornobyl acciden clean-up, and
(3) former clean-up workers without hematological diseases. MDS in group 2 showed
the opposite tendencies in CD4~8* and CD48- cell counts as compared with group 1.
‘The negative correlation was demonstrated between the dose of irradiation and CDB*
cell numbers (r = ~0.634; p<0.01) and a positive correlation between of the dose ir-
radiation and CD4* (¢ oezz P<0.13) (Fig. 5.28). B-cells showed signs of activation
with an increase of the ear

between groups 1 and 2.

Exi

ing knowledge supports the MDS onset as a defect of the early
‘myeloid precursors [18]. Blasts cell number Js  critical and prognostc factor of MDS
transformation to the acute leukemiz. The blasts in BM of MDS patients are represented
by CD34°CD71°CD117° cells (Table 5.20).

Table 5.20. Perceatage of early hematopolelic progeniors in peripheral blood and bone marrow of
DS patiens

FAERTAEST (1:20) WS

Prenotype
Co3" 0420 X 71:029
o7+ 122:206 244306 56:24
ootz 08:021 52:012" 1.8:051
D173 042004 13:004* 1.0:002

“Sgnficant difleences becween P and B, p<0.01,
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ong RAEB and RAEB-T patients the percentage of CD34" cells was sig-
mllczmly Higher, Inside the subst he decresed couns of CDG colls level were 2
f the i bilites. CD34*117* cell numbers were
sigificanty incressed “,<o nu ‘Atall MDS variants considerably higher expression of
R antigens was demonstrated in BM compared to the PB, as well as an increased
o expresson. The BM ccls, CD38 sutace anigon densky n RA id not difer
from group mean values in PB. In-BM of RAEB and RAEB-T patients the density was
signifcanty higher (p<0.01) For other antgens BM and PB chinges were parallel.
CD33, CD13 ant
wiith a decrease of CD33 zxpltsslnn il i eyclopls. A il s
in the e cD1g
Commonfor myclod and ) Tncages. A decrsse of the CD35 anigen densly was
detected on the CD13*HLA-DR" cells in group 2 as comparing with group 1. The same
tendency was typical for group 3, indicating the common differences in lineage anti-
e resenaton o he L perod afe the rditicn exposue, Diferences were lso
revealed in a CD13* cell numbers with a co-expressed HLA-DR antigen. (Fig. 5.29).
Miasimal diffrence with the comtel igures was down inpatents xposed t the doses
upto15v.

04,5 s
000 K
5000 i — & B
— ~ R
w0007 ¥ l N
0x 0w om0 0z om 0w o0 om0
Dose, 51 ‘ooss v

Fig. 528 Resuls o the regression analysls o exposure dose and PR CD4 (A), CDB (8) ymphocye counts o
‘Chomaby! cean-up workers wi MO

Phenotype of BM in RAEB, RAEB-T was characterized by the high percentage
of CD34" cells — 68.0+7.08 (M:SD).

syndrome at MDS induces esearchers to suppose th role of the pmgrammzd cellular
death. To study first stages of the Fas-mediated apoptosis the number of the CD95" cells
and antigen density were studied in lymphocytes and granulocytes. In PB the number
of CDY5" Iymphocytes was significanly increased. For PB granulocytes tendency was
the opposite. In RA the positive correlation was demonstrated between Fas-receptor and
BCL-2 proteins expression in PB granulocytes (=0.84; p<0.005). In RAEB and RAEB-T
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Fig. 520, Changes
P8 1 WS patans dependng hom ih doe of iadaion

correlation was negative in lymphocytes (r = -0.72; <0.03) as well as in granulocytes
(£'=~0.90; p<0.001). The obtained data could represent the general mechanisms with a
substantial increase of BCL-2* cell counts in combmzunn i e dexesedspopss
that can be related o negative prognosis ant e chemotherapy.
M of RAED and RALD-T e cess of GOS8+ oums cocelaed it CDLg:
cell counts and BCL2" cell counts decrease.

Annexin-V test data are presented at Fig. 5,30, The number of annexin-V *PI- PB
granulocytes was increased due o cells on the late stages of apoptosis. Percent of a
Rexin-V*PI- and annexin-V*PI* among the lymphoid cells of BM was more high than
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in the PB at all types of MDS. The number of apoptotic cells among the BM granul
ytes was also ncreesed, however in RAER and RAEB-T tes figres wee esser
n to RA patients, The decrease of apoptosis can be explained and represent

the high risk of MDS. ion into acute leukemia. The high -V cells
counts wes revealed i the B bl
index, which lculated 9L

Riow ipnpmﬂc index set for the RAEB, RAEB-T sub-group of patients was probably
related o the negative prognosis of these variants of MDS.

‘Connection between growth of tumour cells and timely start of the programed
cellular death is known. Especially important is a choice of methods of apoptosis
induction. Among the results it follows to pay regard to those which showed the in-
lidal ey o i ks o sl PB oo o o e
sign of the other pathways ead to the elimination of tumour cells by an
apoptosis, and as a result el e i e high risk of transformation in acute
Jekemis, The BM tnylod cels ustally s o pogrammed o death by spopusi

wever nse
1o the nductos ta (el o +iolation of the comesponding ncepmr stewen ma
difertiton n EM.
e special interest was drown to the programmed cellular death among MDS
patents in a remote period aftr imadiation. In a studied group of clean-up workers the
cessed readingss f lymphocyte t Fos-mediated 3poptots was demansuated with
 high perceiageof Fas pusmu cells in samples from MDS patients wih the previ-
ous low. ‘with non-exposed
workers without hematological patology. Low expression of i ipcpmdc BCL2
can work to increased apoptosis having possibly a protective significance against cell
transformation. An increased number of the CDI5" cells was shown with a positive cor-
relation betyween the level of CD9S* cells and dose of irradiation in a group of clean-up
‘workers (r=0.63; p<0.05). The CDS5 antigen density on PB cells was low in both groups
o st workes DS peers ol s et v MUS, So i e
period after radiation exposure a ytes fraction ready for entry to
Spopiosls 5 esocated with u\snlflclency o cer o etepiom sppoting i proese
that could block the start mechanisms of the programmed cellular death.

Several reports describe the changes in the lipid and protein layers in the WBC.
memibranesofclean-up workers (201, These nmnural chies sccompany viation of
their function
fon watfc, erellular o-aperation, il apoposs. ot of examples s a
phosphatidilserin molecule that is used in annexin-V assay. Percentage of annexin-V*
cells in radiation-exposed MDS patients was xlgmf:imly incresed wlile bot ar-
‘nexin-V*PI- and annexin-V*PI cell numbers in a group of clean-up workers were not
Change. Fuorescence tensiy sudy of nexi -4 on il At grou-
ps of clean-up workers and radiation-exposed MDS patients was considerably higher
as comparing to control.

Lymphocyte response to verapamil induction of apoptosis in vitro was substan-
tilly more fatensive, both in a group of clean-up workers and among radiation-exposed
MDS patients (Fig. 5.31). f pr
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ways in the remote period after - Amesrt 1.5
ﬂdmlon 1t is known that an apoptosis next

1o the proliferation process is the form of
Iymphocytes response to activating stimuli.
Accordingly the analysis was performed of
the immune cells activation in MDS patients
in the remote period after irradiation.

At the first stage the spontaneous ex-
pression of activation markers HLA-DR,
CD25, CD71, CD25, CD38 was studied.
Among MDS patients without the expo-
sure to radiation a considerable growth of
spontaneaus expression of HLA-DR and co-
expression of HLA-DR and CD38 antigens
were revealed. Such tendency Is also char-
acterisic for the radiation-exposed patients. preaom
HLA-DR antigen FI in MDS patients was ot ot
decreased. In clean-up workers this Index L
remains within the limits of control values. e s sr gt
‘The similar changes were observed for the  rig 531, Wslogam of the number o amexin-VPr- PG
L2 recepor Mesn vlues of the scivaied g i koo ot ot  cymed
=5

Geeesed only in the group of rads
posed MDS ptint nal dose rnge (vom 0.04 0 0.2 54, The sponancous expres-
sion of receptors to the transferrin (CD71) and the number of antigen-positive cels in
the group of MDS patients were enhanced, while among the ra xposed persons
with MDS the mean group valoes hd s tendency © the decine. Tt cloan up workers
the group values of CD71 fluorescence intensity were also declined.
It is considered that mitogen stimulation of lymphocytes in vitro could predict
resporse (0 specfic angens. Data of conesnvaln A (ConA) stiulaton n helty
e increased numbers of CD38* and HLA-DR*CD38* cells. Similar group
Grnges for CDB aigen ware registered in MDS patients, both those after the radiation
sy and without . In clean-up workers the mean group values of these receptors
changed indi increased
inteusity of HLA-DR fluotescence n reply (o mungm stimulation was demonstrated in
all groups, except of group of radiation-exposed MDS patients. There was an increase
of relative cell counts and intensity of CD25 Toormcsne an CDASS" o0 COa'i
cells (<00 sfer Conh stmlaion.

However,the increase of CD25 antigen ex pression among clean-up wor tho-
ut hematological pathology was registered on CD4" cells, while in MDS group this was
due 10 CDB* cells. For CD71 antigen while the inital levels of expression were high in
'MDS patients, an answer to Con A was not lerable, as among healthy persons.
‘The intensity of this antigen fluorescence after stimulation was also lower than in non-
MDS patients, that could be related to the unidirected type of changes of lymphoid
and erythrold cells starting from progenitors which took place in BM at MDS. The
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opposite character of changes of fluorescence intensity of CD71 receptor was observed
among clean-up workers in a dose range up to 1 Sv. After Con A Simulaion lnunslly
of fluorescence both receptor to transferrin and other activation markers (AM) grew
consierably, ha estiyng 0 high sctvation poency of ymphocytes.
lymphocyte cell cycle studies were performed before and after Con A stimu-
taton hy n fow cymmery. In RA & balancs was shown bzlween me processes of
D

Cecoma expostd ot i DS sod e -up ke wihom iy percent
of lymphocytes in G2+M phases was not changed. In non-exposed controls the Con A
stimulation in vitro led to the enhancement of two altemating processes: apoptosis and
proliferation. However, a reliable growth of proliferative activity with the transicion of
Iymphocytes to §/G2 phases of cellular cycle was typical only for lymphocytes from
el s ik e of xilnto s s 023 15 o MDS gt
the prevailing response to C: pop Tesser
oo e o S8 phases (Fig. 5.32).

B A

2 5:zmmmm:¢mm-nmm~awmmlnunlmﬂ p () and
-exposed HOS patients (). — a8
o ol

uch phenomenon can be explained by the peculiarity of the MDS pathways
it » ombinaon af a0 esbanced BN proleraton sciviy and clvated leves of
apoptosis in hemopoietic precursors. A competition of two forms of energy-consuming
ol enctions o mitogen i ealled in a remote perod ater radiation. Toe acivation
s combined with a shortage of compensatory reactions with a switch to a dominating
type of response, .e. in RA to cytopenic reactions while in RAEB and
blast cell proliferation.

Pecuiarities of myelodysplastic syndrome in acute radiation syndrome
persons suffered after the Chornobyl NPP accident
Among the MDS patients 3 persons with ARS were investigated: patient D, vari-
ant of RA (convalescent of ARS grade 2), patient S., variant of U-MDS (convalescent
of ARS grade 1), patient B, variant of RARS (convalescent of ARS grade 3).
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ekt D o S 1551 {6 ye old), professional worker of ChNPP (chief

eer), participant of clean-up works from Aprl, 1986 (worked directly near (o the

TV reactor ot the mght 26.04.56, ARS grde 2), wos dlaghosed RA. Total Gos of -

diation was 390 cSv, local dose of irradiation of thyroid gland was 40 cSv. Patient was

observed in the clinic of RCRM AMN of Ukraine since 1993.02.10.95 entered clinic

with the complains of anaemic character, loss of body mass, cough. Peripheral lymphatic
odes ad sleen were ot creased.

was 2.53 G/L, Hb level
sl g,'L MCV was 1043 fL), lhmmbo(ympenh (thrombocytes count was 112 GIL),
deviation to the let of blood formula, myelocytes were found out. The qualitative chang-
es of PB included the degranulating of eosinophiles cytoplasm, clived nuclei, plasma-
tization and processes of lymphocytes

lasm. The macroforms (50%) and
glant forms (25%) of thrombocytes pre-
vailed. The nuclei hypersegmentation,
vacuolization of nuclei and cytoplasm

tes were revealed.

‘The results of imunophenotyping
revealed 10% of CD34° lymphocytes,
13% of CD38* lymphocytes, 1.5%
of CD25* lymphocytes, 0.15% of
CD34*33- ymphocytes, 44% of T-
cells, 23% of T-helpers, 21% of T-sup-
pressor-cells 8% of B-ymphocyies,
CALLA-antigen appeared on
Iymphoesies, antigen HLA-DR p-
peared on 19% of Iymphocytes. Pheno-  hiy24% bridmcs
type of granulocytes (CD10'33-13%r)
had not any peculiarities, monocy-
tes slightly expressed HLA-DR-anti-
gen. Humoral immunity indices did
not deviate.

Symptomatic therapy was con-

amount at-

growth
o eskoeyes and placles (i 335,

Dnring the period of observallon
in the blood formula the pe
Iymphocytes increased to 56.6%, me
percentage of monocytes increased 1o
28% in association with the reducing
of segmented neutrophils percentage  fig. 5.34. Dynamics of plaelets countof patient D. medical
to 18% (Fig. 5.36). record No 1157,
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Fig, 535, Dynamic Fi. 535
niia e o 157 s e vy ot o pen e
tecord No 1157.

“The patient was consulted in Munich City Clinic 18.01.1996, the diagaosis of
MDS was confirmed. According to BM trepanobiopsy myelodisplastic syndrome with
activation of megakaryocytopoiesis was revealed. The presence of red BM atrophia in
combination with an interstiial aedema testified the toxic damage of BM cells. Patient
died in 2 weeks after retun home.

Patient S., born in 1951 (45 years old), a younger officer of Ministry of Internal
Affairs, had been on duty 26.04.86, total dose of irradiation 170 cSv (ARS grade 2),
was diagnosed U-MDS. Patients was being observed in the Clinic of RCRM since 1991.
In September, 1996 thombocytopenia (71-86 G/L thrombocytes) was found out in the
PB. Peripheral lymphonodes, spleen were normal.

Jiypoplastc B, amatte count of naked nuclears, absence of megalaryocytes
(MGKC) appeared in the myelogram. There were the phenomena of mitosi
presence of macrophages (15:400) and reticular e significant lulniuv:
changes included nuclear and cytoplasm vacuolization in granulocytes, MGKC, n
macytes (Fig, 5.37-5.40).

‘The level of patient PB platelets was reduced moderately during 1996-1397, than

(o minimum level of eriroeyes wis 07 GIL, Ho = 32 g1) (Fig 541, 5.2) The
Jeukocytes count began to reduce since October, 1998 (minimum level was 0.7 Gfi)
(Fig. 5.43). Histograms e st clanges of FD indces durin th st 2.5 yers of

patient’s life. of substitu-
ton therapy,infusion of ey oyt and plmlm lrzns[\lsmns
f leukacyes f
d 02 lsser d
B O e s

of PB
during the last 6 months of life (since October, 2001).
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Fig. 537, Hypocellury
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kuuolysms) nd antl-thromb
lhnmhnlysms) antibodies were adsent.

the course of treatment the infectious complications (incuding e bl
plmlmoma in lower lobes of the lungs) and development of acute transmural myocardial
infarction caused the death of patient (19.05.2002).

Patient B., born in 1941 (42 years old), professional worker of CHNPP (head of 7
turbine shift of IV energy block, worked at night 26.04.1986), total dose of irradiation
550 cSv (ARS grade 9, was diagnosed RARS, Paten ad being observed n the Clnic
of RCRM since 1991, The P
(1037 GIL) were revealed n PB since 07.12.1995

Since 02.03.1993 the hemorrhagic manifestations (nasal and gingival bleeding,
bloody cough, bloody stol) causd the anaenia. The e cytopenta n PB nclded the
peducing of eryliocytescoun (0 2,66 /L, b — to 6 gL, plaeles — (0 46,0 GIL,

kocytes — to 2,95 G/L, PB formula deviation to the left to myelocytes. Taking fnto
s results of PB and BM morphology (expansion of erythroid lincage with
detention of maturaton of red cells with nuclea, phenomenon of diserythropoesis, d

cytochemical BM Increase of the non-specific
esterase activity to mean cytochemical coefficient (MCC) — 0.70-1.65 and increasing
‘content of granular and diffuse glycogen (MCC 0.24~0.52) in nucleated red blood cells;
the presence of ring sideroblasts (30-80%) in BM MDS was diagnosed. lnspite of ad-
ministrated of symptomatic therapy (steroids, erythrocytes and platelets transfusions)
(Fig. 5.45-5.47).

‘Threpanobloptatis (15.03.1997) included the mass of small bone pieces surrounded
by fibroreticular fibres, the same fibres located in bone marrow cavities. Forming of
new immature collogen fibres was marked. The small areas of hemopoietic cells con-
sisted mainly from red nuclea cells. There were two- and three-nuclea forms,rarely

the mature granulocytes cells.
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@ - In pati was found the

s enhanceable titer of leukoagglutinins —

1:32 (++). The indices of osmotic and me-

o | chanical resistence of eruthrocytes were

e substantially reduced (level of hemolyze

3 reached 1%). The amount of reticulocytes

2 Eesched Lo T lwel of serum iron eas
increased to 36 m

f Decompens:l.\nn of diabees, hepa-

titis and development of acute pneumonia

o = atient, a pulmo-

172737576 "7 785 101172 pary edema developed and on 27.04.1993
o st ctsrcton s ) patient died. The RARS peculiariies in
K this patient were the long initial period of
54, i of ekl ot ofpallnt . disease afcer the radiation exposure and
L ARS (7 years), a moderate decrease of
leukocytes counts (maily neutrophilic granulocytes) and platelet was observed during
this period. Letale progression of disease began aftr the respiratory virus infection.
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5.5 CHRONIC LYMPHOCYTIC LEUKEMIA

B-cell chronic lymphocytic leukemia (B-CLL) is characterized by a progressive
accumulation of functionally incompetent, long-lived small mature monoclonal B-lym-
phocytes with a typical phenotype, CD19°, CDS*, CD23", and low B-cell receptor (BCR)
expression resulting from low surface immunoglobulin (1g) and CD79b expression [1].
‘The etiology of the disease remains 5o far elusive. There are no clear genetic predis-
posilons (6 the developmentof CLL. Chromosomal sbnormalites,that are freqenty

secved in patients with lymphomas, are
rare among CLL patients with early disease. Therefore, the most authors do not con-
sider them as factors that trigger the development of CLL. The impact of chromosomal

abnormalities is more signiicant after disease progression, The most comman cytoge-
netic aleration s a deletion of 13q14.3. This deletion is evident in about 50 ercets
of patients with advanced disease. The area of deletion include non-transcribed gen
nd v mICTORNA genes, iR 155, and miR-16.1. MicroRNAs regulte the funcion
of many genes, some of them directly imvoved in cancrogenesi 2]

Lonizing radiation (IR) is one of the mor and ubiguitous carcinogens in
he environment. I I pasulted t be one o the sk fctrs of chronic myeloid leu-
kemia, acute leukemias and myelodysplastic syndrome, however, CLL was considered
0 be & non-radiogenic form of leukemia. This was based mainly on the investg:
of patients reated with radiotherapy and survivors of Hiroshima and Nagasaki nuclear
bombing (3. However, the sgnificance ofthese epidemiologial dta i hmlmd CLLis

 Far East, and radiotherapy
i sl oo of cee i s S almost exclusively wnhm the first 5
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, while 1
venuds T subsequent decades (inthe perod of 20 20-30, ynr het tion) there was
palisiswbo
ool A oy [41 and among 12,955 female patients who had
submitted to radiotherapy for benign gynecologic disorders [5].

P accident,
power indusiry, e o relase o enormous quancies of radionuclidesand dzmigtd the
health of many , namely, accident recover orkers),

he workers o the nuclear power la,hablansof redonuclide comamited ress,
evacuees from the most suffered setllements of Chornobyl region (Prypiyat and the
30-km zone around Chornabyl). Since 1986 many efforts have been made to investigate
the IR-induced effects and minimize their impact on health of sufferers. Preliminary
el o the ont USA-Ulialnin ideiclogicalyojct or Sy of Levkesi snd
Other Hematological Diseases Among Clean-up Workers at the Chorobyl Nuclear
Power Plant (National Cancer Institute, USA and RCRM, Kyiv, Ukraine), based on
‘of a cohort of 110,000 clean-up workers of the Chomobyl NPP accicent
gions of Ukraine, have demonstrated that CLL is the most frequent form of
leukemia among observed persons and revealed increased frequency of CLL emong
clean-up workers whose estimated dose was <100 mSv [6]. In addition, some differences

in the course of CLL in sufferers were noted: younger age, more advanced symptoms
at the onset of disease, more aggressive course with rapid progression, poor response
10 standard therapy withalkylating agens and purine analogucs 7). Thse resuls were
the background for L in clean-up workers and other groups.
of IR-exposed persons.

‘We have studied the basic molecular-genetic characteristics of CLL leukemic
cells, namely pecuriarities of immunoglobulin heavy chain variable region (IGHV)
and kappa (IGK) or lambda (IGL) light chein genes rearrangements. It s known that
immunoglbiie molecles are fhe main componentof B-cl recepor

functional

v, e o
in non-neoplastic B-cells. [n ormal CDS" B.oci on.ly 6 of the 50 functional IGHV
genes were used to a significant extent such as IGHV3-23 (13.9%), IGHV4-59 (6.3%),
IGHV3-30.3 (8.3%), IGHV3-30 (6.3%), and IGHV3-07 (5.6%). IGHV1-69-express-
ing B-cell clones were absent in approximately 11% of healthy individuals while were
found i the rest of persons with the mean frequency of 4.7% in the young, and 4.3%
in the elderly [8]. The distribution of IGHV genes in CLL patients is different. The
‘most frequent genes in CLL are IGHV1-69* (10.5-17.4%), IGHV4-34 (10.7-14.5%),
IGHV3-23" (6.4-9.2%), and IGHV3-07" (5.4-8.1%), and prevalence of IGHV1-69
or IGHV4-34 genes is statistically significant comparing with healthy persons. On the
contrary, CLL cases with IGHV3-30.3 gene usage occur rarely.

Another pecurizrity of CLL leukemia cells i the expresion o streoyed BCRs
with homologous amino acid and nucleatide i avy chain comple-
mentarity-determining egion-3 (HCDR3), in el par of f paens rom diferenc

0]

e thr
s 18, UALS et joint Dot study o
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‘The main hypothesis of the recent study was as follows: since assumed influence
of IR on CLL development should be relized by a restricted number of mechanisms,
it can be expected that CLL in IR-exposed patients may be a more homogeneous dis-
ease with regard to IGHV gene usage, somatic hypermutation status, and expression of
stereotyped BCRs.

Materials and methods

‘Three hundren nine patients with CLL observed in the Department of Hematology
and Bone Marrow Transplantation of RCRM and in the Department of Hematology of
Paluava Regionl Hosptal, were studie. Totl RNA exacion,polymerase clnrac-
tion amplificat
ouly 1121, Most f th repoid sequenceswrt depoie o he GeneBank dabase
under the access numbers EF091900-EF091931, EF175384-EF175440, EF407822-
EF407849, EF441 EU:
EU433859.EUA33883, EUGG7504-EUGG7611, FI6S4872-FI694889, and HM173321.
HM173333.

Observed patients were divided into two groups according to IR exposure. The
main group included 71 [R-exposed CLL patients: 53 clean-up workers of Chanal)
NPP accident, 5 evacuees, 12 inhabitants of radionuclide contaminated areas, and one.
comalescent of scue radation syndrome (ARS) due 10 the Semipalainok nocer ox.
plosi

was available for 34 patients. Among 53 clean-
w ot patlents were clean-up workers of “lodine period”, April-May 1986, (esti-
it doseswere avalle o & perons 57,210,260, 276 32 100.0, and
1200 Sv), 15 par vup workers
e avaltle for B persons .18 591 27;5.0; 0.4 55,9 Pl V), 5 pa-
tients were clean-up workers of 1987 (estimated doses were available for 3 patients —
9.85; 9.75, and 20.15 Sv), and 5 were clean-up workers of 1989 (estimated doses
48, and 4.9 c5v). Al s (e 1900
idents of contaminated areas (0.2 .54, 0.
073 120 1.6, 1 2.12 €50) e ctclae o th b ot st o Py
contamination density (mean age dose typical for a given level of local contamination)
and information on measuremens of radioactive cesium in the body at the CLL diag-
nosis (if available). Absorbed doses for 4 evacuees from Popiyal (374; 49; 52, and
were reconstructed taking into account date and route of evacuation, date of
IO o CONTABAIE SEROF 0 1P RO, CAle et Wit ads
by S. Nechzev (RCRM).
‘The control group included 238 CLL patients without influence of IR in the an-
amnesis.

(e hist morphology, and
y immunophenotypic analysis which was performed in the Department of
Clinica Imanlogy of RCRM (hed of the Department is Prof. D. @). Stage of
-ase was established according to classifications of Rai, and Binet [13, a1 Baselne
clinical characteristics of observed CLL patients are presented in Table 5.2
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Table 5.21. Baseline cliical characteristis of observed CLL patients

s e | e |,
rar 58 (39-86) 57 (29-78) 0449
n (%) 0.001
Male. 62 (87) 161 (67)
Femalg. 9(13) 77(33)
Rai stage at diagnosis, n (%) 0625
0 8(11) 16 (7)
; 200 i)
" 31 (44) 95 (40)
o 6(8) 25 (10)
" e P
‘Binet stage at diagnosis, n (%) 0435
" 2 oo
4 i e

G 7 (10)
il WBG counts, 109 (range) 25 (6.0 - 2700) u(en l550) 0188

As seen from the table, the most of clinical characteristics of patients at diagnosis
were similar in the main and in the control groups. However, there was overrepresenta-
tion of male patients in the main group.

Results
Characteristics of IGHY, IGHD, and IGHJ gene usage in CLL leukemic cells

In the main group the distribution of IGHV gene families was as follows:
IGHVL — 18 cases (25.4%), IGHV3 — 37 cases (52.15), IGHV4 — 14 cases (19.7%),
and IGHV2 and IGHV5 — each one case (each 1.4%). The most frequently used genes

3 cases), followed by ), and IGVH3-21 (5 cases).
Using criteria of ERIC group, 50 (70.4) nucleotide sequences with >98% homology to
the closest germline gene were considered to be unmutated (UM), and 21 (29.6%) with
<96% homology were classified as mutated (M) with a mean mutation frequency of
7.3% (range, 3.6% — 11.6%). The most represented mHv genes within M and UM
sequences were IGHV3-07 and IGHV1-69, corresponding!

I the control group IGHV genes used were derived o a7 known 1GHY o
families: IGHV — 86 coses (36.19), IGHV3 — 95 cases (39.9%), IGHV4 — 44 c:
B:5%) IGHYS— 8 cases (3450 IGHVG 1 cse (145, A GHV2 end 1GHVT

cises)‘ followed by Va0t (15 casey, IGHV102 (17 cases), and IGHV3-33 (14
‘The overwhelming majority of nucleotide sequences (162 cases, 68.1%) were
v, o he remaining 76 (3L9%) were M (mean mutation frequency of 6.0%; range,
2.2-12.4%). IGHV4-34 (15 cases) and IGHV1-19 (55 cases) were predominant in M
and UM sequences, correspondingly.
“The differences in frequency of IGHV gene usage and mutation status of IGHV.
genes between the main and the control group were non-significant (Table 5.22).
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Table 5.22. oY atlents of cases (%)

[ (184 0 T30 % @5 1013 540
1GHV1-02 104 o 100 7@ 30 1486
16HV1-58 0 0 0 sen o 501
IGHVIothers gones 4(58)  1(48) 360 8@4)  1(18)  7(43)
AIGHVI genes 1B(254) 1(48)  17(40) @ 568 81500
1GHV3-21 5() 205 360 9038 702 2012
1GHV3-07 458 4(190) © 623 463 2012
16HV3-33 3642 0 360 1469 566 966
1GHV-11 0 o 0 9(38) 9656)
1GHV3-48 104 0 10 1042 568  5E1
16HV3-09 466 205 200 s@N 2028 3018
1GHV3-30 8(113) 3(143) 5(100) 1@ 4(53 7043
1GHV3-53 469 3(43 TR0 208 103 108
1GHV3-23 104 148 o 6@5) 568 108
Others IGHVI genes  7(99)  1(48)  6(120) 23(97) 11(145) 12(14)
ALIGHYS gones 37 (521) 16(762) 21(420) 95@98) 44(579) 51 (L)
362 148 240 1960 15(97) 45
16HV4-59 342 148 200 10642 2026 849
16HV4-39 208 o 2(40) 628 2026  4@5
Oburs GHVA genes  6(85)  1(48)  5(100) 9(38)  3(40)  6(7)
Al GHVA genes 16(197) 3(143)  11(20) 44(185) 22(89) 22(136)
Total 71100 21(100) 50(100) 238(100) 76(100) 162 (100)

In the main group the IGHD genes were identified in 64 sequences. Their distri-
bution was following; IGHD3 family — 30 cases (46.6%), IGHD6 family — 17 cases
(26.5%), IGHD? family — B cases (12.5%), IGHD4 family — 6 cases (9.4%), IGHDL
family — 2 cases (3.1%), and IGHD? — one case (1.6%). The most frequently used
IGHD gene was IGHD3-3, which was found in 13 (20.3%) of revealed IGHD genes

ind used mainly in UM cases (12 UM, 1 M; p<0.001). The rest of IGHD genes showed
similar distrbution in M and UM subsets.
control group IGHD genes were identified in 220 cases. The most frequently
used genes were IGHD3 (113 cases, 51.4%), then IGHD2 (50 cases, 22.7%), and IGHD6
(24 cases, 10.9%) ones. The frequency of IGHDS gene usage was lower than in the main
r0up (p=0.001). IGHD3-3 gene was found i 48 cases (20.2%), mainly in combination
with UM IGHY genes (p=0.001) s well as in the main group.

‘The distribution of IGH) genes was similar in bath observed groups of CLL pa-
tent (Fig. 5.48).

‘Al productive IGHV in our CLL groups
from p for search of CLL cases
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% with expresion of stereotyped BCRs.
o For the confirmation of relevance of
0 some CLL cases to clusters with ste-
reotyped BCRs, the amplification of

0 { IGK or IGL light chain genes was also
1 performed. The frequency of stereo-
Pz typed CLL cases was similar in the
15 1 main and the control groups (36.6%
10 | and 39.1%, correspondingly; p=0.709)
5] as well as the distribution of clusters.

o lmn B In the main group we found homolo-

Jour WAz AR IGWd IGws w6 EOus sequences corresponded to CLL

o s clusters 1, 3, 6, 7, 9, 11, 26, 41, 71,

0 Thecomtolgaup 89, 93, N7, and UAJref2, UA/refS,

Figure 545 GHJ gene ussge In the main and Inthe cantrol  UA/refLL, UA/ref18, UAL, UA4, UAS,
oo

i ld st ey
slgnlllﬂm ierences batween
o ptents nd the conrel grov

Some clinical data of observed CLL
patients

o T During the observation, 60 CLL
patients of the main group (64.5%)
and 183 patients of the control group
(76.5%) needed the treatment because
symplomatic or progressive disease
g, Dlmliml of time-to-treat-
ment period was similar in both groups (median 12 months, p=0.224

Nidians of progessionfrebsurival (PFS) did not fer between 1R-exposed
patients an the control group and were 64.0 and 45.0 months respectvely (p=0.124).
1110 months)
than patients of the control group (median 78.0 months), p=0.019 (Fig. 5.49).

‘The frequency of autoimmune disorders did not differ between two observed
groups of patients. Autoimmune haemolytic anemia (ATHA) developed in six and
autoimmune trombocytopenia (AIT) deveioped e IR-exposed patients (27 AIHA
cases and one ATT case in the control group; p=0.842). The criteria for AIHA were as
follows: anzema (Hb<12 /L), lboratory signs o haemolysis (ncreased bilnbin,
d by the di-
pid (<2 w«kx) and severe

0w 501 10300 18200 2000 24000 39000 3500
ot

Figure 549, Overallsurvalof observed CLL patients. Kap-
an-Meer method.

and the presence of
rect antiglobulin test, The criteria for AIT were s folloy
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decrease (half of the in
below 100-10%L) of platel
normal or augmented megakariocytes
in bone marrow, absence of or limited
spenamealy oo bl sbcnce
of cytotoxic treatment in the preceding,
month, and improvement in platelet
15 I response to steroids [15].
in the contrl goup piens
with AIHA had a higher frequency of
exressionof UM IGHVS-1 (18 2%
vs. 1.89% in patiens without ATHA;
0001, rd UM IGHV4 501352
ey o B Yanrire s 5.5 Mkt of dewlomet o el
quncy of expression of UM 1GHV1.  fsss i of development of a
69 gene did not differ in CLL pati- (31 maess dopenis ot mponmn Yl o abtered
ents with (22.75%) or without ATHA 1GR3
(29.63%); however, a 1/3 of all ATHA
ses 1L

L level and

o wm ww s e am
T, s

IGHV1-69. As a resull, 18 out
of 27 AIHA cases were found in patients with expression of UM IGHV1-69, IGHV3-11,
or IGHV4-59 genes (odds ratio = 5.404; 95% C1 2.296-12.717; Furthermore,
the period of AIHA development was significantly shorter for patients expressing UM
IGHV3-11, IGHV1-69 or IGHV4-59 compared to CLL patients expressing other UM
IGHY genes (Fig. 5.50).

In the main group we did not find assaciation between AIHA and IGHV gene
usage. Autoimmune disorders developed in IR-exposed patients with expression of
IGHV1-69 (one case), IGHV3-21 (2 cases), IGHV3-49 (one case), IGHV4-59 (one
case), and IGHVS-a (one case) genes. However, in both groups patients with ATHA
more frequently expressed stereotypic BCRs than patients without AIHA (p=0.022).
Stereotypic BCRs were revealed in 3 out of 6 CLL patients with AIHA in the main
oup,and in 16 out f 27 CLL patient with AIA n the control group.

of ge
it IR
9 (12.7%) and 18 (7.6%) cases respectively, p=0.181. In both group the probabiliy of
Richter transformation was similar in patients with homologous or heterologous BCRs
(p=0502) as well s for the patients with M or UM IGHV genes (p=0.283) and did not
appear to be cortelated with IGHV gene usage or any subset.

Notably, there were igifan diferencs " frequency of solid tumors between
the main and the control groups. Secondary non-lymphoid tumors were found in 16 IR-
patents (225%) comparig with 24 10.1%) p:nms of the control group; p=0.006.

or the confirmation of these data, we included in our study representative data
o P Caar Registry of Ukraine concerning all 740 CLL cases developed
in male residents of Kyiv between 1991 and 2008 (code C91.1, chronic lymphocytic
leukemia, according to ICD-10). Among them 56 patients were clear kers of
Chormobyl NPP accident (List of personalities was checked by the comparison with the
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State Ukrainian Register of persons who suffered due to Chomabyl NPP uus:mpm

and 684 males without influence of IR in the anamnesis (the group of comparison)
Secondary tumors vere found in 74 (10.0%) CLL patiens. In three CLL pammx

in this group

was 77 (Table 5.23).
Table 5.23. The frequency of soid tumour In CLL patients (male residents of Ky) depending on IR

loan-up workers.
Charsctericts ]
[ 3

CLL palients wih soli tamours: 13 52 Gl 39

Al 5ol tomours % 2% & 92
before CLL diagnosis 5 89 2 32
simultaneously or ater CLL diagnoss 9 161 4 80

Drigi of tumours:

1. Skin and soft issues 7 125 27 39
basal cell carcinoma 5 83 2 32
suanois cell carcinoma 1 18 3 04
me 1 18 2 03

2 nqmm sysum 2 35 2 17
gastrc cancer 0 ] 1 01
colorectal cancer 2 35 0 15
panereas cancer 0 o 1 01

3 Urogenital system 3 53 & 21
rostate cancer 3 53 6 09
testis cancer 0 0 2 03

al canc 0 0 5 07
bladder cancer 0 01

ing cancer 0 09
fosolhelioma 0 01
Thyroid cancer i) 01
0. Moningioma [ 0
1. Gancer of oal cavity 18 03

The most frequent tmors were basal cell carcinoma (27 cases)v followed by

as lighe in e up workers (25%) comparing with IR nom-expased CLL patients
(10.1%; - Differsocesweve siifican e 1 a ighfeguency of asel cell
umnnm znd prostate cancer among clean-up wt

mpared with IR non-exposed patients, o patients with IR exposure dem-
e s ifcanty ncreasad Rk of sold umors evelopment (OR of 3.2, 95%
CI1.61-6.62; RR of 2.71, 95% CI 1.63-4.52)




Chapter 5. Leukemia 171

e exces of malighant diseases n[m 3 rpore is cnnsld«zd to be a one of the
is known that g

aims
‘oncological patients [16, 17). The increasing risk of malignant tumors of different Amgm
$as been found in surivors of tomic bombing n Hiosim, nludiog dosedepending
effect for tumor in clean-
Up workers with CLL n our group (18, 1 1 the reasn why a direscumor inducing
acton of IR might b responsible for Incrasing of umndary cancer development n IR~
pobod w . 3

Chomobyl NPP accdent (6, 19, 20). However, only leckemi ik mmmbhsm L5
aalyc epdenialogical sty 6], Furbermors whiedose-dep

le, elevated C ms,
bn smdy we have possibly Sorved nmdlfymg influence of two factors.

In addition, there are some publications in the lterature in which the impairment
of Tiymphocyc-mediaied inmanty In CLL prent 3 promotiag factor for develop-
ment of second tumors is discussed 121}, Ou previussudis reveaed als consder

in groups of sufferers.
of Chorobyl NPP catastrophe (221t s possble t Suggest oint Infloence of IR and
presence of CLL for deterioration of T-cell immunity and following development of
secondary cancer. It cannot be excluded also that genetic susceptibility for development
of CLL and some others tumors is believed to be influenced by IR.

Association between peculiarities of IGHY rearrangement, clinical data,
and IR anamnesis of CLL patients
‘The group of CLL pacients, suffered due to Chornobyl NP accident, was hetero-
geneous by absorbed doses of IR, duration and intensity of IR exposure, etc.
rst of all, we compared clean-up workers with all other IR-exposed CLL patients
(evacuees and inhabitants of contar 5). Such parameters as the frequency of
M cases (29.6% vs 29.4%, p=0.926), the distribution of IGHY gene families (IGHV1
family —24.5% vs 29.4%; IGHV3 lumly—SOA% 5 529% IGHVA famlly — 20.8%
V5 17.6% 3), and the freq i imilar
"he frequency of sold tumors in clean-up workérs (zwm was much higher than in
the control group (p=0.001), while the frequency of solid tumors in other IR-exposed
CLL patients (11.1%) was similar to the control group (p>0.05).

‘The clean-up workers of Aril-May 1986 received the highest doses of irradiation
‘compared with all other groups of IR-exposed CLL patients (p=0.013) (Table 5.24). The
‘majority of solid umors (9 cases) and Richter transformation (5 cases) developed just
in this group — either solid tamor or Richter transformation were revealed in 57.1%
clean-up workers of “lodine period” compared with 25.6% among the other IR-exposed
ptints (=0.007) and 17.6% i the cotrol group ©=0.001. Cleateup workers of

‘Aptil-May 1986 also were the most
of IGHV genes. Only three p.mm (10.7%) from this gmup had M IGHV genes in
comparison with 41.8% o( the other R-exposed patients (p=0.004) and with 31.9% in
the control group (p=0.0:
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Table 5.24. Mutation status of IGHV genes and some clncal data of CLL palieats depending on IR
esis

[ Ve ) O o
Clean-up workers April-May 1986, n=28. 50,1£194 9 5 3125
et P
Clean-up workers of 1987-1989, n=10. 87126 2 1 46
Em— a3 0w
Evacuees, n=5. 46104 o 1 73
Pl LW
i i mw

nclusion, we have found some distinctive features of leukemic cells and
linica dota of 1R cerposed CLL patins, expecilly cleanp workers of An-y
1986; a high frequency o soid mors and Ricte trnstomaton develapment. and
‘mainly unmutated status of IGHV genes. These preliminary findings do not ot
10 an assumption about possible influence of IR on CLL development and are in need
of confirmation in more extensive study.

ne/mm-
igrsCapio F, Sl . Gamporale . Ghi P. G005, Bllogy ofchrni ymphacyic
et pepecive, Hematlogy 10

i licat (L 203(2): 127-133.
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5.6 STEM CELL: RESULTS OF CLINICAL RESEARCH

Multistage process of differentiation of immunocompetent cells throughout the
buman life is supported by bone marrow stem cells, in turn immunocompetent cells
consanily menbor the size of a pool of stem cels,thir maturation and diffreninion.

o : o of

prmptn consequer exposure
“The mumber of D34 pasive cls Is very small in the peripheral blood. This

the number o ED v cells in the peripheral blood and modifies their surface
phenotyp

o dojets of reseac werstwo groups of patens:clean-verkers of the Chor-
nobyl accident (average cumulative dose 1.7720.41 Sv) and individuals exynsed to
prolonged radiation in the range of low doses (approxjmately 15 mSv) in the
o oy Mononuclear cells from heparinized peripheral blood were
separated
posive markers (eD34, ho0. col, €D123,CD3, PCNA. cnm and CD45).

It was determined that the number of circulating CD34-positive cels increased
in cleanworkers of e Chomabyl accident (lquidatos) nd it exposed o
prolonged radiation in the range of low doses. Liquidators had also increased number of
cellsvith an undifferentiated surface phenotype CD34*M#*CD90-CD10-CD123-CD38-
PCNA-CD117-CD45-19% in the total population of CD34-positive cells in peripheral
blood. Individuals exposed to prolonged radiation at low doses, had a level of cells
 ndiftentated ioce prnotypes D349 DAV CD123-CDI-
PCNA-CD117-CDd5 lation, which did
ol vlugs (g5 )

A similar study in a group of non-rradiated patients with depression in the
immune system, that was formed against a background of chronic somatic diseases
o reveald sgnficantly (9 <

4* circulat-
ing pool, while ne mamber of
cells expressing only stem-cell
marker CD34 («undifferentiated
surface phenotype») also did
not differ from control values.
Th thi

080:0.1:p001"

ese
o effect of increased number of
J e TR TR i circulating CD34 positve cells
camt % i non-specific.

i 551 oret o ifrntatdsls i e oo Circulating CD34 positive

yre GD34°CD0-COI0 D23 CO36-PONA-COTE7- nlotal DM el were morphologically ho-
mogeneous but

St i adatn gt 2 bl ot in the surface phenotype. They

i o o g ooty 16 1o m- contained mainly early hema-
v o el o iy el B con
o L Cope progenors i -



Chaper 5. Leukemia 75

ficient expression of CD90, oynamc o ostxposre rumbrs of Go3A posti et
CD117, PCNA antigens in in- )

dividuals exposed to prolonged
radiation in the range of low
doses. The composition of the
circulating pool of hematopoi-
etic precursors in the clean-up
warkers of the Chomobyl acci-
dent was characterized by high
expression of stem-cell marker

3t it oesion oy steal ko 6034

D34 and ow exprssion of b Lt

CD90, CD117 antigen: Fig. 5.52. Comparsor mnnnnumu- o0l o CD34 pusi-
“The proportons e! colls st ony

with phenotypes of Ci 03 g o it s o st sord

FCNASand oS4 PN ex. T Aoty St a1

ceeded the control level by 7-10 times in liquidators and individuals exposed to pro-
longed radiation in the range of low coses, that was the evidence of functionally active
state of the circulating pool of hematopoietic precursors and my Indicae oo o
associated functional cn.anclensn(s of cyoplasnic rten PCNA

Dynanic swdy of the e characterstcs of circulating pool of CD34-
posiive calls In iqudators-ARS comvalecents (average cumulative dose 2.9120.41
Sv) showed significant (p<0.01) decrease the total amount of circulating CD34* pool
‘and no change in cells count with expression only stem-cell marker CD34 through 2-3
years after the first study, that had been held through 16 years after acute exposure.
In the individuals exposed to prolonged radiation a low doses (average effective dose
in the first study 7.56:0.8 mSv; in the second study 10,04£0.98 mSv) through 1-1.5
yers after th fsst sty of pobabl diference of these ncicatos could o were
established (Fig.

s dos s vidence of saving the modified phenotype of circulating CD34*
o ora lon time. The presence of nrease umbers ofclls withexprssion anly
marker CD34 may indicate a gossitle igilcant e ofthis ndicato n -

Sotag o s e, Wi & high value componens irreversible failure may
contbute {0 the realzation of the consequzn(zs S of adiionon human oy We koo
litde about how. cells
However, these I‘Ind.mgs sre consistnt ith a delayed and longlved ssue eacion s
radiation injury response tential for persist-
ing bystander-mediated damage (1, 3-51,
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5.7 STEM CELLS — FUNCTIONAL ACTIVITY.

Post-iradiation reparation of the hematopoiesis depends on the state of the stem
cell pool of the hematopofetic: sy, which s very sensitive (o th effcts of the lon-
Izing rad;

y
lly 13, 4], However, it s
of the mannlng calls pos i iy of il it i perlpheral blood is deter-
imarily by the speed and completeness of the reparation of the hematopoletic
progenitor cell clone (5] and stromal cells of the bone marrow

For determination of the peculiaritis of function of human hemopoiesis in the
conditions associated with Chornobyl accident, we investigated the state of the commit-

radiation In a broad dose range during acute and prolonged periods after the accident.
Comparative analysis was performed in the clean-up workers of Chomobyl acci-
dent exposed during 1986-1967 to doses lower than 1.0 Gy; the acute radiation syndrome.
(ARS) convalescents imadiated in the doses from 1.0 to 3.0 Gy; inhabitants of thecon-
faminated aress ofthe Zhytomy and Ky egonsof Ui and evacated f
e with absorbed doses from 0015 Gy (0.0.20 Gy, and 3 grop of pents
boty mlignan diseases of the hemtopoleti. syt {2 Comparaive compaD
nrichment of the hematopoetic cells with CD34* cells was achieved by imj
mentation of the immunoselection of the CD34° cells using microselective o
plates of the Allied Immune Sciences Inc. (UK).

In the early period after
the exposure o ionizing radia-
tion, reduction of colony-form-
ing units (CFU) in culture was
‘observed in ARS patients, which
‘was followed by proliferation of
i forms of granulocytes,
ion of cells and eosino-
yhlhc differentiation of the cells
(Fig. 5.53). CFU efficiency with
ARS grade 1 was 12.6:0.6, and
in patients with ARS grade 2 it
was 9.442.6 per 105 explanted
cells (Table 5.25).
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Table 5.25. Comparative analysis of the cullivalin resuls of the hematopolelc progenior cells In

Investigated paont
ooups

‘ARS grado 1 5

ARS grade 2 6

Control 1

Hemopoietic potential of
the progenitor cells could be
recovered if the post-exposure
recovery was favorable after the
doses of more than 1.0
Gy during post-accident periods
of 6 month to 10 years (Fig.
5.54), in contrary to leukemias,
‘where even during stable remis-
sion stages none of the qual
tive or quantitative characteris-
tics of the progenitor cells could
be covaed e Crt cs
tivity of
pmgemmr (ells in the periph- ','12'..1" e et A . S ey
eral blood was increased.

the CFU acty i ormobyl
accident, during prolongation of the cultivation duration of bone marrow mononuclear
cells of the reconvalescents of the ARS grade 1.and 2 in the gel diffusion capsules, an
interesting phenomenon was determined, that was not common to the donors of bone
marrow, where the CFU activity was pronounced for 2 week period with subsequent
‘maturation of the cultured cells and their diffusion into the media. I the control samples
after FU efficiency dmal and summed up t0 38.742.3
per 10° explanted cells. Bone martow of the irradiated patients during the process of
‘prolonged cultivation with apparent reduced levels of the CFU activity for the first two
wweeks, would give rise to colonles after 3-4 weeks of culture, which can be explained
by the reparation of the of the stem cell hemopoletic elements. Resulis of the cultivation
seere similar to control ones and were 35.5:2.5 per 105 explanted cells (Table 5.26).
Such effect would probably be valid only in the cases when transplanted bone
‘martow along with late progenitors some pluripotent stem cells were present o at least
thelr closest progenitors, which under the influence of the growth factors went through
‘maturation and induced the formation of the new colonies. Hence, during culture of
the bone marrow cells of the patients exposed o the doses higher than 1.0 Gy in the
gel diffusion capsules in vivo, atleast two generations of the granulocytic-macrophage
colonies could be determined, early (14 day) and late (28% day).
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Table 5.26 ARS grade
4 and grade 2 depending on the duration of culture

s |+ | e | o [

ARSgrade 1and2 34 Tow 7 213232 T5e25"
high, 27 36829 382:32
Control. % 387223 375:43

Quantyofthe ciruatingprogenior cls n e pates with ARS grade 1 and
3w 20427, it saibcly ly higher that in control (12.52.1).
ed in 17% of
the studied snh]z(ls’ il ‘probably connected with activation of the T-helper
cells of the second rang that are responsible for the humoral reactions and synthesize
growth factors for eosinaphilic differentiation.

During radiation exposure doses from 0.25 to 1.0 Gy along with ordinary CFU
sctivy, » sgaifican nerese of the CFU eficency of the gramlocyc-nacrop
Hoesge it chseresl i cungared 1 st (005100 27 A well a5 o & amu.

marrow o pid!nls P A exposures, however hypemg
forms of the neutrophilic leucocytes were observed and prevailing proliferation of e
maturing eosinophilic elements could be noted (Fig. 5.55).

Tavle 527,
ers of Chormoby accident
Groups. ‘ ‘Exposura doses, Gy ‘ ‘Quantty of pafents ‘OFU per 10° cells:
T 02505 7 paey
2 05075 10 463426
3 >075¢1 ] 480:35"
Control 5 38723

“Saticalysignficant differences bevween absered values (<005

Activation of the erythroid lineage in the clean-up workess of the Chornobyl acci-

dent was developed by increase of the CFU efficiency of the early erythroid progenitors

(BFUIRE), which e bunia mably. o goun ot el . craperion o
‘maturing and mature cells as observed in control (Fig. 5.

FU efficiency of the BFUI-E equaled to a while the same parameter in

control was at 23.0+3.9 clones per 105 e ulls As it was shown ma e

ihe level of morphologically identiiable ery\hmd Ll especiahy wih the prevting
synthesis of the appropriate hemoglobin type (7], investigation of the mast informative
Mashanic! piusen v e g o ekt ks el of i fenl e

‘moglobi
of the Ilynd forms of hemoglobin in peripheral blood).
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ARS convalescen! b
stining, x900

2
3

rcolysis intensity and direction were studied based on the investigation of the
enzymatic activities andbased on the level of 2,3-bisphosphoglycerate as a main al-
oserc regator of the hemoglobin. Peormed testgadons had shown that tvelaf
fecal hemoglobin (HYF) in the peripheral blood erythrocytes of the Chormobyl accident
clean-up workers equaled to 5.9¢0.3%, while level of HbF containing erythrocytes was
6.1£0.26%, a the same time In control these parameters were 3.9%0.2% and 3.240.18%
respectively. Erythrocytes containing HbF, which were circulating in peripheral blood,
can be a result of the clevated proliferation of the BFU and elevated levels of differen-
tiation of erythrold progenitors.

Elevated levels of meth- and carboxyl forms of the hemoglobin in the clean-up.

TL0£1.6% i 1.140.3% and 0.64:0. i

showed development of hypoxia, in response to which activation of the major glycolysis
enzymes was revealed (such s hexokinase, phosphofructokinase, and piruvate kinase),
with activities of 17.76:0.9; 79.9+1.8 and 200.8:6.2 pmol/our/ml, in ARS convales-
cents (grade 1 and 2) 17.76:0.8; 80.3:2.1 and 195.8:4.5, and in control — 12.56+1.5;
67.03+1.5, and 174.4+4.9 ymolour/ml, respectively. Elevated activity of the major
‘enzymes was probably linked with disturbance in the lipoprotein complexes, which leads
10 reduced anchorage of the membrane bound enzymes. Elevation of their catalytic ac-
tivity leads to Increase in the glucose consumption, which leads to accumulation of the
used up in 2, with the
23-diphosphoglycerate formation. Content of 2,3-bisphosphoglycerate in erythrocytes
of the clean-up workers was 0.90£0.02 nmol/am, in ARS convalescents — 0.9540.03,
that was significandy higher (p<0,05) than in control (0.6940.1 nmol/nm).
ot ults of igai

that in patients affected by the Chornobyl accident, erythroid cells possess higher levels
of the HOF, ncreased levls o he cels with s tpe o hemoglobin and actvated gly-
colysis with i the 2,

call in-mediated o the ti

of morghologial, fanction and biochemical parametrs of th erythroid elements in
the tested patients shows that in the case of increase in the levels of CFU efficiency of
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the early progenitors, at the level of maturing and mature cells HbF accumulation is
eevalent whh s mnesof el illed whth s ype of emogobi, Dirction
of the mentioned changes in the biochemical cell processes can have an adaptive char-
acter. Significance of the latter s confirmed by changes of the qualitative hemoglobin
content as well as adaptations in the glycolysis, directed to the oxygen supply to the
tissues du o the increased level of allosteric regulator of hemoglobin funci

‘s a result of prolonged observation ol A s £l 6 e rzdlanon
doe 1 the Chornaky scldent, 3 growp of ettt with siable Incomssencies of the
Rematlogial araraters was demiied. The bone marrow of 18 patients was vest.
gated in cell cultures. Four of them had moderate normochror e, § pamms Jad
mederateleucopena, 7 patiens had nevtophilc lenkocyoss, i two
was linked to thrombocytoper Tologeal vyt o the prphera lood
smars, qualtatve dlntancesofthe hrwyaieti ysim were devrnioed Aualys
of the myelograms i the presence of dishemopoiesis, which may develop into
myelodysplasia. In 5 panems U efneency of bone oo n cll ulre i vve was
Higherthai i comrnl claliaing 1 o SLEE2.S et 10% explanted cells, in 3 patients
it was on the low of 10 36.942.1 per 10° explanted cells, In
10 paens depresson of olong-formin,n clur was obiered, CFU efficlency of
their cells was 21.3¢3.8 per 10 explanted cells.

Diagaosis of the henatological pathology usingculure-based method ws prog-
osed i 14

plasi i Y
in'3 ptints 1 was a varint of revactory aneml, In 1 paton 1 was chroni yelo:
mnnncync leukemia, n 1 patent ¢ was hypoplastc anemia, and in S patent  wasacute
bone marmow
cells clones ofthe patenis were ettt Al i CFU ey e
sigaificantly depressed and was up 10 7.3¢1.5 myelodysplasia, 3.0 colonies
i case of hypaplastc nemi, and 43419 celonies por 105 explanied els i cas of
acute myeloblastic leukemia, Morphological analysis of the cultured cells indicated al-
teration of the ratio of early and late granulocytes and presence of qualltative changes,
ihich were revesied n ragmentaion and pykaoss of cell nuclel,hypersegmentaon,
and sppestance of lrge band and mature neophilic lekocytes, oxic granues and
whimsical forms of cell

Toreveal i e ot progenitor cels i iradiated patents concern-
ing the pathology
was pﬂfo{med in gel diffusion chambers with s o mallgnzm cells in case of
different leukenia forms, together with comparison of the data with clinical and labora-
tory data of the investigated patieats. For convenient comparison we offered the index
of differentiation (ID), which s the ratio between maturing and mature granulocytes,
obtained in culture after two weeks of cultivation. Thus, if ID s higher than 1, that
s maing cels e prevallng
nleskeni paent 1o conmecio e desined between the mumber of Hast
the CFU efficiency. FUand
e Ilbum.oly data, obained as a result of bone marrow and peripheral blood
assessment. At the same time combination of such parameters as increase of maturing
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granulocytes on the colonies (ID>1), elevated levels of circulating, progenor cells in
peripheral blood (CFUpb) and reduction of the bane marrow CFU a
ve considered unfovaable prognsis for the leukenic process. In case s of b
cell di when
D' higher than 1, plvglm e tor mmpy efficiency was unfavorable even in the cases
when CFU efficiency was normal. And finally all cases with abserved reese f e
progenitor
was a negative prognosis factor.

Complex functional assessment o the state of hemopofetic potential of commit-
ted progenitor cels of the patients exposed o fonizing radiation and of the persons of
comparison group, including donors and patients with malignant diseases of hemo-
poelc sysm, i the bl for seecon of mast Informatve criter fr heropoisis

ent in culture and l'nmung tisk groups as for malignant hematological diseases.
Disurbances nthe ability of bave mareo 1 orm coloe i utre were shown, as
el o acivation or depresion of prolferaveaciiy of the cel n clons,diftern:
tiation, eosinophilic direction of differentiation of the cells in clones, increased CFU of
circulating progenitor cells in peripheral blood, development of destructive alierations
in the cells, stimulation of metabolic and glycolytic processes.
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curerer 6 SOLID
CANCERS

6.1 THYROID CANCER. EPIDEMIOLOGY

. 5 N
Tsysu-n. However, it accounts only for a small fraction of all
human cancers. In eighties, the annual incidence of thyroid cancer varied considerably
in different European registries, ranging from 0.6 to 6.2 in males and from 1.0 to 8.3
in females per 100,000 individuals [1].
re the accident at the Chomoby] Nuclear Power Plant in 1986, the thyroid
cancer incidence rate in Ukraine increased slowly but steadily. Afier the accident this
increase became steeper [2]: from 1989 to 2007, the thyroid cancer incidence rate i
creased from 0.9 to 1.6 in males and from 2.7 (0 6.2 in females, per 100,000 individu-
als. The overall fraction of thyroid cancer among all human cancers increased about
twofold for bmh genders: from 0.33% t0 0.62% in males and from 1.59% to 3.28% in
females [3,

The vnlnenhnluy of the thyroid to ionizing radiation has already been known be-
fore the accident; therefore it gained particular attention after the Chornobyl accident.
For this reason, since 1989, thyroid cancer has been singled out as a separate entry in
the official staistics on cancer incidence by the Ministry of Health of Ukraine, while
before it was included into the category “others”. Furthermore, thyroid cancers diagnosed
up 10 an age of 29 years were specified by 5-year age classes, allowing to obtain more
etiled information sboutcaner Incidenc i childre and adolescens

to radiciodine released to the environment after the Chomobyl accident, a
large mumbe of nablensof Ukraine, Russia and Belarus received radiation doses to
e Tyl G ese i isher Moo ¥ e g snd U5 51, 1 s sl
remarkable that the Chomobyl accident became an issue not only in adjacent but also
i remote countries and promoted research of its possible consequences in respective
populations [61.

increase in thyroid cancer is one of the most recognized health consequences
of the Chornobyl accident in those teritories of Uksine, Belas and R surouning
the Chomobyl nuclear power plant. In fact, the first radiation-induced thyroid cancer
i rce gierd fouryers e he Chornobyl Iccldml 17,8

An homoby)
e chﬂdhood and adolescence. Although slgnmumly e o v
25 been demonstrated in alt of them, estimates vary quite widely.
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As to adult population, three different affected groups have been commonly
explored: recovery operation workers, evacuees, and residents of the most heavily
contaminated territories. In all these groups an excess of thyroid cancer incidence was
registered (compared with national levels), but it s disputable to which extent this is
due o fonizing radiation, because of the potential influence of screening and introduc-

‘of modern ultrasound diagnostic equipment [9, 10, 11].

Materials and methods

Information on thyroid cancer cases in Ukraine from 1989 through 2008 was
llected o e Bl Coce Reglty o Ulsaine (NCRU: e nd Sye.
age-specific annual data for the population of each region in the country were obiained
from biical publictons of the Sie Commiee of S,

All regions of Ukraine were classified into two groups based on 1211 thyroid doses
hat vere reconsructed for the enire Uktanan popolation ged 1-18years at the time
of the accident [12). Assuming that the ranking of regions by the distribution of ac-
cumulated dose in those individuals aged 1-18 years was similar to that in older age
groups in the same rey e designated the regions “high-exposure” if thyroid dose
exceeded 35 mGy (Fig. 6.

Although the avuage md.lvldual thyroid dose was 32 mGy in Kyl cly, e i
cluded itinto ‘recover
opeaton workes (ove 23%)an vacuees o h ey o Pypyet and Pt
zone (over 15%) reside in Kyl city. These high numbers are characteristic for the Kyiv
region only, while the fraction of recovery operation workers and evacuees in all other
high-exposure regions s substantially lower. For instance, these two risk groups account
for 4.6% and 2.6%, respectively, in Chemnihiv region [13]. It should also be noted that
according to our calculations that were done on the basis of the availzble data (5], the
average thyroid dose of the evacuees is 328 mGs

Cherkassy, Chernihiv, Kyiy, Rivne, Zhytomyr regions and Kyiv city were
designated as high-exposure regions while all other locations were deslgnated as low-
exposure regions.
=i ‘We calculated both the
[Dousmey  age-specific and age-adjusted

thyroid cancer incidence rates

for cachyear and for aggre.
gated time periods, where age
adjustment was done using
the World Standard Popula-

39, 60+ years), truncated age-
standardized incidence rates
(TASR) were calculated. The
reference period was limited
Fig. 6.1 Average accumulated thyrold doses (bold numbers, givea lnmGy)  to 1989 only because the
1t rodons f Ui, o il 30 118 Jars o s U0€ O v adiaionnduced thy-
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rold cancer cases were registered In 1990 (7, 8] and because we considered 1989 the
st year of the latency period. The data for earlier years were not available, as already
pointed out above.

‘The rate r

(RR) was used to compare thyroid cancer incidence rates between

CI) assuming Poisson distribution for the annual incidence of thyroid cancer. The lower
and upper limits of the confidence interval for the ratios of two age-standardized rates
(ASR1 and ASR?) are:

(ASR, /ASRy )10 | o)
where z,; denotes the 100 (1-0/2) percentile of the standard normal distribution, and
2a/2 = 1.96 for @ = 0.05. For X, we used an approximation proposed by Smith (1987):

_ (ASR, - ASR)) @
VSEASR)F+SEASR)F

where SE denotes the standard error.
‘The study period for Chornobyl accident recovery operations workers (CRW) was
1994-2007 and that for evacuees from the 30-km restriction zone around the Chornobyl
VPR andtesidnts of cotaintd teiovies was 1900-2007. The ol ancer ety
sed as the main data source for cancer cases among residents of the contaminated
Leroris 1 ha been esablichd (0 ptform a rettospecive (since 1960 and cwrent
collection of informati Il cancer cases in the Luginy, Narodychs, and Ovruch
districts of the Zhytomyr region and the Borodyarka, Ivankv, Polisske, i Chomoby!
(1981-1985) district of the Kyiv region. These six districts a the text
below s the teitoris st heavily contaminated sl e sxm 1989 when
the NCRU these two
cases registered in contaminated iy
From 1999 through 2004, this study was supported within the frame work of the
French-German Initative for Chomobyl, Project No 3 “Health effects of the Chornobyl
sccdent, Subprojecs 3,11 “Sold cancer nldece 1 the st highly contaminted
of the Ukraine”, and 3.1.18 “Thyroid cancer in adolescents and adults in the most
Aifcted terioic of e Ukiain aftr the Chormobyt accidon
the time of the accident, the total population of the most contaminated districts
‘was 360.7 thousand including 74.4 thousand children aged 0-14 years (8], In 2006, the
population of six districts excluding the now evacuated Chornabyl district was 1933
thousand including 29.9 thousand children 4], For he dta collecton, ll welevant
medical documents (including emergency notifi of new cancer cases as well as
et cnicaes) were buained rom o mcical msnmuons where hese patients were

ated.
et enered it the ina dte bace. 12455 nw chesof cancer e ng.s:md
in 1990-

"The data o the Stae Registry of Uktaine on Chomobyl victims were used (o
Investigate cancer incidence among CRW (1986-1987 were the years of participation
n clean-up activities) and among evacuees. The 1986-1987 data for CRW relate 10 a
group of 1054 thousand persons in 2006, namely those who resided in the Dniprop-
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umvsk Donetsk, Kharkiv, Kyiv, and Lugansk regions and in Kyiv city. In addition
the evacuees from Prypiat and the 30 km zone, resettled in the terrtory of Ukaine,
2 grop thar inclded 234 thousand persons n 2006 were used, The data were com-
ith the data base of the NCRU. After this procedure, all duplicates and cases
without validated diagnosis were eliminated. During 1994-2006, there were 6451 new
cancer cases registered among CRW and, in 1990-2006, 2500 among evacuees [15).
“The analysis was carried out with the standard methods of escriptive epidemiology:
calculation of crude, age-specific, and age-adjusted incidence rates with standard errors
and confidence intervas. The world populationsiucture was used s he sandard. For
ization (cal of standardized i
cific cancer incidence rates i G population in 1998 were PRk
possible tendencies, linear regression coefficients were calculated.

Results

In the 20 years following the Chornobyl accident in Ukraine, as a whole, thyroid
cancer incidence exceeded spontancous rates by a factor of two in males and three in
females. (Fig. 6.2)

bo-
ve, he s esss of thyroid
cancer in children residing in
the most comaminated terri-
tories were observed in 1990.
Before that time, no case of the

had been registered for
the children of these erritories.

o T e tarting from that period,
e e v e B0 B8 an increasing incidence was
‘marked not only in children, but

T et b s, s and o

[16]. Investigation conducted in
the frame of the French-German Initiative for the period 1990-1999 in 3 regions with
substantial 131 fall-outs showed for the first time a relationship berween the level of
radiolodine fall-outs and the thyroid cancer incidence rate (Table 6.1).

Table 6.1.
Ing the Zhytamyr, Kyiv, and Cherniiv reglons in terrtores wih different Ievels of 151l deposition
Gaposiion
e EY)
Wale 153:026 220:020 2562025
Female 394:026 10.36:0.41 10214046
" - "
uen <100 kBq - 2 cases per year pet year
However, in territories levels of contamination

(wn—zon KkBq m? and >200 kBq m?, Nspncl(vely), a s:gmnczm increase in the thyroid
‘year per 100,000
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males and 16 cases per year per &
100,000 females in 1998-1999. &
The effect of the exposure to ra- &
dioiodine, ie. the excess of thy- H
roid cancer, g

%

H

the stady period.
‘The thyroid cancer inci-
dynamics in the

two groups of regions were quite
different. The level and average
annual increase of thyroid can-
cer incidence were higher in
high-exposure regions than in the
Tow-exposure regions, both for {754 Itels i cace ke rom 1939 raugh 2008
‘males and females (Fig. 6.3).

Throughout the perod of he presnt sty (1965-2009) ae-aduted thyoid
cancer incidence rate in females of the high-exposure
1095 pr 100,000, .. 3101, whilein fomles o th low-cxposure refons i in.
creased from 251 to 5,69 per 100,000, i.e. 2.3-fold. In contrast, in males the thyroid
cancer incidence rate was 0.87 per 100,000 at the beginning of the observation (1969)
for both the high-exposure and low-exposure regions. In 2008 it increased to 2.64 in
the high-exposure and 1.37 in the low-exposure regions, corresponding to factors 3.0
10 1.5, respecively. The slopes of the rgresion s thongh e o s o i
6.2 are as follows: 0.079 (standard error (SE) = 0.011) for males of the high-cxposure
regions and 0.019 (sa 0.004) for those of the low-exposure regions;

0.029) for emalesof the highvexpasur regions and 0.133 (E = . oD o e of e
. This means that in the

incidence rate increased faster compared to that in the low- exposnre egions bt for

males and females, over the period of observation. The difference in the regression co-

efficients for deduced for the high- and low-exposure regions is statistically significant

for both genders (p<0.01).

A comparative analyss of the thyroid cancer incidence rate in different groups of
th sfected populaton (Table 6.) suggests o that the mos sigificant excess over e
national level during the study period in CRW. This amounted to a factor of
5.3, while it was 5.2 for the evacuees. Amnng e s of the e st were

most thyroid
Concr ncicenee by a facosof 1.4) was regisered for te e priod froiny

Tabie 6.2,

Groups o obseration (IO —
peiod of ovsenaton) [hsened [ aspecd |

Residents of conlaminated terlores (1980-2008) 317 2328 1362  1212-1511

ry operaion workers 1986-1987 (1994-2007) 299 530 5642  5002-628.1

Evecuses from 30 km 2010 (1990-2007) 21 53 w417 384746

ol
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st s These fgures s

e A the lack of effectiveness of the
PO o acic messtres aken

by medical authorities in 1986
(stable iodine

in order to prevent radioiodine
accumulation in thyroid.

risks were observed in persons
exposed to radiolodine in child-
hood and adolescence. Com:
parative medico-geographical
= analysis in regions of Ukraine
§ G om 5w i @ @ @ om o9 tested the average accumulated
e s 0 1 thyroid doses (mGy) in young
Fi, 4 Paramtrs of s et rsion oo bewon sverage - persons (1-1 yars o) at the
s ooon
regons of iilos

et 20 g Lo
There rial (doses) and observ
cancer Incidence rte n 2006 In Imadiated cohon 1-18 y¢ars o0 ot ot of
acciden) (r=0.5023, p<0.01). This s the reason we searched for the linear regression
equation between dose and incidence rate (Fig. 6.4).
‘The abscissa axis e the average accumulated dose (Gy), and the ardinate
axis represents the erefore, the
ficient b acually reflects  rate change per 10,000 of 1 Gy. That i, the excess absolute
riskis 4.92:104 prsGy. The ratio of b t0 a (the incidence sate for an average accumulated
dose equal to 0) indicates an excess relative risk of 22.2/Gy

100 = 95.7%. @

Note that inthis cohort atributive risk = (==

'I'haklnm, most thyroid cancer cases in this cohort have a radiogenic origin.
sents thyrod cancer incidence at the age of diagnosis of 5-9, 10-14,
1519204 30,00 years for those individuals of the high- and low-exposure regions born

in 19821986 and 1987-1991. In the high-exposure regions, thyroid cancer incidence
rates at the age of diagnosis of 5-9, 10-14 and 1519 years were significantly higher
in those born in 1982-1986 compared o those o in 15671591, e n e low.
exposure regions o such difference was observed.

Since the level of soil 11 contamination is o o bave bee ssendally zero
in 1987 (17), it is possible to use the maximal values (to avoid an evemnmaunn it
the screening effect) of the thyroid cancer eidence e i he e i
individel presentd n i g (condionlly Iov-exposed: eskents of e my.
exposure regions bom in 1987-1991 and in those of the Low-exposure regions at each
age of diagnosis for estimating the rate in ndivduats notafected by radioacive lodine.
At ages of 5-9, 10-14, 15-19 and 20-24 years, these were 0.10 (low-exposure, born
in 1987-1991), 0.49 (low-exposure, born in 1982-1986), 1.40 (high-exposure, born in
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oo and o sspore eirs 1 pe)

1987-1991) and 1.50 (low-exposure, born in 1982-1986) per 100,000, respectively.
Subiraction of these values from the corresponding rates in the high-expostre regions
for individuals born in 19821986 yields the estimates of radiation-induced thyroid
cancer Incidence per 100,000: 0.84 (0.94-0.10) for those diagnosed at 5-9 years, 3.67
(4.16-3.49) for those at 10-14 years, 3.39 (4.79-1.40) for those at 15-19 years and 2.95
(4.45-1.50) for those at 20-24 years, Thus, the proportion of radiation-induced thyroid
cancer cases can be estimated a5 89.2% in those diagnosed at 5-9 years; 88.3% at 10-14
s TOB% o 15-19yesand 6% at 20-24 yars.

ive analysis regarding for age at the moment of the Chomnobyl iccldem
(Table 53 shaws it In 1991 age-specifc tyroid cancer incidence e n
sure” termitories exceeded those in “control” regions in persons. -gedo.A
575, 25.75, 3034 o h i of acident. However in 2001 i cxcss was registered
Inal 5-years age subgroups i age range 0-54 years ld at e ime of Choraobyl ac-
cident 1932-1986). Notewarthy, in 2006 the mean of incidence ratio in
high expasire” and “conrol” egion decrece n al 5¢ groups.

Tl 3 R rats (36% confenc vl g sprlc ol camcr ke e
les and Utsalne by age al the

time of the Chormoby accident and year of

g a e e | E
et [ 2006
04 2860 (216, 98375) 650 . 288 (1

50 2250 (325,15620) 254 (121,535) 322
1014 200 (073,563 228 (102,513 369
1519 173 (066,45) 117 (065,210) 219

250 (180,
235 (153,362)
217 (145,320)

20 165 (079,345 15 (098,250 270 235 (166,332)
2 209 (121,359 178 (119,268 269 227 (169,305)
W 168 (104,270 228 (154,322) 23t 230 (1.73,304)
399 085 (05413) 189 (195,260 210 181 (139,235
w4415 (085,260 159 (105,230) 235 166 (117,237)

4549 137 (095,198) 179 (130,248) 199 191 (139,261)
5054 138 (089,215 199 (132,301) 203 (132,310) 147 (091,238
550 106 (070,159) 091 (063,133 150 (099.227) 143 (074,172
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Discussion and conclusions

The pr lysis revealed i
incidence rate in the two groups of reglons investigated: the increase in this malignancy
was higher in high- than in low-exposure regions; the incidence rate varied among the
auained age groups. The steepest increase was registered in the young age groups (up
10 19 years) of the high-exposure regions suggesting that the thyroid is particularly
Vulnerable to radiation in childhood and adolescence. The incidence rate in these groups.
substantially decreased in 2005-2008 probably because the majority of the members
of these groups (and all since 2006) are individuals born In 1967 or later who were not
exposed to 11 from the Chomnobyl accident.

In the groups of other ages at diagnosis, the age-specific incidence rate was char-
acterized by a steady increase which was significantly higher in the high- than in the
low-exposure regions. The least clear tendency was observed in the oldest age group
of 60+ years in the low-exposure regions. This could be explained by the lower vulner-
ability of the thyroid to radiation in adults and by a possible increase in the period of
latency with age.

“The significant increase in thyrold cancer incidence observed i the low-expo-
sute regions for all age groups at diagnosis was not as steep as in the high-exposure
regions. This increase could be due (o both an increase in background and screening
effects.

In all population groups affected by the Chornobyl accident, a significant increase
of thyroid cancer incidence was registered. The increase was found not only in children
but also in adolescents and adults. It appears to be assoclated, at least partly, with the
fall-out of radiolodine. At the same time, we canno disclaim the significant role that
extemal irradiation played in the total dose received by clean-up workers.

“The results of the present study evidently confirm the high vulnerably of young,
age groups to radiation carcinogenesis. Especially sensitive is the youngest age group
born in 19821986 aged 0-4 years at the time of the Chomobyl accident. The observed

drar in in this

auributed to fonizing radiation. This conclusion is strongly suggested by the results
obtained when the incidence in this age group was compared between the high- and
low-exposure regions, where other confounding and modifying non-radiarion factors
(e.8. quality of registeation, screening) were similar.

hould be stressed that for the first time, a comparative analysis of thyroid can-
cer incidence in Ukraine after the Chomobyl accident was performed in a cohort that
s almost as large as the general population. The finding of a probable excess of radia-
tion-induced thyroid cancer cases in adults, especially in females, may be due just 0
the adequately high study power. From the international literature it is well known that
the excess thyroid cancer rates due to exposure to radioactive lodine tend to increase
over time for more than 20 years, malnly for those exposed as young children. In the
present ecological study it was difficult, however, to evaluate the potential contribution
of an Increased screening of the thyroid glands, which may partly have contributed to
the observed increase of thyroid cancer cases, for example because of a more frequent
use of ultrasound devices in medical diagnostics. We performed such evaluation of the
screening effect in young age groups.

n.
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However, it should be acknowledged, that ou investigation was ot free from eco-
Togical blases and limitations. Precise estimation of radiation risks requires thoroughly
designed cohort o case-control studies including detalled informatin abut doss and
confounding that might also affect the inves-
tigated xhymld cancer incidence, in addition to mmllng rdiaion,

thyroid.
cancer development may depend on age at exposure: the sk of rae ratio in youngest
age groups at the time of the Chornobyl accident was in 1991, but in elder ages i shifted
10 later years (Table 6.3). Previous investigations of this prohlem are very limited, but
(18] pointed out the possibility of such dependence in pates subjected (0 radiaon
therapy. Further studies are necessary to confirm these observations.

e decrease in incidence rate ratlos observed in 2006 i ll grops of e e
time of accident may Imply that the peak of excess of radiation-induced thyroid cancer
is already passed. This statement, however, should be taken uuuously because similar
annual data presented by [19] for persons aged 0-14 md 15-18 years 3t e e of e
Chomobyl accident do not comply with ou observation

Tt was diffclt o evaluate completely in he present descripive and ecologieal
study the contebuton of increased Scxeening of the thyroid glands o the observed
increase of thyrold cancer. Based on the experience of previous studies on health
effects of irradiation, the excess of solid cancer including that of the thyroid was
abserved decades after exposure. Therefore, we should continue to monitor thyroid
cancer in groups of affcted ppulatons. The daa suggest he necessly for epide-
‘miological monitoting of thyroid cancer and a concentration of efforts to perform
analytical epidemiological studies that will evaluate radiation risks at low doses of
iradiation.

will be essential for
o examine — and possibly improve ~ current estimates of the risk of radiation associ-
ated thyroid cancer.
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6.2 THYROID CANCER IN EXPOSED AS CHILDREN
AND ADOLESCENTS IN UKRAINE

Today i ac
nobyl catastrophe among high risk groups (0-18 years old at thetime of the cciden)
s finally proved; it Is recognized as the main heal th consequences of i Chormotyl
accten by leading ‘medical and scientifc institutions in the world.

s after the Chornobyl accident children and adolescents who have ex-
perienced e ot significant effect of radioactive iodine, moved to the category of
adults, 50 now special attention should be payed to Information on the TC among young
adults, finding out the dynamics of changes in macro-microscopic characteristics
imasivepopeties of o,

lopment of

radiation, but
people who were xposed lothe ‘Chomobyl accident in childhood, especially up to 4
years of age, there was a clear dependence of the additional degree of TC incidence on
thyroid irradiation. More higher prevalence of thyroid cancer in higher doses in people
aged under 18 at the time of the Chomobyl disaster was observed during the screen-
ing and research for the Ukrainian-American thyroid project. Moreover, morbidity in
children bom before the accident, is 15 or more times higher than the rates in children
Yo sfe e sccden, wich frhe conflms the ratire of atiion “chiden pos-
Chomoby!” thyroid car

Avalyssofcliel nd morphololca dta register of Institute of Endocrinology
‘and Metzbolism named by V.P. Komissarenko, Academy of Medical Sciences of Ukraine
found that in Ukraine during post-Chornobyl period (1986-2008) 6049 persons were
operated born in 1966-1986 (018 years old at the time of the accident) with morpho-
Togically confirmed diagnosis of «thyroid cancer» among them 4480 (74.1%) were in
childhood (0-14 years; Fig. 6. ) and 1569 (259%) — in adolescence (15-18 years old
at the time of the accident; Fig. 6.

Ratio of women: men for these age groups increased by age at the time of acci-
dent: 3560:920 (3,9:1) for children and 1312:257 (5,1:1) for adolescents. The incidenice
gradually increased from 1990 to 2008. The number of new cases of thyroid cancer
i children at the time of the Chomobyl accident in 2009 was 463 (as in the previous
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it
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Fig. 6
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2008). The mumber of cases in adolescents at the time of the accident was 129 and also
did not differ from the previous year.

More likely relative index, i.e. incidence per 100 thousand children and teenag-
ers at the time of the accident also rose steadily from 1990 to 2008. In 2009, the inci-
dencewas 413 n chidren and 4.7 i adlescens,not exceding the igres for 2008
(Fig. 6.6, 6.7). Thus,itis po
in ediaton-risk group was determined, and n 2010 2 gmlual reducion s s
will be expected. Increase in the incidence of TC to some extent could be explained by
a gradual increase in the age of desi
between the incidence of TC in the six most affected northern regions compared with
the rest of the country not only conserved, but increased in 2006-2008 compared with
the previous period of research in children and adolescents at the time of the accident
(Fig. 6.6, 6.7), indicating an association between increased TC incidence and radiation
S ot wih sl g o time that has elapsed since the accident.

ihe age a the me of srgery (Fig. 62) n recent years TC in childen and
ity e o ad
the accident first cases of TC were reported in 2006. D\mng oo 208 e e
amounted to 91 compared with 2223 cases idenified among people who were children
and adolescents at the time of the accident (Fig. 6.8).
)
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Total number of cases of TC, registered over the years 19862009, was 6448,
among, them 6049 were born before the accident and 399 — after the accident.
In young adults born before the accident the incidence of TC and morbidity in Uksaine
in general and in the most contaminated regions in 2009 remained at the 200 level
(Fig 6.8).

Incidence among children, adolescents and youg adnlu of 19-22 years old, bom
aer the Chomobyl accident (in
gnifcanty lower than in the corresponding age groups born before 1967 (Fig, 6.8

According to morphological characteristics of TC operated in 19802008 in pa-
tients whose age at the time of the accident did not exceed 18 years, 92.2% of cases
were papillary carcinoma,

ith time that has elapsed since the accident, raised the age of exposed, but alsa
significantly changed the morphological characteristics of paplllary carcinoma towards
gradual reduction of the percentage of carcinomas of a solid strucure from 24.4% in
19901995 t0 5.7% in 2006-2009 (p<0.01 per test 12) and increase the percentage of
papillary carcinomas and mixed typical structure: from 12.0% in 19901995 o 34.0%
in 2006-2009 and 25.5% in 1990-1995 to 43.8% in 2006-2009 respeciively (p<0 0
With the incre
mixed variant of papillary carcinoma a well: thepércentageof umor of sohd- riibie
structure significantly decreased (from 72. 950 254 T 2002006,
p<001), while the percentage of tumor of papﬂhry ~follicular structure increased (fro
01).

10.9% in 1990-1995 o 43.8% in 2006-2009,

Analysis of the invasive poperes of o Iary carcinomas has established two
major dependencies: age and

Under the age dtpend:ncy ety signs o inveson, presence of regional
and distant metastases consistently sigifcanty dzdmed from children of 4-14 years
0ld to adults of 19-40 years old at the ti

Overime dependence by combining ol cases ot ptints f 440 yeas a reduction
of the mentioned above parameters was determined with the increase of latent period
{ime clapsed hom th ‘Chormobl accident to the surgery). Of special interest are the

lata on reduction the percentage of patients with the oecumence of disant menstases
from 23.0% in 1990-1995 t0 1.8% in 2006-2009 (p<0.001).

oreover, the percentage of encapsulated tumors increased from 7.4% in 1990-

1995 0 29.4% in 2006-2008 (0<0.001) 2 well 2 el corinoms up t0 10 mm:
Jrom 41851 1550199510 20,456 i 20062002 01}

Thus it can be summarized that the morbidity of thyroid cancer per 100 thousand
chidren nd doloscents (o6 a the time of the secdensy were highest in 2006-2008
d subilzed in 2009

hile, savi

the most and

sttt regions of the counlry (2.5 times in children and 1.9 times in adolescens),
evidence for the fact that in Ukraine 24 years after the Chomoby disaster was kept effect

of the distion tcn on Ahe incidence of thyrid cancer among persons a igh sk
The c e of
patients at 'he cime of sugery, prevailing among (hyroid cancers papilry corinamas
the reduction of aggres-
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sive disease, as evidenced by a sigmhcam decrease in the percentage of cases with signs
of extra thyroid spread, appearance of regional and distant mecastases.

e sadus) accumatation of cses amon prsons bor afer the Chornaby ac-
cident, compared with adequate relevant age group each year adds evidence to support
the radiation nature of TC in children and adolescents exposed to radiation from the
Chornoby} disaster.

O4.Tronko, T Bogdanova)

6.3 BREAST CANCER

reast cancer is the most frequent tumor in female population in Ukraine and
‘majority countries of Europe and Northern America. This pathology has tendency to
increase.
Several factors have been identified as potentially mspnnslhle for increasing of the
breast cancer risk, of action s unclear [1 ate first
pregnancy. low party and ate menopause have all been associated with an mcﬂised
sk of breast cancer

Y

risk was noted in women
exposed to estrogen treatment. Oral conracepiive use has been suspected as the trigger
factor of increasing the breast cancer risk, especially after long-term use before age 25
o befre the fist pregnancy, but the evidences are stll imite

“The role of dietary factors has been carefully investigated and it was suggested
that diet, by influencing the pattern of estrogen exposure, may also be an important
determinant of the risk.

Also te sk of the brest cance i psidely ssocted with socl-ecomamic
status. It should be pointed ou s difficult to assess the spec of each of
epotmi] i acon, gen thei strong Intercoreation an he iFiculy n ad-
justing for confounding. The well identified role of genetic predisposition and ionizing,
radiation should also be noted.

During recent decades mammary cancer has been studied intensively in iradi-
ated women. Strong evidence was revealed that breast cancer might be associated with
exposure (o ionizing radiation. This evidence includes studies of nuclear workers and
other grons potentially exposed to ionizing radiatl

ossible increase in breast cancer incidence was observed among females who
e mployed fo a st one year between 1969 and 978 in Los Alamos National
Laboratory [2]. Also possible increase in breast cancer death was observed in a study
of 1,073 women first employed between 1947 and 1974, and followed up through 1990
b ot sl producon plant in Oak Ridge, Tennessee [3].
increase of breast cancer death rates was observed with increasing doses
ofextermal |n1dliuon in a study of 65,984 wormen employed at 10 Department of Energy
facilities between start-up and 1980 [4].

Afethe Chomotyl accident interest to breast cancer was growing because of ts
high susceptibility to radiation. But studies of this pathology were performed mosily in
a frame of dutnpvllve models.
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Analysis of breast cancer rates among snh[«:ls :ﬂ'«lzd by Chomobyl accident in-

I women vho parlpted n ecovry vk n 06.1587 [sm Increase of the breast
cancer incidence over time was also reported in the Mogilev region of Belarus [12]

A more detailed ecological study was therefore conducted to describe the spatial
and temporal trends in breast cancer incidence in Belarus and Ukraine [13]. A significant
increase in risk was observed during the period of 1997-2001 in districts. il
average dose levels v least exposed districts. The magnitude of this increase i

{hen would be xpected based on crront sk smtes [14]. Due o the pubi et
importance of breast cancer, these fi rndmgs warrant further investigation.
ing sources suggest that the women breast has relatively high sensitivity

“Thus quot
0 radiation carcinogenesis, tspecully in those irradiated in young age.

Susceptibilty of the breast to induction of radiogenic tumors justifies an exten-
sive epidemiological study of breast cancer in affected groups of population afier the
Chornobyl accident.

‘The study was performed in a frame of scientific activities of RCRM for contin-
ous regisaton of he raiation dose an cancer dato among the majo groups of the
sftectedpopulaton in Ukaine.

objective of the study was to examine hypothesis of possible influence of
‘Chornobyl accident factors on breast cancer incidence rate in female poplaton of
Ukaine as a whole and main affected groups (participants of recovery works in 1986-
1987, evacues from Prypiat town and 30 ke zone around the Chornobyl NEP and
residents of the most contaminated by radionuclides areas).

Materials and methods

The current study has been started to determine and document the frequency of
malignancies including breast cancer after the exposure of a significant part of the
Ukrainian population due to the Chornobyl accident [5-111.

+ Female population of Ukraine according to administrative-territorial distribution,

period of observation 1976-2008.
* Femal eidets o he ot radionuclides contaminated disrics o Uktne Lugiy,
Narodychi, Ovruch dist Zhytomyr region, Boradyanka, Ivankiv, Polisske
dsicts of Kyl egion eriod of seraion 1900-2008 (100 thovsand 1 ,

tal number of person-years of observation 3948.1 thousand). An average accumu-
T invdualcecive doe of resdets of the mast comainaid eririos whs
22dmSr.Intrtores withlevel offl-out of 7Cs more then 555 kB he dose
could reach 50 mSv [15,

Represenative sample of remalwm.c.p.m of recovery works in 1986-1987 (11.7
housand (emale n 2007, perod of observation 1894-2007. vl number o e per-
son-years of observation 1448 thousand) inhabitants of Kyiv city, Dnipropetrovsk,
Donetsk, Kyiv, Lugansk,
sadiation of he male recovery workers in 1986-1987 was estimated to be 50-200 mSv
us] Females did not take part in emergency works, but worked in communal and

services therefore accumulated doses were significantly lover and could be
ccmmrahle with evacuees doses.

i
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+ Female-evacuees from Prypiat town and 30 ki zone (30.9 thousand in 2007, period
of abservation 1990-2007, total number of the person-years of observation 547.6

iradiation of evacuees estimated to be 10-30 mSv. The estimated average zxxemal
dose of the bled to account also incor-
porated radioacivity (15, 16].

o study cancer incidence rate (including breast cancer) the local cancer registry
was established in 1987 for residents of territories that had been most contaminated

lection of Information on ali cancer cases in the abovementioned districts. These six
districts are referred to i the text below as territories most heavily contaminated with
radionuclides. In addition, the information on all cancer cases including breast cancer
the former Chormoby) district during 1981-1985 was collected and was included In
the database of the local cancer registry. Since 1989 when NCRU was established the
linkage of information with this Tnsttution was performed to identify mew cancer cases
registered in the residents of contaminated territories.
rom 1999 t0 2004 the sty was supported within the framework of the French-
German nitative for Chornabyl, Project No 3 “Health effects of the Chornabyl acci-
dent”, Subprojects 3.1.1 “Solid cancer incidence in the most highly contaminated region
of the Ukraine”[10]

For the data collection all relevant medical documents (including emergency
notifications of new cancer cases as well as death certificates) were obtained from all
medical institutions where these patients were diagnosed and treated. These documents
were cross-checked to eliminate duplicates, and were then entered into the final data
base. 1,533 new cases of breast cancer were registered in 1980-2008 (Table 6.4).

‘The data of the SRU were used to investigaie the cancer incidence among female
partcipants of recovery works in 1986-1987 and among female evacuces, The first
counted 11.7 thousand persons in 2007. In addition, there were the evacuces from the of
‘Prypiat town and the 30 km zone, who resettled in the terrtory of the Ukraine, a group
that included 30,9 thousand persons in 2007. The data were compared with the data
base of the NCRU [18]. After this procedure, all duplicates and cases without validated
diagnosis were climinated. During, 1994-2007, there were 226 new breast cancet cases
registered among female participants of recovery works and in 1990-2007 and 245
among evacuees. The analysis was carried out with the standard methods of descriptive
epidemiology: calculation of crude, age-specific and age-adjusted incidence rates with
standard errors and confidence intervals. The siructure ofworld poplation was sed
as a standard. For darci

in 1998 were used.
o reveal possible tendencies,linear regression coefficients were lclaed.

The increase of the total number of female participants of recovery works in
1986-1987 and evacuces during the observed period needs explanation. The source of
thesedon b e SR exblshed o 1986, Deriog the reported time the activity of its
Tocal regisiration of all victims,
vhich may v s nan exeasion o registered groups.
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Table 6.4, Jdent
Goups
of poplation
Residents of the  1980-2007 Zhylomyr reglon: 104 990 1494
territories most Luginy, Narodychi,
heavily con- Ovruch disticts;
taminated with Ky rog
radionucides. Borodyanka, Chormo-
byl ankv, Polsske
distcs.
Female partici- 19942007 Kharkiv, Dnipropelro- 6.6 n7 226
pants of recovery sk, Donelsk, Kyiv,
works (PRW) in
957 Ky city
Evacuces from  1990-2007 Whale teritory of ETIT) %5
Prypiat lown and Ukraine
30 km z0ns
Results

First of all the general demographical and epidemiological situation in Ukraine
in comparison with European and other countries should be estimated. In contrast to
the Western Eutope where the average life expectancy continues to increase (4.5%), a
decrease of this index was found in Ukraine from 1990 to 2006 (-3.3%) (Table 6.5).

e 6 rears) o
TR Vi T Ve
o ] T4
20t 7 o4
P s

“Dato of Ittt for Demography and Socal Sy, Ntional Academy of Since of Usaine; ~nirnet “Heald
for A" 48 Datohse 2007

‘Therefore in accordance with decrease average life kg [ fenile i
tion of number wtio
of probabilly o reach the age wih highest cance risk. 50 fhe anlysi of dyoamic
models of breast cancer incidence rates during 30 years period (Fig. 6.9) representes
great interest.

There is a stable increase tendency during all period of observation. But incre-
ment in 1976-1990 was significantly higher (regression coefficient of 0.8120.03) in
th the next period — 1931-2008 (regression coefficient of 0.39:0.04). These
peculiarities of the rend models could be partly related to decrease of the average life
expectancy since 1990 and as a consequence decrease of risk of this pathology.
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1975
1977

FERIRER

Fig 69 Age. st cancer el

§ BEERRNEREER

ates (10 years i female populatonof ktaln i 1976-2007.

- standardasd reas nce
Regrssion conflcents 012005 (1976-1830), .3820.04 (1991-2007).

Table 6.5 Age:standardized breast cancer Incl-

dence rate n Ukaine and other countres 1993-
1997 (161
Sy
Trrane 318
Kyiv ity a1
Russia, Saint Petorsturg 61
Croatia 43
Cech Republic 529
Spain, Granada 58
Poland, Warsaw 57
Cracaw 504
Slovakia 22
Swege 765
Sitzerand, Geneva 970
Great Brtain, England 44
Jagan, Nagasaki 28
Hiroshima 365
USA, Calforia, 1039
Los Angeles (uhies)

683

Canada,_ Newloundiang

use of the great difference in
breast cancer incidence rates in different
world populations comparison of these
data for Ukraine and for some countries
of the world is of no disputable interest
(Table 6.6).

Breast cancer incidence rate in sev-
s Essiem Euopean counires (Sova
kia, Czech Republic, Cr
higher then in Ukraine. In large: e
as Kyly, Warsaw, Krakow, St. Petersburg
the figures are very close. As to other
countries the highest risk of the breast
cancer is registered in West European and
North Arecca counries, helovwes -
Asia. Even within Western
s almost a rwo-fold ifernce | bewen
the highest incidence rate, seen in G
{Switzeriandh and the owest in Granada
(Spain). A similar range is seen in North
America between white females in the
San Francisco (USA) and those in New-
foundland (Canada). Noteworthy that the

breast cancer incidence rates in countries are in close relationship with average life

expectncy excet Japan.

ong-term monitoring of the breast cancer incidence in Ukraine and its reglons
give the base for conclusion about some territorial peculiarities of this pathology. This
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is evidenced by data on medical-
seographicl aalysis during more

5 years, presented in Fig.
510 Mo -geographical analy-
s in two periods: 1977-1979 and
2004-2006 suggests the stable ag-
gomeration ofreion wih i
im and low Indices of mor-
mduy. Highest breast cancer inci-

rate was revealed in south
. o east parts of Ukraine,
Towest — west and north
(except Kyiv city and Kyiv re-
gion) parts of Ukraine.

Analysis of territorial vari-
ability of the breast cancer inci-
dence rate in Ukraine (1977-1979,
2004-2006) (Table 6.7) testify the
diminution of difference between
regions, It s demonstrated by de-
creeing of maximum/minimum in-
cidence rate ratio in regions (from
2510 1.9), as well as variation co-
efficients (from 31.2% 10 16.0%). 2004-2008

1977-1979

for
periods are 0.84 (p<0.01). undadized o-'mmm G emai popiatan n

i o
TSTI-1070 3 2004 200

Bier s
and 2004-2006
T
el e
1977-1979 404 158 25 312 0.84 (p<0.01)
1-2006 528 285 19 16.0

Analysis of temporal and temitorial peculiarities of the breast cancer incidence
proves that factors responsible for forming the level of morbidity in Ukraine are un-
changeable for a long period of time. This suggests an absence of the influence of
Chomobyl accident negative factors to the breast cancer incidence rate in Ukraine as a
whole during the period of observation.

Neverthelcssth acual qucion i i thre I uch nfoence to the breast cancer
incidence rate in main groups of population affected by the Chornobyl accident. In
women-inhabitants of the most contaminated areas (Fig. 6.11) breast cancer incidence

s characterized by moderate increase in 19871991 in comparison with 1980-1986.
‘The level and its increment were lower than in Ukraine as a whole, Kyiv and Zhytomyr
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a

e, uhlch el o
e high-
est increase (40.9%) was ob-
- served in 1992-1996. Due to
|- that morbidity was leveled

with indices for Zhytom re-

gion. In the next two periods
- of time (1997-2001, 2002~

e

[ ———

Sus
i
g
g

. breast cancer incidence rate

i s  caest tnekjence

D 198085 D1SH7-91 D 1992-05  1997-01 W 2002-2007 VA3 OUSEved Bl lu the

most radionuclide contami-

841 Mg e oo U 24 e xess o i Kyiv and
e I

ol Ky, Zytamy eglons nd i he st c
i o, YO58 ELE1S0, 0972001 nd 2002 2007 Zhytomyr regions. It could be
resulted from the shortening

of the i

especially
eas. In Ukraine as a whole the

years.
 Comparison of the sse

ce rate for 3 periods: 1930—
o 1986, 1987-1996 and 1997
ST mer e n o s ws am e w2007 proves the increase of
1O eI e 13072007 indices almost in all age grou-
612 At et el o et P3 WD 000 ot periods i
e most de contaminated tenftaries In 1980-1386, 199 comparison with preacci
and 1097-2007. tal one (Fig, 6.12).

Exceptions are age groups of 30-34 and 45-49. But statistically significant dif-
ference was registered only in the age groups 55-59 and 65-69. It should be notet
more appropriate method of comparison consists in the corresponding birth cohorts of
those affected by Chornobyl accident in young age; for example 10-19 (1967-1976
ot oE k) and 2020 (567-1055 yees of birth). But small size of these cohorts
does not give ties to provide sufficient confidence.

Asto mmpimlve aliion o e et ikl co e roms of -

(Table . ly in female partici-
pants of recovery Gt . 900 1987 b comparison with nallonal data, In 1994-2007
‘observed numbers of cases was 1.5 times higher then the expected one.

Analysis of these figures in inhabitants of contaminated territories and evacuees
proves that n spite of significant increase of the breast cancer incidence rate s values
are lower than national Tevel. It should be stressed that both groups of affected popu-
lation inhabited territories with one of the lowest breast cancer incidence rates before
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the Chornobyl accident. In contrast to that female, participants of recovery works in
1986-1987 lived in regions with high level of morbidity.

Tabe 6.5,
aceident female population of Uraine
poiog | Number ofcases SR

ctobssvetn | obrved | ewects | 0 o
Rosidars of e most_ 19801951 625 120 502 462501
contaminated lriores 1992-2007 863 134 666 621710
PRW, 1986-1967 19341309 64 . 1561 11791943

2002007 162 0 1500 12691781
Evacuses 90197 72 = 580 454126

1992007 16 2 7B 634-861

“Fartcipantsof recovery works

Conclusions
‘The presented long-term observation of epidemiological situation of the breast
cancer in Ukraine has revealed spatial and temporal peculiarities of this pathology.
Stable agglomeration of regions with high, intermediate and low incidence level was
noticed. Dynamics of the breast cancer incidence was characterized by smooth Increase,
Recent years (1991-2008) this increase was less then In 1976-1990. The epidemiological
situation of breast cancer in Ukraine as a whole and in its regions over 20 years after
Chotnobyl accident is steble.

Results of the study suggest that factors responsibie for the forming of the breast
cancer incidence before Chornobyl accident are still predominant i the post accidental
riod.

Among separate groups of afected population (female, participants of recovery
works, evacices and inhabitants of the most radionuclides contaminated areas)significant
(e ol breait concer
in women who participated in actvities related to Chornoby! accident in 1986-1987.
Satuialy signlllcamm rease of this pathology incidence was noted in inhabit-
ans of co areas and evacuees. Nevertheless morbidity in these groups was
lowerten n Uksine a5 a whole.

urgent ring

e Bt st g s a8 AT, CHTRREGARS

breast. Implementation of the more informative analytical methods of the epidemiological

study (cohor, case-control) could give the possibility 1o evaluate the radiation risks of
the breast cancer after iradiation with small doses due to the Chomobyl accident.
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6.4 OTHER SOLID CANCERS

Maligrant mors incluing Ienkemn are the most sigaificant late effects afier
radiation exposure. The main sources for evaluating the risk of malignant neoplasms
ecumence ar stdies n Abomb survivos n Japan (11, on x populdons o radation
exposed due (o nuclear tests [2] and on patients exposed to radiation in medical diag
aosics and dherapeutic procedures. Based on these stdie he ik of ) cancer hes
been evaluated as 10-12% per 1 Sv [2].

de
he typs o exposire i he studies mepioned above because the dose raesore much
Iower and he xposure times much fongr. n e i s aifTrenceth vk o Tl
cancer from exposures due 1o the Chormobyl accident has been estimated to be half as
lage, namely bout 5% per 1 Sv (3. This cstimat being of consderble consequence,

regard (o the assessment of the health impact of the reactor accident and to
ndlznm  protecton pacic n general

its major along term follow-up
b e et e data among the major groups of the affected population
in the Ukraine. These groups are: the Chormobyl accident recovery operation workers
(CRW) who participated in recovery operation works in 1986-1987, the evacuees from
Prypiat town and the 30 km 2one, and the population still living in the territories that
were most heavily contaminated with radionucli
“The present eport summarizes within the regular documentstion of the follow-up
the abservadons i he Uktaine up 0 and incldinthe year 2006. These obseratons
s, but no systematic
i intended, since the data are merely a part — although an important
part — of the total body of observations that will e from all populations affected
by the Chornobyl reactor accident and that is going t0 be the ultimate basis for risk
ssessment by Natonaland Interaconal xpert groups,

Materials and methods
The current tudy has been started to detemine and document the frequency of
i fter the exposure of a the Ukrainian
the Chomnbyl accldenl [4-8].
Goals of the

* 1 collct inormaton sboutallcases o cancer  th s groups of the population;
* fo ceate an electonic daabase containing all cancer cases registered in these

7 el and s demographic data by gender and age srucue i the groups
sffected by the Chormobyl

‘0 fficial data and scientifc pubi
ko by me i groups;

rate in the groups
under study;

+ 1o provide some additional lnlmmmnn that will facilitate furure risk estimates by
national and multinational expert
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The local cancer registry was established in 1987 for residents of the territorles,
that were most heavily contaminated with redionuclides, in order to perform a retrospec-
five (since 1980) and current collection of information on all cancer cases in Lugin
Narodyc, Ourueh disvict of e Ziymye region and the Borodyanks, Ivankiv,
Kyt egion
i ey comnnd n addition,
on ol canges cases i the former Chornobyl disrct curig 1901-1955 was calleced
‘and was included in the database of the local cancer registry. Since 1989 when NCRU
was established a linkage of information with this institution about new cancer cases
registered on contaminated tertitories was being perfor
Since 1999 to 2004 this study was supported within: the frame work of the
French-German Initiaive for Chormoby), Project No 3 “Health effects of the Chornobyl
accident”, Subprojects 3.1.1 “Solid cancer incidence in the most highly contaminated
the Ukraine”, Subproject 3.2.2 “Leukemia incidence in the Zhytomyr and
Kyiv regions of the Ukraine” and 3.1.15 “Thyroid cancer in adolescents and adults in
the most affected teritories of the Ukraine after the Chornobyl accident”.
‘At the time of the accident the total population was 360.7 thousand including 74.4
thousand childenaged 0-14 yoas {6, 10 2007, he population of six districts exclud-
2 the now evacuated Chornobyl distict was 186.8 thousand ncluding 29,0 thousand
idn 191, For
noifications of new cancer cases as well as death certficates) were obtained from all
‘medical institutions where these patients were diagnosed and treated. These documents
were cross-checked (0 eliminate duplicates and were then entered into the final data
base. Total 21671 new cases of cancer were registered in 19802007 (Table 6:9).

Table 6.9. ¥

Vears | Popuation s at e start

et e s car
Papuation oftolwup | offllow v (Bousang) o

T of thoforlries oSt 1980-2007 1986
ily contaminated with ationy- icudng 44 hiron
citss
(@tytomy iy 250 iron
gy, o, O s
v region:
voyanka, Ghomobyl, aniiv,
Paliske disticts)
Evacess fom Prypiat town 9902007 1990 — 802 1990-2007 — 2718
and 30 km zone 2007 — 53,
Chormoby aceident racovery cpera-  1994-2007 1694 — 846 19992007 — 7190
tion workers 1986-1887 years of 2007 — 1034

participation mm-m, Dnipropetro-
ek, Lugansk regions
and Kyiv city)
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‘The data ol the State Registry of Ukraine on Chomobyl victims were used to

investigate the cancer incidence among CRW in 19861987 and among evacuees. The
1566 1997 daa [nr ChW relae (02 group tht counted 1034 housand ersos n 2007,
‘namely those: Kharkv, Kyis

ond i Ky cty. The evaces from Prypiat e 30 ko 20ne, who resettled in the

validated diagnosis were eliminated. During 1994-2007
7190 new cases were ug.smd ‘among CRW and 2718 cases among evacuees within
1990-2007 (7, ). The analysi
apileiolcay: ket af et ge-speel e g syt nchanes et
sandard rorsand cofidence nervai. The sirucure of word ppulation was sed 5

tandard. For - SIR)
he agespecic cance incknce retes of Ukraion population in 1998 were used. To
reveal possible tendencies, linear regression coefficients were calculated.

Collective and indivi

the basis of
three National reports (1996, 2001 and 2006) [10-12] and of general dosimetry-passport
data of setl ith i were

analyzed as well. These matters are summarized in Table 6.10.
he increase of the total number of CRW and evacuees during the observed period
needs explanation. The source of these data is the SRU established in 1986. During
the reported time the activity of its local agencies improved with regard to a more
comprehensive registration of all victims, which may have resulted in an extension of
registered groups.
il 610, Etmle colectheand svrage e cpta o eqsint 01 s rous e
Ulainian population

R T =

‘Recovery operalion workers 19861987 141 000 22916 1627
1985 o 18130 185
1987 43000 4816 112

Eacines o Pyl 91406 2600 308

Goom: .

e of 0 most 1685-2005 164 625 3842 £

highly contaminated areas*

National Report per capita effective dose
varied between 100 and 200 mSv for CRW in 1986 and between 50-100 mSv for CRW.
in 1987. For the evacuated former residents of Prypiat town the average external dose
was evaluated as 10-12 mS+, in evacues from Chomoby! it was 20 mS+, n evacuees
from seulemerts of the 30-km zone 1t was 20-30 mS. The estimate of the evacu

corpo-
rated radioactivity. According to the National Rej [2006) (1) esdents of th most
contaminated territories obtained an average individual effective dose of 22.4 mSv.
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the C|
thyroid, .m .mmimgly, no nlmm information on thyroid doses (due to radioactive
dine) has d for

a minimum of 68 mGy [
a maximu of 2,671 mGy b various settlements of the study districts [12].

taliin] dose as T mCy: L gy the strong dependence of the mean thyroid

me of the acci
the average lhym(d dose i 52 mGy, i the age group 16+ I was 184 mGy [13).
Resulting data
the general
demographic and epidemiological situation in the Ukraine (Table 6.1, 6.12).
Table .11, Average Westem Euro-
pean popuation
Ve Fonais
et i Wesion b
7990 655 728 749 794
2001 60 52 78 14
2006 615 780 74 80

S Sshenko, 2001, 2009; L0 Kuril, 2007)

In contrast 1o the West European countries where the average life expectancy
continues to increase, there s a decrease of this index in the Ukraine during 1990-2006,
which amounts to 6.3% in males and 2.0% in females. Therefore in Ukrainian popula-
tion (especially n male) due to shortening average life expectancy could be expected
decrease of number of cancer cases because probability to atain most vulnerable age
o cancer i diminished. In this connection special attention needs to be paid to the time
wrend of the rate of cancers of all sites and to the rates of specific cancer types in the
Uloscamd contaminated regions.

ime trends for the Ukraine are indicated in Table 6.12. For male unil 1992
increase oot g sandadied caner ncdence e wes soted wih rqmsslnn con

L phors 21). For e b 19752002 regression cneffclen s a030. In e
next period of time (1993-2006) this increase was not so sigaificant (only 0.8540.08).
“This may seem to be related 10 the decline in economic — industrial and agricultural

ities and the resulting reduction of environmental pollution with toxic and carci-
inces, but in actuality the time scale appears 1o be too short for such an
assoclation becorme visible.

Particularly notable among the specific forms of cancer is the continued increase
of incidence rates of cancer of oropharyngeal cavity, rectum, female breast, prostate,
urinary bladder, kidney, and thyroid. For cancer of oesophagus, laryns, trachea, bron-
chus,and lumganincrease ws bserved i 1992 subsequently thete was a decrease.

a continued decrease
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ing the entire period of observation. The skin cancer incidence rate remained constant
throughout the period of observation.

Tablo 6.2 i
178 10%year)
o T
mem 2 =T
o chsnato | couien o | chtsnalon | coutien pom
761097 448:031 _ 1976-1097 188508
A cancars 00097 ogn-a007 1682015 1993-2007_094:008
¥ i 0312001 1976-2007 _003:0007
Orogharyngeacavy _GO1-C14_1076-2007 0315002 19762007 00462 0005
Tor6 19920 i ~0.005:0.007
3 Esoghaius 15 THovao0r -0.11s001 oga-200 00220008
T Sionaen TI6 10762007 057007 1976-2007 029001
5 oo 1810062007 0.16:004 1968-2007 _0.17:002
Tlacto Sgmad uncion_C19-CZ1_1976-2007 T976-2007 00652001
a—— PR T ) o702 015
1993-2007 ~0,15:001 _1993-2007 ~0.003:0019
T T o, o, W08 iz oot
ung 9952007 —1,60:008 1993-2007 _-0.15:001
T Siin G w0y 15500 Toor 2001 00
10 st G50 1aro-2007 arb-2007
053 P TR YT
1 Gonvi ter = oo 05002
arpus vt =] — om0 oze00d
ostte o osez
Giney oot tos9-2007
inary baddsr 719892007
in Ty
7 Thyold G
8 Leukomia and ym- mwm
L Gat-g95 r o8

‘The ra

of cervical cancer behaved quite differently. Until 1991 this pamolngy
but since 1991 there

in the young age groups.
e cancer cidence e n he populaon sl esidere

the mst heavly con-

for Kyiv, the Zhytomyr regions ) lhv e i During 1900-2000 e eoncer

shat lower than in the compa
5o regions. In the same period, e e wends of cnce ncdenc e wre s
in i compared temitories: the annual standardized incidence rates showed a gradually
increasing rend. However, since 1993 some decrease of the rates is observed i all com-
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. There is no
smnﬁum dll'ennce between
efficients.

dardized incideace ratios (SIR)
in different groups of the affect-
ed population (Table 6.13) sug-
| gests no suistically sigaifcanc
i

o 0000 o
E
., 5 i
8
)
28
I

excess against the national leve,
both for the evacuees and the

e e 1 s e o o 0 e
et s e oK oo o8
o815 G s e 0% s Wi e
eauly cotaninaed W radonct- ° .

1580208 R o Ui 150015 — the Chornobyl accident, certain
2172035 10032005 (067) 015 Kyvroion types of malignant wmors are

508 oo 1) 7 oy o v-unn -mm of particular interest, because

— 350055 1085 2000 earlier studies have esiablshed a
‘ o Tosg e (609

tories — 1980-19%2 =& R clear linkage 1o radiation. These.

are, especialy, leukemia, thyroid cancer, breast cancer, lung cancer, stomach cancer,

colon cancer and ovary cancer:

Table 6.13. cancer (Code. W ai-

— Womver olcees | sh =
G009 f observaton s ime poriod 'T,,_‘ ngeciea | (%)_| contgeace el

Resiants of contaminaied win (adionucioes

teritories (male + fomais]

1990-2007 78 4783 774 749199
Thorolylaccdent ecavery operallon wakers,

1985-1987 years of partcigation (males)

1994-2007 71906649
Evacuees from Prypat and 30 km 20n0

(males + fomales)

081 10561106

1990-2007 7183w 819 789850
dies of leukemia incidence rate indicator
influence of radiation in i ith
dionuclid “The study was performed in frame of French. homobyl
i g 1999-2004 Kyivand e regions which includes

dionuclides teritories. Observed period
tack of ndlauon induced excess of leukemia incidence in studied territories.

slow increase of leukemia incidence rate over time with small fluc-
stons i separats yeas i the reglons under sud, Differenees with nanonzl level
of incidence rate and time trends are insignificant. This tendency is characteristic for
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both genders, males and females separately. Analogical results were obtained by in
‘contaminated terrtories of Chernihiv and Suy regions. This does not contradict the
current radiobiological knowledge that cancer can be caused by fonizing radiation but
reflects the fact such a possible increase on the population level is so small that it is
not statstically detectable.

Conclusions
e sty ofcacer ncldence o the mlor art fthe pogulaton afected by e
Choraabyl scident (CRW of 1966-1987; evscuees from Prypia own and the

population stillliving in the territories most heavily commoted i
mhonnclldes) Y proded haacerstc ends The s cancer ncidece e were
CRW, many of

g
in ecovery operation works in 19561957,
“The comparatively small number of cases of specific types of cancer and the dif-
ficulty to assess the influence of migration make it advisable to extend the monitoring
beyond the contaminated areas. Special attention needs to be given to regions with a
large and stable fraction of persons who were relocated from the contaminated zone.
‘These problems need to be solved with assistance of the SRU and with linka
10 the NCRU and regional registers. The documentation of dosimetric information will
3 S, o g Ao 5 SENE o sl mprave st s
of the risk of radiation induced malignancies in the light of the observations after the
reactor accident.
Because the latency of radiation induced cancers varies and can extend to very
Long periods, special attention should be given not only to thyroid, breast cas d
Teukemia, but also to cancers of lung, stomach, colon, ovary, bladder and liver, and to
multiple myeloma.
Presenied data suggestthe necesity of epdemiologial monioring of cncer and
oncention of w0l or
. That wil give pnsslblllly T evaor oo ks oo e s,
Finaly, he needs of parieuls Intees consist I he follow-up o he 5¢ roops
of those who were young at " Lme of th resctor catastrophe, i.e. the persons who
were exposed to radiation in utero, in childhood or as adolescents.
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6.5 MOLECULAR MECHANISMS OF THE MALIGNANT
TRANSFORMATION IN THE URINARY TRACT EPITHELIUM,
INFLUENCED BY CHRONIC LONG TERM LOW DOSE IONIZING
RADIATION EXPOSURE

1 “Institute of Urology, National Academy of Medical Sciences of Ukraine”(1U),
had accumulated

methods for studies at the area of diagnostics, lassfications, prophylactic measures and
treatment of bladder cancer, renal-cell carcinoma, prostate cancer and testicular tumours
e the several years be[om the Clumwbyl accident n Uicaine, The paumgenes.s as

sl mvesllga ed

in many articies, 7 monographs and some manuls that became a good background as

well as they became the control groups for the investigations at the area of the new
molecular peculiarities of the carcinogenesis after the Chornobyl accident.

Effcts of chranic lon term low dose ionizing radiation on the renal-cell
carcinoma a

Over the Lust 20 years we had investigated pattems of the renal-cell carcinomas
(RCC), renal oncocytomas and peritumoral renal tissue collected from Ukrainian pa-
tients with different exposure to jonizing radiation. The epidemiological, histological,
immunohistochemical and molecular methods were applied. The immunohistochemical
study and molecular genetic analysis were performed in the Department of Pathology,
Medical School of Valencia University, Spain (Professor and Chairmen Dr. Antonio
Llombart Bosch). We thank Luisa Morell-Quadreny, M.D. Ph.D, Jose Antonyo Lopez-
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Guerrero Ph.D., Antonio Pellin, Ph.D. and Andriy Yurakh M.D. for their kind assistance
in our study.

Epidemiology of renal cancer in Ukraine after the Ghornoby! accident,

‘The epidemiological study showed the increasing number of patients with the

renal tumors in adul:s during the period of 1986-2009
increased from 4.7 o 10.6 per 100,000 of total population in Ukraine (from 6.0 t0 13.6
per 100,000 of the males and from 3.6 to 8.1 per 100,000 of the female population)
[1]. Seventeen years of intemal exposure to 137Cs at low doses, which were constantly
conceraed and liminatd by Widneysof sho 10 100 dwellers of the radiation con-
minated areas of Ukraine as well as Kyiv (over 31-10° people), could possibly influence
e incldence of Gioey tunars in Ulain. The imenal exposur s the most dnger
ous,
Ciminaed trough idneys and 90% of th more labile ool f 17Ca 15 xcrted va
urine [2]

Radiometric measurement of 137Cs was conducted using a Standard Y-Radiometer
RUB.01 (Uktaine) with arin collected ove 24 hors from &l e of groupe 11
before surgery was perfomed. Sigificant rlaion of 1¥Cs uine levels with kot

confirmed. Furthermore, apart from ndmnuchdes. the synergetic effect o Iy
the different chemical factors including potentially carcinogenic substances took place
at the contaminated teritories of Ukraine. The levels of the chemicals contamination in
Ukraine is 6.5 times higher than in USA, and 3,2 times higher than in Europe.

Pathology and proliferative activity of RCCs in Ukrainian patients with

different radiation exposure.

An investigation of the histological and prevalence patterns of RCCs as well as
whular nuclear atypia and carcinoma in siu (C1S) of peritumoral kidney tissue in asso-

ciation with groups of patients
wih RCCen Ui, which represeed varymg degree of el exponire o -
tion and who were operated in 2 and 1997-1999)

ornobgt aciden, The conrol f with RCCs was

selected in Valencia (Spaia) for the present study. Three hundred forly-elght patients

from Ukraine and Spain underwent radical nephrectomy due to RCC without previous

treatment; 236 patients from Ukraine underwent surgery i the IU and were divided as

RS 1 1o ¥, acorsing 10 the ey ruion Conammalio 40 o of oo

sure. The Spanish group included 112 patients who underwent surgery in the University

Cline, Hospial of Valenca, thus rptesenting conol group V1. Charateiis of al
nts are summarized in Table 6.

In all cases surgical spu:lmens were revised with tumoral size as a variable for
study. RCCs were classified in accordance with the clinical and histological criteria
defined by the Heidelberg UICC classification.

TNM stage and pathological features of RCCs and peritumoral kidney tissues in
me different groups are summarized in Table 6.15 , Mean and standard deviation of

imoral size was 7.7 and 4.9 cm, respectively, for the Ukrainian groups, and 8.6 and 4.4
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respectively, for the Spanish group, without significant differences. Comparative
:mlySIS between all Ukrainian and Spanish groups showed more frequent ncdences
o in Ukrainian that depended
predominantly on groups 1 and 1. Analysi of satscal relaions benween different
groups showed that the distributions by grade in group I and the Spanish g
simila, and tumors o both these groups were sigificanly more ifferendated than
those of groups 11, 11, IV and V.
Table .14, Patient characterstis

o ] T w T w v T

7 = P P PR B e 1!
Quanily ol pavents 30 27 30 25 4 28 01 3 2 16 7
Median age (rnge) 55 (27-79) 56 (34-75) 55 (18-77) 51 (27-75) 53 (41-75) 57 (26-77)
Yearsofsurgery  1993-1999 1993-1996 19971999 1993-1095 1997-1999 1975-1989
Levels of soll orta- ot con- ot con-
mialon (Gt minateg 0% 055 890880
05049

Table 15 Idees of
ey tssues n diferent groups of

7 Y T e W se———
mwmn-\-\mru msr‘mw-mq“mtﬁﬁ

1 palioogcl fesures oftesso arianas and perlumora

:
T way T T TR
Wwcewriazsemm N wiaw
Saesmuiiosany B 5iaw
TS 11— 2 ¢ w19
06 - 186 118 40ER 10 062y
BB 4T3 3NN A N@ 18 1o~
Retzom  gezags  LoB8 £of4 - WG

0005 p000I___petdd

o el 2 oty 3 chromcphobe ¢ calctg et 5 oncocyons
1t s 2 G 3 oo 4 = o e

It is interesting that RCCs from Ukraine presented more frequendly srenarld
changes with significant differences, compared with the Spanish group. The hi
of sarcomatod changes was see in groups 1, 1V and V, wihsignfcant diffrences in
groups I and I1. Nevertheless, groups 1 and II also showed differences in sarcomatoid
changes withth Spanish group (= 49; p<0.05). eritumoral inflammatory response
of Ukrainian RCCs
dlfl!mn(ﬂ i sl Ukl groops (-xc!pl group 11
medullar and cortical wbular nuclear atypia and CIS demonstrated
sly\mcanl differences bevweenthe Uktinin and Spa . Moreover, predomi-
nantly medullar nuclear atypia of collecting ducts occurred more frequendy in groups
101, 1V and V, being less frequent and of low grade in groups I and IL. Similarly, areas
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of CIS were deected more requenly in groups 11 and , wih sinificant differences
against the other g

radiaion ke eions, predominantly of medullar and less cortical peritumoral
s, were deteted nly and i all Uktalnian groups (Tabe 19.2). Micoscapically
they appeared in cortex patters of radiation sclerosing, proiferative  aypical nphrop-

twbular dege'neﬂunn and nectoss with glomenlar changes, simulating membranous
nephrapathy, were detcied, Large areasof pyknoic epitelal els i collecing ducs

chment, degenerali with
dmlnpmem of widened enlarged 100ps that were already e empty, resembling
“cheese holes”, were seen in medulla. i |mponam 10 note that the above mentioned
iradiatlon nephropathy was more freque ps 111 and V' than in other Ukrainian
groups, with significant differences.

Moleekr pahogeneis of renalcel carcnomas in Ueaine
er the Ommabyl acci
ws the tumour suppression genes (and coded proteins) alteration
ssncont i i level oxidative sress mvkers n amorand peritumoral tisse
which was caused by the influence of chronic low doses radiation. As it is known, the
expression of pI6™NKA gene is activated by oncogenic stress, whereas the expression
of pI5INK4 gene is related to the negative growth factor, transforming growth factor-
mor suppresot actviy of IS and pISRID s ansihred 1
biochemical ability to bind both cyclin-dependent kinase (CDK) 4 and 6, thus inhibit-
Ing the catalytic activiy of the CDK4-6/cyclin D enzyme complex required for retino-
blastoma protein {91 phosohorlaon and cellcycle progrsson. The resul s thac
both p16™K4A and pISINK4S prevent E2F-dependent transcription, blocking cell-cycle
rogrsson pathey andthe GUS resviton pon.
ecently, accumlated evidence indicated a close link between 5'CpG island
methylation in ional block of pi
41 INCaA by i ho
andneck sauamous cell carcnoma b also ;em..smud 3 igh evel nl  nactivaion
with s immu-
nuhxsmchemlca.lly ndicated 51 Numerous adiona stdie bave nevw s e
importance of pI6™<4A methylation as a major mechanism of carcinogenesis in many
different |umms in human [6].

‘We try to determine whether there s any manifestation of seldalve e e
ated with SIS g pIGKIA genes alteration in renal cell carcinomas from patients
continuously exposed (0 low doses of fonsing adiaion n concldion ih| Imls of
fonizing radiation exposure, TNM stage and histological features of these tm
groups of the Ukcainan RCCs with varying egres of exposure 1o 1% were selected
for comparison.

‘molecular analysis revealed no homozygous deletions of the p16™NKéA
‘and p15™K4 genes in any sample. However, aberrant hypermethylation of the 5'CpG
istands in the promoter region of these genes was observed in seven (325%) and five
(23%) cases for the pISINKéA and pISNK4B genes, respectively. A higher incidence of
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cases with S igh-grade tmors, Theee
s

nnml gk oaldnumas) phitet iy hyp(mmhylanon of holh genes. A

roportion of cases with hypermethylation of the promotet region of the p16™<4A

‘gene were observed in twmors with CIS and cellular i i s nd el

Tar collecting ducts of peritumoral kidney, particularly in undifferentiated tumors with

sizes of more than 7 cm, all corresponding to patients from the radiation contaminated

reas. No association between any of these parameters and hypermethylation of the
PISIEID gone s oen found.

‘Thus, we have documented for the first time that RCCs from patients living in
el coanlul s of the Uksine showed sberan bypemetylton of
PIGINKAA, and fewer p15™K4® genes with immunohistochemically decreased expres-
Hon of procins, asodiated with dramatcally Incressed expression of yelooxygenise
2 (COX2), accompanied by the high incidence of radiation nephropathy in peritumoral
tissues. This data confirmed that p16™K4/pRb pathway was damaged by oxidative
stres durin chronic long e low dosesradiaion exposre thtleads o atvaton of

rogression and (0 the development of the more aggressive tw

‘The complex study of the molecuar alteration of these tumor s

CAA/ARF ) MAPK sl satsiic-
ion pathway's marker pI3APICprotein, aleraions o pS3 tumor suppressor gene and
genetic amplification of the cyclin DI, mdm in association i the imnohistchoml-
S i epruion o e s e 1 the same samples of 26 primary renal-cell

pithel rs and peritumoral kidney tissues from patients with different radiation
Sebose st e ClomubyFaceie Ukraine resulted to unique date.

Formalin fixed paraffin embedded 112 tisse blocks (approximately, 4 blocks per
each case) " o el hom 20 patients with RCETs (including the peritumoral
kidney tissue), who underwent surgery at the Institute of Urology in Kyiv (Ukraine)
were investigated. The control group I of patients from so called “clean® area (without
indicated radiocontamination), group I — from the less contaminated city of Kyiv;
and group I patients were from heavily contaminated areas. Al patients resided in
same areas during pre — and post — Chornobyl accident periods. Radiometric mea-
surement of 19Cs was conducted with urine collected over 24 hours from all patients
before surgery.

P53 proteln nuclear overexpression occurred in 3 (13%) conventional RCCs with

10% and <50% of stained nuclel and in 4 (18%) from 26 cases (one papillary-, one-
Bellini and two conventional RCCs) with less than 10% of stained nuclei predominantly
from grouge I and 1. RCGe rom il containatedsreas expressed higher quan-
tities of p14ARF protein, in relation to tum e egions. There s diet
el beween pLARRY protinand mdm expresion In RCCs from groups -1 with
the increased overexpression of p14ARF and mdm2 in adiion conaraned areas, as-
sociated with wild type p53 protein (negative staining).

Proliferative activity showed differences between groups with Ki6? stained nuclei
and was the highest in groups I and IIL. Relationship between Ki67 im ini
and histological variables demonstrated the increase of mean values of posi
high grade RCCs, with significant differences.
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Regular homogenous or granular p38 MAPK cytoplasmic immunostaining in
RCCs was detected in 100% and 78% of cases from groups 11 and Il respectively.
RCCs from radiation contaminated areas showed the highest frequency of pld!
gene hypermethylation and strongest intensity of p3BMAPK overexpression (p=0.003)
o compare with RCCs from group I. Furthermore, p16WK4A protein immunostaining
showed irregular tendency in reltion to groups. Direct relation was presented between
increased Dl of p3BMAPK
in tumors from groups 1T and I1l. Moreover, relation between low ot negative pI6/NK?A
proteln expression in many cases of RCCs and cyclin DI nuclear overexpression in
the same rumors from groups 1 nd [, accomparied by bypermethylaton o the
5'CpG islands in the promoter region of pIGK4A gene in 10% of these tumors could
be detected. Interestingly, hypermethylation of pxswm and pI4ARF genes was never
observed in the same samples. Hypermethylation of the promoter region of the p14ARF
and pI6WK4A genes occurred eventually in peritumoral kidney tissues, predominantly
in cortex with cellular atypi

Tl sy vestoeus o S odlng o aepeifc o o INRAGIARE hurms

e 9p21 in primary human RCETs and peritumoral kidney tissues from
paum.s S chonicall exposed 1 1w dost of IR, as they ived i the raiation comtami-
nated areas of Ukraine. The present radiometric study confirmed significant increase
of s in one-day urine of thse paien, s th long-term radison exposure "ot the
Kidney tissue could be easily supposed. There was no dose-response relationship in B
7ange 2-12 Gy, suggeting hat an insabily phenonype may b induced by quite
radiation

our sudy has documented that RCC from patients l(vlng In the sadition o
R and pI6INIA
genes P ey Dl proeins el Mmm PpLAARE
promoter hypermethylation occurs independently of the pIG™NK“A methylation status,
but in relation to the pS3 stable status, following by increased levels of nuclear mdm2
and pLAARF el nhe same e o e o of RCCs pl6™NK4 promoter hy-

was. pl4 n Tzt
Common stuslon was the Simulianeous hsmct of methylaiion in both promoters,
after this, the two possible scenarios (pI6INK4A methylated alone, p14ARF mexhyla(ed
alone) were similarly represented. These data suggest the existence of multiple levels
of “cross-talk” between the pI6™<4V/pRb and pI4ARF/pS3 pathways in RCCs.

‘We found sigaficant relation between strong immunostaining against p3BMAPK
ind RCCs of rdiaon comarinated aras, Consaniy cevaed p38MAPK acivaton
leads to constitutive elevation of nuclear factor — kappa B (tzanscription factor) re-
sponse elemen( lxansa:nvalmn in the malignant phenotype and furthermore, malignant

ot Study, which use tissue microarray technique, fnclude 56 Ukrainian
patients with RCCs including 18 patients living in “clean” Ukrainian regions in control
roup and 41 paten vingin conaminate regins of Ukrame The simla groupof 18

St fiese it exprssmn p the apoptosis. pmmom TSAX and deah ecepor
R-5 in cytoplasm and cell membrane of tumour cells were detected. The same cells
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show reduced expression of apoptosis inhibitors Bel-2 and Bel-x combining with hig!
expression of p6S and p50 subunits of nuclear transcription factor NF-KB. Our ﬁndmgs
indicate that long:term low dose radiation exposure initates the apoptosis regulation
system alteration, thereby resulting to tumour progression and apoptosis resistance of
tumour cell.

Conclusions:

Sigaificant increase of RCCs incidence in “contaminated” by radionuclides re-
gions (CRR) of Ukraine combined with changing of tumrs biological features gives

presence of ecological Ukalne afer the Chornobyl
accident. Increase of proliferative activity and aggressivity accompanied by hyperex-
rssion of K.ras and PCNA In RCCs, especally in patients from CRR associated with
chronic radiation nephropathy in peritumoral tissue are correlated with the duration of
radiation exposure and confirms the influence of chronic and persistent radiation expo-
sure on renal carcinogenesis.

“The new histological form of nephropathy — radiation sclerosing proliferative
atypical nephropathy, which was occured in association with the areas of epithelial
nuclear atypia and CIS in patient living in CRR, was defined. Persistent oxidative stress
inducted by ong-em influnce of ow dos inizing radiation exposure on renal cell
of intracellular signal
system, a«ompamed by et o pxs'NK'A/ps;v pathway, plays a sigificant role
e isgion

in peritumoral renal
by GI- s el el egaon disorders and romt he devlopment of precancerous
Tesions in kidney as well as the progression of RCCs. Molecular promoters and inhibi-
(o of apoptosi ae the trget for th Iong-ten low-dose fonizing,radiatlo exposure
in renal-cell carcinogenesis.

Urinary Bladder Lesions Induced by Persistent Chronic Low-dose lonizing,
Radiation (R)

Urinary bladder lesions in mal&pinems wilh benign prosate Iyperpls BPH)
m 1993 until
7007, Maltiple mapping biopsie of the bladder rothelium (lm‘ludmg areas of blad-
er neck and both ureter orifices) were obtained from every patient. Furthermore, the
bistological and immunohistochemical studies were performed in collaboration with
the Department of Pathology in the Uppsala Medical University, Sweden (Professor
& Chaiman Dr. Ktster Busch) in 19531994, i colaboation with the Department
of Pathology of the Innsbruck Medical U sl (oofesoe & Chatonn 0
Gregor Mikuz) in 1995-1996. Hismlog!cal and amonchistochemical study
nied by molecular biology were performed from 1996 uniil 2007 in collaboration aion it
the Department of Pathology (Professor & Chairman Dr. Shoji Fukushima), Osaka City
University Medical Schoof in Japan.

‘We thank professor Shoji Fukushima, Anna Kakehashi Ph.D,, Keichirou Morimura
M.D, Ph.D., Hideki Wannibuchi Ph.D., Min Wei M.D., Wiadimir Vinnichenko M.D.,
Andriy Yurakh M.D., Ph.D. for their kind assistance in our study.
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Chornobyl eystitis
‘We have documented for the first time that chronic long-term, low-dose IR in parts
o he ez e develotoend f o ey i oy bl e
induced chronic proliferative atypical cystits o so-called Chornabyl cystitis
(9] “Thi s chrscreied by multiple areas of dysplasia and CIS of the urinary biadder
urothelium i i
angiogenesis without a marked inflammatory reaction in the propria mucosa
incidences of urinary bladder dysplasias and carcinomas in 164 patients living
in 5-30 Cirkm? (group 1), 0.5-5 Cifkm? (group 2) soil contamination areas or non-con-
taminated areas (group 3) are summarized in Table 6.16 . Urinary bladder epithelium
biopsied from 131 male patients with BPH from groups 1 and 2 demonstrated multiple
s ot dysitsa wih svg bl sl uch et ve.celdrgleox
hism and nuclear hyperchromism, frequently combined with increased thickness
of ol epthelturs, Foct of dysplzsla were avserved in 7% and 834 of cases i
groups 1.and 2, respectively, and multiple areas of CIS with neoplastic changes of ro-
thelium that frequendy involved von Brunn’s nests or cystits cystica were detected in
73% and 64%. Nine small papillary ot invasive transitional cell carcinomas (pTa-pT1)
were also incidentally found in individuals from radiation contaminated areas.

Table 6.16. Icidence of urnary bladder dysplasias and carcinomas

roups| ninaion ) | N0 | Ot

T 530 78 710 538 )

2 055 58 48(BY)° 37(64) 34 (59)° 3(5)
3 Non-contaminated B sEnt o 0 00

Mg dplsia.

Addmmally, all s I groups 1 and 2 ehiited prlieratve s, i, vou

Brunn’s nest ystica and squamous and glandular metaplasia, which were fre-
had mared than simpl
inflammaion. Large areas of sclerosi of connective tissue in amina propia with lss

prominent inflammatory cellular infilration of lymphocytes, histiocytes and plasma cells
were typical. Among these lesions, definite new vascularization, somstioes it e de-
velopment of angiomatoid-ike vessels ull of erythrocytes and hemorrhage, was detected
in 629%, 539% and 6% of groups 1, 2 and 3, respectively. Endothelial proliferation of new
imcro-vesels In aminn popra wes markedly incrensed In 46% ond 345 of cases n
groups 1and 2, u all 1 ective
tissue with some mﬂlmmalory infltration and Iarge areas of hypervascularization and
patchy hemorrhage were detected in lamina propria. Patterns of chronic cystitis without
proliferative changes but with clear cell urothelium and marked inflammatory cellular
ration in lamina propria were found in patients of group 3. However, hypervascu-

jon dose our patients
received. However, we obtained results of 1¥%Cs measurement in daily urine of the same
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patients with BPH in groups 1 and 2; the values are summarized in Table 6.17 . Signifi-
cant elevation of 1¥7Cs levels was found in patients from group 1 (6.47 Ba/L) and to a
Lesser extent in patients from group 2 (1.23 Bq/L), as compared with group 3 patients
(0.29 BqL). Our radiometric stady showed significant increase of 1%°Cs in urine of -
tets fom grous 1 and 2, whosulfced fom BRT ad presuay iy esntn

5o that

ave been high.
nale ptients wih BT could e he group with the highest kol Chormotyl cysllns
Our female patients with symptoms of chronic cystits from groups 1 and 2, who w
‘without urinary retention but with increased 137Cs in urlne, also demonstrated the same
i i ‘These

data strongly suggest the same pathway for development of urinary bladder lesions in
male and female patients dependent on long-term exposure to low-dose

Table 6.17. 1Cs levels n urine of patieats

Groups
ndiss < : 5

Tumber o patierts 5 2

Soll contamination levels (Ckm?)* 530 055 non-contaminated

7G5 lovels i urine (Bo/L. MeantSD) 64741430 123410 0294003

P fom R e 21 cusoms o Beferrces undo of

(Seetype sepora raing ).

B7Cs levels in urine of patien
However, synrgisic fects o other ecological hazards (chemical pollution and
Ukraine, which n ecologcl dssterares,

s v o b ukzn into consideration. The economic and ructures
poor, and the. of the Utnainian popultion sl s getog o oo o el it
Tegeiable gardens (wihout any ecologicl contl). Therefore, our patents (many of

affected by various hazards, The critial role of the Chornobyl plisenty (involving long-
lived 137Cs and possibly many other radionuclides, which were not taken into account
i aur ) s eviden o the ack ofsuh spcific aiolgical lesins analogous.
patients from Sweden and Austi

T sho e nnc it e sectpon. o sl S ot ity
on the urinary bladder do not coincide with the pathogenesis of human urinary bladder
iy aher g e, dose exposure s i ot abrve rescive pihelal

Lo el g chzngﬂ scondary o bigh s ot T

Pathogenesis of Chornobyl cystitis

Cell cycle regulation.

Cell cycle check points function to maintain genetic stability by providing addi-
tional time for repair of DNA damage and completion of events that are necessary for
accurate cell division. Some check points, such as the DNA damage G1 check point
are dependent on p53, whereas others, such as the decatenation G2 check point, are ot
[10]. The molecular, genetic and cellular changes that occur in urothelial carcinomas
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are numerous and include loss of cell growth regulation. Several genetlc alterations in
bladder cancer have been linked with inactivation of tumor-suppressor genes [10]. In
bladder urothelial carcinomas, one of the most frequently inactivated tumor-suppressor
genes s the p53 gene. Genellc alterations in pS3 occur in ~50% of bladder carcino-
‘mas and are associated with high-stage and high-grade urothelial lesions [11]. Spruck

non-papillary invasive lesions but occurring late in papillary urothelial
carcinomas [12]. Thus, ezrly GO 61 750 USRS n LA DT AR
lesions (Chornobyl cystitis) ik be slmngly pl!dmlvz of future urinary bladder cancer,
especially of the non-papil 13).

Bt it stuis i pmhlerinve activity and possible genetic
Snsability, with over xpresion of 53, robferaing ol nuctea anigen, (PCNA)and
mdm2 in the bladder urothelium of exposed individuals with Chornobyl cystits (14).
The staining intensities of 53, PCNA, p21WAFLC! and cyclin D1 were directly cor-
related with levels of radiation exposure and amounts of 147Cs excreted in the urine by
patients of groups 1 and 2. The patients from ‘clean’ (not radiation contaminated) areas
of Ukraine had sigaificantly lower values for all parameters investigated [15],
repair of DNA. ical carcinogens.
“The 33 protein expression in nuclei of bladder ol in bt dation onm:
nated groups 1 and 2 thus likely represents wild-type p53 accumulation in respanse to
DAB caage, Tis specdaion s mppoes by et Incrntes of ECSA, ey D1

S TR o e a3 S8 AU, WRIE, S e SRR Pt
sible involvement of FCNA, cyeln D1 and p2 WAFIEMI o only i DNA. synthess
n repair. An altemative explanation for the strong p53 protein
urothelium with Chornoby] cystitis is that it reflects mutations

wiin p5a gene.
el ity WA gt W i sy s Gl
sttiaion o e p53 gene by polymerase chain re: irand cont

lymorpism (PCR.SSCP) anaryss. In adiion,urine sedlments otected over e
Sals e exarmined by PCR-SSLP and ssays ofthe iy of human pE3 10 acvate
transcription n yeast [13). Because human p53 cDNA polymerase chain reaction prod-
13 can be cloned dirctly o th repoter Josswoin by haclogos ecoitation
pos st colonies
soaily efecrs themrane pSJ 'SRNA ot of o Savig s, Tosrte,
the assay can detect mutant p53 in a minor fraction of cell clones such as those in
sefiments. Mutatoua) analyss o the 53 gen n DNA exracid romthe wotelin
of patients living in radiation contaminated areas of Ukraine revealed 9 of 17 cases
G586 G f 5t s i e o sepecitd saples L3, Tt
frequency is similar to values described for human high-grade, invasive urinary bladder
cancers [12]). Although base deletions or insertions of the p53 gene have been found
In  cean proporion of uman winary bladder carcnas (16, il 153 tations

idenifid in his study were singlebase striking feature
e o .G 10 A o mtaons o 'CpG dimacentides, echly
in cdons 156, 245 ond 245, Alhough I has ben reporied t caus 3 varey of ypes
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of DNA damage including single- and double-strand breaks and cross-linking, direct
in vivo evidence of radiation-induced base-pair substitutions is lacking. Thus, the un-
derlying mechanism might be different from that responsible for the specific mutations
observed in this study. In human urinary bladder carcinomas, no specific substitution
pattern for the pS3 gene has hitherto been described, and there has been no pointer
1 any specific mutagen [16]. On the other hand, mutational analysis of schistosomal
urlnary bladder carcinomas (endemic in Egypt) gave results that are consistent with
ou idings; namely, high proporion of base-ai changesat CpG dinuceotdes (18

of 34; 53%). Chronic urinary infection with Schistosoma hematobium is a significant
etologcal actor n schisosomal riarybadder carcnomas. Charmobyl cystis vas a
e

 choni e andcons i been production of
e oxide (NO) during oflammatory processes playlnx e 7). e been shown

Sine 171 In adiion, cndogenuni tronion ot urinary Nonitroso :nmnmmds leads to
OF-alkylguanine formation and G:C to A:T transitions [17].

o patints of ine with pS3 mutations proved (o bave mulpe 53 muatons
in the urinary bla ‘with the report by Spruck et al. [12) and Goto et al. [18).
Diffecent p53 rtatansn mdependam urothelial lesions (case 16) or in metachronous
samples (case 17) indicate insult may
transformation events in a Iarge eldof urathelum, s demonstned prviously o sa
animal model. The frequent (9 of 17 cases, 53%) p53 mutations of altered urinary blad-
de plbelum Inpains with Chomabyt eyl suggest that preclction of ducion
of wnary bladder careooms oay be

eing th cell yce cralion mgulannn, itis necessary to note that activa-

on of cyclin D and p21 AT occurs i response 10 scivton of wil type p53.
It can be speculated o longterm expoeere o ow does of 137Cs in duces chuec
DNA damage in bladder urothelium. An increased level of p21 WAFVCHL cou
Inrpreed a8 maitesaon of e dfeemiion. p2AWARICID) dluclly .mmm
with PCNA but the maj tudies show that it does not inhibit PCNA-depent
nucletide excision epatr. Tis suggetsthat p21AFYCH! ot only plays  criia role
in negatively controlling pmlﬂnmlnn but also could be activated in a p53-independent
manner, About 75% of our cases in both groups 1 and 2 were cyclin D1 positive. It
is possible that some of the observed cyclin D1 over-expression occurred in response
0 activation of wild-type pS3 during radiation-induced DNA damage. The dramatic
increase of PCNA staining in 83% of cases i groups 1 and 2 involving not only basal
cells but also the suprabasal and superficial layers of bladder urothelium is indicative
of increased cell proliferation.

In conclusion, the present finding of significant increases in p53, PCNA, cyclin
D1and 10 a lesser extent p21WAFVC1 expression in the majority of patients with Chor

nobyl cystits in groups 1 and 2 chronically exposed to ionizing irradiation, associated
it mulope 259 gene msaions at G diuclaiden, b saggive o dmt‘ulmd
cell hat le with th

possible development of preleul\llally high-stage and high-grade bladder carcinoma
among the popu
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Increased oxidative stress, signaling cascades
Cellular stress is known to be a multifaceted condition generated by free-adical
species, hypoxia and other factors that target the transcriptional factor nuclear factor-
KB (NF-KB) with its two major subunit polypeptides, p50 and p65, and moduiate their
activity directly or indirectly by activating other signaling cascades. The p38 mitogen-
in i Iso involved in primary signaling activated

by lduces of tess, such as IR nflammatory ytokoes, medlain inibion of el
pmhkrauon ond causing col deah. BSUGS are the scive transacivting spects of
e for Induction of several genes involved in the control of cell pro-
nknnam apop(ous ‘and, hence, oncogenesis.
“The partern of Chomobyl cystiti, including four small incidentally detected pTa
tumors in male patients wi

assaciated with strong pS3 s
and papillary urothelial carcinomas with severe dysplasia), overlapping with over-ex-
pression of the oxidative DNA damage marker, 8-hydro yamygmmsme (8-OHAG),

‘accompanied by elevation of cytoplasmic cyclooxygenase 2 (Cox2) and inducible NO
synthase (iNOS). Therefore, our data suggest that the chronic low-dose irradiation
‘could have at least two effects on the urinary bladder rothelium: (i) direct induction
of oxidative stress due to imadiation DNA damage as IR is known to be a pure source
of reactve oxidative species and (1) indirect actions with possible comeence [t
 reactions, involving i product
i wiggers a cscae of ncogenc evets, poss(hly initiated by p53 madons
sites involving CpG dinucleotides 13
s necessary (0 note that chronic infection and inflammation have become well
recognized as sk actors or a variety f human cancer. It has been proposed hat rac-
infected and i y roles
i NO, a potential free-radical
properties, s generated from L-arginine by constitutive NO synthase or iNOS.
One o th possble mechanns undelyingenbancement o niition an promo-
ion is the abili formation
catalyzed by the enzyme Cor, which converts arachidonic acid o prostaglandins. Pres-
ently two Cox enzymes are known Cox1 and Cox2, an important mediators of inflam-
mation, whose synthesis can be stimulated rapidly by twmor promoters .
‘The marked increase of 8-OHAG, Cox2 and INOS expeession ound i e maoriy
s different

NO induced
P53 by causing deaminstion of cytosine, leading to G:C to A:T transitions in vitro. Our

with p53 muta-
dinucleotides (in 73%

ed DNA deamination
was induced by oxidative stress in groups 1 and 2 bladder urothelium.

Over-expression of p38 MAPK, p65 and pS0 subunits of NF-xB by the same
cells of wrothelium in patients living i the radiation contaminated areas also strongly
indicates a pivotal role of oxidative stress. Thus, our results point to low-dose radiation
exposure acting on at least two distinct pathways:
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+ cytoplasmic accumulation of NF-KB with p5 and p50 subunits as a result of protein
synthesis, manifested by nuclear translocation;
+ p38 MAPK-dependent transactivation of NE-xB.

Both of these zre known to be required for full activation of NF-xB~dependent
wranscriptior
Ineresingly, the marke actvatin of anglogenesi I utary adderlamia
‘propria observed in all cases of groups 1 and 2 with Chomobyl cystitis was associated
¥k aikaralicnomesE S UAPK and p65 cytoplasmic and nuclear expression as
Cox2 in endothelial cells. These findings indicate a citi-
e o e e, a5 el 2 or the 38 MABK sgraling cascade and for the
mnsrplail o NI el ool ct oo, s tmportet componear
in the pathogenesis of Chornobyl cystitis. INOS and Cox2 cytoplasmic expressior
capillary endothelial cells of lamina propria, accompanied by the hypervascuarzaion
and the development of angiomatoid-like vessels, especially in group 1 patients, con-
firms the involvement of oxidative stress as a trigger of the angiogenic cascade, which
is known to play a major role in human bladder carcinogenesis.
hemore, iong - expescio was evdent o the baker el of
patients from groups 1 and 2 [20]. Numerous cytokines and growth factors can activate
the ras gene and H-ras expression may affect cell responses to et induer of
oxidative stress. This means that the H-ras expression in our material might reflect not
only H-ras oncogene activation in bladder urothelium as an early event of human blad-
der carcinogenesis but also angiogenesis activated by oxidative stress.
In contrast o our results, it has been recently suggested that oxidative stress might
Py a key roe I e ohibidon of tumr (niation by p3 MAPK. Thos, Dolado ef

pathay i implicatd i sppresonof umorgenesi because it ca it el groweh
clin lisgph od

y
engse he pIGRD and pISARF/p53 i suppressor pathways.
In conclusion, our findings point to a significant relationship between oxidative
stress induced by long-term, low-dose IR in people living >20 years in radiation con-
eas of Ukraine and. ‘Chomobyl cystitis, a possible.
pre-neoplastic condition in the urinary bladder.

Growth factors
Enposueof ol to 3 varietyof susses, nluing I, nduces compensty act-

vation of multip growh fa
receptors such as fibroblast growth factor receptor 3 (FGFRS) and epndennal o
fator ecepas (BGFRY) expressd by tage cels due to rditon induced sgnaling

is therefore a question of interest. Tn our search for new markers of urinary bl:dder
carcinogenesis, we recently were atzaced by the FGFRS, a member of th rec
tyrosine Kinase famil, with heparin lycosaminoglycan as an |mponam colacwr [zz]
Recently,

rebomas s s 129, The Wigh froqueoey of FORRS miaatons i supecicil
urothelial carcinomas contrasts with the absence of FGFR3 mutations in CIS and the
low percentage of mutations In invasive urothelial carcinomas [22).
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Recentstudies showed hat EGFRI expesson s incessed In muscleinvasive

mas as compared with superficial bladder carcinomas and correlates with poor
survival of patients with bladder cancer. Moreover, the ErbB2 proto-oncogene, also
called HER2 or EGPR2neu Iocated at 1721, which encodes a 185 kDa transmembrane

nase actvity,
expressed In a variety of primary human carcinomas with a more aggressive clnical
course, ncluding bress lung, ovarian and winary bladdercactaomas 23
ral

the Ras/Raf/MEK/MAPK cascade. Raf-1 is a member of a family of serine-threonine
protein kinases termed Raf-1, B-Raf and A-Raf, activated dependent upon Raf-1 trans-
location to the plasma membrane where phosphorylation occurs. Raf-1 activates MAP/
ERK kinase (MEK), which it phosphorylates MAPKG. Rit-1 proten expression is:
levmed n bman breas cardnoma and it might be responsibe or malignant proges-
Sion, However, we were unable 10 i studics reporing i presence of Ro. protein
in \mnzry bladder carcinomas, except one, relaed to Ra-1 amplification in wothelal
cancers with mutation of the pS3 gene.

n the basis of these abservations, we designed a study to compare alerations in
signalng cell Chormobyl

lready well- thelial three
i mm-s of the grvwm factor receptors and Raf-1.
Molecular analysis of some growth receptors in urinary bladder lesions, de-

scribed by our group as Qmmohyl cyslms Groups 1.0 2, el 20 urothelium from

reveled dramatc st and cyoplasic EGERG Gsotype unknown) over-expression
wit ases (24]
stained consistenty and vy slmngly. F\mhermon, because the FGFR3 gene is known
10 be expressed both in normal urothelium and in bladder carcinomas, it is likely that the
mutant gene has an oncogenic role in bladder carcinoma pathogenesis [22).
v receny {ound FGFR3 gene mutations I 30% of ases

lial carcinoma patients (A Romanenko, K. Morimura, A Kakehashi, H.Wanibuchi,

AVonianov,and S Falaustima, unpubihed daay, he mojoly i the specum of
‘oncogenic mutations (codon 249 TCC 1o TGC). Mutations were detected almost equally
in both high- and low-grade/stage urothelial carcinomas, in contrast to recent ref
of an absence of FGFR3 mutations n CIS and a very low percentage of mutations in
invasive (pT2-4) urinary bladder carcinomas [22].

‘The marked increase of FGFR3 nuclear expression in 95% of urothelia in group

1 patients, associated with dysplasias and CIS, could be strongly related to the early
events of the urinary bladder carcinogenesis in people living in the radiation con-
taminated areas of Ukraine. The majority (70%) of the primary
in the additional urothelial carcinoma group (also from patents I
contaminated arcas) demonstrated nuclear, membranous and more rarely cytoplasmic
FGFR3 expression in both superficial and invasive carcinomas. These findings provide
support for the idea that in the case of the presence (induction) of FGFR3 matations,
invasive carcinomas may arise from mutated superficial (pTa-pT1) carcinomas, which
might progress from CIS.
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s necessary to note that

{ected i both endothelalcels and fibroblasts of lamina propra of th same patints. Our

results might suggest that mesenchymal cells are required for the induction of urothelial

cell wansformation. Evidence s accumulaied that epnhellal autocrine cell, constitu-
FGF

ly igh
mesenchymal mm
that in tarm can promote tumor cell proiferation in an sulocrine fashion by stiml
the grows, survival and migron of stumal cell, ncludig flroblass and st
muscle cells of, 3 demonstated in ou work, pardcipa juction of tumor
6]. Importantly, the marked fogpocslc o nnary Hiddn
oo propria i the majority of cases with Chnmnbyl cysits was associated with a
dramatic increase of FGFR3, EGFR1 and EGER2neu expression in endothelial cell.
In our studies, EGFR and EGFR2neu immunoreactivity was found to be incre:
in the same cells of the bladder urothelium in group 1. Cytoplasmic over-expression in

[:
also be the case for squamous cell carcinoma and pre-cancerous lesions of the lung (271,
with prognostic importance for trafficking of EGFR1 between the Golgl apparatus and
cell membranes and interalization of EGFRI after interaction with an EGFR ligand.
Moreover, cytoplasmic expression of EGFR has been correlated with a poor prognosis
and increased metastatic potential in lung cancers [27).

EGFR ptor tyrosine ki 'sponse gene pi
ucts that are activated by IR within minutes, as with their physiological growth factor
ligands that cause complex cytoprotective responses including increased cell prolifera-
tion, reduced apoptosis and enhanced DNA repair. As repeated radiation exposure can
induce a strong cellular proliferative response in vitro, evaluation of human respanse
levels after sustained long-term, low-dose IR is clearly of interest.

‘Cell-cell contact inhibition s considered to contribute to control of cell growth,
with i dh ch as cadheri tion
0 our finding of significant EGFR1, EGER2neu and Raf-1 activation in urothelium of
group 1 patients, ransforming growth factor (TGF)- over-expression and alteration in

Since cellcell contact inhibition is an important regulatory mechanism of cell growth,
is loss e the MAPK aciivaton could contribue to uncontrolled mor growth and
an . Collectively, our indi FGFR
and EGER signaling pathways associated with EGFR2neu and Raf-1 e an may
Contibute t severa fcets of mult-stage urothelal carcnogenesis, incuding auto-or
paracrine growth stimulation, up-regulation of angiogenesis and stromal remodeling.

DNA damage and repair
derstanding the long-term effects of low doses of IR on living organisms re-
quires dentification of eritical radiation-induced DNA lesions, measurement of their
repair and determination of the consequences ot misrepair or non-repair. Our results
uggest that i the i
tion in Ch

of
or byl marked DNA damage
and repair by 8-oxoguanine-DNA glycosylase 1.
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Our recent studies showed mutational inactivation of the p53 tumor-suppressor
gene, with strong p53 immunoreactivty of urinary bladder urothelium in this group of
. The pS3 gene tepair activity

patteen after the oxidative stress generated by IR, suggesting a direct role in housekeep-
{ng base excison fepai aciiys with moleculr eossa beween the B3 proein
and the DNA repair machinery. Furthermore, mutant pS3 seems to confer higher base
excision repair activity In response to oxidative stress, in agreement with our observa-
tions of strong base exci creyme exprsslan i ares of wahelal dysplasia

However, activity i irregular in the background urothelium so that some cells

‘may suffer inefficient base excision repair [29]. In contrast, nuclear over-expression of
1(APE1), a maj lease acting on apurinic/

exposure to IR, bomog Recently, nuclear APE1 ex-

pression was documented as a facet of increased cellular resistance to oxidizing agents
[30], contributing to base excision repair of reactive oxygen species (ROS)-induced
lesions. This finding s consistent with the previous observation that APE] activation
after ROS generation is accompanied by adaptive resistance of the cells to ROS [30]
Our data suggest that APEL s also important for repairing oxidative DNA lesions in
bunan arothelm s el of oo, kv dose exprine e 18 [201

i

ident i urdelom 01 aroup 1 panem s indicative of activation of lnnsmp(mnil
lobal thways. Recent

N protein e eaﬂy steps of nucleotide excision repair reaction with low-dose

(022 Cy) IR exposure 311, A markeIcase i uclor6-OHAG, APEL o XPA, bt

cells of micro-ves-

hages and /A repair

oo aer propria mucosa. Importanly, all detectable small invasive transitional

carcinomas in our group 1 patients were mostly negative for B-oxoguanine-DNA

glycosylase 1, APEL and XP by, indi i the base

and nucleotide repair machinery in these malignant cells. Whether oxidative damage
‘does not occur in tumors is a question that requires further investigation.

Microenvironment-intercellular communications

Redox p in the mi i path-
ways and interaction between cells and also with the extracellular matrix, could be
targets of chronic low=dose IR. Cellular interactions are modulated by cytokines and
‘growth factors, which are known to be multi-functional molecules that orchesirate most
aspects of the Inflammatory response, eliciting their effects locally ot systemically in
an autocrine or paracrine manner. One of the TGF family multi-functional cytokines,
the TGE-betal (TGF-B1), is known t0 regulate cell growth and iferntiatn,tssue

remodeling, immune response and angiogenesis. Three major isoforms am-
ls: a
Alterations of cadher i
y in humans. f the E-cadh i
‘complex, as well as TGF-p1 and INOS, were evaluated in urinary bladder specimens
in an attempt to detect molecular lesions of cellular membranes with a possible role in

urothelial changes in patients chronically exposed to low-dose IR after the Chornobyl
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accident in Ukraine. We thereby documented for the first time that Chomobyl cystids
with foci of urothelial dysplasia, CIS, and fibrosis of the lamina propria, s assoclated
with activation of TGF-P1, as well as disruption of E-cadherin-~catenin expression,
which might be a result of chronic long-term, low-dose IR expostre.

‘Whereas excess ROS production clearly damages DNA, low levels might affect
cell signaling, particularly, redox modulation. TGF-B1 is a major extracellular signaling
sensor of damage, as it mediates redox homeostasis in cells and contributes to cellcell
communicuion Tt known a3 metfatr of e esponse o IR, pandng (0 ol n
orchestrating changes due . The p s indicate that alteration
S TGR I o a frequen cvem in bickgmund oo et of group 1 patients,
with decrease observed in areas of d and CIS and litle to no immunoreactivity
in urothelil carcinomas. Furhermorer we found TOF-f1 immuncsaicing 1o be most
pronounced in the lamina propria, in particular, in areas of sclerosis and fibrosis, where

production of inflammatory cell cytokines is clearly important. IR appears to be one of
e xcgenous agens it can e TCE B activation in si

Evidence has accumulaid that gap juncton intrcellular communication s sensi-

et o seee s demonsd 105 of C32gap Junction ereta
1 is of the

poriantly x3Zmay P tumor progression
in as lung and ad 'gllm‘l[SZ]O(iZ

E-cadherin-{-catenin :omplexes are recuied fo foraton of ap Juncion nerellar
e

I f e frequent

e ndser bt o people living in radiation contaminated areas, Elevated protein

levels of E-cadherin and f-caterin as well as their abnormal cytoplasmic localization

detected in the urothelial cells could be the early event in urinary bladder carcinogenesis.

induced by long-en ow-dose IR exsure Our reslts i e wih ofersudeshave
in

brane to the cytosol [28]. tntracellular accumulation p n -catenin might correspond to an
increased level of hypophosphorylated -catenin caused by a mutation, in turn leading to
wansduction of oncogenic signals and cancer progression. Over-expression may result in
the premature reeniry of cells into the cell cycle after y-irradiation-induced DNA damage
and thereby promote the accumulation of oncogene mutations and carcinogenesis.

Importanty, aberrant expression of B-catenin and E-cadherin in association with
TGE-B1 up-regulation in lamina propria appears to be essential molecular aleration in
pathogenesis of bladder urothelial carcinomas in the environment of continued chronic:
Tong-term, low-dose [R exposure, when compared with CIS and urothelial carcinomas.
which developed before the Chomoby! accident.

Ubiquﬂmanon and sumoylation

evidence suggests that the ubiquitin (Ub)/proteasome system may play a
it responses o R, conrolling mumerousphyslogica processes including
NAre;

1331, This s in additi misfolded, dama-
ged and effete proteins [33]. Ub, consisting of 76 amino acids, is an elemnl ‘within the
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Ublproteasome system requiring initial activation by Ub-activating enzyme E1 in an
ATP-dependent reaction. Ub is covalently bound to E1 and then p: md the E2 Ub-
conjugating enzyme, where it forms a similar thiolester linkage. Ubi proteins
are then degraded by the 265 proteasome complex (33, In aciion o U, thre are
several Ub-like proteins, One of them, the small Ub-related modifier (SUMO), has been
shown to covalently moify 2 large number of proteins with important roles in many
cellular processes including gene expression, maiatenance of chromatin structure and
signal ransducton . Post-ranslaional moification by SUMO is not asociatd with

In contast t the Ub system where dozens of E2 euzymes hlvtbeen |dmllﬁzd Ubcd is
the only known SUMO E2-conjugating enzyme. Many known targets for SUMOL and
Ubcd (ihe integal players in sumoylation) are nuclear proteins with important roles in
regilatng onscrption chromtin stucue and DNA egalr

se func-
tlon s sl e iy wamrs. S igutinaion; and sumoylation are ntimately
wolved in major cellular biological processes and many effects of IR involve changes

m pmmn tabily i 15 reasonable 16 sk what effct e proesses have an ssliae
o choni ongerm, low-dos adion. Therfor,we examine e lvels
induced by long-tesm,
oo I Ubcine urpose, Ub, SUNOH prorcn, the SUMO E2-sonfu-
gating enzyme Ubcs the cell cyl:le inhibior p27KeL s the uor suppresor prtcin
P53 were evaluated by in a series of
and controls, This revealed Ub, SUMOL and Ubc9 over-expression, with high scores in
96, 96 and 72% of cases, respectively (Table 6.18 ), Steady-state accumulation of p53
protein in 60% cases was accompanied by loss or severe reduction of 27! protein
in 76% cases [34]. Over-expression of Ub, SUMOI and Ubc9 might be related to the
accumulation of the mutated p33, which s not degratl fected cells or, on the
contrary, o the proteolysis of p27<#1 umor suppressor.
Table 6,18

Proteinactor I [ Gowpd
To. of patets 2
‘Contamination leveis in soils (Citkm?) N
u 17224
SUMO1 44129
Uocs 26415
053 07210
27 65026

Score). E Verss group 3.

Dot are
“PL00001, *+P <0001

Imunohistochemical scores for proteins of Ub/proteasome system

‘The Ublproteasome system may have a critical role in rapid and late responses
1o IR with rdiaon-nduced (rough fre-adica damage) impaiment ofproteasome
function, which results in i of proteolysis. Because
canindoce asron esllar prolfraive nsponse i vitro, human response levels after
sustained long-term, low-dose IR are of interes
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‘The tumor-suppressor protein pS3 is known o be rapidly turned over in unstressed
cells by the Ub/proteasome-dependent pathway and it has been found to be covalently
modified by SUMO? in vitro and in vivo through direct interaction with the SUMO
E2-conjugating enzyme Ubc, Accumlating evidence suggests an intrirsic role of su-
maylatio of 3 nstres-rltd proceses,inclding DNA damage mmm the act

of group 1 cases showed high scores for p53 protein
o clat mereat54, Earlier, we reorted deective regulton i cel yclng and mm

with G:C to AT transitions at CpG dinucleotides and a hot spot at codon 245 in 53% of a
series of patients with Chornobyl cysttis [9,13], Therefore, our findings support the idea
that increased p53 protein stability resulting from matations prevents recognition by the
Ub-mediated degradation machinery as well as by mmvylznon ‘modifying processes
of another target, the p27Kp
T lsebeen mplicated In the pathoencss f cancers 33 OF ot cses of
Cromobyt r:yslms. 36% showed loss or significandy decreased levels of p270! expres-
sion in the nuclei and cytoplasm. However, in 44% of cases, we observed predominantly

P
expression may be due to cytoplasmic translocation, known to be a result of mitogenic
stimulation and has been clzimed to be related to a poor prognosis.

5, our study suggests that ubiquitination and sumoylation processes are direct
targes of long:term, low-dose IR exposure, leading to unscheduled protein degradation.

ok gty o sbevant S ol 527K occurring due o long-term, low-dose
IRe results are in line with recent findings that aberrant, unscheduled
pmmlysxs of many cell cycle regulators conributes sgnificany 1o umorigenes,
with increased protein stability as a result of mutati preven ion by the
Uh-mciaed degradaion and samoytation machinery. o ically damaged cells with
aberant p53 protein escape from elimination, this would mean survival of cells with
mutations in an environment of continued long-term, low-dose IR exposure.

Conclusions

e i Ukrzme o o e he ¢ Chormobyl disaste 35). The hloleglcal

effects w doses of IR and their relationships with mation

and r:zrcmngencsls ave receied mach anenton I te s few years. Seres of our
toasirc accompanied by at

lea 038 MAPK NF-xB cascad

veceponachaton, s by o exposure of peop whe have ived for 20

in radiation comamma:ed areas of Ukaine, and the development of radiation chmnlc

s,
Romans Fiure 14 (1 Dramete ncreas of INGS, Cosd and 804G xpression
i on; this may icthrough NO-
ediated DNA damage ar repair and th

suggested by lrequem
GC to AT transitions a1 CpG 13). Infi
teactive oxygen and nitrogen species Cause damage to important celulr components
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(e DNA,protin and i), i can diey o el comtbute o neoplastic
cll ansformaton, Ove-exprasion, v ‘or abnormal activation of pro-

inflammatory medisors, such a5 cymkmes. chemnkmes. Cot prosagandins, iNOS

and NO, fuding wpsream

ineses and ranseipton factors facllate wmor pmmonon i progress|

enzymes may be acting as a ‘landscaping tumor promoters’ in the bladder ummzlmm

and influence tumor growth according to the landscaping model proposed by Ki

= Vopelueln (1008, Ot et e DAV neiglation and btane mth oo
re imporant epigeerc mectannsof ene eglaion and play esentaloles both

Rgeadaniy and aaperteel i wotos idat and progression. Fur-
ecnore, recently, the possible mechanisms by which hammadon s conite

carcinogenesis were repored o include inducion of gnomc insabily, aheraons in
NA

lifer

o ibined cells, 151 oSS i A hkel ot s
i L3S SRR b ORUTs e, Eiianoate. Bt
alteration in regulation of cell cycle transition associated with increased activation
of proliferative processes (53, cyclin D1, mdm2, p21AFICH! and PCNA protein
over-xpresion) bas been documente [15], sl withchanges [n ubiqinadon and
sumoylation processes in association with aberrant unschedaled proteolysis of many
Gl cyce regulaors (4. Moreove, DA repar appers (0 be an ealy. event n he
radiation-Induced adapiive response, Exhaustion of th capaclly for hase and nucleo-
tide excision repair pathwa iated with Chomobyl cystitis may be related to the
carcinogenic potential of the urothelial lesions.

ladder urothelium as well as endothelial cells, fibroblasts and immune cells in
e micaenvironment espond o chroni lwwdos IR by sctvation of FGFR and EGPR
signaling pathways in association with EGFR2neu, Raf-1 and stromal TGF-§1 activation
with aberrant expression of the urothelial p~catenin-E-cadherin complexes, which may
potentially contribute to several facets of multi-stage urothelial carcinogenes, includ-
ing auto- or paracrine growth stimulation, up-regulation of angiogenesis and stromal
remodeling. It can be supposed that the mictoenvironment changes induced by IR, de-
tected in our studies, coul
faciliae invsion 5 wella the progresion of pre. <xising e el 0 matignancy.
“This hypothesis for chronic long-term, low-dose IR action s supported by the emerg-
ing concept that elements other than epithelia cell, and mechanisms other than genetic
aleration, nflunce th proceses of carinagenesi.Based on now available I-induced

prediction and carly detection of Chorabyl cystis i very important. Moreover,

patents fomhe radiation contamiated areas ave 0 be followed up o many years

‘with the cytological analysis of urine sediment as well as e ezl Ivessgaors.
e o

argeting g0

tant molecules, whichare responsive or cellcycle lrans(llm, cel-cell communicaton

and sigraling cascades. Furthermore, it might be recommended to use some pectines and

bl 10 bind 0 7G5 and ot radiomaliis has cliinatng thn. Placing choni low-

dose adinion damage at the celuar leve nt he comtet of 2 dynamic muliceluar
tem

the first slep o Spec oy o ek Mot gl M
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cunerer 1 CYTOGENETIC
EFFECTS

fomobyl accdent sigrfcany complicated ecological s
tion in Ukraine. Against the background of already existing
s oviroamend. conamioanon H o the expansion of contact of the
of U population with one of the most powerful universal mutagens —
Sising riaran whith Induced genome damages ot sl levels of genetc material
(gene, chromosome, genome) in g being human including. As it is known just
radiation-induced genetic i may serve as the basis for the appearance and re-
alization both stochastic effects (hereditary diseases, oncological pathology) and some
non-stochastic effects with mutational companent (multifactorial pathology, congenital
malformations).
‘Thus, one of the main target for ionizing radiation in human (both by their vul-
nerability and by the medical consequences of imadiation) is genome of somatic and
geem cells, specific radiogenic damage of which at chromosomal level can be not only
biological indicator and biological dosimeter of radiation exposure (used under nuclear
accidents), but the criterion for formation of the relevant risk-groups concerning the
realization of radiation-induced patholog
Taking into consideration above mentioned, selective cytogenetic monitoring
above 3000 persons among the groups of high priority ol p Sty sk
factors in
Chormoby power plant personnel, Sheler sl.a" evacuees, cmmm. and adulls living in
ionuclides,
being Conduced by scientists from Mesca Soneae Diviion of RO (cylogznenc
and genetic monitoring labs) since January 1987 tll now.
mosome aberrations rnqmcy in genealysccepted for coge-
neic studies test-system — the culture of humar d lymphocytes — was
Geermined accoring (@ micromethod modifed by us (1)
chromosome type aberrations — unstable that eliminated over time (poly-
centrics, ring chromosomes, acentrics — free double fragments and acentric rings)
Somkdeed 1 the mashes o tedlaon exponre. i sable (obnomml mnmmcs
formed
ms«mnns, et ity delecions)that ot oly almost complerly kept o1
lowing acute radiation exposure, but also accumulated under chronic exposure; chro-
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‘matid type aberration (single fragments, chromatid exchanges) considered as markers
of chromosome instability.

hromosome aberrations were detected mainly with the help of classic conven-
tional cytogenetics and selectively — by differential G-banding analysis and high tech
fluorescent in situ hybridization of human metaphase chromosomes with DNA probes
1o wha chromosomes mihod (HSH-WCP).

The results obtained during the first 10-20 years iollowmg Chornoby! accident
‘published in detail in numerous our articles and sum
veal certain regularites as regards targeted cytogeneti
Wil imadiation in persons exposed in Ukraine because of the accident.

majority of examined critical groups directly exposed to Chornobyl accident

iz  the Incossed frequemcy af CytDgEnetc adiation mekes Jad bren hepe far
/o decades; thelr mean group values depended on character, intensity,  deion md
conditons of madiation, té folowin§ te accdentthels widely vaying indlvidual
values under identical radiation exposure probably were determined by the individual
susceptibilty of human organism.

In all surveyed groups considerable variabilty of above-spontaneous cytogenetic

by getetic prediposiion anlo adain induced adaptation of human organism.

he frequency of unstable chromosome aberration gradually decreased over time

(but i Saving s residual value which elevated spontaneous level, for ~20 years);

stable radiogenic markers remained almost at the same level following acute radiation
exposure and accumulated under chronic irradiation.

¢ ben confied tha even e fr uman dsesofozng ad

in the human peripheral

blood lymphocytes and e ——
‘mutations level, Such initial damages of human genome at chromosome level are not
only biomarkers of radiation mutagenic exposure and biodosimeters of absorbed radia-
ton doses,but by causinthe death o isrbances o arge el fncions st
and germ) may be the basis for origin of stochastic ly, stochastic
ost-radiation effects with genetic companent, in particular, mult iacoral pahelogy:
Imermdwldnal variability in frequency of chromosomal aberrations that occur
cal radiation exposure may serve as indicator both of adaptive capacity
10 action of mutagenic factors that must

However dta obtained allow to suggest the rxls(eme o such levels of radiation

are induced be rep: limit-
ing individual assessmen of mntagenlc i ffcts ndoced by ow iy redoion.
“Thus, using traditional approaches 10 evaluation of cytogenetic consequences of
human radiation exposure for monitoring of Chomobyl contingents of high priority in
first 10-20 years following the accident, dose-related increase in the fntensity of human
somatic chromosome mutagenesis was shown that against the background of general
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llowed to suggest Chormoby accid harmful
ecogenetic factor for Ukaine’s population.

‘The data received, being indicators of total mutagenic load on the observed con-
tingents were in good agreement with the identical results of colleagues from Ukraine,
near and far abroad and testify o the danger of human chromosome destabilization
Fodic 1) ooyl At (s G 4 A CIS Ui i By e
‘general environmental and social distress [2-5).

" well known,the ablty of geneme 1 sable fnceion in constantly changed
ecologica condiions i one of he most mporant thei propetes, which allowed praci-

and organisms. However, modern anthropogenic contamination of the envlmnmenlh
different genotoxi agentsleads (0 increase of mlagen ity in human somatic

level i
result — increase of the frequency of pathology with mutational component.
Therefore, in so-called late post-Chornobyl period (15-20 years following the ac-
devel d mod h

for estimation of radiogenic damage of human genome — determination not so much
as the residual targeted mutagenic effects of joniziny jon in directly irradiated
targeted cells (requiring analysis of huge samples of cells) as disgenomic (untargeted)

ffects — among which leading role for the realization of human radiation injury are
different forms of genomic instability in which the
cells accumulated maltple changes ove time tha pomate tansion of normal cells
L in particular,

&
“bystander effect” [6].

e radiation i i
effect may not only decrease with time due o elimination of unstable chromosomal
aberrations by the death of aberrant cells during mitosis. The genomic instability can
be transmitted in the form of potential damages of genetic material through few cell
generations and realized with a delay in vivo or in vitro in delayed term following
muagenc exposue (delayed ciromsonl sl 7], t b beenfourd sso tat
part of non-reparated or misreparated genome damages in cells of exposed parents can
D anamined o som e of i progeny in the form of various types of chro-
mosomal sherratons (sapsissbe chromosome nsiabily) (81,

At I

an important role in desnhllmng ‘of human genome plays hidden chromosome instabil-
ity, which manifests as increase of somatic cells chromosomes m.smvny of irradiated
persons (o the exposure of other mutagens in vivo and in vitro [9).
For investigation of late untargeted cytogenetic effects of foni
rsons exposed (o Chormobyl accident actors such new approaches e Applned or
the fist time in Ukraine:
+ elaboration, modification and approbation of new model system to study “delayed”
leomosome insabily by two-termed culiation of human peripheralblood lympho-
‘and long-term 144 )
h generations, respectively;

allowing to analyze the cells g
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« elaboration, modification and approbation of new model system to study hidden
chromosome insailly using 23 muagenprovocaeu i viro antiumar snbioc.
5,00 meg/ml at G, phase of

mitotic cycle — “G; ~hleomycln sensitivity assay
 elaboration and approbation of new model system (o study bystander effect in hu-
man cells on cytogenetic level by using mixed human peripheral blood lymphocytes
culture differed by cytogenetic sex markers and consisted of population of irradiated
(in vitro or in vivo) cells as a source of harmful signal and untreated populations of
Iymphocytes received from person of the other gender (used as “bystander”).
‘The groups of high priority with different intensity of radiation exposure due to
Chornobyl accident were volu
used the two-termed cultivation of lymphocytes for cytogeretic examination
of two children groups born to fathers for which ionizing radiation considered as occu-
pational (clean-up workers of Chornobyl accident, the dose range from 40 to 670 mGy;
first group) or environmental harmful factors (residents of area contaminated with Cs
isotopes submitted to so-called *iodine shock” in 1986; second group). Children born
w el g o rebafely-clm fo o sgaton iy servd
as a control g
Generatzed resls shbess sl peseoe i 21

(adiaton component) o e & cytogenetic effect observed in thelr d nd also
evaluate the importance of lymphocytes’ culture terms for expression of this effect.

Both under the standard short-term and long-term lymphocytes” cultivation
stgnificant (p<D.01) accsleration of spontaneous chrumosome mutagencsls wss
observed only in group of children born to irradiated parents and living on terri-
tory contaminated with cesium radionuclides. It is possible that living et e
ey contribute to destabilization of genome as modifying factor that increases the

romosomes’ sensitivity of somatic cells to other mutagens, so far as the radiation
o o hee parents could be much lower than the doses of Chornobyl accident
clean-up workers.

€ should be emphasized that 144-

hour lymphocytes” culturing In both
‘roups of exposed children was signifi-
cantly increased compared with those
under shortterm cultivation (p<0.05,
P<0.01, respectively), which may prove
for the realization of delayed chromo-
some instabiliy.

Increased exchange-type chro-
e ble (abr

2= elen ot luinors o oy e don
3 n bor 1o esidnts of area conamn

par "snd unexpose fo lonziog radiation,
1/ sl bom b e sers onl o)

‘mal monocentrics) and unstable (cen-
tric rings) reflects both the reality of
transgeneration phenomenon of chro-
‘mosome instability in the progeny of
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the first group as well as the destabilization of their genome because of unfavorable
ecological situation in the place of residence — in the offspring of the second group.
king into account the substantial individual differences even in spontancous

(ool group) and inoffpring of radisted prents i the firt and A ol gane:
ion (Fig. 7.2-7.4).
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hin j

1723 4 5 6 7 8 9001 s e
Exmined chidren

e requency of chramosomsl
abataons po 10 cals

O3 torterm a.ousnctaton W8 Long-tarm 144-hour incubation

Fig. 7.4 intertnd
the st and i e’ generaion

Tow spor frequency of chro-
under both terms of cultivation
in almost all examincd children, only in two cases significant elevation of cytogenetic
effct n 14-hour culures were sen (cases 11 and 16, espectvely)
variabiity in

under bt o cultivation, as well as differences in individual response of the
wenome forlon dex cuivatlen e bserved i both posed groups.

re was 1o positive comelation between tymgeneﬂc ettt g i

ures. There were fies
e freguency of chroosomes Gandes e i ol genzrallnn nal
children
bom to clean-up ot No 11, 12, 14 from the geoup of children born o dwellrs of
contaminaed eitary), whic eflects he idividual pelsity of spontaneous and /
o adaion indocedkiryoype bl in cell gener

children born to clean-up workers in most cases ( %) cytogeneti effect was

\tentcal andes bt s of Iymphoeytes” eultivation; in 12% o the examined persons
requency of chromosome aberrations was significantly higher in long-term cultures

In the offspring of parents exposed at the contaminated terrtories increased rate
of cases (up 10 25%) with significantly elevated chromosome instability was found in
5™ mitosis, that is two times higher than in children born to clean-up workers of Chor-
nobyl accident.

“This effect in 18 years following the accident may be caused by a specific feature
of the Polissya area — high coefficient of radiocaesium transfer rom soil to plants and
its accumulation in food (especially in milk and potato, where s contents more than 5
times higher than the permissible norm), that s by continuation of intemal exposure.
It cannot also exclude ransmissible chromosome instability, which is expressed in off-
spring of parents exposed to fodine radioisotopes. Just this effect of genome instability
transmission through germ cells of irradiated parents to fist generation of their progeny
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considered nowadays as one of the most urgent problems of radiation genetics, for the
tesolution of which various methodological approaches, both on chromosome and at
the molecular levels, have been developed.
‘The results obtained have confirmed the data of other authors about the high
sensitivity of the child’s organism to mutagenic effects of radiation — not only for the
n of eimany, but also indirec (rasgeneraon) chomosome nstably
chrom bility expressed as hypersensitivity of human somatic

cmo.mmm i he sxpuse of oy mutages bo n i s i vie playsan
portant role in destabilizing of human gen

Exmation of Niddan chromosoree etabily s o new dircton of cytogenetic
studies that was rather intensively conducted in different cytogenetic laboratories of
the world over the past decade mainly to determine the risk of spontaneous or Induced
oncopathology by chromosome hypersensitivity of peripheral blood lymphocytes to
clasmgmc etposue of radiomimeti blecmycn considered s the cytogenstic nco-
marker

of somatic cell ch
did ot depend on human gender and age and was genetically determined, due to certain
molecular-genetic mechanisms. As shown in recent years, interindividual variabiliy of

of the locus SNP A1450G in the gene that encodes leomyci hydmlzse (nu{x;
a specific enzyme that metabolize bleomycin, as well as with g
Cntymes Which dtermine the ffectvents of he DNA datages reparaon {11-13]
Damage of chromosome telomeres plays certain role in causing genomic Instabilty and,
hence, increased seasitivity to mutagenic exposure, which in tum can lead to cancer
induction oc pmmonon 114, Started molecular genenc studies (mmroarny nalysie
with regard to 9
in lymphkasioid col i dertved rom Individusls with iffrnt (g o = ooy
sesitivity to clastogenic bleomycin exposure [15).
"The question concerning modifcation of encially caused sensivty of human
genome 1o mutagenic exposure remains still open. Some authors supposed that such
modificaons can b induced by same envionment] ot bt e ko nly ane
publics
tcion: Sghily increased the sentiviy of human Seipheal Slood lymphecytes 16
testing bleomycin exposure in vitro [16]

o] s ol it ey st “G, bleomycin sensivy sssay” was nox
uniform, mplicated resulis ob-
taned by tis method. 51 o ealy sage of esearch we v Shbored ad improved
model system for studying hidden chromosome instability in human peipherlblood
lymphocytes by means of testing mutagenic exposure of bleomycin in viro.
t0 adapt “G, bleomycin sensitivity assay” for detection of individual radiation-i vt
hidden chromosome instability in human somatic cells.

First we have determined the optimal terms of treating lymphocyte culture by
bleomycin (late G, phase of mitatic cycle) and zppmprhm concentrations (0.05 and
5.00 pg/ml), ? chromosomes
I virs o testing muiagenic exposure,
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In the next stage of work groups of persons exposed to irradiation of different in-

ensity in anamnesis were formed, background frequency of full spectrum of chromosome

aberrations in peripheral blood lymphocytes were estimated and comparative intergroup
assessment of radiation exposure intensity by cytogenetic criteria was evaluated.

Results of cytogenetic examination of observations groups (including control)

are shown in Fig. 7.5, where e in ascending order of radiation-induced

cytogeneic effect — total frequency of cytogenetic indices of radiation exposure —

aberrations,

As scen from these data the least exposed group by cytogenetic criteria was the
group of people worked in 30-km alienation zone in 2006-2009 (chronic radiation expo-
sure of low intensity, mainly external irradiation). Mean-group frequency of radiogenic
cytogenetic markers in this group was equal (o the control and spontancous levels.
“Then followed groups of individuals
recovered from ARS (acute radiation
exposure of high intensity, mainly ex-
ternal imadiation in 1986) and clean-up
warkers (prolonged radiation exposure
of medium intensity, maialy external
irradiation in 1986-1987) in which
even in delayed terms following ir-
radiation increased frequency of as re-
sidual unstable chromosome matkers of

o8 o f b iy sxpeed ' Chamao cent  aberrations had been observed
o S0 st T IO by At the final stage of rescarch per-

i e ron i oy sons from all observed groups were
from acut adton synrome i tested using “G; bleomycin sensitivity
assay” o study the individual sensitiv-
ity of peripheral blood lymphocytes’
chromosomes to test mutagenic loading
and its possible modification by irradia-
tion of different intensity.

“The results of such testing are
presented graphically in Fig. 7.6-7.9.
tis clearly visible both wide interindi-
vidual variations of cytogenetic effects
induced by testing bleomycin expo-
sure in both used concentrations and
lack of positive correlation between
background and induced frequencies

f chromosome aberrations in all ex-
".‘.’.‘.ﬁ"""f.‘:;'»‘.'m"f!:l#.";':;“" o N amined groups.

g
W bomen (s9meg)
8 Seomer sty
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Identification of persons with hy-
persensitivity to testing bleomycin ex-
posure have been performed similarly
0 identify individuals with increased
sensitivity to fonizing radiation [17] by
calculating the coefficient of hidden
chromosome instability (Ky) accord-
ing to simplified by us formula:

Kot =Me/M (0]

where: My — Individual values of
chromosome aberrations frequency un-
der testing bleomycin exposure in con-
centrations 0.05 and 5.00 pg/ml;
M — mean group values of chromo-
some aberrations frequency under test-
ing bleomycin exposure in concentra-
tions 0.05 and 5.00 pg/ml.

It was accepted that cytogenetic
effects induced by bleomycin in hyper-
sensitive persons exceeded mean group
Tevel of chromosome aberrations and
will always be >1.

‘The rate of the hypersensitive per-
sons in all examined groups is presented
in Fig. 7.10.

Fig. 7.7, Comparisan of ndividual resls of cylogenelc
examinaion persons worked in 30-4m allenaton 2082 n
2008,

Fig. 7., Comparlson ofidividual resuts f eytogenetc exa-
miatin clean-up workers i diferet radation doses.

Fi. 79, Comparson of Indvidual result of cytogeneii examinalion patents recovered from acute ralaion
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‘When comparing the intergroup sensi-
tivity to clastogenic effect of bleomycin we
take into consideration rate of dentification

‘quency of chromosome aberrations (above-
spontaneous level) in each of the examined
group which were divided, depending on
the frequency of cytogenetic markers of
of ih iy expsee 1 imadiation. The results of this comparison
{actors n Ukl 1 —contol g are shown in Fig. 7.11.
e v i awen uammy'.ta’fﬂ“‘.: As seen from these data, the maxi-
s e fom acs adion yndoma 1965, murn percentage of persons with hidden
elrmosoc by (<7 ) was ot
inpatients vt lad ARS in 1986 in ot
et Bl eih arsases
Sentivity fo leomyein was amostdent
cal and did not exceed 41,6%. However, the
‘maximum addition to mean group frequen-
cy of chromosome aberrations (22.00 and
3234 per 100 metaphases at concentratlons
0.05 pgim and 5.00 pg/ml of bleomycin,
respectively) was observed in workers of
the 30-km alienation zone, which may be
associated with specific exposure of indi-
el tomt oube viduals in the examined grou
oy “These results confirmed the reality
o Z;nguuun!nl:ﬂ:mld of modification of Inherited chromosome
Ao i i o ,,,n.:.'; suscepibilicy o th teting mutagenic expo-
on the intensity of radiation

Fig. 7.10. Frequency of hypersensitve persons in
aroupsof e

exposure.
Somatic pathology in exposed individuals may be caused not only by direct ra-
diation damage of targeted cells, m also by secondary changes in the untreated cells
irmadiated ones
geed) mutageaic otects 115]. The exsiae of s phesomenn wes proved under the
‘exposure of both alpha and gamma radiation [19]. ¢ had been shown that signal from.
imadiated to unirradiated cell may transmit directly through intercellular interaction or
indirectly through substances secteted from exposed cells (cytokines, reactive oxygen
species) [20]. In the bystander cells increased formation of free radicals, activation of
, induction of mutati Srmmiomuier

by&under ffect is necessary for he prognosis and dnscovery of -mhamsms ol xlw

medical consequences of human radiation exposure. Unirradiated bystander cells may
4. instability

for the importance of ts research in human organism exposed to fonizing radiation.
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ind patterns study of

nt models of this ph in condi-

tions in vicro. The principal requirements for the creation of such models were the neces-
sity of iradiation only the part of all cells and opportunity to distinguish populations of
‘exposed and unexposed cells. Therefore, modeling of radiation induced bystander effect
carried out mainly applying alpha radiation. Such models allow to record the tracks of
alpha particles that crossed the cells and damaged them directly. It should be noted that
e e byttt i e discbed VL. Naghimy s ),
Litde just using alp
The appllcalloa of X-and. gamma rays for the investigation of B mdwd

cultures, which

allows to distingaish peie e unirmadiated cell populations [18].
y

iginal model sys-
tem for the detection and investigation nlndlanon-mduced bystander effect in somatic
human cells — “mixed human peripheral blood lymphocytes culture” consisted from
irradiated (in vitro or in vivo) and untreated cells differed in cytogenetic sex markers
(XX, ) and some morphological somatic chromosome peculiarities [22].

By means of such model cytogenetic patterns of induction and persistence of chro-
in vitro and in vivo at low and high doses were established. Cytogenetic analysis using
the differential G-banding metaphase chromosomes staining was performed permiting
10 reveal the whole specirum of siable and unsable chromosoma aberatlos and cor-

rectly ints of break rdance .
with intemational nomenclature ISCN- zons were registered 23],

“The level of chromosome
it lymghocytessaded inviro n doses 250 mGy and Gy wassgnficandy bigher
than the frequency
(p<0.05: Fig.7.12). The fequeny of chromosome sberations in the byshnder cells
elev reasing doses
nelghboﬂng popu]allnns ot yme
phocytes due to increased induc-
tion of chromatid breal

“The difference between spec-
tra of chromosome aberrations in
irradiated targeted cells and intact
bystander cells was established.
Irtadiated targeted cells were char-
acterized by induction of chromo-
some type damages (deletions, di-
centrics, centric rings, transloca-
tions, inversions), bystander cells o
contained chromatid breaks that Cowd By miG
can be consider as the markers of g, .12, cyogentcIces of G-handing anayss e css

. Radiation-
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induced bystander effect had not influence on the induction of stable and unstable
‘markers of radiation exposure In the uniceated cells cultivated with exposed lympho-
cytes that confirmed the legality of the use of targeted cells for retrospective biological
dosimery.

Sigaificant interindividual variability of survived donors both by the level of their
sensitiviy to radiation exposure in low and high doses and by the intensity of radiation-
induced bystander effect was established (Table 7.1).

Tabl 7.1. Individual trequencies of chromasomal aberrafions in the examined donors
[T

oonor|

10
Mem 2150390 227:036 4312060 613066 699087 2118132 603:0.68 22314155

‘The frequency of identified in blood lymph
o delayed erms following ndmmn exposure i th esult o ntegrted response of
d ca

i unexposed bystander cell. mmrme, during the charfirye il contingents ex-
to uncontrolled irradiation

genic effects induced by radia-

iman somatic cells.
‘Thus, we analyzed the fre-

quency of all types of chromo-

‘workers exposed to lonizing ra-
n in doses 350-690 mGy
and 1L01-2.37 Gy (Fig. 7.13),

Do O srey W 2576
F1g.7.13. Cylogenelc ndices in peripheral blond Iymphocyies of

t 19 years
(banding aalst) following the acciden the fre-
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ical markers
o madiatio 1 clen-up otk H
ers with officlal adiation doses &
350-690 mGy had no significant
difference from control (>0.05) E
as a result of their elimination 3 25
in time. However, the mean fre-
quency of chromosome aberra-
tions excoeded the population’s &
one due to damages of chroma- §
tid type and deleions (p<0.05), D =1
indicating an increased level of o e
chromosome irsably n theic ]
cells. In lymphocytes
o Chomobyl cleamap workers it S iz b
exposed to radiation in doses «
1,01-2,37 Gy the level of chro-  © """ T
mosome aberatons exceeded the population’s one at he expense of high fequency of
all pes o chomosome damages ad. n pariclr, — sable ad bl cogee
markers of radition exposure (p<0.01).

oo ha sl o bmpbodys cf Chchctyl ca ks expoad o
adiation in doses 350~630 mGy and 1.01-2.37 Gy) to induce bystander effect in the
itact human lymphocytes 19 years following iradiation was establshed (Fig. 7.14).

Clastogenic activiy of Chornobyl clean-up workers perighera blood as el as

b

o D sasmnd W 12376y

increased level in t (whic}
for many years following the irradiation may be due both
antioxidant It of radiati

bystander cffect which caused damage of genetic apparatus of the untreated cells.

‘A question regarding the duration of bystander effect an its ability to be transmit-
ted to future generatlons of cells remains open to date. The solution of it is importnt
for predicting
ime both elimination of chromosome damag

stabilization of thelr number or even amplification (at the expense of hidden genomic
Tasabliy)are possible. Inthe aver case ‘multiple changes will be accumulated in the
unirradiated bystander cells supporting transition of thelr stable genome to unstable
condiion, typical for tumor growth.

“To confirm the possibility of transfer bystander effect to the following generations.
of cells cytogenetic parameters in the intact human lymphocytes in the fourth post-ir-
sadiation mitosis under the long-term 120-hours cultivation with lymphocytes exposed
in vitro in dose 0.25 Gy were investigated. The frequency of chromosome aberrations
in bystander cells was significandy higher than control parameters received in mixed
cultures of untreated populations of lymphocytes (p<0.05) due to increased frequency
of chromatid ype abemnons nd b o significant difrence inthelvel of chromo-
mitosis under short-term

use
es induced by bystander eﬂ‘ecl and

prot Clivaion (20.05: ig 7.15).
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It is believed that during
the induction of bystander effect
the mutual influence of irradi
ed and unirradiated populations
of cells can occur. However, in
literature there are no data about

about

e el of s It

under modeling of radiaton-in-

. l duced bystander sffect. Io our
“I vers bystander

study the “rey

efasnEuEat

Qe oy o et impact of
ot ::;:"-:‘ o e niradioed lymphoeyies
715 et s n s e o e

i e iy bt M L cuanon i
in dose MHW(lMxnhdl &

been recorded for the first time.
The frequency of chromosome
aberrations in cells irradiated
in vitro and im:ubaled in mixe
clures

with mphocytes
had no slausnc:lly ignitican
difference from appropriate con-
ol (>0.05) and was lower than
this value n irradiated long:term
cultures under separate cultiva-
tion (p<0.05) by reducing the
induction of chromatid breaks
and increase the elimination of

. 746 v g el
ol s ey i s o s 450y extatios (Fig. 7.16)

L ttalon o icd culires Average frequency of ab-

[ L [ asta et ertantcells and chromosome ab-

s B o pckrttion e oot s it compr

with th (p>0.05). However inl, phocyes imadiated

invitro n dose 250 mGy the change of chromatid and chmmnsme types aberrations”

ratios because of elevated induction of chromatid breaks (markers of chromosome insta-

bility) and elimi diati

‘with short-term cultivation were found.
‘Under standard 48-hour cultivation the impact of the unicradiated cells on the ir-

radiated ones (reverse bystander effect) was not registered, which may be due to lack

of time for its realization at the cytogenetic level [24].

s assume
wansfer of damages from PR cells to their unlmdlalcd neighbor cll through n-
ercellular connections or induction of cytokines factors into the environmental
el mediom that may ncrcase o eve of acive xygen i he ntrested cls.
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Our resuls concerning the patterns of bystander effect induction in somatic hu-

man cells will allow in the near future to begin further study of the mechanisms of its

development with use of the own model system. The results of such investigations will

enable 1o beter understand ioogical process and discove damages i human el
more uly e

Jodi m poges

of secondary tumors after mmmenpyy in persons exposed to fonizing

‘Thus, the use of new approaches to evaluation of delayed untargeted Lylogzmnc
the ve

ous forms of radiation-induced gen il bt et aceie DAY
o af persons exposed 1o the fctors of Chormabyl acedent hat con b condered
as a risk for realization of diseases with genetic component.
Conclusions

3 w approaches were proposed in order to invesigate various forms of
chromosome instability (delayed, transmissible, hidden) and bystander effect and the
appropriate model systems were developed allowing to detect and assess untargeted
cytogenetic effects in delayed terms after human radiation exposure which are offered
as cytogenetic criteria for evaluating of genome stabiliy.

. Various forms of in I ed
lonsing aiaion owing 1 the Chormoby ccden indose rane rom 40t 3400 mGy
in delayed erms fllow were determined by cytogenetic criteria, by using

rmed cultvation of homan peripheral blood lymahacyees assesment of
vm.m sensitvity of human chromosomes to testing exposure of mutagen-provocateur

ing influence of onizing radiation in a wide range of doses on the in-
eried ‘ndvia o susceptbiliy 10 mutagenic exposure was established
yogenedc patecs of inducon and pessence of chromosome nsabilty i
o “peripheral blood lymphocytes because of bystander effect under imadiation in
Vi e 170 o and Mghses had e e
5. The most

of primary structural g ges (at
level of chromosormes or DNA) i ealized harfl raoinduced direct (onclogicl
logy, congenital malformations) and indirect (non-specific violations of health,
et pathology) effects s the consequences of human radiation exposure.
Such investigations will enable to get unique data about contribution of radiogenic
senomic njuries o eaiztion of dlayed medical consequences of human imadiation
that inally can allow
of such consequences.
References
1. Pilinska M., Shemetun G.M. Dibskiy S5, Shemetun O, Ditska 0.5, Pedan
2007)Gytogenetc conseueces n Choribyl conigens of prirysheraion s Medil
conseguences of the accident in Choriobyl muclar power plant. Di, K. 156-169 (I Ukainian)
2. Sevankaev AV,

Radioeco-
ogy, 45 (1): 5-15 (In Russion).



250 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
2 Quarter of Century Aftermath

il e Sy 56 (Io Russlan).
4. Maznik NA. (1999)

) scciden, Ui, i, .

Vorobtsova
mtchamnbyi o mmu.. Biology. Radioecology, 46 (2): 140-151 (In Russian).
. Piinska MA. (
4100 6671 (n Uirinion)
(1999 Delyed chromosomal instabily aduced by DNA damage. Mol

Cell. Bl 15; 666765

8. Voobtsows LE. 2005) I
Proceedings. I Intern. Conf, — M. Rus.
UntofPepler Flndhi, 22.23 (i Rusian
9 o . Closs I Vil R (2003 Compasn o leomycnand rdaion i G sy of
Chromatd breaks. 5. . Rt Bil, 79 (O
10. Seott D. 2004) Ch Cytogen.
(Genome R 1041 4 345-37,
1. T Gabor A repai and
e B S ol B iy, sagermt, 2100 201300
12. Moffei Francesca, Carbone Fabio, Angelini Sabrina (2008) Micronuclel frequency induced by

leomycn i human ool Iymphotyles Coreaing BLHX polymorehise with muagen
iy M, Res, 63912
31

S
o xcion Repoi h(hway Gencpe Phesonye Contloton, Concs e, 6 67 3493-345.

14, Pathak S, Multar
agen Sersic \ySlud\es 3 Py i At o S B e o o
Generaions, . Invesgt, Dermacl, 127 136-205,

s e snel v

gt s T o SR G 3 (@) 71-77.
6.
Effectof

infection. Environ. Mol. Mutagen, 43: 169-1

17, Dyoming Exk Drusshing W5, Fabherk .M. (2006) Inividual bunan edisensitviy.
LOGOS, K., 136 p. In Ukrainian).

18, Lie D,

Radiaton Biology. Radioecology, 47 (3): 262-272 (In Russan).

19. Prise K.M, Belyakov 0.V, Newnan H.C. (2002) Non-targeted effects of radiaton: Bystander
cponses i el and s odels, Radin. P Doy 99 (14 223-22,

20. Azzom E., de Toledo S.M, Litde J.
mediated sm.«u..ur Communication o the rslsion of damagesgnls rom alpha rice
imadiated to td cell. Proc. Natl. Acad. Sci. USA, 98: 473478,

21 Nagosws s Lie 5 (1993 Indalonof st cromatid xchange y el o does
ok aph il CncerRes, S 6254606

o, T 00, Piliska M.A. (2006) The mocel fo th study of radiation-indsced

sander effect using human peripheral blood lymphocytes. Joumal of AMS of Uktine,, 12
O )

2 A inermatonl syt (b, togntc et gl reslulon b (199
Standing committee on Human Cytogenetic nomenclatur, Basel: Karger, 5-2

24. Shemewn O.W, Talan 0.0., Semiglazova TV, Kurinniy DA

Loiether i th unrtlted lymphocyes. Pblems af Rdiaion M 200 Aoty
Collected Works, Dis, K., 160-164 (1n Uksinian)
(M. Pitinska, 5. Dybski

0. Shemetun, 0. Dybska)



cunerr 8 IMMUNOLOGICAL
EFFECTS

he problem of the late effects of low-dose ionizing rediation on
the human
immune cells radiosensitivity. Studies of the immune function that started in the RCRM.
in 1987, encountered an experience of world radiobiology. To perform a study in low-
dose range there was a need to overcome a line of difficulties related to the necessit
of separation the effects of irradiation in a set of several confounding environmental
factors, effects of stress, type of exposure, individual radiosensitiviy etc

8.1 FREQUENCY OF IMMUNE DEFICIENCIES IN EXPOSED

POPULATION

Long-term changes in the immune system during the first 10 years after the
cident ncluded the elementsof compensation and impaird reglaton of mmunie fn-
tion. tory changes were typical for with
an Inmaslng e of cetain ypes of T-<els,increased acvation and low ol of
it s of Tl cepoe: Dysregulaion changes (5796 ncluded he change

response to nmrohumcral stimul, the instabiltyof immune funcion,also with he
e loci of T-cel
deficoncy (91%) incuded the fersnsd e o ey cells, preserving the num-
 of T-cell receptor variant 89—
cells. Use of the adequate con-

nection with lower immunolo-
gical parameters compared with
reference interational fig-
ures, At the end of the first 10-
year period such difference of
control parameters with the in- 2 e ot i ertos
temnational smoothened and be-  x coma’
came insignificant (Fig. 8.1).

H

2

g
s¥ssgey

Fig. 8.1, Freguency o the secondary Immunalgical nsufflency
‘roups o radiaion exposed aterte Ghomobyl accident
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Study of the frequencies of the immune deficiencies was continued in a remote
period after the accident

d of conrol A analysis has
sy, i for clean-up

shown &
warkers of the accident.

orkers
with radiation dose above 250 mSv in 13- "18 years afer me i fhienes of
@6,

groups, and become  bass for late radiaton effects. n clun—np oy ot
Less than 100 mSv, the frequency did not differ from control groups

In dwellers of the terrtories contaminated with adionuclidesthe main acors,
quency of ‘were age, somatic d other

e
confounding factors.

S2IVHNE BUNCTION 1 Actire RADIATION SYNDROME
SURVIVOR

Early period after irradiation
Th study o the immune system of people affected by theaccidnt sine the ces-

h o
their complications such as nervous system injuries, toxemia, and others. It was found
that the immunological criteria to be proposed for detection of morphological changes
in the nervous system and that the threshold was determined during irradiation of 2 Gy.
“The first study, which was held at the Institute of Biophysics, USSR Ministry of Public
Health showed deviarions in the immunoglobulins content, phagocytosis, nonspecific
resistance. A significant reduction of anti-infectious immunity at the acute stage was
evidenced by an increase of the number of pathogens colonies in the skin auto-micro-
flora test (1]. Studics of patients with ARS grade 1-3 in the RCRM were launched in
one year after exposute (2]. These studies are continuing today. The aumber of patients
under follow-up is in Table 8.1

Table 8.1. The number of patients wh suffered 1n 1985 trom ARS, under immunological folow-up

Tott 183 186 103 £
pr—— p—
The period of recovery after irradiation was characterized as an acquired com-
bined radiation-induced immune deficiency with inhibited T-cell immunity, failure of
nonspecific resistance mechanisms.
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‘The changes of basic
ces of leucocytes and lympho-
cytes counts for ARS convales-
s il & iAo pc-
ods are resulted on Fig,

The changes of dices
have wavy character, with pre-
dominance of Cropenia n the
frstyears and lymphacytosisin g
the remote period.

T this period analysis sho- 0
wed the dependence of immu-
nological parameters on disease
severity. Gradual development of

B8 8 8 2

average, seiched n ime by 35
years and ed by wavy t i ion related
st function, mitogen response, increased expression of pan-B and
activation antigens. In the early years after an accident a decline of T-cell counts was.
registered in 73% examined. Detailed description of the immune function in patients
during the recovery after the ARS is described in the “Immune System” section of the
monpgraph e o symie” (19} andoier plicatoms [-51
bl snp s AR betwieer, L2 8 ont, 25 28 oo S5-48
monih afe the accden, and showee overall satsfactory e of rormalizton of
celle sl sy Tl 82 Th blood il cf paletswith ATt
0L i 12-24 months
after exposure, then the number of Iymphﬂtyl!s oy monocytes ncrssed. The highest
inhibition of cellular immunity occurred in people of younger age.
In the recovery period a
hel function, Increased d B-blast as well
a5 activation antigens (CD3"Dr; CD4'8:, CD22" CD23* subset) were demonstated.
However, after 48 months of monitoring a temporary normalization was detected in
the numbers of CD48" and CDB'S7 cells (Table 8.3). CD38" cells content, which are
involved both into cytotoxic and activation reactions, was increased. It should be noted
the discrepancy in the first years of changes of CDS7* and CD15°16* cells, dentified as
Bl st el il Tha o conld b exlond by sl ta
ty in cell injury. As for the increased
proportion of actve T lymphocytes, t may reflect a non-specifc eacton t 2 number
of factors as radiation, the accompanying chranic pathology etc. An increased number
of Bcells bearing the late differentiation markers such as surface immunoglobulins of
15G class suggests in favor of the last assumption. A strong tendency of increased counts
of CDA'8* and CDI* among peripheral blood cells was noted during the whole first
period. Normally this phenotype s attributed to the intrathymic stages of differentia-
tow T’ mysarence o pipinnl ool i tasace kanehd el ouaaion
could be interpreted as a manifestation of reparatory reactions in the immurie system.
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Patients with such symptoms during the suh;equﬂu follow-up have been followed to
identify possible immunopathologic pr

Table 8.2. Dynamics of immnological ests depending on the AR grade

Inmune parmeers

WBC, 10°

Lymphoeytes, 10°

ERFC, 10

g 05 007 0002 020" [
sumufatad, (PL____em 004 003 0002 009 002
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P W 1560 1327 1645 1528 142 890
: an__ 083 051 085 118 39 190
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2 s r
lin of difeen clases; + - signifcon ifference, p<0.05.

Table 8.3, o T-
the acute radiation syndrome
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A complex of methods, including DNA-cytomery, automated fuorscent actvaton
assays to mitogens and different antigens, blast transformation, *H-thymidine incor
iaion asag, e of migraion mhiiion was appied fo the: esimation of Fmmine
function in the ARS recovery period (iable 8.4).

Table 8.4. Immune celis response 1o activalion stimaf In ARS survivors In 24
iadiation

Err e e [ e pomgemn
e e e
Pl M o

2521 G

‘months afer the

ool roteaton | st
induction | paraoters
W

T

PHA m 124 134 252 o0
O 480 260" 817" 0597

Sotal m 081 023 085 008t
Sapnylococcal M 61 1396 B3 0690
antgen n oz 2n2 90 oo

= aiial dffeence withp<0.05 s compored 1o comrl roup
DNA cytometry study showed that majority of unstimulated lymphocytes were
presented by Gy#G; cells. The amount of hiperdiploid cells was lower in comparison
to control and other groups of 100
clean-up workers with lesser
doses (Fig. 8.3-8.5). A bio- 9
logical value of this effect
recovery of immune sys-
tem after a radiation injury g,
is ambiguous. The decline of
mononuclear cells number in
the adlsensitive phases of

g
3
b1

=~ >

e(lzcls of dose and bave apro- & & &
ion value at F9-83
surivars accartiog to th grade o disease (1-3)

system le
Call actvaton sudies 20
demonstrated high spontane- 55
afacivation - a0

cels antigens, and a decline of

the mitogen-induced reactions,
that was typical for ARSNC 20
and ARS grade 2-3 patients. 5
‘These conformites repeatedat 10
the study of percent content of o5
cells (Fig. 8.6, 8.7). P £}

Study of CD4* cells ex- i H 3

presin 1.2 eepor, showed .
rease of their mumber Ak sy serons o o ol o s (o

B> D b
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in ARS-NC patients. In ARS
16 a grade 1-3 survivors the sponta-
§ neous indices of CD4*25* cells
2 did not differ from control; the
same was shown after Con A sti-
08 a ‘mulation.
Analysis of the immune
o4 4 & | tanction parameters was per-
2 formed in relationship to the
7 3 3~ dose of exposure. The doses in
ARS SIIrV!VOIS, ‘who were sub-
Jject studies is
pmzmed in the Table 8.5.
dency was ob-
served fl)l' CD3*DR- cells and
0 a lesser extent for CD4* lym-
BT T ot Resuces cpresion
ARST ARS 23 ‘of CD3 receptor was crucial for
Spatsmooss 00nA the formation of response to ex-
Fig, 86, Percentage of oo s ater amonavln A posure and lhe rat mune
gasn e
cell pmgu.y ofFiympho-
eytes variant by T-cell recept

:
"0 (TCR-mutants) have a low d!n—
0 surface. In studies of patients

survivors and clean-up

Contal S0 CIE With ARS s

Fig, 85, Perentage of eripheral biood G;+M monomucear cell n

o. ‘workers exposed at low dose, we
Fig. 8.7 Reatve amoun of C0A-25* lympbocytes atter concanaval  have: demmmed a correlation
A stmuiaion. i e

Tilo 3, Dbt sl tants and prolierative aum.y,

oS gaae Do o wragaton 199 and Con A; and biolo

[ wimun | Waximm _  active compounds as :omwl
ARS-NC 053 025 14 ‘adrenaline, 5-hydroxytryptamin.
ARS1 175 046 40 Despite the negative selection of
RS2 187 027 340 TCR-mutants in vivo due to the
ARS3 560 540 60 halflife of 2 years, the effects

remained registered 10-15 years
after exposure (Fig. 8.8). In convalescents of ARS grade 2-3 increased numbers of TCR-
mutant cells were shown 20 years after exposure and more (Fig. 8.8).

In population of CD4* cells two groups were analyzed; CD4'8" cells were deter-
mined na reduce numbe with ncresiog of aborbed dose. The CD0" ellcouns

of persons exposed in o«‘upinonil limits, were significant. This e o devies
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culer i diffeet immunode: %
fic o that

ransiion rovgh hesage of

the simuliancous expression of 4

these antigens was one of the é 3 f
stages of cell bbb $ ]
thymus, o likely that CD4'8" T 1 1
cells belonged (0 subpopula-

tion recently migrated from
oo
te thymus. A

Reseresofplleive S s a1
potential of immune cells after
the ARS seem to be satisfac-  Fig. 8. Mean mumbers o TCR-varan ymphocyies In ARS sunvors
101y to support the general  9Wded by dates o eas o w5 A ck sl o
tendencies of recovery at the
early period after exposure. The compensatory cellular proliferation and bone marrow
restiution were mediated, at least, by three factors ~ a speed of cell division, cell loss
and cell cycle time. Cell cycle time is shorter and it seems o be one of the important
factors of immune cells response modification and possibly present a preparatory reac-
tion 1o the next exposure. At shorter cycle time between divisions a lesser dose can be
accumulated, that s a necessary factor limiting subsets radiosensitivity on the whole
and effective negative selection of mutant cells.

83 LATE PERIOD AFTER IRRADIATION

period th f the major regulatory T
cells had a tendency to normalization. The number of T cells did not differ significantly
from control values in all patients; after ARS grade 1 even a tendency to increasing the
number of CD3* cells was shown (Fig. 8.9). Noteworthy that after ARS grade 1 the
restitution of total T cells counts was due to CD4* subse, whereas after ARS grade 3,
the restoration of the CD4* cells umber did not occur and the average remained sig-
nificantly lower (Fig. 8.10).

7 ”
QMRS HC RS 1 mARS 23

Fig.8.9. Dynamics of mean perpheralbood CO3° cel
countsin ARS sorvvors,depending on disease grae.

for1 taken for 1.
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8* cells number varied
iccmdmg to other regularities
(Fig. 8.10). If after ARS grade
1 and ARS grade 3 there was a
gradual reduction in the number

of cells that becomes significant
oss

7 ” B within 20 years after exposure, in

Bumsic s | mas 23 the ARS grade 2 convalescents we

s 81 Dnis o s prer tood " e somts have recorded he opposie rend.
i buraio: dop i o desve Ispresented The analysis is being continued.
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Fig. 8.1
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Tostudy the influence of dose g B
i ices in a late oo 20 @

period afer igh dose adiation "
the analysis was conducted in 56
ARS survivors (ARS-NG — 21; "% °
ARS grade 1 — 22; ARS grade )
2— 10; ARS grade 3 — 3). The [~ I
results of the performed regre:
analysis showed that ia a late pe-
tod some dose effct tendencies
have been continued to occur - the
negaive comlaion between dose
vs. CD4", CD19", CD3" HLA-DR*
cell counts and CD3*4*/CD3"8*
ratio (Fig. 8.12 B, D, F. H). The
dependency with CDB* cell counts
type (Fig.
8.12 C) with  general tendency of
increase with dose. For the basie
indices of humoral immunity no

lose dependence was determined,
with an exception of increased IgA
concentration.

Despite the complexity and

patients follow-up indicate at the
remote period after exposure a cer-
tain exhaustion of the cell subsets Fig- 813. Regression analysis, ""‘ of the dependence betwoen
‘compensatory abilte, Stll depend- o n ARS urors 20y o i s,

ing on e adiaion dose. Howevnr,

id be ir analyse data in
survivers. 1t vas demensivsted for pergharal bloca eatane colses Sell o for progeni-
tor cells. For a subset of CD34* cells in total a significant correlation was found and
r-value reaches -0.48. This conclusion was confirmed by the analysis of the number
of the CD34°117* subset of stem cells and CD123* early progenitor cells, shown in
Fig. 8.13 (A, B, C).

‘Similar results were got for upms!on CD117 and CD123 antigens, which matter
in forming the immune response.

8.4 CONFOUNDING FACTORS

Influence of a radiation factor on the buman body causes a number of adaptive-
‘compensatory reactions, the most important of which are changes in the central and
‘autonomic nervous system, metabolism, hormonal regulation. Changes in the immune
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system can be regarded as
separble pat of this wgolng
processes of
Treregiseredeven n range
of large doses. Mechanisms of
neuron-immune interactions are

AT e T ‘The results of
foll .
. L. shown in Fig. 814, and sug-
e W WS gest that the presence of con-
o B -0 M s urrent neurological disorders
T, 814, e of G0 e cuts e i S during th vt yars after the
bt S Dimely Ll B dstona (VD) exposure resulted in impaired
recovery of Tcell compar-
ment. Further, this effect high prevalence of
pthclog and assocised payche mearologial dsorders itk group of patients.

\ which

8.5 IMMUNE FUNCTION AFTER THE MIDDLE AND LOW DOSE
RADIATION EXPOSURE

Until now, no clear determination exists of fonizing radiation dose, which should
be considered as low. Experts in the field of acute radiation pathology have defined low
dose as the maximal dose that does not cause a specific response, such as bone mar-
row hematological syndrome, 5o is below 1 Gy. In nuclear emergencies such dose was
considered as 0.25 Gy, which was used carlier as a dose limit for emergency radiation
workers of Chornobyl in 1986 and in Fukushima in 2011. However, this limit, providing
some safety from the view of radiation protection, is hardly substantiated with the regards

in g the last twenty-five year
period. Other authors have defined as a low dose an absorbed dose of 0.1 Sv or less.
in a short period of time, or 0.5 Sv for a long time (6). Similarily, from a standpoint
of immunology it has been proposed to consider as a fow dose such that did not cause
significant changes in the immune system — 0.04-0.05 Gy [7), The ICRP defines low
doses, as less than 100 mwSv. In the most recent UNSCEAR documents the low doses
are defined as the doses of 200 mSv or less, and dose rates as 0.1 mGyminute-! or less
for radiation with low LET value (UNSCEAR, 2006). In the lattr report an up-to-date
evaluation the effects of fonizing radiation on the immune system Is presented. The
UNSCEAR considers the immune system as a modifier of cancers risks and concludes
an impossibility at a current stage 10 get a clear answer, whether immune ﬁmmun is
enhanced or weakened in the range of low doses and how it changes the ability of a
human body to resist cancer. At the same time it is recognized the “sccamulanon of
substantial new data on nontargeted and late effects of low doses.

Experimental data also exist in mice on the sevation of e fanction under
chronic Influence of low dose gamma-r ontrast, an excessive damge ©
the immune response s described in mouse- s e pathology under the
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influence of chronic low-dose radiation. It remains unclear how these data can be ex-
trapolated to humans including not only purely cellular response to radiation, but also
changes of the microenvironment. The UNSCEAR suggests as a key direction the stem
cell research with the use of moder analytical approaches, cell kinetics and the micro-
environment. So far, according to intemnational experts, the existing data on the impact
of radiation in low doses on the immune system, and on dependencies of «dose-effects
type are not consistent and clear [8].

8.6 EARLY PERIOD OF RECOVERY AFTER IRRADIATION

Investgationof foizing radiaio effects afer low-dose exposure I he early -
of exposire— the e workens o the Chooobyl aciden, svoces oom Prypyl!
d children living at
S ot salf e 30k some o Chomobyl. These results are summarized in the
monographs «Chornobyl disaster» (1997), «Chomobyl nuclear power plant-Slavatych:
Medical aspects» (1996), the second volume of the monograph «Health effects of the
accident at the Chornobyl nuclear power plant. (vol.2: Clinical aspects of the Chornabyl
disaster (1999), «The effects of low and very low doses of ionizing radiation on human
health (2000), “Chornobyl: The Exclusion Zone» (2001), and other publications [9-11],
In the monograph of 1999 the influence of ionizing radiation on the neuro-immune
interaction during recovery of the immune system was discussed. The present section
conskdrsthe dose an tempors patems of changes I o ction.
g 19871990 period study group inlucluded 3010 clean-up workers of
1985-1989 (rble 5.6,

h and limitations of the early peri
Research approach for study of the low doses effects included ensuring the ho-
mogeneity of study groups (exposed vs. comparison vs. :om.rolx) the same level of

medical follow-up for using,
one source of information on radiation doses. For analysis mainly
fied in the Ministry of Public Health Form N-1 were used. Reioions lofndmbiology

research include the lack of previous data on the analysis of the immune function and
of official doses. For
10 select individuals, free from irradiation and concurrent diseases, according to the age
characteristics and lifestyle. For control geoup the available opportunities were used.
We examined healthy volunteers — residents of Kyiv, who were blood donors, have not
participated in clean-up actvities and not living on contaminated terrtories. Individual
dose of external radiation and thyroid dose for residents of Kyiv from the control group
e ot consdered.Group of compaion lachded the il poulat o the Pliava
in parallel (1900}

sppachol

f the clean-up workers
i doe B i s STt s B et 1 e
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approved by the USSR Ministry of Public Health. Clean-up workers irradiated in doses
less than 0.05 Gy were selccted as an internal comperison group (Teble 8.6).
‘The Chornoby! experience shows that recovery of the immune system depended
exposure. At low dost 'D3'DR" cells and,
10 a lesser extent, for CD4* lymphocytes. The correlations were demonsirated between
the number of TCR-variant cells and proliferative activiy, i response to PHA, Con A,
cortisol, epinephrin, S—hydmxylryplamln.
Table 6. Percentage o
Do f 2455 ot e . spoare  epeiencs n o of ot

ot oy O

7
05
[
03D
03D

e decresse was demonstte of he mean couns of the T lymphocyte main
subsers (El. .15). Group vahies showee dse dependeucy, bowere s dcrese n
imber of cells that expressed the earliest T-cell CD7 differentiation antigen was the
Crales T s ool it press CITS e, cogid T peelel i soncent
o[ CDZ‘HLA D e e ix CD HLA I el Toe ks of GO 53
Number
oF D" cels was mcressed g group vlies difference o 8 compaison group was
significant in doses excecding 0.25 Gy.

dies have shown heterogeneity of cytotoxic cell srutie Tismnterof

ol ha exprecd D38, il ma shanged and reoded ot Delgcted
dheshld type ofthechanges of cyotoic CDLC 1615 lymphocytes I paterts with

es of 50-250 mSv the number of these cells was declining, at higher doses — not
trt o moe. Moo redocton e et o CDBLSS iy CDB-87
Iymphocytes.

Aceordin to the resut of DNA flow cytometry an nsbily of el uai
through the different phases of the cell cycle was observed (Fig. 8.16). In the range
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of doses up to 250 mS 24-36
months after the exposure an
increased numbers of mono- 5
nuclear cells were shown in S-

and G,*+M phases. The growth 5
of cell population heterogencity
was demonstrated by increased

values of mean-square deviation 0

-
greater than 250 mSv, the pres. p —
5. Dase depentences of CO3* T-cel counts throug 2436

hesis withblocking the cell cy- - g 215, Dess demie o

cle and G- or Gy block was
‘demonstrated. The frequency of
changes also depended on some
threshold: Gy-block was deter-
mined at doses above 250 mSy,
Gi-block — at doses exceeding
15,

e
os
e

v.
‘The registered variability !l l

I result fr diffe =i Wil om

sitivity 10 itadiation and recov- T T T

ery efficiency of various subsets compenson.

of Tand B-lymphocytes. It was === Sbbek [

found that reducing the number = Grbiesk

of T-cell th 5 was fig 16

o accompanied by acivarion N ckssp et wd o st v

cells in S-and G,-M phases. In the CD57* population with a high density antigen an

accumulation of cells that entered the proliferative cycle was registered at doses lower

than 250 mSv, and at doses exceeding this threshold the effect was not observed. The

slg* B-cells differed from the other by an elevated number of lymphocytes being in
prolif . At higher doses the increased of B-cells wer

accompanied by increasing of cells number in G, and M-phases, without changing the

number of cells in S-phase.

In staff of the 30-km zone of Chornobyl working by a shift method a ‘higher con-
tent of cells in the phase of DNA synthesis and mitosis was detected (Table 8.7). An
accumulation of cells in S-, Gy-and M-phases of the cycle was characteristic for NK and
B-cells, mean cell cycle parameters of T lymphocytes did not differ from control. The
identified patterns could provide evidence of differences in cell lineage radiosensitivity,
and presence of compensatory and adaptive type reactions of NK cells. B-lymphocytes,
t0 our opinion, are in a state of activation, as evidenced by increased expression of dif..
ferential antigen, surface immunoglobulin and promotion of cell cycle. These findings

AR LN T




264 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a

Quane of Centry Aftermath
intake of 31 Age and
gender analysis have not shown any reliable differences.
T i chor-
st e 0| " SO o by
i‘:-’?ﬁ s0wm w e
" % 5
m 1210 1287
M 53603 79.139.
2 w2 m 436 5.408
u 05755 Tob 000
K ne tm 1921 12.743
‘ " " 2105 2581
187 e 4m 30.861 2045

“Sgnfcam dfernce. <035,
udy of exposed shows that the effectiveness of recovery mechanisms of cell
subsets depended on the dose stepwise, which was likely due to the different sensitiv-
ity of compensatory mechanisms. Data on some contributive mechanisms revealed at
the early period are presented in Table 8.8 Thus, the release of the immature CD4*8"
Tecells 1o the peripheral blood with concomitant decreased number of mature CD3"4"
cells became a substantial factor in the dose range above 250 mSv (p<0.02). T-cell
activation, by contrast, was depressed. Expression of CD25 antigen (interleukin-2
ceptor) was increased, sarting in the dose range from 50 mSv, but not accompanied
by increased expression of T-cell class Il major histocompatbility complex antigens,
which was an essential factor of activation and promotion of cells to G and M phases
of cycl. Last ecovry mechanismnseems o alue 25 3 defensive and compensatory, at
doses greater than
Table 85, Vaiation of some T-zefl ndices n Chomobyl clean-up workers

Tndex o paaretr Ghange % 5 1o conrol o et G
Imue paramators ET oot o

Tncrease of COA8" lymphocytes 122

number in peripheral oo

‘Number of activated CD3" 03 067 059 092

HLA-DR® lymphocytes ‘

Nomber of C025* cells 088 785 156 76

8.7 MODIFICATION OF IMMUNE FUNCTION AT LOW DOSES

Although the oty of ces-up workes espcilyin youngr age roups po-
vided sparse Information
outs wee n normalrnge the mpulogisl solyes b m mz]nmy had not been
performed before. After the expo:
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were observed in individuals with pathology of the early period. We performed a com-
parative analysis of the immune system restoration in the period from 6 to 32 months
after Irradiation in 72 clean-up workers. In healihy T-cell counts increased during this
period from 38.2% t0 50.3%, while in patients with pathology of the digestive tract —
10 42.1%, vegetative-vascular disorders — to 41.8%. In a series of further studies a
number of humoral factors modifying the immune response were revealed, as cortisol,
epinephine S-hydroxytryplamin, leu enkalzlm, fnterleukins (IL) 1, 2, 4, 10, alpha- and
, VEGE. In clean-t diseases and Th, type
of response dominaton, the in vitro intrleukin 4 and 10 lead o paradosicalscivaion
of Thy-cels. The opioid receptor agonists in doses up to 0.5 Gy inibit the IL effects,
and after doses higher than 0.5 Gy a potentiation effect was shown. Modifying influence
of metabolites of arachidonic acid was shown: an inclusion of 12-HETE to lymphocyte
‘membranes was associated with high CD4* and low CDB* counts, and the association
of high content of 12-HETE with a low number of cytotoxic and natural killer cells,
that can act as a factor for promotion of cell transformation [12].
As a result of the follow-up immune function studies it was, therefore, possible
o ool the s oo o e g v e e
fuced non-lethal damage of cells (proliferation of functionally defective
oliring preslog efect due 0 hamoral actor)
+ modification of the immune response (neuro-immune factors, lipid metabolism ac-
companying pathology);
* sysem adaplve esponse (vanston lo the radoresistant cell cyce phises thrsh-
old type of dose-response recovery reactions including immature cells; nonspecific
activation).

8.8 EFFECTS IN DOSES WHICH DO NOT EXCEED
‘THE PROFESSIONAL LIMITS

The results of the last low-dose studies testify the necessity in critical revision

of some for years not changeable positions. At first, the presence of adaptive response

demonstrates that cells recognize an lonizing radiation, as a stress stimuli

0 it at genetic and epigenetic levels, including the changes of genes expr-ssmn. et

changescanresul i volaton of nomal processes s wel as i an ncreased resistance
.

o the next ire
Sble protcive nflucnce onthe development of remte effects of irradiation. Thus, a
bridge overturns between the action of extremely low doses and tumor induction while
a nature of this interconnection remeins disputable.

In several experimental studies an attempts was done of modelling the chronic
Iow-cose exposure using the celllines from which more frequent used were fibroblasts
On human twmor lines Hela S3, Hela SB and Jurkat a inear response was demonstrated
during 48 houts after iradiation in a dose of 0.5 Gy with low intensity 3.75 mGy/min.,
with the involvement of caspase-3 [13]. A linear specificity of answer during 48 hours
after imadiation was set, which was related to low activity of caspase-3. These stud-
ies served as a basement for planning long-term study on the influence of radiation
exposure on tumor and normal cells. Such research has been performed with a 11/,
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year cell culture exposure to gamma-radiation inside the Chomabyl “Shelter” and to
a radionuclide mixture from the fallout to the areas adjacent to Chornobyl reactor (so
called “Red Forest”). The study data show higher adaptation potencies of the normal
immortalized cells in comparison with tu ‘These results were used at the
implementation of the regulations of professional health control for staff of the Chor-
nobyl exclsion e
To study in humans the inidial changes caused by low-dose exposure we have
conducted a comparative analysis of immune function parameters in 255 construction
workers of new Chornoby] confinement at entry to the radiation zone, within 1-3 and
4-6 months. Personnel was exposed to low-dose chronic irradiation during shifts to the

y . Doses o
provided by the RCRM Department of Dosimetry (head- prof. 1. Likhtarev) and in all
inspected were in professional limits (Table 8. .

Tabla 8. The doses of iadiation f ko sic parameters included T-cellular

lmmnnhy and natural killers: CD3, CD4,

persannel
DB, CD16, CD45, CDS6, HLA-DR, TCR-
T of espos e variant cells; Becells: CD19, HLA-DR, hu-
nny ‘moral immunity ISA
Exterral 2] 1gM, IgG, circulatory immune complex
Internal 2 b specific immunity - HBsAg, :nnbodlcs m
Total 24 138 HCV, HSV 142, i

‘and Toxoplasma gondil. In 34 subjecs the
CD34° stem cells and early progenitors were studied together with FAS antigen, regu-
Latory proteins pS3, bel-2; local cellular immunity — phenotype of broncho-alveolar
lavage cells

During first 3 months of irradiation no increase of radiogenic mutations number
was found in the locus of T-cell receptor. At the later periods (4-6 and 12 months) an
Increase was demonstrated of the mean group values. No dose dependency was identi-
fied. In 3 subjects with the incorporation of 1¥7Cs a five-fold increase of TCR-CD4*
cells count was shown. Studies of a possible relationships between the dose. of el
‘and exteal irradlation have not demonstrated any substanial results except of a “dose-
effect” type of the T-lymphocytes counts changes (Fig. 8.17). However, all e coms
remained within the normal limits.

For a number of parameters the differences were detected on a group level with
the absence of dose dependencies. The decessed apoptosis, ncease f he numbes of
NK-cells and monocytes as well as lymphocyte activation in peripheral blood and in
broncho-atveolrvage, incrase me number of CD34*117°90" early hemapoietic pre-

An increased expression of nuclear antigen PCNA, anti-apoptotic

P lcnvznnn i th et with Con A andth reduced 53 CDBS* el ractons weee
D117 antigen (C-ki

nd2AD 70 on et CD117 gene encodes a transmembrane receptor tyrosine-Kinase

that i essential forexrlyhemopoiess These esuls coincide ith dat showing hesgoal

quaity of anibody and atigen recept

lnmhmnn of

receptor
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cells. Increased expression of TOTDOSE, L Moars
Wrosine Kpuies dhctage dif- sl 724057530 1501218
ferentiation of T-lymphocytes @5 Vet it 35 s s

may enhance the activation
roces

kinase

24070 wih mass of 70 kDa
is involved 10 the control of
the early stages of signal cas-
cade system of T el recepto

f ZAP-70 is
connected with stulaton of
CD3 receptor. ZAP-70 is usu- O T—{—————{—
ally expressed on thymocy Ty s s e
mature T-cells and natural kill- 37556 e o0 oo o o
ers, its absence results in the  F. M il
ymdrome of asevers coninng St e o o s
immunodeficiency with block-
ing of T-cells development at the stage of CD4*CDB" thymocytes. Such process could
result in an increase of CD4"8" cell counts in peripheral blood described in radiation-
exposed.

‘There s experimental rvidence for a link between tyrosine dnases and early
hemopoletic progenitors. Intrathymic injection of progenitor cells to ZAP-70 deficient
SCID mice et 1 ineressed s of peripheral T cells, increase the percentage of
naive T cells and expansion of the T-cell receptor repertoire. It s likely that the re
tered changes as activation of T-cells with increased expression of CD117 and ZAP-70
resentasingle comple tat reflecsthe response 0 raciaion ina specifed low.dose

LY

e 1, (DA ith Ca?* and
pnaspnandylsmm tivte protin insse G DAG hydrolysis is necessary for the syn-
, Including 12 HETE, “T-cell function and is involved

i rdiation aing ot resemch of the Institute of Blochenisuy NAS of Ulaine,the
RCRM and the Laboratory ot Einck and macelogy U352, INSERM (France)
s inclusion in

of lymphocyes CD3° with hrshaldvlue of 50-300 mw o e period of 15 years
after xposre (12]. Possibly a reduced DAG hydrolysis swiches the thanges t doss

ensity
of the immune function momy The msnll 1 batace b g nceased .
{umor control and preservarion of mutatons by reducing apopusi. The endpoint with
& regrd 0 mulistage tmor inducion process emans t present uncles.

tudy shows that immune sysem rects 1 sedaon exposure in doses not

igher than the professonal ity by a st of diffrenision and activation changes
inclding anincrease of mumber of early hemopocti pogeniors, cytotoic cels aciva
tion, enhanced efficiency of apoptosis.
These changes are related and could be explained by increased expression of protein-
tyrosine kinases at the different stages of differentiation,
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‘The revealed certain dependencies, except of the relationship between dose of
exposure and CD3 antigen expression, correspond to the experimental data, obtained
in cell lines, that allowed to forecast adaptation of immune function of personnel and
existence of possible threshold value of 100 mSv. Possibility of changes in balance of
‘mutation rates vs. anti-tumor control could depend at this range of doses on the influ-
ence of additional factors.

8.9 EFFECTS IN THE IMMUNE SYSTEM
AT THE REMOTE PERIOD AFTER IRRADIATION

tion of radiogenic mutations, studies of immune function and influence of confounding
factors. From radiation markers at the late period we have studied somatic mutations
in Giycopharin A (GPA) and el recepor (TCR) loci

is present on erythrocytes in amount 5105 per cell is coded at 4q and it
s devnmined s oo aheic forme, according 1 M and N bloo groupe. Ul vri
ant lymphocytes, the red blood cells variant by GPA, do not pass selection in vivo,
‘GPA mutation does not change life-span of red blood cells and is not associated with
any clinlcal changes. Genotoxic effect i registered from erythroblast stage, it can be
 marker of damage of early progenitors of red blood cells, including the polypotent
stem cell. The assay was performed with analysis of 108 cells by two-color cytometry
in Chornobyl clean-up workers, who were heterozygous by MN. Cells were stained
with M-specific monoclonal antibody (moAb) 6A7B and N-specific moAb BricCFL.
Detled rotool v pulished prevlously. A ssfctory cvrulmnn ‘was shown with
the results of other from control
group studied subsequently from 3 to 5 times & mean Y equency of mutations (4-SD)
by variant hemizygote No-erythrocytes was (12.3+4.8) per 10 cells. This data are
compatible with results obiained in the RERF. n Table 8.10 the results of comparative
analysis of official doses by physical dosimetry with doses by dicentrics and GPA-doses
are presented.

Table 810, Results of comparative analysis of mean doses calculated by GpA test, dicentrcs and
physical dosimetry

Dosivaty et
Oificl dose =3
Dase according 1o the methad

of cromosomal abertations o8 o0 1 s o
Dose by defnton GPA-mutants 047019 140 0@ 0m

Studies of the individual parameters have shown weak correlations between
the number of mutant erythrocytes, official radiation dose and number of dicentrics
(Flg. £.19). Sarvey of Clomoby, 30k esruson sone sl showed the increased
frequency of mutations up to 8,9-23 per 10° cells. The m ough high informa-
ive for determining exposure, or biological indication. The limitation of this assay was
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to study only 02 o4 05 08 w0 12w
MN-heterozygote individu- 0z - - L
als, who represent from % to 0 .
i1 f populaton. 2
Research of mutations  § 06
in a locus of T-cell receptor/ & g5

TCR gene showed that for
Chormoby] clean-up workers
with the doses of more than
500 mSv the dose dependent
effects in the immune system
were observed even through
15 and more years. In a pe-
iod after 2000 the number
of variant cells also exceed-
ed mean figures for control
group, but a difference was
not reliable (Fig. 8.19).

chromosome aberrations the
experimental studies with
cloning of variant TCR-cells

ship of TCR mutations with
impaired immune function
[1sl. I

between the number of vari-
ant T-cells, content of CD3*
cells and e ol CD3
receptor.

deDendence was not found,

after grade 3 acute radiation {13, Shedes In mumber of TOR vartart tymphocyts i ex
syndrome. At chror
iIn At e professona imits,such dependences were ot o i
i ith variant f Tecells

was sngmfcamly K o ke range.
the immune system performed in patients at the late period affer ex-
posure v debacimi s radiation-induced changes of cellular and humoral
immunity, that can contributive to the onset and progression of somatic pathology; the
possibility of the use of Immunocorrection and immunomodulation for prophylactic
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reasons in exposed with acquired immane deficiency; the contributoty role of CMY,
Epsteln-Bare virus (EBV) as well as hepatitis B and C viruses in the groups of persons
with the formed immunological violations, determination of nosotropic value of trans-
miter of viruses of hepttis B, C,cytomegaly in modificaton of imimue uncion.
Important part of studies was research of the mechanisms of radiation-iduced leukemia
and myeloayspasc ymcome.

Follow-up studies of the immune function in patients with vegetative dysfunctions
(VD) of early period and cerebrovascular diseases of the later period after radiation ex-
psure brdge the nerologlcl disordersand changes i he e system. I ptens

of recovery after of
regnl:uon and expression of receptors for neuropeptides, messengers of neural ignals
ind hormones, and ypersnsiloty o bal tisor a..um.s ‘were shown. Attempts were
homeosass, with ey ole

b

ap
of :m in the formation ol

Accordi o asder st mme-
medmed brain pathology a et of pad\ways ‘can be proposed including:
n me secondary subeel changes associted with disordrs it nervous-humoral

gula

2 toanle mecharlsms withaswlichof ‘antigen-dependent and natural killer reactions,
‘apoptosis through Fas (CDYS) and Fas-ligand (CD95-L):

3 p iype antibody and type cellular
reactions with an increase of hemato-encephalitic barrier permeability;

4) an impaired lymphocyte regulation of a nervous system function by a release of
lymphocytic neurotropic substances, accumulation or, to the contrary, decrease of
‘consumption by lymphocytes of different neuropeptides (beta-endorphins, Leu-en-
Kkefalins, 5-100 and others) due (0 receptory changes.

8.10 IMMUNE FUNCTION IN PATIENTS WITH CEREBROVASCULAR
DISEASES (CVD) EXPOSED TO IONIZING RADIATION
AS A RESULT OF THE CHORNOBYL ACCIDENT

‘The existing level of knowledge allows considering the contributive role of the
immune function changes of the late period after irradiation to the cerebrovascular
pathology pathways. Therefore, it is also actual taking into account an interaction be-
tween the immune and . (“radiation 1
“discirculate DEP, i o
medical statistics is one of the most common disorders of a late period N
and one of the most frequent diagnosis for establishing a causal connect
it 3 alaion fctor. AL the s time, s ature of (s isondr 13 not dented, and
many researchers do not recognize it as an effect of irradiation [2]. In some studies it
was depicted as a result of o direct brain tissue radiation damage (6], or as an indirect
eﬁecl due o damage of vasulr chclaon (1, Development of e brin ptilogy
as a result of CVD and vegetative dysfunctions, and the substantial vasculatory changes
Tevestd i encephalopary ptlnts provide support to a latter assumption.
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Study of dose dependencies of the immune system parameters was conducted in
CVD paients with avalable dose estimates. We used officia data on doses from the
byl . Analy

Chornot alysis
eters depending on the time of irradiation showed that at acute > expusure aud e e
‘exposure greater than 10 years, the slallsncally significant diff ermined
epending on the cose, not the time. Doses,th effct of which conld be dmcud a
this period were 0.25-0.33 Gy, However, o ehvonic exposure of staff of the 30-km
exclusion zone, the major factor was the duration of work activity in the zone, and the
{ireshold dose was reduced. Examination of clean-up workers with CVD s demon-
strated in 42.3% of and CD4* cell 1 blood.
Depressionofcelllr inmunity wassssocited withthe prservaton of pipinter
vrant TGR <el

1113y years after ion of T-immunity
degree of correlation of CD3*HLA-DR- cell counts with radiation dose. The mqlnmy
of these workers were exposed over 400-500 mSv. The second group included clea
up workers of the same period exposed below 250 mSv with prevalence of activation
reactions and positive corlation between radaton dose and number of CDDR" B-
cells, ing d IgA.
these changes n the Tormason of immunopahologca syndomes o ae perid atr
iradiation was o definvely esablished

eg;
10 dose of exposure are presamed at Table 8.11.

Table 8.11. Percentage of main peripheral biood rmahocyessubsets i clean-p Worers wih e
ebrovaskular diseases 10-13 years ater radiation expos

Sanica
S st | pats [T |

0
Over 05 i

[
Below 0.5 im

[
Control m
dfirence o conol wih p<0.05

Presented data show the existing significant differences related to a dose of ex-
posue. In patients with doses over 0.5 Sv a decrease was demonstrated of the CD3*
cell counts due to a lesser number of CD4* cells and also CD3*DR* cells. In clean-up
workers with doses below 0.5 Sv a similar tendency was accompanied by an increased
number of CDS” eell. The mumber of cytatoic T-cells and the NKC—els was dectessed

th groups. B-cells have shown absence of substantial changes. The number of
oot i in exposed with doses below 0.5 Sv was 6.7£0.5% , over 0.5 Sv — 8.19
20.6%, in control — 8.4540.17%; for HLA-DR* B-cells the counts were accordingly
8.78:0.9%; 10.4820,879%; 9.8910,34%. Absolute counts have confirmed the aforemen-
tioned regularities (Table 8.12).
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Table 8.12. Absolute counts of main peripheral blood lymphocyte subsels in clean-op workers with
rebrovascalar diseases 10-13 years afer radialion exposure

Dosa. S

over 05

below 0.5

Control

“affernce 0 conol with p<0.05

s z No relationship was revealed
& between radiation dose and the se-
4 um
(Fig. 8. 20-8.22).
) — . ‘The presented data show a pres-
H o o i cel
H - sets in clean-up workers with CVD at
H the late period from 10 to 13 years
T ety © Ml egore. Al e gy
Radiaton dse (51) Tevels these changes have a al
F4.820. Dot la of the A concentation fference from th coneol parameters
- in patients with higher doses. These
N changes are consistent with the de-
scribed at the period of recovery after
- radiation exposure and with a confi-
w dence could be referred as resulting
from the induced changes of
» immune system of the early period. At
W tar ™ ee e e the same time no substantial chang-
N PY Py T ¢ were found in humoral immunity
o showing its recovery and lesser influ-
i 821, Dot pltofthe Iy conceniration. ence of humoral mechanisms.
5
d
. somatie pathology in clean-up workers
radiation. Researd
2f— N ‘was carried out in 306 workers with
bt - i
¥ il chronic
# @ @ @ w0 @ 0 disease of a late period (chronic ob-

Badaton doe (c5Y) structive pulmonary disease, chronic
Fig. 52, Dot plot of the Igh concentalion, hepaitis, CVD). Analysis of immuno-
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logical
reater than 10 years, the statistically sigaifican d.mmms depmd on dose,no tme.
e reshad dose, the effect of whic in the formation of long-term effects
in patens with CVD, I 0.5 Sv. However, in hronc exposure at the 3.4 a0ne, e
major factor is the length of stay in the zone, and the threshold dose i reduced.
some changes were registered in immunity with a -
dominance of acivaton eeactions which probably ndicate damage o he
sisms. A substantl shace f CVD pateays was a formation o bypessneiiviy
Teacions, which were confimed by cel ctvation by 5-100 protein and other brain
migers.

Study of
mae clesnap workers o Chomnhyl accident exposed at the doses range of 0.25-3.8
v (aged 36-69 years) and diagnosed CVD in comparison with 30 non-exposed CVD
patients and . Physiological i
intensify the spontancous and mitogen-dependent roliferation of FAymlocyes (g
8.23, 8.24). Intensifying effect of the opiate peptides was being blocked by naloxone.

Jona opat acin, Bendorphine

» o

coam
O - a-endorphine [ - p-endorphine I = Con A
Fi. 823, Percent
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Fig. 624, Dependency plots
workrs with dases 1-3.8 Sv

 incubalion with endorphins
effect dominated. The detected effects of endorphines were shown both among donors
and patients (exposed to ionizing radiation at 0.25-0.9 S levels and non-exposed).
‘The irradiation higher than 1 Sv resulted in disturbance of the endorphine reception by
the T-cells with blockage of the influence of naloxone. That confirmed the presence of
radiation effects in opiate regulation of the lymphocyte proliferation.

8.11 APOPTOSIS AND TELOMERE LENGTH

Modern achievements olxadmbwlngy, molecar bllogy and geneis,alkwed o
offer few theories in relation of biological ce of cells which partly complement
each other, and partly cause isdion Volecuor gentc thoris describe ger
Changes o aging 35 pogrammed or - 25  roul of accumlaion of muratons. W
have studied apoptosis a5 one of the system mechanisms of stability of cellular popula-
tions and telomere length in forming of cell response to lonizing radiation, Shortening
of telomeres is regarded as one of the important stages in cell senescence [16, 17,18].
“Telomere shortening after irradiation could decrease proliferative abilities and thus
influence the elimination of cells containing double strand breaks (DSB) and, possibly,
dicentric chromosomes, mediate p53 pathways. A result could be an error-prane recov-
exy of immune cells. To the contrary, experimental studics have shown that adding of
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10 the genome of fibroblasts allows to elongate the life cycle [19]. Research
on relative length of telomeres (RTL) was conducted in Chornobyl clean-up workers and
staff of the Chomabyl 30-kilometer exclusion zone by flow-FISH assay. The analysis

ina FACS C: kinson

«
Systems, San Jose, CA) using the FL1 channel for detection of fluorescein signal and
the FL3 channel for propidium iodide. No compensation was set on the instrument. List
‘mode data from 10% cells in each experiment were collected and analyzed using CELL-
Q Dickinson). igoal was defined as the

rescence

m in Gy/G, cells ke u
signal (Le. FISH procedure without probe). The relative telomere length value was
calculated as the ratio between the telomere signal of each sample and the control cell
line (K562) with compensation for the DNA index of Gy/G, cells. This compensation
was performed in order to “normalize” the number of telomere ends per cell. On Fig.
8.25 an RTL analysis is ilustrated by flow cytometry in the “Dot plot” mode. Sample
after hybridisation with peptide nucleic acid (PNA) probe-FITC, show a significantly
higher fluorescent FLI signal (Fig. 8.25 B), than base-line/autofluorescense signal from
the cell samples, without PNA probe (Fig. 8.25 A).

O o w
Rasire
Fi. 8.25. Dot plot of the rltive:

cals, R2 — contrl el (KS62 fine)

iympho
L

Data are presented in Table 8.13. A tendency of decrease of the RTL is demon-
strated In staff of the exclusion zone (p<0.05). However the lowest RTL, in comparison
10 a control group is characteristc for clean-up workers of 1986-1987.

Tablo 6.13. Relative telomere length In periferal biood lymphocytes of Ghomobyl clean-up workers.
1986-1987 and sta of

s of omere
won Fatameers o womers ongh

Control 10
Clean-up workers 029 <0.001
Staf of the exclusion zone 165 <005
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2 Mean values for the swudied
2 ‘groups (Fig 8.26) demonstcate the

| == decreased RTL instudy groups with

' different doses of exposure
S “Taking Into account oge hete-
1 ragenicity of group data we present.
o esults of cross-correlation analysis
the

of individual indices of RTL by
study groups showing 2 decline of

i perrs Vo s
o L v oot s o RIL i saff of exclsion zone (Fig
Do st xposurs 3 — exluson 8.

Drolssiont ;.o — AL (%) at dose levels under professional
limits. We continue this study to
obtain an extended statistics.

P —

e hus, our study has demon-
strated a decline of the RTL with
® increase of iradiation dose and the
g N . maximal effect in a late period after
& radiation exposure below 1 Sv. In

s
- variation was detected. In exist-
b 7 7 ] 7 ing studies there is no consensus
o~ Ben it on this subject. Neuhof et al. [20]
g 8.7, Disbutan f ndiidual relatve clomeres engh - conducted experimental research

per
dlces nthe sy yroups, depencing o character ol adton. o telomerase aclvity and it was

st 4 — coniol group -5 — AL () suggested 10 regard it as a radia-
tion induced function, responsible
in thereby for the damage of DNA. Tp53 as oncosupressor occupies one of key places
n adjusting of cellular answer for the damage of DNA, by authors conducted research
of Iymphoblast lines of human: TK6 (wild type of Tp53) and WTK1 (mutant TpS3).
For both lines a dose dependent 2.5-fold increase of telomerase activity was found one
hour after X-ray irradiation in a dose of 4 Gy, while for dose interval from 0.1 Gy t0
1 Gy an induction of telomerase activity was determined only for the TKG line. Two
wweeks after an irradiation in TKG and WTK1 cells a lengthening of telomeres was reg-
istered +1.3 kb, in comparison to the non-irradiated cells. In other study the telomere
ength was bound to enhanced chromosome radiosensitivity [21). From other data the
Jong telomeres, but not activiy of telomerase are protective for proliferation pote
at radiation exposure [22, 23].
Obtained data (Table 8.1

Fig. 8.25, 8.26) show the shorteninig of telomere length

in humans .

in tumor el Jines. Possible causes include apoptosis, age and other conuibuting fac-
tors. The mean age in all studied groups was over 50 and did not difer significantly
(Fig. 8.29).
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foan e -
ing telomere lmgm s similar to the A
described by other groups (Savalli et

o'in 2009 P, 630

tween the RTL and the dose of i
radiation in a combined group of
clean-up workers of 1986-87 and
ARS survivors standardized by age

have shown a tendency of decrease

in telomere length in a dose inter-

) et 00 a1 500 8

marked decrease in doses over

500 mSv (Fig, 891 However, a

separate analysis at the interval be-

low 250 mSv has shown some un-

expected results (g 8.32). The im-

portance of these findings have to

be further evaluated.

“Thus, research of relative telo-
‘meres length in P cells o different
‘groups of humans exposed to ioniz-
ing radiation has demonstrated:

+ a general tendency of shortening
telomeres at the late period after
radiation exposure as well as in
a chronic exposure in doses not
higher than 20 mSv;
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« the same tendency of decrease of telomeres
length with age as in non-exposed groups of
population;

* a tendency of RTL decrease became signifi-
cant at doses over 500 mSv. Further studies
have to validate these findings.

Study of apoptosis was performed using

My cmenks vy Gpos* ot

Annexin-V assay (Fig. 8.33).

The resuhe wse e for raision
exposed groups, both in an early period and in

20 years after the irradiation. Positive correla-

“The Pearson coefficient of correlation (r)
was 0.64 (p<0.04) (Fig. 8.34).

Ina group of Chornobyl clean-up workers
S0t tow = sl it s of
relationship between apoptosis and the age

xposure no statlstically reliable dependenct
was observed, with low correlation —r = ~0.4
p<0.21. However, it should b noted that char-
acter of this dependence was negative, unlike a
control group and group of the exclusion zone
staff.

e )

£ 232 Dinpan o dopeson
e petcent o Imh'n eols s0a
St s o sy

Age. sy

[

s

Wi 200 w0 40k 0k

ig. 834, Diagram of dispersion with aregess-
We e of the percent o annesia"PI- cels and
‘e ofthe excusion zone stal.

So, in the studied group a decline in annexin*PI- cells numbers was shown with
age, which can testify to some changes in cell entry to the apoptosis and as a result to
violation of processes of elimination of damaged, or transformed cells in the remote
period after iradiation. Results are presented on Fig. 8.

Corelaton analysi was pefomned o reveal poss

tdepel\dmce between apop-
results are presented
on r.g, 556 In i cov e i comoins st mam as age and level of
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o
Padocon
Fig. 8.3

1e86-1987

early apoptosis ~ the number of apoptotic
cells grows accordingly with the increase
of dose. Result is statistically unreliable,
however Pearson coefticient high enough

elationship between the processes
of the programmed cellular death and
relative telomere length was studied de-
pending on the group of exposed. Results
are illustrated on Fig. 8.37. The opy

bination of a decline of the RTL index
with increased annexin"PI- cells fraction,
‘The maximal differences were typical for
a group of Chornoby! clean-up workers
of 1986-1987. Such tendency, s to our
mind, is logical, because such factor, as
telomere shortening could e acia-
tion of the programmed cell deth—app-
tosis. Our study is also in

01 AL refativ totomerss ength
W Aonexin*PI”

i, 337 e ls of el s
Annexi¥*Pr- s number I stdy gro

sisence wih expeimental fndings shoving hat he

o shors
a lmer ‘number of cel divisions, than cells with long telomeres.

In the last years considerable
‘nomenon of apoptosis.

progress was attained both in the study of the phe-
and in understanding of molecular mechanisms of its m:lluuon

and regulation [25, 26]. A key role of TpS3 and pS3 protein is elucidated in this
a5 well a5 of s taget gencs, like BAX and BEL-2 [27, 28] Our data demonsiae a
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sat. For clean-up workes study period was distanced from the moment of exposure
the telomeres
length and shortening with parameters of immune function (data s presented below)
and a revealed presence of the adaptation reactions of the immunity under professional
limits, it s possible that the RTL changes to be transient. Continuing studies of this
group could lead to new data. Gene regulation by TERT, TRF1, TRF2 and other genes
and telomerase activity quantification e needed. The possible significance of the RTL
protective cell

I to be further evaluated.
s hat the i fectious di

n, o p
nd tumors become more requent withage- Possibly, i i pardy condiond by the
age-old defects of the immune system. Connection of such wide spectrum of depen-

dency upon age pa processes of fested ion, that
the senescence of the lmmnne e can limit fe-pan 261, Howeve nspte of
number of the mmune

system with age, an exisung mowledge seems 1o be ot enough fr explanation o all
the senescence pathways (26, 201

|mmum(y plnm(lrrs. 1t is posile tha nartowing of the resrve responise posibil
ties could result in a declined ability (o react on stress, including radiation. Change
o diferen due 16 cell maturky, L. for st cels, a a e, 2 susained foncion
reporied in old age, though with mild proliferation changes [30]. Most of the changes
are demonstrated at the post-thymic stage, including decrease of T-cell function at a
senescence [31] , decreased T-cell couns, and clear difference in the relative T-cell
subsets counts [32].
A performed study of the RTL and subsets of immune cells has shown a negative
correlation between the percent of CD3" cells and the RTL (Fig. 8.43).
At senescence a relative increase of cytotoxic suppressor T-cells and diminishing
o e Gt lpes £ule nmpamement e deseriped, Eomeonl Arvees o the cellular
the CD4" subset [21], Diminishing of T-helpers
amoent 4 funcion o eshle saunly e ccomponied by te pe produc-
tion of antibodies and autoimmune reactions [29]. The results show the different type

3. Diagram
VI el caris — 1t e elomers eogihsnd percent o

AL and percentofannesn
Ty ity P ot ot (0
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of correlation dependencies between the RTL and subsets of T-cells. An increase of the
percent of CD4” cells is related to an increase of the RIL index (Fig. 8.44). Negative
correlation

(Changes of humoral immunity were contradictory. However, consensus exists on

the m Ut serescence i ssoisted with th presence o dffren amibodies, espe

antibodies against nuclear antigens. Proofs are got, that senescence influences

an ...m.sny of by producion by acivated b <cls (31, n out sy comelations

en the concentration of immunoglobulin 1gM (g/L), circulatory immune

Complos and the T i he it of xclsion one. Resulis ar¢ show o Fi. 6,45,
847,848,

Immune and the haemopoetic systems are closely connected, having an unigue

descendance from the hemopoietic stem cells. Both play a key role in a body defence,

idi trol and Ho he age ch

es of hemopoiesis are much milder than of immunity. The decline of immune function
SLTEA  gocia b Fic ot o i sl e, Tl Efisin

proliferation [30, 33]. Late period after radiation exposure in Chomobyl clean-up
ool 5361567 i oot by increased counts of the most primitive CD34"
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progenitors. On Fig. 8.49 a positive
correlation is illustrated between the
level of early CD34*38" cells and the
RIL with a high degree of significance
(+=0.70). The excess numbers of the
early progenitors that are not followed

increased numbers of cells at the
next differentiation stages seem to be
an unfavorable factor, possibly related
0 a probability of malignant transfor- o o
mation. o A s s

luorescent hybridization in  fig, .45, Disgram of disprsion with  reresve e of
situ with a multicolor automated flow e RTL caxi) nd the pereentof eary G043 cels
cytometric detection and analysis on 0-3ish
cucrent fime is most rapid and the most sensitive method of quantitative determination
of middle or median length telomeres. A method is developed less than 10 years ago,
all its possibilities are not studied in detail; it can be used for the study of different cell
subsets — granulocytes, naive T-cells, memory T-cells, B-cells, natural killers. Lately a

method is applied for research of diseases with the innate gene anomalies [34].
With appl f gies it was set length of granulo-
cytes i patients with with answer

Jeuk 135, 36,
‘There also exist some Interpopulation differences, In lymphacytes the telomere length
decreases in a bigher degree, than in granulocytes. The highest indices were shown for
2 young age. Differences could be related to telomerase activity. Telomerase-deficient
mice and cells show reverse correlation between telomere length and radiosensitivity,
but it is not the same for telomerase-proficient cells.

On three immortalised fibroblast clons with different telomeres length, derived
from the same cell line (cen3tel4: length the terminal fragment of restrction 13 kb;
cen3iels: 10 kb, and cen3pei16: 4 kb, that is less than level in senescent fibroblasis),
after i L i mosomal
aberration was shown, that testified to the stable role of telomerase activiy in the aspect
of radiosensitivity [37]. The most researches in humans are devoted to a prognostical
value of telomeres in sensitivity to chemotherapy, prognosis of oncologic pathology or
radiosensitivity. On HEp-2, eight cellular lines of hepatocellular cancer and five breast

of telomeres was demonstrated by the Southern blot and cell survival assay (38]. Re-
search of genotoxical effect of ionizing radiation in a group of 181 healthy volunteers
of the same age group a revealed reverse connection between the telomere length and
radiation-induced micronuclei: a selected sub-group of persons with short telomers was.
characterized by the highest micronuclei counts [39]. It supports the experimental data
and shows passibility of use the telomeres length as a biomarker of individual chromo-
somal instability under fonizing radiation exposure. In a group of staff of the exclusion
zone we have performed analysis of dependency between telomere Length and cytoge-
netic parameters. Cytogenetic studies were conducted in the laboratory of cytogenetics
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of the Instiute of Expecimental Radiology of the RCRM, and authors are grateful to
prot. M. Pilinskaya and her staff Dr. S. Dibsky, D. O. Dibskaya and Dr. O. Shemetun
for presented cytgenetic data. Correlations were shown between the RTL and aberrant
cell counts, single and pair acentric fragments (Table 8.14).

Table 8.14, aberration
st T ot oo s L (1)
Rt oo, 00
‘Total aberrations /100 metaphases. 048
‘Single acentric fragments, (%) -098
i & 050
o= aberatons,

Especially interesting data were obtained on the single and pair acenic fragments. These
information is much similar to the obtained before [39, 43, 44]. It should be noted that
an effect is registered at the low-dose At the same time no correlation was
shown for the aberrations most characteristic for radiogenic chromosome changes.
dicentrics and centric rings, as the counts were under the assay sensitivity Limits.

Conclusions

The performed study show a presence of the immune system cellular reactions
after radiation exposure in a wide range of doses starting from high doses i
radiation injuries to low doses and dose rates, which are determind both in the early
and in the remote period. The results allow to expand knowledge from the experimental
data to humans, and tesiify the leading role of radiation factor in induction of the effects
in immune system in exposed due to Chornobyl accident, and primaily — clean-up
workers.

Unlle the expesiertal dta of irradiation the cell lines, the cellular effects in
buman are modulated not only by a bystander and other non-targeted effects but by a
e of contounding fctor, from Which he most Impurtan 1o our opinion are neuro-
immune interaction and lipid metabolism especially the arachidonic acid metabolites. A
substantial part of effects s of an adaptive type, like cells transition to the radioresistent

phases of cycle with «carly” G- and Jate” Gy-blocks; dose-dependent entry of the im-
mature T- and B-cells t0 peripheral blood and nonspecific activation.

e same time both in recovery peri in a remote period the radiation
induced unlethal cell damage was demonsteated, including a differentiation of early
progenio cell (o a uncionlly defctive progeny. A exposure n e prof essional

immune cells

was shown o incrased genome nsabliy,which was eveled by an ncrease of
ulation of 5-G,-M cell

of antigens of mlmmmg cells. The radiobiologic role of fhanges of apoptosis has to

A neussﬂy s to 1 the gap and find the ik between the changes of immune
function at low doses and formation of the late stochastic tumor effects as well as the
non-tumor pathology of the late period.
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The abained findings enale the elaboratin ofsraegies o satt secion snd
I ould be the staff
o 3 ot e zone and Chomoby] , Steter’, 08 e o
perimental data an adaptation to ionizing radiation in doses p to professional llmm s
supposed for healthy individuals, while at latent tumor processes an increase of
toxic effects coud be possbe. o confirms he necesiy of he haroughl it piecd
checks to the ra ne. Our data on reverse between an apoptosis
and telomers lengihare confimed by te experrmencl nies (8] in which i wes
shown that a chemical suppression of telomerase, as a factor which promotes renew:
of elomereslengh ead 10 nhanceable apopios. S, in humans het s a celstionship
etween viclton of apoposis, teomere shorteing, paametes o cellulr immurity
AU

were described between the relative telomere length, dose of Eatmon over 500 msv,
age and some types of chromosome aberrations. Future analysis is needed in humans.
expanding the stadies o the role of gene regulation at the late period after low-dose
exposure.
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anxerz 9 THE SIGNIFICANCE
OF PERSISTANCE VIRAL
INFECTIONS

ultiple studies of the effects of the 1986 Chornobyl NPP acci-

dent paid close attention to the potential problem of increases

in oncological diseases, Le., thyroid tumors first of all, and of non-tumor pathologies

of the cardiovascular, bronchopulmonary, digestive, and urogenital systems in exposed

clean-up workers and non-NPP individuals living in the vicinity of the plant [16]. As

a dose-effect ratio was not stricly evident in many of the documented cases, our own
ial for non-radiation-b

L., a pres-
ence of persisting infections, to contribute t0 the onsetprogression of any observed
changes in incidence of the various pathologies [1].

in which the influence of viral infection on genomic instability, which is a hallmark of
most human cancers, is discussed [2]. Common fragile sites are preferental targets for
human papilloma virus (HPV)-16 integrations in cervical tumors [3]. When maintained
. HPV-16 DNA can di subvert genomic
integrity of the host cell ly stages of the viral infection. Th
‘oncoproteins, E6 and E7, can independently induce chromosomal abnormalities [26].
The fragile histidine triad (PHIT) gene, which is frequently lost in many cancers, has
g 3p locus 14.2 ({4].
Alterations of FHIT were found in several kinds of viral-associated tumors including
hepatitis C virus (HCV)-associated hepatocelular carcinoma (3],

Viruses or thelr products also cause modification sites on chromosomes that are
known to look like non-staining gaps. The CKRS structural gene mapped to human
chromosome 3p21 gene codes for the chemokine receptor 5 (CKRS) protein that serves
25 a secondary receptor on CD4* T-lymphocytes for certain strains of human immuno-
deficiency virus (HIV)-L [5].

‘The link between viral infecti matic nse
examination. There are data that cytomegalovicus (CMV) may contribute to atheroscle-
otic events, peripheral occlusive artery disease, type 1 diabetes, and/or theumatoid
arthrits (). The association between CMV infection and subsequent development of
allergy, specifically allergic asthma, has been known since the late 1970s (7). HCV
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infecrion is associated not only with v diseases, but also rumerous hematologic
renal, dermatologic, theumai
vasculits, Sicca syndrome, myalya. and fibromyalgia [8]. The persistence of v
Iymphocytescaues el ollgoclonl and moneclonal proifecaton, he apperance o
I mixed cryoglobul
nemia and development of several types o[ indlant i Hodka ’s lymphomas [9]
ining persisting infec-

tions for almost 20 years. This interest was. ¢ spaked by 4 1993 copperaive sedy (onder
the supervision of Professor H. Yoshizawa from Hiroshima University, Japan) of HCV
infection prevalence among blood donors at the Kyiv Municipal Blood Center [10].
Building wpon those and other earlier investigations, the studies presented here reflect

r most recent investigations of the potential links between somatic and non-somatic
Qseases and persising nfecions among ndividuals (ceanp workers, residents of
nearby radiation-contaminated terr nd power plant workers) who had suffered
from the Chornobyl NP e n 1595 and v

Materials and methods
Patients

Patients were investigated thelr hospitalization in the in-patient clinic at

Persons who were B e n s CER o the RCRM ware alsy mvesgaed i
e ot of i nnial el aborstory suvllance s, The Etics Corr-
mission of the RCRM approved all study designs used hereln; patients were entered
imothe sty only aerthy had provided nformed consentand fll medicl itries
of any pastiongoing tumor- and/or non-tumor-based (i.¢,, somatic) diseases.

“The following groups of patients were recruited for these st onalascens
of ARS, n=118 (mean age 49.3 [+0.82 {SE}) years); Chornobyl NPP clean-up workers,
=1017 (mean age 47.6 [+0.57) years); dwellers of radiation-contaminated territories

in the Uktane, =578 (mean age 465 [£0.37) yers); and NPP workers, n=122 (mean
age 422 [£0.73] years). For comparison purposes, a group of patients with different
e b bk nt een expoed  foiig rdiadon (1R =367, mean
age 44.8 [+1.17] years) and the carlier blood donors of Kyiv Municipal Blood Genter
(#=41,021, mean age 39.7 [+1.17) years) were employed as controls.
addition, for analyses of any relationship(s) between infection (past/ongoing)
status and IR expos

Kemia (CLL lymphocy-
tosis LGL) were ko ecuiedand tdied The diagosis ofcLL znd LGL o based
on clinical history, . The stage
of CLL ws established according e efctons of i {11 and te Iematona
workshnp on Clrosic Lymplocyri Leukemia [12}. CLL patients were divided into two
R exposure: the first group included 63 IR-exposed CLL patients.
oo e second gmnp (the nosologic control group) consisted of 233 IR non-exposed
CLL patients.

The grow of IR-exposed CLL patins ncluded 48 cean-up workes, 10 nhab

n the

ve
i gy of RCRM during J December 2008,
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ses for the clean-up workers was available from the SRU. Among the clean-up work-
ers, estimated doses ranged from 25.0 to 120 cSv among those who were an-site the
earliest; doses for those who arrived later in 1986 and then over 1987-1989 renged
from 0.14 t0 9.9 cSv. Accumulated doses (since 1986 to the diagnosis of CLL; range
0.23-2.12 cSv) iin the residents of contaminated areas were calculated on the basis of
the data on 1'Cs soil contamination density (mean age dose typical for a given level
oflocal in the body
at the CLL diagnosis. The control (IR-non-exposed) group included CLL patients who
were observed in the Department of Hematology and Bone Marrow Transplantation of
RCRM (120 patens)an e Deparment of Hemtlogyof Poliava Regionsl Hosptal
(102 patients) during the same period withou special selection of patier

Elood sampling and preparation of blood plasma for antibody anal

part of any given patient’s Iouie disgrotcprotocol, fsting blood 0 mL)

(rom i il e coleted in o polypropylene tubes contain-
ing heparn (Teruno Corp., Toyo, Japany. Th blood wo ke wih the heparin by
genlerocking (at las fve Gres) and avoiding foaming. The cellular clemes were
then removed by centrifugation at 200xg for 10 min. The interval between the collection
and centrifugation of the blood did not exceed 30 min. The resultant plasma was then
carefully recovered and aliquoted into small Eppendorf tubes (at least two tubesfeach
patient). The tubes were marked, logged, and then placed in a ~20°C freezer (Liebherr-
Hydraulikbagger GmbH, Kirchdorf, Germany) until analyss.

Confirmation of serum anti-HCY and anti-CMV antibodi

Anti-HCV (1gG) and/or anti-CMV (IgG and IgM) antibodies in an isolated serum

i ly
(ELISA) diagnostics kits (Sanofi Diagnostique Paster, Marnes-La-Cosuette, France; REC
Diagnostic Systems, Nizhniy Novgorod, Russia; DiaProf Ltd., Kyiv, Ukraine; Vector-
Best, Novosibirsk, Russia; Diagnostic Systems Laboratories (DSL), Webster, TX) and
following manufacturer’s instructions.

Immunophenotyping of peripheral blood mononuclear cells

Sub-populations of peripheral blood Iymphocytes were quantified using two-color
laser flow cytometry. The differential tagging of cells was performed with monoclonal
antibodies of the Leu series obtained from Becton Dickinson (San Jose, CA) using stan-
dard protocols and following manufacturer’s instructions. All data were then analyzed
using the software provided by the manufactarer.

PCR analyses of CMV DNA presence in cell samples

‘The presence of CMV DNA was investigated in the fraction of peripheral blood
manonuciear eells by polymerase chai restion (PCR). I bret, DNA was extraced
from the cells using a sorption method. PCR of the samples was then performed using
Kits from DNA-Technology JSC (Moscow, Russia) and the following regimen: § cycles.
0f 94°C for 905, 94°C for S0 s, 67°C for 45 5, and 72°C for 30 5, then ollowed by 40
cyeles of 34°C for 20's, 67°C for 20's, and 72°C for 20 5. The resulting PCR produc
‘were then electrophoresed over 1.5% agarose gels and visualized using standard ethid-
ium bromide staining.
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PCR analyses of IgHV genes in CLL cell samples
f IgHV were studied according 1o the BIOME}
rules {13) as described previously [14]. In brief, total RNA was extracted from periph-
ecal blood and/or bone marrow cels using guanidine isothiocyanate-phenol—chloroform
‘extraction according to Chomczynski and Sacchi {151, Total cellular RNA (1-5 ig) was
LV i ied Biosy:

tems, Branchburg, NJ) and random hexamers as primers. The cDNA was amplified in
a single multiplex PCR bearing six IgHV framewark 1 primers combined with an IgJH
consensus primer the BI Al
out in a 50 pL final volume containing 10 pmol of cach primer, 200 nM dNTPs, 1 U
AmpliTaq Gold, and 10xPCR buffer I (Applied Biosystems). The cycling conditions
were: pre-activation at 94°C for 7 min; 35 cycles of 94°C for 45 s, 60°C for 45 s, and
72°C for 45 5 e, a fnal 10 mincyce t 72°C.
products were then anaiyzed on a 1.5% agarose gel and visualized with

tidium biomide staining. Products were spin column- vpurled sing  PCR purfcs-
tion kit (Promega, Madison, WI) and sequenced directly using forward and reverse
primers in an automated DNA sequencer ABI-310 (Applied Biosystems) using Big-
Dye Terminator Cycle Sequencing Reaction Kit (Perkin Elmer, Foster City, CA). The
closest germ line IgHV gene for each B-CLL IgHY sequence was assigned using cur-
zent databases, for example, IgBlast (National Center for Biotechnology Information,
Bethesda, MD), IMGT (International Immunogenetics Database) [201, and JoinSolver
1251, The length of the HCDR3 was calculated, followed, established IMGT criteria.
Sequences reported in this study can be found in GenBank database under acces-
sion numbers: , EF175364-EF175440, 3
EF441744-EF441761, EF583650-EF583683. In some cases with homologous IgHV
sequences, I variale g or A cins gV and gV were smlifiedscconing to
the BIOMED-2 proto

Statistical ..m:ym

Data from all groups were analyzed uslnx mnluvariale analysis of variance
(MANOYA) o s he sl oo and presencelabsence of past/
ongoing 5 il agent. L e el tve et oing
e SPSS 110 sotware pickoge (SPSS, Chicago, Ly general linear model. Data about
agges of the investigated persons are presented as their means#standard errors (SE). T
chi-square test for categorical variables was used to compare char betwe
iffrentsubgtoups o patients, All p valoe st fwo-sidd, and sigmficance was s
ps0.05.

9.1 HCV INFECTION IN PERSONS SUFFERED DUE TO THE
CCHORNOBYL NPP ACCIDENT

“The presence of an-HCY antibodles was ssessed in 965 clean-up workers, 114
Ukraine, and
87 NPP workers. S:mplrs from 41,021 o dono vt Kyiv Municipal Blood Center
were examined for comparison. As given in Table 9.1, a very significant (p<0.0001)
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greater prevalence of HCV i
from the Chornobyl accident as compared with that amnng me Kyiv blood donors.
Teble 9.1 Presence of anik-hepaiits  viras (HCV) serom antibodies I Indviduals In the Indcated
populations

T Porsons i an HGY anbodis
o men g

[
HImﬂﬂvnulHM‘M 28990, 9-12031) 1417 (54515 G 272 (2.6
Gl

218 (22,59) 1169 (21, ns) 49 (28,16)

e oA st T rene ey Bas)
Owalors of radiaion-cotaminated torraries P
e Hsi2 47035 8l
NPP workers (n-87; =65, 9-29) 72 @) 9 (98 (1304
5 poe

5o o o e

blood door (1. IR-rom-expesed) persos.

In a scparate PCR analysis of the HCV. fomd 0 he blood samples from GV
subjects, a unfavorable 1b genotype
quent development of cirthosis — was the most pvvviltm form found Gie., petri
of 86.92%) among all the subgroups analyzed (PCR analyses were performe a the
Department of Hygiene, in the School of Medicine of Hiroshima University, Hiroshima,
Japan, under the supervision of Professor H. Yoshizawa).

How and why these individuals became HCV* were also of interest to our inves-
tigation. For this purpose, groups of 199 male clean-up workers (71 persons received
blood transfusions) and 140 male IR-non-exposed persons (75 persons received blood
ranstusions) were sudied. In both groups we found  stong asociadon (p<0.001)

n the prese %
sl pnur x

blood transfusion(s). Among o
persons who received blood 50 b
transfusions, HCV seroposi-

tivity was significantly mgw “’ *

er (p<0.001) in the growp of 3
clean-up workers (39.4%) as *
compared with among the IR-
non-exposed persons (14.3%). 79

No significant differences were %

e RN AL

fusions (12.29 VEISUS 6.7%; 1% e s epeiss & veue o e o ap ary

005 - Sl mporl ctan g I s
e studies here alsoso-  Mpen o :

sheesfingiired o Vi chcnic et Vi avoic
ught w de-ermme- iR Part, I i Dietes swey . S50 H. pts o st
there was any association be- atp<.05 (i sta) or e 01 (tack s,
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toen pecsistence of HCV in these parients and selcted somatc diseases. The data here
showed that in a group of 368 patients
diseases), HCV infection was associated widh active chronic hepatits (32.4% versus
1L05% among cleao work«s wilhou anl HCV semim e p1.000), i
05), tion i

<0.05), myroldms and nodular goier s 5 v 13 5%; p<0.01),
; 14.3% versus 4.9%;
<00, and hemarthgie aseults (. 6 v 0.4%; p<0.05) (Fig. 9.1). Thus, 2
significant prevalence of HCV. ¥ infction among these R-exposed persons appears o
unfavorably influence their health in many manners.

versus 2.6%;

9.2 CMV INFECTION IN PERSONS THAT SUFFERED DUE TO THE
CCHORNOBYL NPP ACCIDENT

s compared with the control group of IR-non-exposed persons, male subjects.
in each of the various groups of individuals who suffered from the Chornoby! accident
(except for the dwellers of radiation-contaminated areas) had a significantly greater
incidence of CMV infection as determined by the presence of anti-CMV IgG antibodies
(L., values ranging from 79.4% to 85.6% versus 69.2%; p<0.05) (Table 9.2).

Table 9.2. Presence of anti-cylomegalovirus Ig8 serum antivadies I Inividuals In the Indicated
popufations.

oo i G oo
aar

754 (5 T (o
” 01 (19,4 7342 789) 159 (76.62)
8: Q=77) <0,001 <001 05
7101 (8559) 196 (8495)
o<0.001

Glean-up workers (1=505;

Gonvalescants of ARS (n=113; G™=113; 9=5)

wallers of radialion-contaminaied tariories

5 (100)

89(739)  48(7868)  41(.92)

98 (6032) 180 (8163)
p<001 p<0.05

NPP workers (1<122; =08, 9<24) 1875

ot the TR nr-exposd 310
Specifically, the level of
exposed persons and the male clean-up workers, ARS convalescents, and NPP workers
wetep<L001, P00, and p.5,espectivl. I sidiion, bt e clapp worers
and

Infcton s detemind by posive PCR measursfo detectionof vl DNA(( e 143

16.2%, respecvely, versus 5,51
this analysis). As a consequence of repeated viral activation, we estimated that there has
also been likely  presence of high titers of anti-CMV IgG antibodies in the serum of
the vast majority of these exposed subjects. Lastly, a correlation between IR-absorbed
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dose and the level of CMV se- ol
ropositivity was found within % otk
the ARS convalescents group  * n
(e, 1=+0.3244; P=0.028). 50 —I‘ =i
Inall
subjects (2 total n=1017), the |
presence of ant-CMV IgG an-

tibodies was associated with 2
0
oL
Groncguints At Ghvan bonats
d wszm'rmm—um-lbummhm
chronic ‘bronchitis,  ents sppears o on 5 mm Grouy
and different types of arthritis = R-1on-esposed arson (a: MV I GWV-) Group I« ceaa

BB RS ettt
(59 Buermore, o i m,\m,m,nm..ﬂm. 3 U o e
nh

chopulmonary and dngzsnve
typical for the CMV* with CMV- patients. Such
‘co-morbidity was observed in 13.19% of the CMV"* patients versus 4.16% of the CMV~
patients among the IR-non-exposed subjects (p<0.05) and in 36.84% versus 11.24% of
patients in a group of clean-up workers (p<0.01).
repeated reactivation of CMYV sigaficanly impaired the couse of HCY
 this analysis was performed in group of 105 HCV™ clean-up workers).
The clnca sgns of scuve hepatiis (e - liver nlargemens, levated sanine d
asparagine aminotransferase activities, and extrahepatic symptoms) were observed in
4.8% of HCV*CMV* patients, but only in 21.1% of HCV-CMV" patents o0 45 1
a one-way layout analysis, the presence of anti-CMV antibodies (r=0.34
masculine gender (10,3553 p<0,0001),seological signs of virl hepatits $4
.2896; p=0.003), and an increase in absolute CD8* T-lymphocyte counts
[unly v patents, r=0.5745; p=0,005) e the major isk fctos for prediction
of active HCV-associated hepatits. sible (o suppose that CMV may potentiate
‘any hepatotropic action of HCV by the influence of the former on the liver parenchyma
or by causing increases in the activity of cytotoxic T-lymphocytes.
Because there are some data thatndicate at persitent ChV ctvaon can igger
expansion
Dot cleanup g withLGL. Inallof i panznls‘ substrate

and mai
ined a small

cells were found,
CD3*, CD8*, CD4", CD16", and/or CDS7*). A presence ulCMV in blood mononuclear
cells was found in two of these patients (by PCR). One of these patients who had stable
LGL over the last 4 years (WBC 4.1-6.1x10%/L, with a differential count of 56-68%
lymphocytes, and 85-87% of these cells had a CD3*CD8*CDI6* phenotype); after
lmenswe anti-CMV m«apy u . anti-CMV 1gG, ganciclovir), the patients blood cell

rofl

8

e dand
s S of chroi afutions . episodes of febrile fever).
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93 CLL CELLS DISPLAY HOMOLOGY OF THEIR 1G RECEPTORS
WITH ANTIVIRAL Of

Over the previous decade, CLL has been the subject of increasingly intensive
reseach, Severalsesarchgroups denified so-aled Hmologous GLL cases hat e
heavy-chain

diversity (IGHD), a
complementarity-determining mg(nn "3 (HCDR3) 31 Mo of the CLL clustes were
alsocharacteized by seciic I light kappa () or lambia (A) chain gene usage [17).
Tngeﬂver o aaed rpenic of Ig genes [18), a of CLL Ig sequences and
niibodies against autoantigens and mictobial/viral migens (19] and some epidomio-
ogica dts (20} o I 0 s hypohsis tat there 1. possbe ol of vialmicrobil
antigens in the development of CLL.
studies here, we analyzed Ig gene rearrangements in 294 CLL sequences
from observed patens (63 of them who suffered from the Chomobyl NP catastrophe)
and identified 46 cases presenting a homology with antibody sequences of known speci-
ficity [5]. No diterencts were found between sequences from I)'(—exposed ‘and IR-non-
exposed CLL patiens. with
ndbacteral o antviol 13 cloms, namely, anti-PPS nibed against Streptococcus
‘preumonia polysaccharides (12 cases), Igs that recognized capsular sohpssoctmdent
: iy

rotavirus-specific Ig clones (four cases), anti-rabies lgs (four cases), and anti-herpes
simples virus type 1 (0ne case). Additionally, 20 Ukrainian CLL cases demonstrated
HCDR3 homology with autoreactive clones. These included with homologies to: Igs in
theumatoid arthrits patients (five cases); anti-cardiolipin antibody (s cases); Igs pe-
culiar to systemic lupus erythematosus (anti-Sm; i
activity (two cases); Ig from a bone marfow transplant
disease (GVHD; one case); and Ig from B~cell lymphoma secreting anti-Pr2 erythrocyte
‘autoantibodies (1 case; see Table 9.3).

Table 93, Uali

o

1GRD_JGA)_msalon sits patin 1g9st rumber | __ HCDRS Amino i secuerce | Antige sputcty
3303701 2.2°01_6°02_UN_AYS09636 -EVQDIVVVPAAL-YYYYYGMDY.
UAT-69°01_2:2°01_6°02_UM_D70_EFSB3683 G- GOIVVPAEY--YYYYYGMDV
UA1-69°01_2:2°01_6°02_UN_D4_EFO91906  PGPODIVVVPAAY--YYYYYGMOV.
UAT-69°01_2:2°01_6°02_UN D3_EFI75300  -EVODIVPAAI-YYYYYGMDY  anti-PPS Iy
UAT-69°01_2:2°01_8°02_UM_C17_EFI75388  -EVADIVVVPAAL-YYYYYGMDV
UAT-69*01_2:2°01_6°01_UM_E94_EFI75420  -EVDIVVWPAAI-YYYYYGMDV.
UM-69°01_2-2°01_6°01_UM FB0_EUASIET3  -EVDIVVVPAAI-YYYYYGMOV.
3.43°01_3-3°01_4°02_UN_DO535056 'AG-SD-YORWSGYPYYFDY i
UAG-30-4°01_3-3"01_4°01_UM_E16_EFS93678 _VGPSGYYDFWSGYPYYFDY
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JGHIOHD_JGHJ o satus_ el Igast rmber | HCORD Anine o soquence | Anigen spedliety

348°03_2-21°01_4"02_UM_AY903580 DRTYCGGOCYGPYFOY. J—
UAB-48°03.2.21°02.4°02_M_OT5_EUB14967__ DVAYCGEDCYSGFDY
33°01_3-10°01_4°02_UM_D0322750 POLWFGELN-YYFDY. 1775 human
UAS-T1°01_3-10°01_4°02_UM_FS_ELA33470_DTUNFGEFHAYYFDY antiodies
311°03_33°01_5+02_UM_DQ322854 DTRPYDFWSGYYP-NWFOP
UA3-11°01_3-3"01_5°02_UM_G17_EUG7604  ~DRYDFWSGYIGYNWEDP. ant-ppS Ig
UM-61°01_3-3"01.5°02.UM_ESQ_EFOS1926 NWEDP.
333°01_6-19°01_6°2_UM_AFE31051 DREWLRYYYYGMOV i

UAS-33"01_6-19°01.6'2 M_PE_GUGS673 _ DPYWMIVYVYGMOY

1718°01_3-22°01_6°01_M_AFI15133 ~ADYYDSSGYYY-DYYYYGMDV
22°01.6°02_UM_D36_EF589668  ASGNYYDSSGYYYWNYYYYGMOV antiissoris
3-22°01_6°03_UM_F_EFI7S439. APKNYYDSSGYVYWNYYYYYMOY meningiides fg

UA4-59°08_3-22°01_6°02_UM_D15_EUB14956 Yeov

3303701 322°01 402 INABOZI52  ARNYYDSSGY-SFOY.

UAA-50°01_3.22°01_4°02_UM_F35_EFITSH0  AR-YYYDSSGY-YFDY s
UAS"01_3:22°01_4°01_UM.E95 EFI75423  VKEVYYDSSGYYGEDY

330703 28°02.6°02_UM_EFIT79%0 OHRYGTGOVOYOGYVGHDY  Rotavius-
UAI-2'04_2.8°01_6°02 UM_FT4_ 433868 speic iy
UAT-2'02_1.26°01_6°02_UM_AYOHTI  WYSGSYPYYYYGHDY i
Wz iR ey Py o
UAT-2'02.00°01.6°02_UM_G10_EUGSTEN2__ LYSGSYRYVYYGHOY

523704 55°01_6°02_UM_AYATIO ~ADTAVIYYYYYGNDY Hotais.
UABA3'01.5.5°01_6°02_UM_F2A EFAOTEAD__ GMVOTAMVIYVYYYGMOV___speciiclp
349700 3.9°01_6°02_UM_AYSATESZ oROGTYORSGRRPGDY
UAT69'01.3.3°01_6°02_UNM.E92 EFSSOOTS _ DWGTTYVORWSGYFSP-YGMDV

2401 52001 6702 M_ 17784 VKDGYRKVIYYWGHDY i harpes
UAT-69°13.5-24°01_6°02_UM_GUSSBEST __ EGDGYNYGYYYYYGMOY simplelg
489°06_5-16"02_302_UM_AF460965 GOYDYIWGSYRSNOAFDT

UAI-69°01_3-16"02_3°02_UM_D34 _EUTAI58  GGDVDYIWGSYRPNDAFDI
URT-69°01_3-16°02_3°02_UM_ET7_EFO31909  GGOVDYIWGSYRPNDAFDI
UAT-69°013-16°02.3°02_UM_DB_EUS14960  GGAVDYIWGSYRPNDAFD! anti-cardilipin Iy
UAT-69°013-16°02_3°02_UM_D73_EFI75395  GGGYDYIWGSYRSNDAFDI
UA1-69°01_316°02.3°02_UM_P16_GU3SB676  GGAYDYIWGSYRTNDARDI
UAT-69°01_3-16"02_3+02_UM_097_GU358570
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HEDR3 Aminn 3cd soqvnco | Aatge specfay

P T —
UA3-21°01.3-22°01_3°02_M_B78_EF175385 arthrids lg
1-69"06_6-6°01_4°02_M_AY393692 ‘GOGSSSSRFPFDY theumatoid
UA3-74"01_€ _4"02_M_E22_EF441750 EEGSSSLR-PFOY arthrits lg
Ty po—
UA4-34"01_6-1301_4702_M_E4S_EF44175¢  GGDGSSWYYFOF arthritis lg
Py AT o ARBTDY
WD TOLT o s Sowuoy es
e
B TN T TR
UM OO T VGSAWETGDY sty
activity

UAT-69'01.2:2°01_6°01_UM.F_EFI75425  TUIGVPAAYTIYYYYYGMOV.
4:31°03.3.9°01_6°02_UM_UB0127 DGGN-YDITGYYRADYYYGMDV T recipient
UA3-21°01.3-9°01_6*02_UM_E85_EF407625  DGGSLYYDILTGYYSLEYYYGMDY _ With BVHD

Vmasocwen  wocswooman ST
UAG34°01_2-15°01_5°02 M_720 EFSB3679  GSOYCSGOSCYGALOV o
onsol OFEVVESSGY-_PYYVVGHDY__antrabis Iy
330701322701 6°02_UM 246378 DNVYOSSGY--IYVYGHOY

NI OGN B DEHOSSOYSIPIOTGIOY
UAT30-9°01 32201 6°02_UN_E73_EFITS415 DTTYVDSSGY-—-VYVYGIOY
UN-SE°01_3.22°01_6°02_ UM D62 EFO91925_ GYGOYYDSSGY--LHYGMDY

2001 41701302 UM AROST81 GOYGOTSHARD!

UAS30°01 41701302 UM EFAOTBA6 GVPGOYVMARD wismiy

UAS-90-3°01_4-17°01_2°02_UN_F42_EFA07832_ GPRGDYVSSFOL

Discussion

On the basis of our observations of several different groups of individuals who
suffered during and after the Chomobyl NPP catastrophe, as well a5 a control group
of persons without any previous direct exposure to IR, a high prevalence of HCV and
MY ntections amongthe fflicted groms vas esabished

Itis well-established that preceding blood one major
rezson for HCV. semposmvl(y i
‘The data from the current studies confirmed this plmlomenun Nevertheless, even if
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transfusions were a major source of infection, it is known that afier the initial infection,
HCV may be completely eliminated in ~17-259% of the affected subjects. By comparing
persons who received lative 10 IR exposure, th
that there was a significanly higher (p<0.001) frequency of ant-HCV antibodies pres-
ent among clean-up workers than in IR-non-exposed individuals. Based on our previous
studies that revealed considerable disturbances in T-ymphocyte-mediated immunity
among Chomobyl clean-up workers — and especially among ARS convalescents [21],
itis possible to suggest that his state of immunomodulation may be one reason for the
high level of HCV infection among these individuals-regardless of whether o not the
initial infection was due to a transfusion or not.
ur data i ani-HCY »
workers and ARS convalescents were in agreement with data from Japanese investiga-
tors who had earler concluded that radiation exposure may accelerate the progress of
hronic livr disease associated with HCV in atomic bomb survivors [22]. Recently, it
was noted that the nonstructural protein 3 of HCV interacts with the ataxia-telangiecta-
mutated (ATM) protein and, in tum, delayed dephosphorylation of phosphorylated
[23]. These same investigators also described that this HCV protein
also impairs the efficiency of DNA repair and renders infected cells more sensitive to
DNA damage after IR exposure [23]. This interaction may contribute to the observed
HCV infection-assoclated pathogeneses among the IR-exposed patients here and in the
Japanese studies. Specifically, among the group of HCV* Chornobyl clean-up workers
i 2., chronic hepatits, thyroid diseases,
thrombocytopenia, and acute heart attack in 2namnésis) were found to have occurred
with greater frequency in comparison with that among HCV- clean-up workers.
From the studies here and those of other investigators, some mechanisms to ex-
plain the potendal for interactions berween CMV and IR have

may be a major reason for the observed increases in CMV seropositivity and repeated
ivati d The

increases in CMV infectivity HCV) were also [ -

sociated with incr g
bronchitis, and different types of arthritis among the CMV* patients.
Studies h i

tween IGHV
sequences in the lymphoid cells of CLL patients with antiviral and antimicrobial antbod-
ies. Recently, Lanemo Myhrinder et a. [19] revealed that several CLL Igs reacted with
bacterial components (S. pneumonia polysaccharides and phosphorylcholine) as well
as molecular structures exposed on apoptotic cells (e.g., vimentin, proline-rich acidic

ial infections in synergy with sel-antigens or apoptotic cells could drive CLL. Among
the CLL patient examined here, similar findings of CLL Igs that react with viral and
bacterial components were proof that infections — even almost a quarter of a century
after the nuclear accident — may contribute to CLL pathogenesis.

In summary, it appears that persistent viral infections, especially when accompa-
nied by ], . The o, where each
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of these factors have occurred/are ongoing, is one that appears to result in a modified
(ie. aggravated) clinical course of somatic diseases and/or to promote malignancies
(ie., CLL) among these hosts. NevenhAless, even under these seemingy “ire condr-
ns,” the persisting infe be transformed into “steerable/manageable cor
s i il reatmens, even 1 the potient had heen exposed sari (0 3
imadiation. In those cases, the patients can be medically steered to an eventually vastly
improved general condition.
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auerss 10 MIEDICO— DEMOGRAPHIC
CHANGES AFTER
CHORNOBYL CATASTROPHE

10.1 BASIC RADIO-ECOLOGICAL AND SOCIAL-
OF

e coleslonat e Chomobyl nuclear reactor, which happened

6/1986, led 10 the release into the environment large
quantites of radioactive substances. They spread almost all over the globe. lrradiation
after the passage of radioactive cloud and the formation of radioactive fallout has un-
dergone more than two billion inhabitants of the planet. The largest fall-out was formed
in Europe (1, 2]. According to these data ic should be recognize that the consequences
ofthe explosion led 1 global environmental pollution and exposure of billons people
of the planet. The main radionuclides, which formed the contamination and exposure
on a global scale, were radioactive isotopes of iodine and cesium. The first surrounded
people about two months, while the latter formed a s of soil and the environment for
many decades. Stcontium, plutonium, americium are also in fall-out in the near zone
of the accident

nuclear power
plant from the effects of radiation only in Uleate 95 hwaaod people were evacuated

months. After 1991 in the country almost 3.4 million people were atributed
10 the victims of the catastrophe, who needed social, medical and radiation protection.
More than 2 million citizens forced to live in contaminated areas

Chornobyl catastrophe had a major impact on living conditions, nutrition and
employment of peaple. Evacuated from the 30-km zone did not return o their homes,
thay have lost housing, property, work, family ties. According to our generalizations,
providing them with new housing and employment lasted almost two years. This area
{now itis the exclusion zone) for hundreds of years has become unfit for human habita-
tion and economic activity.

At atributed in 1986 o contaminated Polisske, Ivankiv, Narodychi, Luhyny,
Kozelets, Ripky and Chernihiy disticts (so-called surict radiation control areas) vari-
ous restrictions modes of life, labor and agricultural production, management livestock,
forestry and so on were introduced as radiation protection measures. Consuming of
products locally produced and recelved in individual farms was prohibited. A leedmg
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by clean delivered products was supposed. Children were transferred to the organized

f-charge feeding in preschool establishments and schools.

However, these measures by lack of compliance did not give positive results
3,4

“Therefore, the USSR Ministry of Public Health Board approved on 21.10.1988
(protocol Ne 30-1) radiological concept of permanent safe living of the population within
Hhe ks e Tt Celmion UieoSR. o Byl wiki v subjected

the Chomobyl Jled 35.rem

concept). According 10 it o stemtns (they were 686 in the USSR) were
divided Into three groups,

In the fist group peop fora i d 35 rems (437

setlements 4
could be exposed for a lifetime dose of 30-50 rems (141 settlements, 43.9 thousand
persons) and in the third group people could be exposed for a lifetime in doses above
50 rems (108 seulements with a population of 22.2 million people).
in the first group of settlements the life and employment of the population had
0 pmtone L e i) ro e coud g ol byt clond 4
of the complex land improvement works and transfet of private cows o clean fodder.
Tn the ki group while maimaning. ] existing at the time protective measures and
restrictions proposed dose limit could be exceeded and people were obliged o resetle
in clean areas. In the UkrSSR in this group 65 settlements were assigned with 14,777
families of dwellers. Later in Ukraine their number was increased up t
rmment decision on resetlement was adopted in 1990 and it was planned for
1991-1992. Taking together with the independent departure of the inhabitants it caused
desertation of large territories in Zhytomyr, Kyiv, Rivne and Chenihiv regions
‘After independence, Ukraine had entered the national criteria for assessing levels.
of comnminuion i poniaion exposee doses. They essentially differed from what
were in former
liquid:
ton and o e socl, et snd e protection of victims began. However, it
has not yielded positive results and effects of the catastrophe in 25 years is not elimi-
nated [S, 6]
he past 11 years such indices as the radiation contaminated areas (RCA),
farmland and forests and the extent of contamination haves not changed (Table 10.1).
departure of the victims to clean districts continued, after 1992 the number
of such persons culminated almost up to 73 thousand. At the same time, for 18 years
in the country the victims were not completely resettled from the zone unconditional
(mandatory) resettlement to the clean areas. And as was shown above, at an proibition
of constant residing in this zone, the number of the inhabitants even grew.
“That is, according to listed indices for last 1o positive shifs in overcom-
Ing consequeces o caastrphe has aken place- Tl now 12 teors, 73 adinisttive
districts and 2293 setl i
I requires a continuation of measures on protection of PRl RS
dation of consequences of catastrophe as a whole.
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Tabe 0.1,
‘catastrophe In Ukraine
Yo

ik T — P
‘The area of the radiation contaminated terri- 53454 km? 53454 km?
tory with density of *37Cs fall-out 37 kBa/m?  (4.8% of territory (4.8% of territory
and more_ of the country) of the country)
The area of the radation contaminaled 45 millon hectares 4. milions heciaes

(12% of the total area) _(12% of the tota area)
‘e area of the radiation coaminated forests 25,357 ki 25,357 ki
(40% of the total area) _ (40% of he total ares)

Scales of radioactive contamination 12 regions 12 regions
73 districts. 73 districts
2.293 settiements 2293 setlements

Total number of wam:lld mwuﬂ and inde- 155,964 Wore than 164.7 thousand
pendently gone oy fro
in 1 . pérsor
Persons 1o obligatory. mml in 10901692 43,964 43,964

from them were not resetied 9686 1,985
Table 102,
five contamination In accordance with appllcable regulations

- T Nomber
N T N T I T | —

Vinnytsia 8 0 0 0 8
Volyn 166 0 0 166 0

womyr 73 7 63 301 363
Ivano-Frankivsk 5 0 0 [ 5

v 559 6 20 33 437
Rivne 2 0 1 23 ]
Sumy 9 0 0 0 9
Ternopil 10 0 0 0 10
Khmelnylskiy 9 o 0 ] 9
Cherkassy 105 0 0 4 101
Cheraihiy. 254 0 2 L 191
Chernivtsi 14 (] [} 1 13

tlement, 4 — zome of the sirengehened radio-ecological control

‘The results of a last of dosimetric passportization [7] testify that nowadays only
814 settlements can be referred as radioactive conteminated, including 76 remaining,
in the zone 1, 44 — in the 2% zone, 357 — in the zone 3, and 337 — in the zone 4
(Table 10.3).

At the 25 year after catastrophe living conditions and employment of RCA resi-
dents not et fully meet the requirements of radiation safety.
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Tl 103 ke ng dbuln o e setonens ‘Thus, according to the current
romeers of doses in 1997-2007 legislation, the residing of the popu-

The passpor of an adaion dose, mov puryear _ 12tion, receiving of agricultural and
“* [ om [osrom [ 1oram | o other production, food producs that

1997 1350 359 42 10

substances, or which is inexpedi-

199813895 Ml T ey go use by ecological conditions
T 1w 409 are impossible at the lands of zones
0 1415 2% M1 B ogricred and unconditional (manda-
200 15 I 35 foecoment

2002 wn 37 a2 3 In the setclements of these are-
203 158 34 29 2 astherearevirually no s, ing
204 1850 405 27 0 andmedical facilities. Areas

W5 s s e 0 puatameed voly raetloment
206 1799 2% 72 1 and strengthened radio-ecological
o071 a6 57 1 monitoring require the realization

of measures of radiating protection

Tal 104 Rerspecth eage iradaton dosepa - otrrsspectal intcventons, di-

Dersonal e popuatinin ones of it conlanl recte 10 limit urther exposure and

o RO eiors 1992005080 o emurenonl scomomie actvity.

In the zone of guaranteed voluntary
T resetlement are prohibited:

+ construction of new and expan-
S B T eoping Snesepbghc
not directly related o providing
racio-ecological, social protection
of population and conditions of its
life and wor

o

181 38173
1992 274139
1998 230113
1994 20:085

19955 17:080
196 15:070 « any activity, which worsens a ra-
1987 13:05 06023 024s013  dio-ecological situation; the use
1998 1200050 052:024 023012 Of nawre, which does not meet
1999 109:043 049:022 0o1s0qq  the requirements of the nomms of

2000 10:040 0442020 020010
2001 0941038 0412018 020:0.10
2002 091035 04017 020:0.40
2003 090032 041017  02:040 Ukraine;
204 05:019  02:023 008006 . juyolving pupils and students o
2005 05:019  02:023 0058004 yorks, which may gy s

T fectontheirhealh

Alcsos he swe. iy ere s fo e scne of the soengthened radio-ecological
ol

ies without special
permission of the relevant bod-
of the Cabinet of Ministers of

S coanecsan s changes of land ownership in the country in the settlements of
RCA for many years was being maintained  high level of unemployment. In addition, in
rural areas almost all the work are being carried out in conditions of increased radioac-



Chapter 10. ic ch h 307

tive Resldents  Table 105.
of area subjectd o pollon  cotamitaledones of Zamyr ad Ky regons scumised
(Table 10.4) continue to be ex- 107 1986-2005, m

posed to radiaton. o o st e dos. Y

Fadat
‘Calculations made by us _contaminaton ones | iy | medan | masimum | _averige

based on the data (17) show 7 93 601 1490 648:2LT

(Table 10.4, 10.5) that most 3 B4 26 492 24684

dwellers of high radiation zone 4 16 B4 305 908:50

2 have undergone to the high- ——
diation and in whom the 73t 1

05,
‘maximum accumulated dose and able to recelve from the Chomobyl m mn addiional -
Value by 2005 had exceeds the  radiatin dose more than 05 mSv per year, In

law for life (70 mSv). Ty n

ha it s seen from the _ A :.‘:.."::.m“’
data of Table 10.6 in 2009 >5 986 319
Si4c7 persons meluding 15 v o
87,986 children under the age 05—t 179874 54909
of 18 years, yet continued o Total 317467 87985

be subjected 1o radiation dos-
es of more than 0.5 mSV per
year [15]. Thus 986 of them
an receive an additional dose
of radiation more than 5 mSv
per year and 135,621 — more
than 1 mSv per year.
country’s long eco-
nomic crisis that I seen by the -
example of the dynamics of RENBIRERBBRRNRRNRAAR
gross domestic product (GDP) o
Size negatively influences on . 101, 8e of 8 gross domest rductn Unsine, ax% o 1960
living conditions, labor
food of the RCA dweles (Fg. 10.). Therefoe, fundingofprggamsto potct peole
and liquidate
affected citizens [5, 6).

sesezyned

[em——

d "
ing to the State Program of Overcoming Consequences of the Chornobyl Catastrophe
(SPOCCC) in 2006-2010 [9). Unfortunately, it was not implemented in full (10, 11].
Using the results of our sociological pool of 2009 of managers and professionals
ncemed to overcoming the effects of Charnobyl catastrophe, dealing with implementa-
tion in 20052009 under the national Ieyxlallnn and SPOCCC we found that:

« defined by applicable legislation measures of radiation, medical and social protection
of RCA inhabitants were not executed fully and in most areas of funding varied from.
oo (0 minimum up o the complete absence i  number ofdirecons;

+ according to experts mind, from 23 required by law countermeast
ot performed” (up to 10 poinis), 5 were performed “below lvua[e (n—w puxmx),
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3 were of “medium level” (41-60 points), 5 — “more than average” (61-80 poinis)
was “good” (B1-90 polnts);

+ the dispersal of funds and lack of protection measures stipulates that at present there.
is no settlement belonging to contaminated, which would be remaved from the zone
of contamination:

+ not fully implemented soil-conservation actions that could help to reduce radiation
visks, namely: liming of contaminated agricultural land, introduction of high doses
of fertilizers, creation of meadows and improvement of contaminsted meadows and
pastures, distribution of fodder with radioprotective properties;

+ 2 shortage of devices, materials and experts for the realization of the radiation control

of ol vater, i, sericlual raw materl, fuod prodct and wood producton,

definition i

and the papnlzuul\ o coninaed ren To lnlly meet the requirements o Pemis,
sible levels-2006 it is needed urgently to supply radiological laboratories of villages,
dvsmtls, ana deparmen o ssay-epdeniologicl service wih modern
ectrometer hardware and dev

Experts have identified as priority countermeasures:

+ exclusion of contaminated food consumption, production of clean milk in individual
farms, improved control over the environment, ensuring compliance with radiation
safety standards, the introduction of new standards for food, build  new shelter for
the 4% block and afforestation of technologically contaminated land;

* opposion (0t el migraton i sedements of snes alenton and unconditional
(obligatory) resettlement, from which residents had been relocated;

© CGuion ot rinion sk 1 he sl of svey len of RCA ad the population
as a whale;

+ immediate restoration of countermeasures for the prevention of internal exposure of
critical setdements population

“ preion [ e —

the forest and use of wild berries and

shrooms;
. lmplemt‘minw of information programs for different categories of dwellers on con-
rary problems of RCA.

The results of the specialists and administrators pool were generalized in “Ana-
ytical studies of performance in the years 2005-2009 measures of radiation, medical
andsocal protecon of el of conprinated by he Chormobyl clastrophe reas 1o
ne» which in Janary 2010 ws sent 0 the Miisy o of Ukraine of Emergencies
and Affairs of Population Protection from the Consequences of Chornobyl Catastrophe,
Ministry of Public Health of Ukraine, Rcadery of Medicl Scences of Ukaine, the
Verkhva Rada of Uscine Comitee on Emviroomenat Poly. Naral Resoures
ornobyl C the National Commission
by logical ot

“This information was offered to take into account during the performance in 2010
of the SPOCCC and in developing new program for the next period. General sirategy
uences of catastrophe on RCA.in remote period should be directed

o elimination of the basic risk forming factor — radiation.
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10.2 DEMOGRAPHIC SITUATION IN UKRAINE
N THE

In Ukraine, the study of medical-demographic situation in connection with the
Chomoby catastrophe began i the ealy months aftr thereactor explosion and all the
years have been and Ipart of
‘evaluation of medical
L which according to national laws were e e radioactvely contaminated.

Population size, migration, the number of abortions, birth, babies, stillbirths,
deaths and the distribution of their sex, age and cause of eath, fertlty, morataly
infant mortality, overall mortality, population losses, life expectancy and various fac-
fos affectng thlr Lmplementation (sandrds o iving, evels of comaninaton wih

were assessed. Stud area, has covered
mon 52 mtion peaple. Period of observation was mainly since 1979, the most radio-
actively contaminated Zbytomyr, Kyiv, Rivne and Chernihiv regions and their districts
were studied particularly carefull

of database management of medical and demoy:phlc consequences of the Chomobyl
catastrophe (ACS DB 'DEMOSMONITOR) {13]. The research results are reflected in
international publications [14], monographs [15, 16], national reports, materials of par-
liamentary hearings, Information and reference materials of the Cabinet of Ministers of
Ukraine for overcoming the consequences of the Chornobyl catastrophe and statistical
reference books [17].
In the absence of wars and
idemics the population of Uk-
raine reduced dramatically rapid- %% [ [ ’—
ly — from 800 to 250 thousand
people per year just in the last de- oy
cade (Fig. 10.2). Since 1991 the
country lost nearly 6.5
people.

In a demographic situation Fig. 102. Average snnual opton o e 200 208,
some improvement became posi- OGS perions. 2005 - 330 01012010
dve. For last years it has grown
almost in 1S times. At the same
time the mortality is kept on a 5 -
high level. From 15,4 %o in 2000
it has amount to 16,6 %o in 2006.
Last years iU is. That should be 10 15— p—p—p—o==o—0—0==2==2_

estimated as positively and it is 5

Tous o pwsons

Bl

2000 01 22 2008 2000 2005 205 2007 2005 2005
Yoz

possible to expect a preservation ol
of this tendency in the future. 2000 2001 2002 2005 2000 2005 208 2007 2008 205
Positive in the demographic - Bt = oy Yo

pl
situation Is a Slight IMprovement g 103 gythrte Sy et o st
Of birth rate (Fig, 10.3) In recent  203.200% pr 1000 pouston "
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years it has grown almost 15 times. At the same time at a high level of mortality is
Stored. From 15.4 % in 2000, it reached in 2006 16.6 %o. In subsequent years some
decrease was marked. This trend should be evaluated positively and is expected to be
maintained in the future.

As it s seen from the data of this figure, the mortality prevailed over births rate
since 1991, This circumstance was the main cause of depopulation in the country.
‘The number of children deaths under 1 year grew. In 2000-2006 on average 4216 ba-
bies died for the year, in 2007-2008 — 5083. However, the level of infant mortality
iy varied within the range of 9.5-11. 5

s per 1000 live births and has a
ymvardend 6, 104) Bt mm
level

o _ o it moraliy n the
country.

s - Negative trends in health sta-

o tus of citizens caused low average

200" 2001 20022003 2004 205”2008 2007 2008 | life expectancy in the country (Fig.

Y 10.5). It dropped from 71 years in

Fip. 10.4. Infant mortalty i Ukrain fn 2000-2008, per 1900 1990 to 67 years in 2009, Accor-

e dorms ding to forecasts, the reduction will
continue till 2050.

Comparative data (Fig. 10.6)
show that if in Japan, Western Eu-
tape and Cuba after 1990 average
life expectancy level increased, In
Ukraine it was reduced. It s pre-
dicted that by 2050 the gap in the
level indices of comparable coun-
sos0 s 1995 | 200 | 2005 | 209 205 | ries reached nearly 30 years.

s sy

Fi. 10.5. Average e expectancy a irth I Ukrane, years
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B

In the most affected regions (Zhy-
tomyr and Kyiv) in recent years the
demographic situation essentially did
not differ from national parameters.
“Thus, the birth rate in this regions in
2000-2008 was even slightly higher
(Fig. 10.7).

Mortality was higher (Fig. 10.8):
in Ukraine its average level for 2000
2008 was 16.0%, in Zhytomyr regior

Infant mortality in regions i
not exceed national levels (Fig. 10:

Data differentiated by zones Dht
radioactive contamination are important
for assessing the demographic conse-
quences of Chornobyl catastrophe. As
itis shown in Fig. 10.10,
the population losses in the areas of

was caused by migration outflow of
ulation (organized and voluntary
resettlement). In subsequent years the

portoon.
15

o

2000 2001 2092 2009 2000 2005 2008 2007 2008 2009
yeas

D kine. - Ziyomyrragon. 4= s

i, 107 Bith ate in Ukraio, Zotomyr and Ky egions

In 2000-2009, per 1,000 popuiation

por 1000

2

P o

[

-
20002001 2002 2009 2004 2005 2006 2007 2008 2009
e
Fig, 0. Maralty of the popuistion in Utrain, Zhyomyr
L e S50 oo s

oot
s

o

cause of such
of deaths over births.
In the radioactive the contaminat-
ed district, in particular in zones 2 and
the population i elder on age, than in
other territories of the country
In contaminated areas, especially
in zones 2 and 4, the population is older
than in the rest of the sate (Fig. 10.11).
in 1992-1999 increased levels of
birth rate in zones 2 and 3 was noted
(g, 10.12) They ocaur in the mst
active period in the resettlement trm
the affected to clean area and,
opinion, it was connected with a deslm

mmmmmmmmm
s

ke - 2oy -
Fig. 103, nfant mortally In Ukraine, zm--p ant Kyl
egions n 2000-2003, pr 1000 ive i

osu¥sssayzaia

and employment in new setdements.

Fig 1010, enting o the cate
ofradicactive conaminalion zne n 1991-2005%.



312 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —

2 Quarter of Centry Aftermath
Ukrane. O3 under abie fo work.
Fadatoncotamiated s 0 ati ook
B owratstowork
202
2003
P e e——
0
Fig.10.11. Papuation sluctre by major age groups according to zones o rao-
Commities of Ustaine)

At the same time in all the studied areas significantly (p<0.05) increase in mor-
tality was noted with an annual growth rate +0.19%: in Ukraine, +0.78% — in zone
2, +0.33% — in zone 3, +0.89%» — in zone 4 (Fig. 10.13). Mortaity depend on the
category of radioactive contamination zones and the level of average individual dose
of radiation regulated by the legistation.
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During the entire postaccidental period the death rate in the four most contami-
nated distrcts of study (combined from zones 2, 3, 4) increased more distinctly than in
Ulaine as a whole (Fig. 10.14).

e data rmed
slevmedlevels of mormlin: Aualysls of comlalloas belween (he nlanve ko moral
ity from accumulated
Chlsev rutton s ound o et s elationship (0.07-0.34) between
studied indices

038 2000 3 042, 200 4 025, e - 050, zhywmyv region — 056, Kyiv
regon — 05 and demogrphic criis was more expresive (ig 1015, This, i n
the early 905 npmdhcnnn of RCA population was low negative (zone 2 — ~5.6%,

z0ne 4—~9.1%), in ¢
0 6%y some 3 14,000 2006 4 215,

o100

i g

1
J‘i'o‘f"'&il’&é‘&lf&\&&&’&&@#

I Ukrzie - Ziytomyrregion

- Kyvrogion ~e= 4 most ontaminated disticts
i, 101 ralty e et o U I 18802008 and o o estged

dioaciive conlaninaled dsrcts (zane 2,3, 4), per 1,000 papuiation Tho drect

T a1 vend o ok s

@&&00”@&‘&@&@&&##&

3 Ziyomyrregion. I hyvragion. ~0=Z0162 ~4=Zorn3 e

Fig, 10,15, Vally ofth popultion n Zoytomyt and Ky reglons and i nvestgated
bt ione 2. 31 $99-200. o 000 pupltn:
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Demographic changes on RCA generated and made growing population losses.
According to the balance method of estimation, for 18 years (1986-2003) complete
demographic losses in the contaminated areas amounted to 48.8 thousand people. Net
losses of population were formed by 25.2 thousand unbor and surplu (6.9 thousand)
of decessd persons iy 3
Tosses. The loss played a central role in the formation of net losses.
Radioactively omtaminaes e o average “received less” eight newborns in towns
and 11 In rural areas per every thousand of average population (in the conirol respec-
tively 4 and 2 infants).

“The level of unborn losses per 1,000 women of child-bearing age from 8 in 1986

Tose to 76 in 2001, i.e. 9.5 times and makde 41.1% within the whole post-accidental
period. The intensity of unborn losses in the control area was similar to the national
level and its value for the 1986-2003 amounted to 14.2%, which is 3 times lower than
inRCA.
Demographic losses of the population were formed through the “delay» of birth
by women of most active generative age. The most significant in the total amount of
Tosses was unbom contribution of women aged 20-29 years. At their expenses for ev-
ry 1,000 women in post-accident period from 39 (Poltava region) to 215 (Narodychi
distrct birhs received less. In Ukraine in 1986-2003 comparing i 1979 imensiy
of unborn losses per women aged 15-49 years was 15.5%

“The hypothetical population lasses because of high mortalit for the period from

1986 t0 2003 (compared to 1979) were formed in all investigated areas. By the abso-
Iute number the urban population had the greatest losses, except for districts of RCA,
where their level was higher in a countryside, which were more suffered as  result of
catastrophe.
‘The biggest losses through excess of the mortality in the postaccident period
undergone the population at the age of 60 years and elder both on RCA and in the
control (mare than 86% from the total number of losses). In the children’s age groups,
by contrast, there was litle increase saved lives by reducing their mortality. The larg-
est decrease in the absolute number of eaths occurred in children under 1 year (sbout
3.0% of toral losses).

During 1986-2003 losses of the working age population (15-59 years) ranged
from 7.5% (Zhytomyr region) to 12.3% (Kiev region) in total losses were lower than
in the control area (16.8%) and Ukraine as a whole (18.7%).

‘The number of saved lives of working age (in contaminated 3, in con-
trol Lokhwytsky district — 223 people), was associated with the arrival in contaminated
areas of the new population that had not undergone irradiation.

In 1986-2003 compared with 1979 figures of population loss through supermor-
tality increased in all major classes of causes of death everywhere. Biggest population
Iosses were formed by non-tumor somatic pathology (about 40.0% in female and almast
24.0% in male).

“Tumors were the next significant class of death. Their contribution (0 total losses
of the radioactively polluted areas in the 1986-2003 was 35.1%, while at the national
Level — only 15.9%. Much of the losses from tumors was formed by age group of
45-75 years,
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‘Threatening in the post-accident period were the scales of mortality from external
causes of death. Thelr share of population losses from all causes of death was about
20%. Now compared to 1979 due 1o external causes supermortality cause 17% of male
and female 4% losses.

Demographic situation was also worsened through ecological migration[19].
During 1979-2003 migration losses of population attained in the Polisske district 26.3
lnunsand persons, in Narodychi — 15.6 thousand persons, in Luhyny — 10.4 thousand

vruch — 23.9 thousand people. In the control Lokhvytsky distric it was
e than 2.4 thowsand persons. Only Ivankiv district grew due to migretion and admin-
istrative-teritorial reform on 0.8 million people.
, mainly

the peculriyof demogapiclses lesnly o intensification of depopulauon and losses
of labor potential. That i, R Social, economic and commercial purposes.
For posaceident perlod o rear and standardized mnrlallry rates were in-
creased. Their lev 1991-1995
P Ao i extth s (in radiaion contaminated districts — by 36% in
polluted regions — by 24% in the control — by 20%)
for causes of increase.
in morally was maily cused by he workin age popultion morliy from somatic
diseases and external causes. In general upward trend of risk of death from tumors in
patients over 45 years both on contaminated and in contral areas there are groups of
high-risk in relation to this pathology. In the Zhytomyr region these are children under
163 and women aged 20-29 yeas in Kyiv and Cherniiv region — people aged
15-29 ye
e negznve demoggaphic suato

inthe RCA became he lgical deepening of

the early years of uudnnon Amrdmg o our daa (Toble 10 7), in 1986-1987 due 10
the effcts of posure levels o stillbirths, con-

lies at birth, reduced fm ty, "aio of newbors, fant
meualuy were increased. These data are confirmed in the studies of Franco-German
Initiative for Chornobyl and demonstrate the negative impactof racision o feuly
and infant mortalty after accidental exposure in 1986 [20)

Tt 107, Conseuences of egusreof s erergency eadstonn 1986 o ogain of e
population o rayons of the strong radiating cont

Fe ™ e
T — T —T

Stillbirth rate. increase by 25-30% on fetus

e Ty, — et i

Birth rate decrease by 15-20% ‘sexual fetus damage

Gender rati in the structure
of the newborn infants
nfant mortality increase by 20-30% __felus damage

increased number of boys ~sexual chromosome damage
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In view of known radiobio-

of exposure to different systems of
the body of parents, their sexual
sphere, sex chromosome, embryo,
| R M fews in he womb,
[ Accumulated in previous years
s o
violation of the organs and systems
et o) == Uner i B o realized since 1991 in the most
5, 1016 66k ot xd malty e o of snillnl_ contaminated areas in a lon ime
(madston) e 1000 poputaton. jucing fertillty, increasing total
i snd it moraly
e bl o Fig, 10.16,
in 2004 the birth rate in the zone of
anconditonal (mandatory) el
ment, in wl doses for
2 long e reached $ w1 per Yo
had decreased by almost 30%. At
3 w5 a0 he same tme morality increased
oz 5 from 16.3%o 10 30.4% These levels
DWM‘“WW were considerably above national
Fig. 1017, Mortally o hren years, dwelers and regional.
o 2 and e radaton entanined e o 1000 Onlik i siess, moraly
in all age groups in this zone was
ed

caaRERRERET

Thi

higher
0-14 years (Fig. 10.17).
contrastto the nationwide indices in contaminated districts high levels of infant
‘mortality remained and in s structure increased mortality of Infants aged 0-6 days
(Table 10.9)
Table 108, alty
Faanater Charcar o raroes

‘Wortaify n the age 01 0.6 Gays__ Increaso againsi 2 background of decrease of stlbirth

days _The relatve . than in the control
Early neonatal, perinata, neonatal, The weak corraation of parameters changes with the evels
postneonatal mortlity of sollcontamination by *¥Cs, individual average and collec-
tive (by administrative districts) irradiation doses of thyroi
gland and whole body

In the neonatal mortality inereased proportion of endogenous causes of death. The
relative risk of infant mortality in the contaminated areas since 1991 probably exceeded
1.0 and was due to increased mortality in the neonatal period. In control areas the level
of relative risk of infant mortality in this age was less than in polluted and did not affect
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rality. Epi Jysis found
cllbith , perinatal, neonatal,

and radiation factors such as levels of 1Cs soil contamination, the average individual
and cllctive i adminsative disrcs) of e thyroid and ol body radiaiondoses
of population living in the most affected distri Zhytomyr regions.

imultaneously with the beginning of Tt moralty growah sincs 1991 sared
increasing of general mortality.

ing to the data set it should be recognized that due to the acute and long-

term for 25 years chronic exposure to small doses of radiation from the time of concep-
tion and childhood negative systemic changes were formed in the body. The changes
coincide with those obiained by other researchers.

smml conclusion

ofthe Chumubyl aastrophe 1 Ukratne should be rcogniaed as
1) large-scale radioactive contamination areas. In ukum, in a radius of 100 km
NPP was ind (zones 1 and 2), which
cannot be the residence of peaple, receipt of agricultural pris products, foods that
meet national permissible levels. Involuntary reseulement of people in 1986-2008 led to
desolation of area of more than 4.2 thousend km? (about 7.7% of the total radioactively
contaminated arca). A so-called environmental migration emerged in connection with
the catastrophe and its consequences;

2) exposure of large numbers of people, increased acute human exposure in the
first year after the catastrophe and long-term chronic exposure 10 low levels of radiation,
simultaneous effects on the body of several types of external exposure, entry into organ-
ism of radionuclides from the set of high biological risk and types of radiation (gamma,
beta, alpha), » coupling effect o exeral and il ralaion, which contributes in
its totality enhanced effects of radiation on the body;

3) long duration (hundreds of years) of radioactive contamination of the environ-
ment, the formation of areas, enticely not suitable for living and production activitis,
foss of lrge areas of recretinal, residentia, hisorical, cutural and ethnographic

rposes;

4) total depopulation of the two cities and over a hundred villages, irreversible
degradation of at least 67 villages, one city and three seulements of urban type, acceler-
ated degradation of about a thousand villages located In the northern part of Zhytomyr
and Kyiv regionsand in he westen part o te Chemiiv region. In oy of the 2293

red idental

conditns of e hy radiation factor
iatd conditionsof e, work, numuon. Pnkal o meral itecngof -

Yion of peop and f proper
Together with the effect of it exponre thy adversey ffcted human hal
6) the incapacity of the affected countries and the faternational community withi

25 yers o overome sy cosequoces

aggregate of surveyed medical and demographic indices the health of
RCA Inhahlnms, submitted to chronic exposure and poor conditions of life and labor,
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is worse than the population of Ukraine as a whole. The most negative conditlons of
life, work, high levels of exposure and mortality are for residents of zone 2;
2 epdemiclogical alyis of connections fertlity, infant mortality, overall and
e-specific morality with levels of radioactive contamination, radiation doses of
mymm i i wvutes sl doms S o et coneiy
exposure. Effects of
0 a drop in fertlity in e85, tising infant murlalny in A987, oo of el
proportion of newborns mainly by increasing the proportion of boys. In the following.
s o eemicof e gl n s o e e
increased mortality mainly from somatic pathology. Its certain dependence from
el of i e e I TH e s chicinsic b
at a level of regions and districts. In the totality, they have I expressi
demagaphi osses,decresed vilty and ongey of RCA nablans han
country as a whole;
9) t0 improve the demographic situation on RCA it is necessary to create condi-
tons by the radiaon fata which weld et nalora sty stamdads Lo levels of
udiacbescononiinaon s exgomee of e popolation, Thase ool el
existing socio-psychological stress In the affected as the basis of violated demogray
guidelines 1o have children, stop chronic irradiation with small doses of radiation as
a basis for the formation of destructive changes in humans and excess mortality rates
and create economic conditions that would ensure decent standards of modern living
conditions and labor;
0) taking into account the peculiarties of demographic losses rnm.anon pndeged-
ing on the contribution of certain classes of causes of death, measures to
at RCA should be differentiated. Major efforts should be aimed for the pmvenl(nn ol
mortalty of able-bodied and elder than able-bodied ages, and among th
When o ng igation plicy th extning vaditosouaion s o o o
‘expected exposure doses must be taken into conciderat
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aueres 11 EPIDEMIOLOGY OF NON—
TUMOR DISEASES IN THE
REMOTE POSTRADIATION
PERIOD

111 EFFECTS IN THE CHORNOBYL CLEAN-UP
'WORKERS OF 1986-1987

Non-tumor morbidity

‘on-tumor morbidity in clean-up workers of 1986-1987 was

studied on the data of the SRU, for 1988-2007. As on Janu-

ary 1, 2009 314,192 clean-up workers were registered in the SRU [1], 207,486 of them

were clean-up workers of 1986-1987. A specific feature of age structure of clean-up

workers of 1986-1987 i that these were mostly (93%) young and middle-aged males,

87% of them were under 40 at the time of their participation in recovery operations,
average age of this coort was 30.2 years.

On January 1, 2010, there were 91,253 people having data on dose in the SRU,
of them 68,145 were clean-up workers of 1986-1987. Average individual doses from
external ircadiation for the majority of them were estimated to be 120-180 mSv, 15%
having doses 250 mSv and more, 7.5% — 500 mSv and over. Average individual effec-
tive dose of whole body extemal radiation for the cohort was 163.7 mSv.

Distribution of clean-up workers of 1986-1987 with regard o age at the time of
participation in recovery operations and whole body external dose is given in Table
11.1. In age group <40 years, 66.1% of persons had doses within interval 0.2-0.7 Gy,
23% — 0.05-0.199 Gy. In the age group 240 years, 9.6% of men had doses 0.2-0.7 Gy,
7.8% — 0.05-0.199 Gy.

Table 11.1. Distibution of clean-up warkers of 1

7 with regard to the age at the time of par-

16400 16145 7400




322 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
— a Quarter of Century Aftermath

A retrospective-prospective epidemiological moni conducted o inves-
gate nomtomor morbiiy (within 19602007 in lean-up workers f 1986-1567.
Now, the health state of the Chomobyl clean-up workers 1986-1987 s estimated to be
poor 12, 3.

Wit cbsertaon peod of 1563-2007 percentage of hesly individus de

ased reased

om 12.6% t0 82.% (g, 1), (4

Fig. 1.2 presents dynamics of the overall non-tumor morbidity rates in cohort of
clean-up workers of 1986-1987 as a whole and with dependence upon age at the time
of participation in recovery operatlans, by S-year observation periods. Over 1986-1997,
overall non- rates were noted in the cohort
as a whole (cegardless of age) and in the above mentioned age groups (under 40 and
older). Since 1997, an increase in the overall morbidity rates has been observed. This
growth was due to higher rates in clean-up workers aged 240).

Structure of non-tumor morbidicy in the
cohort of clean-up workers as a whole and by
age groups for 2007 is presented in Fig. 11.3.
‘The following (digestive and circulatory sys-
tems diseases, diseases of nervous system and

"y s oy~ o

2
o | e 2007 @
o

e o

s e

e Fig. 113, The srcare of mn-umor ity among
- - rkers of 1 1987 for 2007. 1 — cir-

112 Oame o s s sty oiory o Qs
the Charmobyl clean-up workers of 1986- systom and organs of sense;

daases; 4
v .Y S diseases

— digestive system
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sense, musculoskeletal and endocrine systems diseases) contributed mostly
e deeriog of contingent under study (regardless of age at the time of their
paticipation in recovery operations). In fact, percentage of non-tumor diseases was
86.4% among persons aged 18-39 and 91.2% — in those aged 40-60 at the time of
exposure.

“The remote posiChornobyl period was characte rowth of a wide range of
no-tumor dissss inceenp workers of 1906-1987 15 ), involving practicaly all

re found)
7,81 The dynamics mlys-s oy iunar diseses (Tbls 112-114) i contingens
under study revealed the existence of certain differences depending on age at the time

o exposure. Thee diferences wore eled ot morbdiy growih e snd postadia.
tion terms of disease development
Toé il lovih il A s o i OO yas e 1115
‘years after exposure (Fig. L1.4). Higher rate was in younger age group.
Itis not easy to explain this fact. It can be assumed in this case more expressed
psychological stress caused by the youths® fear of the possible ionizing radiation risk
health. It is ot also improbable that mental disorders are the result of changes
in brain structures and other systems (9] During post-accident period, the incidence
sates for the iseases of nervous sysem and organs of sene grew in bt age groups
(Fig. 11.5). The highest incidence be-

ing observed within 11-15 postradiation
years. The maximum increase in diseases
e ‘was recorded among people aged 40-60
arseyese ol smosie
1 s of wegeo-vascla dys
tnia i o Fig. 11.
19881902 1995-1997 19902002 2005-2007 “The highest e s or i
—<anyars pathology were established among clean-
=20 years up workers (younger age group) within
Tl ke stmmta s o A, e st S yeus and 6-10 years st
519 o esp workers o 9661567 dpendiog o a9 exposure. Insubsequen years, incidei

P i e i
o age groups.

T The dynamics observed in the de-
T velopment of caaracts was qule ifer
I ent (Fig. 11.7). of
e disease wis ecorded I peopl aged
40-60 at the time of exposure. However,
a significant increase in morbidity in the
older age group was found earlier —

i IS0 190200 09,200

o in 6-10 years after exposure while in
lion ‘younger one ~ in 11-15 years after expo-
e

s (code 00-8,320-389) ous. But
367 dopentiog on age 21 tha tins of expasar incidence rates in the age group 29-54
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years (18-29 at the time of expo-
Sure) increased almost 6 times —
from 4.4£0.2 %o (for the period 0-5
years) (0 24.541.2% (for 11-15
years ater exposure). Thus, it is
here unlikely that age was the main
impact factor.

Fig. 11.8-11.10 show the dy-
namics of non-tumor thyroid dis-
eases. In the remote postaccident
period, increased morbidity rates
of acquired hypothyroidism and
chronic thyroiditis were found.

the development of these discase:
were established. However, lower
incidence rates for this patholo-
gy in younger clean-up workers
within 16-20 postradiation years
(with consistently higher rates in
older age group) require thorough
invesigaton, Perhaps the earlier
the development (regard-
Jes o the age of exposed peopl)
are pathophysiological prerequisite
for growth rate of thyroid diseases
(nontoxic nodular goiter and ac-
quired hypothyroidism).
mong endocrine diseases
(Fig. 11.11), increased diabetes in-
cidence rates deserve special at-
tention. In clean-up workers aged
18-39 a the time of exposure, in-
:xelsed rates for the pathology
seen within 6-10 postradia-
ton yaus n lder 158 grotp -
1-15 e,
resent specialists in ra-
dmblolngy and radiation medici-
ne focus on radiation impact on
cardiovascular diseases (in particu-

ax
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Fg. 11,6, Dynamics of vegeta-vascular dystnia (code IC0-8,337)
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B

lar low-dose effects of ionizing ra-
diation). This is due to the fact that
circulatory diseases occupy a lea-
ding place in the structure of death

‘causes among adults (10, 11].
Our results showed that a
oy s remote period of the Chornobyl
o accident consequences was char-
1410 s of s ol o (e €00, 241) acterized by higher rates of non-
In clean-up warkers of 19861387 depending on tumor pathology of circulatory
system among clean-up workers

(Fig. 11.12).

Overall morbidity rates of
these diseases increased, particu-
larly of those with higher health
risks — ischemic heart disease
(Fig. 11.13) and cerebrovascular
—il diseases (Fig. 11.14).

1988-1992 1993-1997 ‘With higher incidence rates

O copas D240y of these diseases among clean-up
15,1111, Dysamic o daets (ade 160, 250 o cieanp  WOKkers (older age group), a sig-
‘workers of 1986-1987 ing 00 age at the time of exposure  nificant increase in incidence rates
for cerebrovascular
determined for 6-10 postradiation

cwsEERER

25,

®

ss2szzap

s
®

of hypertension no distinct regu-
Lrities were observed.
o<t bove features of post-
1112 e of s ekdnd AYGARIERof Y tmce
s o 050 o 3 diseases of nervous and endocrine
e, prmat ot and i
calatory diseases, are also charac-
teristic of respiratory (Fig. 11,15~
11.16), digestive (Fig. 11.17-
11.19), urinary (Fig. 11.20) and
musculoskeletal disea par-
ticular osteopathy and chondro-
vathy (Fig. 1121,

RO
H
B
H

e | sswe A s

. ring the dynamics of
Oclones s some du.eases—namelyv mental
IR T2 disorde dysto-

i ety s o 1 Ve o 0
e nia,

s,
ischemic heart disease, biliary,
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g people

piratory ronchits, emphy , youn
as compared to those of middle age, are more sensitive to s factor.
As evidenced by the earlier period of morbidity growth in the above forms and
roups o the iseases stated I 630 yers t younger eaap workes and 1115
in middle-aged persons (40-60 at the time of exposure). Higher rates of non-wmor
diseases in older people should be considered as a possible result of syr effect
of such factors as «Aging» and «Radiation». Other negative endogenous factors are
not excluded.

Dose-dependent effects

Risk assessment was used to determine dose-dependent effects of non-tumor
morbidity in clean-up workers of 1986-1987 (121, To establish correlation between im-
pact of possible risk factor and a  discse, elative and excess ks smong exposed and
unexposed persons were calculated [11]. The cohort of clean-up workers of 19861987
s ke 25  comol (amexposed), whol body exemal dose was<0.1 Gy This we
used an internal cor

Itwas very lmponam o identify possible risk factors for non-tumor diseases (whole
body extemal dose, age of exposed persons and time at risk). Particular attention was
paid 10 those non-wmor diseases that have contribured and make main contribution to
et el demonaon,

Exte of contingent under consideration range from 0.0 t0 0.3 Gy (ac-
cording o R Raroma e -Dosimetry Registy), from 0.0 to 0.7 Gy (SRU),
from 0.0 t0 1.4 Gy (CER)

Risk analysis of dose-dependent effects was carried out sccording 0 he SRU
in cohort a5 a whole, depending on radiation dose for five-year periods at risk (Te
TL5-Tuble 1112, with regard f the agt t che e of exposute (Table 1113~ Tole
1.

5).

Table 115 presents data on RR values for lrsiory s Sgnifcant k-
tive risks were established for 11-15 and 16-20 p on years. An ambiguity in
ok Inervals .05-0:099 and 010,199 Gy, stable vatues 3 doses 0.25-0.7 G were
observed. Excess morbidity in this class of diseases was largely due (o ischemic heart
disease and cerebrovascular diseases.

Table 11, 1986-1387

T
Dose groups
& =

=0
1

) o s ot 2
050099 098(086.1.13)  092(08 106 117 (103; 133 09 (0.74; 1.08)
010199 115(10:132)  095(08211) 096084111 138114 166)
020249 09(077:105  083(0821.05) 127 (114141) 06 (08% 1.12)
02507 106(08%128) 09 (01 124 (10141 192 094:138)
v trend was observed in the analysis of respiratory diseases (Table 11.8).
s!gmllam RR or epiory dseases s eveled n dose grop 005-0.090 Gy (e
nd at doses 0.1-0.199 Gy period). Over




Chapter 11. Epidemiology of non-tumor diseases in the remote postradiation period 331

bservation period 19982002, a significant relative risk was found in all dose groups,
in 16-20 years after exposure — in dose group 0.25-0.7 Gy. Additional morbidity is
formed mainly by chronic bronchitis and emphysema.

T 116 , o
Gepndngan whol oy eiral dgeand e ar expore
=
g g = =0 o
— 185 okt ot

05000 152 (116;1.94) 052 (09, 1.12) 116 (092, 144) 069 (051 0.99)
010199 096(073126) 114 (097 148) 118 (094;148) 099 (073 1.34)
02-0249  104(079,138) 102(081:129) 137 (114:165) 109 (0.85:1.43)
02507 __086(061:121) 108(084141) 14(112:174 123096 163)

Based on risk-analysis, a significant RR for digestive diseases (Table 11.7) was
found actually in all dose groups (6-10 years after exposure), in dose groups >0.2 Gy

(11-15 years after exposure), and >0.1 Gy (16-20 years after exposure). In the morbid-

ity structure, liver (Table 11.8) and biliary diseases are predominant.

e o
[
g —— -
N

05009 072 (162,064 128 (109, 149) 094 (083; 106 087 (073, 1.08)
010199 074(063,087) 114057134 089 (078101) 118 099, 141)
020249 078(065,092) 109(096124) 131 (117, 146) 113 098;13)

02507 11109213 132 (115,153 166 (147:1.85) 1.3 (1.16;1.58)

Table 118, 1986-1987 depend-
Ing on whole body external dose and time after exposure.
T o
oo g = = =
s oty o s

05009 085 (065 1.15) 109 (0.87; 137) 544 (383, 7.71) 053 (0.42,067)
010199 07(051,087)  112(089142) 569(401:808) 073 (058:0.92)
02-0249 081 (059:113) 128(104158) 229(19:277)  138(1.0% 1.79)
025-07 _ 146(105:204) 171 (137:213) 32 (265:387) 197 (1.56:25)

Significant RR for urinary diseases (Table 11.9) were found S years after the
exposure (dose group 0.25-0.7 Gy), 10-20 years after the exposure (dose groups 0.2-
0.249 Gy and 0.25-0.7 Gy).

“True RR for the diseases of nervous system and sense organs (Table 11.10) was
observed in all dose groups within the frst five years after exposure. Morbidity i formed
mainly by the diseases of vegetative nervous system, particularly vegeto-vascular dys-

X pathology, . including discirculatory
encephalopathy, cataracts and others.
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Table 119,

uarter of Century Aftermath

10D-9, 1986-1987

depending on whale body external dose and tme ater exposurs

etn s )

v [—— B -
O S N
SRS T 0 T T O3 L0 B e T e
01019 07804 1% 10308159 075 0% 109 1270072,
0202 055028109 130T 171 (a2 1an s s0n
025-07 1.21(0.64:228) 187 (1.3:27) 1.8 (1.32; 2.46) 2.12 (1.48; 3.03)

Table 11.10. Relative risks for the

ases of nervous system and organs of sense (code ICD-9,

320-38) In clean-up workers 1986-1987 depending on whole body exteral dose and time after
e
T ol g 510 1115 620
] 10881992 19851097 1995 2002 o0
0050089 115(101;133) 108 (093 126) 117(1.02 1.34) 083 (067; 1.03)
01-0199  109(093124) 096 (081;113) 081(069;094) 133 (1.08; 1.65)
02-249  1.11(095,128) 091 (079;1.04) 101(089;1.14) 08 (0.67: 0.95)
02607 162(1.39:189) 076 (0.64;089) 145 (1.26:168) 091 (074 1.11)

In clean-up workers of 19861987, non-tumor thyroid diseases make up the major
portion (75%) among cndocrine diseases, Ten years after exposure, the significant RRs
were found in dose group 0.25-0.7 Gy (Table 11.11). The following (acquired hypothy-
roldism, chronic thyroiditis and nontoxic nodular goiter) predominate in the structure.

Table 11,11, X 1
pending on whole body external dose and time afer exposure
st grovps hseraton perods (o]
) g I =0
19881997 i 2003-2007)
0050039 094 (0.7: 128) 115 (0.6, 1.53) 1.07 (081; 147) 07 (048, 103]
010199 057(041:081) 073 ) 10(075,134)  08(054;
020249 091(066127) 102(079:133) 10 (076:126) 06 (042:088)
025:07 _ 1.47(081.166) 116 (0.861.55) 146 (1.13;1.88) 1.7 (1.24; 1.96)

‘The analysis of dose-dependent risk for musculoskeletal
data (Table 11.12).

Tl (112 Rlotetks o rrmsos dusste ok K34
19 depending on whole body external dose and t

osoraion poads e

ases gave no reliable

130-739) I clean-up workers
ure

Dosa roups -

0 i oo
0050089 11100, 1.35) 09 (075 1.09) 063 (0.53;0.74) 063 (049; 0.67)
01-0199  1.12(091:138) 084(068;102) 063 (0.53076) 0.8 (068; 1.13)
02-0249  092(074:115) 102(086:121) 08 (077 1.05) 08 (0.74;1.1)
02507 099(077:1.28) 093 (076,1.14) 103(086,1.22) 083 (065 1.07)
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Risk analysis of non-tumor mnrbldny ‘was also conducted in clean-up workers of
1986-1987. It was done with regad to external dose,age at th time of o exposre and
e s iskon e o - 10 15.and 20, -year periods after exposure. Below are the
results of the alysis of moridity i subeot (extenal adiaton dose 025-0.7 Gy)
as for this dose group more stable and reliable data were obtained.

il 1113 presents elble RR values of non-smor s i the cohort of
clean-up workers s a whole (regardless of age).

Table 11.13. The relatve risks (RR) for non-tumar marbidity among the Chornoby clean-up workers
1986-1 65,5,10,15,20 y expos

cussesana | cote T
Teslopalione o sty 109 | sosrons | ssosroon | vose-20n | vonsc0r
Endocrine and metabolc dseases: 240269 By B
(i) (i
- dibetes 250
- acquired hypothyroicism W e s
8 25 7
- thyroiits 25 Coan lats)
Mertal disorders 290-319 Phuss s
Diases of v sy P
and sense org: 30989 (1514 (i1913) 1.2:13)
- vegeto-vascular dystonia o B (5
vog et (1.41.65) (1:23:1.4) i1.3)
- cataracts 366 .
Ciraulatory diseases: 300459
~ischaric heart disease 10414
- cerebrovasculr diseases. 130438
Raspiratory disoases: a80-519
- cheonic brontis, emphysema st 422 %) g 1R o A A
Digestive diseases: 20579
757 ) ]
Rl o M (2219 (1317 1.4:1.69)
27 Y N
- er dissasss k) 1.17:14) (137:15) (13:1.48)
" a7 - a
Urkery Bstasps B9 (10418) (12160 (13169 (12916)
Musculoskeletal isgasas: osteopathy, 2 25
chondropathy b (0:138) (11813) (116:14)
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Data analysis shows that for most non-tumor diseases of various body systems
dose-dependent effect was realized within 15 and 20 years at risk. The significant el
tive risks for some diseases (acquired hypothyroidism, vescto-vascular dystonis,
ebeovascular diseases, chronic bronchitis, emphyseme, gastrii ents and iy
disases) were abiained for ive posradiation yers. For ten years t ik — (or iver
diseases, ostopathy and bondropathy

o 1114 gives significan R of no-tumor morbidiy n clean-up workers
under 40 years a the e of thl pariCipaton i Tecovery aperaans depending on
doseand imé after the Chomayl scedent
Tablo 11.14. Relative risks (RF) for nan-tumor diseases among the Chornobyl clean-up workers of
1386-1987 aged <40 at the fime of thelr partcpation In ecovery operatons, whole body external
doses 025-0.7 Gy, 5,10, 15, 20 years after exposure

Chses nd o T 25
Endocrine and metabali disoases:  240-289

- dabetes #_ {%0s foen

~ acquired hypothyroiism 245 (s (s

_ thyragits 250 121 (s
Montal isorders 200-319 26.51) (321-45)
N FPRN T

- vegeto-vaseuar dystonia & {10 (i (e
Giroulatory diseases: 390459 Yoq 1aam lion

— scharmic heart dissase 410414 4y (9615

— corabrovascular diseases o o0 o s hheun
Respiratory diseases: 0518 e (g s

- chronic bronetits emprysema_ag1, 402 L% o L o A4 1R
Digeste diseases: 520579 (12130 (12-130) (1314

- gastriis, duodenilis 5% fif'ag»wm 3176) (137-17) (141-17)

- bllary dissasss. TS (g s 1o (s e

- liver diseases il g e 28-1.4)

20 100 (g6 (i3 ligeis

Musculoskeletl diseases: 710739 1) (813 o

- osteopathy, chondrogaty 730-739 2450 (12148 (12515
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In peaple under 40 with radiation doses 0.25-0.7 Gy, true RRs for non-tumor
ired

diseases were found: acquired hypothyroidism (5, 10 years after expn!nm), Hchae
heart disease (10, 15 ye icularly
thyroidits, diabetes, mental disorders (15, 20 years after exposure); ve eetovmsclar
dystonia, cerebrovascular and respiratory diseases (5, 10, 15 years s exposure);
circulatory, digestive diseases (particularly liver diseases), musculoskeletal diseases,
partculary oseopathy, hondropathy (10, 15, 20 yers: bty saposiosy e ot

. gastrits,

duodeniti, urinary diseases (5, 10, 15, 20 years after txynsum]
As for clean-up workers of 19861967 aged over 40, at doses 0.25-0.7 Gy (Table
1L15) Mxnlﬁcam RRs were found for some diseases: diseases of nervous system and
sense organs, vegeto-vascular dystonia and liver diseases (all postradiation periods);
endocrine and metabolic, digestive, biliary and urinary diseases (10, 15, 20 postradiation
sy cerehrovascule dseses, Gasrty and duodenis (15, 20 postradation yeor
Cataract (10, 20 postadiation ynls) dswoputy (10 powradheln yess) i ol
pathology (15 postradiation years)

Table 11.15. Relative risks (RR) for non-tumor di
1986-1987 aged 240 at the time of

ses among the Chornobyl clean-up workers.
operations,

025-07 Gy, 5,10, 15, 20 years atter exposure

it peads

p—— ST -
nosolgical o 1609

R " sonsony | vove-toor | vome-a002 | 1008 2007

2 % 12
Endocrine and melabolic diseases: 240-289 (10115 (10147 (1061.4)
- 2w B
Diseases o nervous sysom 3 2 7
and sense organs: 30989 (13919) (1.11.99) i1129)

. 174 2 2
vegeto-vasculardystonia 387 Kl (%) (fonis) (iorns
5

—catns 366 p631) 1120
Cirelatory diseaes 4 ;
= Corsbrovascui dssases ‘4% (11510 (12171
Digestive dsesss: 520570 h 2142)
= gasrs, duodents 535 10920 _(10118)
T
~ e dsaass S (iveon (12019 (1289 (16208
~ bilay diseases 574576 2518 tigean
Urinary diseases 590-599 {0010) {2180

Musculoskeletal diseases:
- dorsopathy. 720-724
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depenBeatiin ¥ or
for indicative of strong correlation of some classes and forms with dose in different

‘periods after participat y . Excess.
and nosological forms of non-tumor diseases for 5, 10, 15, 20 years after exposure are
presented in Table 11.16-11.18.
Tale 1116, Rl sk (G o orumar dstases amenp e Chrch e worars
87 aged <40 at the time of thelc paricpation in recovery operations, whale body exte
Tors 1257 3y 510,15 20 yors s espoty

Fosuadalon s (e
Gises o e
n0s forms of diseases. g b ] 2
soagiclforms o 09| qomriony 15882007
Endocrne and melabol dseases: 20289 (fiaan
2% 27
- diabetes. 24 (1275) (126:58)
- soquied hpothyoigisn 245 P15 (0715
~ thyrodis 250 L04-17) (11618
Mental disorders 200-319 2550 b2ras)
Diseases of nervous system and 138 .26 26 27
senss organs: RO ((345) (12139 (12-131) (12243
1
- vegelo-vascular dystoria BT (1416 (121-14) (1.16-13)
P —— 350459 120 1320
— ischemic heart disease 410414 A 4 (i2615)
~ cosbrovascular diseases 430438 B oo S, 00 A8,
4 4
Respiratory diseases: 460-519 12‘4.51 (1:3-1.55) (1.26-15)
~ anoni bronahls,emprysema 4o 452 L% USRS o
Digestive diseases: 520-579 12-139) (13-14)
~ gasi, duodenits 25 18 YD)l
RS- 514578 (v 1 E
~ lver diseases 57 . -1.4)
Genitourinary diseases: 146 5
059 (107-90) i 916)
Musculoskeletal diseases: 710739 (1.18-1.3) |2;-| .36)
- osteapathy, chondropathy 730739 B (2100 (D15
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Daa anlyss (Tale 11.16)shoes it ot doses 025-07 Gy i the cohan it
clean-up workers as a wi Rs were obtained for: acquired hy
ism (5, 10 posadinon years endoeineand metabolcdsease,Inchuding yroids
cataracts, circulatory diseases, particularly ischemic heart disease (15, 20 postradiation
years); liver diseases, osteopathy, hondropathy (5, 10, 15 postradiation years); diabetes
(20 years after exposure); diseases of nervous system and sense organs, particularly
vegeto-vascular dystonia, cerebrovascular diseases, respiratory diseases, particularly
chronie bronchids, emphysems, gasuit, duodenits, urnary disases (5, 10 15, 20
‘years after exp

Sigaificant excess relative risks for non-tumor morbidity among those aged<d0
(Table 11.17) were obtained for: acquired hypothyroidism (5, 10 postradiation years);

Table 111 19861987
5,10, 15-, 20
— o~ Fost o s G

s | 5 [T Tl | sndin [

Endocrine and metabolic iseasos:  240-289 e g

~ thyrid diseases 20205 08 ot
~ acquired hypothyroidism o T By

~ thyroidits u5 !39:1-53)

~ diabetes 250 Fiion

Wenta disorders 290319 113y

B e T T S

5

[T
-wgeoascuar dysonia 37 o b 08

- catarats %65 Yoo
f——— 390459 Goora fnn (s
[T
- hypertension 40405 (01a1)  (03812) (02809
- ischemic heart disease 410414 Brosm_(oa1n)

38 337 X
- corebrovasouar diseasos 430438 B0 04 Haag
35

[rem—— osie U

. 15 175 159 159
- chvonc brorait, smphysema 491492 (o) (hon) (i) (iaeno)
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circulatory diseases, particularly ischemic heart disease; musculoskeletal diseases,

particularly osteopathy, hondropathy; liver diseases (10, 15, 20 years after exposure);

endocrine and metabolic diseases, particularly thyroid diseases, thyroiditi, diabetes;

catracts, somach ulers (15, 20 yeas st exposure)s mentl diorders 20 yers e

exposure); diseases of nervous system and sense organs, particularly vegeto-vascular

dystonia; hypenmsmn cerebrovascular pathology: resplramry diseases, paricularly
, gastritis,

duodenils rinay diseses; dorsopthy 5, 10, 15, 20 years ot
5-0.7 Gy, age 240, significant ERR (Table 11.18) of non-tumor mot-
iy was cbained for: dkesses of refvaus ystem and sense organs (5 postradiation
years; vegeto-vasclar dystonia 5, 10 posadiation yearsy gasats, duodenis (15
tion years); catoracts (20 postraiation years); cerebrovascular diseases (L5, 20
postradiation oy and uri 15,
n years); liver diseases (10, 15, 20 postradiation years).

20 postradi
Table 11,18, . .
(Daverage = 03 6y) ¥
Clsses ang oo Posiactaton peiods )
rosoogica foms ofdsess e} o | o | et

077 087 073
Endocrine and metabolic disoases:  240-289 06709 (08097 (066,08

- diabetes 250 X i

Diseases of nervous systom 27 [ 087 0%

ang sense organs: O (ig24) (7309 (05078 (0506
25

073
-veoetoasclardystons 37 (07.90) (103,14) (0,091) (06408
26

17
—teacty = (17:408) (i36:21)
s summarsin he eslts of epdemiologia e of oo oricy
workers of 1996-1987 in post-accident period we can stte the follow

- mimftsmlon of dose-dependent effect in the form o( non-tumor disorders in various
syslems and organs is vnrmble due t0 radiosensitivity;

= the ef external . In these studies,
dosedependml ot s e s S Gy, and the most significant result
‘was obtained in dose range 0.25-0.7

» the risk of radiation-induced non-tumor effect rises with increasing radiation dose. The

uncertainty was observed at radiation dns!s <ﬂ 2 Gy that requires special smdy.

of 1986-1987 m:inly ook place In 1115 years aferexposue,some efects o
in 16-20
Non-t lumor - mortaiy inthe Chornoby clean-up workers of 1986-1987
During 1988-2007 non-tumor mortality in the cohort of clean-up workers of
1986-1987 as a whole ncreased from 2.12% (1988) to 10.78% (2007) ranging in age
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groups <40 and 240 within 1.4-7.21% and 2.34-15.9% respectively (Fig. 11.22). Since
1997, mortality rate in the age group 240 was significanly higher than that in the age
group <d0.

‘Acal data on non-tumor mortality rates in the cohort of clean-up workers as a
‘whole depending on age and time after exposure are given in Tables 11.19-11.21. Based
on the data analysis, mortality increase in study contingent for 1988-2007 was due to the
s n ey discase. Quie 2 sguificant contribution s observed due to respira-
tory and digestive diseases. Increased mortality rate for diabetes has been noted since
1997. Sngnmum sise i monalyfromn diseses of ervos system and sesse onrs
was established in

n doa Analysls ‘mortality increase in people aged 40-60 at the time of partiipa-
tion in recovery operations and, consequently, exposure for the period of observation
was proved. In subcohort of clean-up workers under 40, circulatory mortaliy incre
from 0.9 10 5.6%, in the older age group — from 2.0 to 13.4%; respiratory diseases
(chronic bronchitis, emphysema) — from 0.03 to 0.24% and from 0.01 to 0.4%s; diges-
tive diseases — from 0,14 10 0,86% and from 0.24 to 1.22% respectively.

Mortality dynamics in clean-up workers for major non-tumor diseases with regard
10 age at the time of exposure s given in Fig. 11.23-11.25. The remote postChomobyl
period was noted for a sigaificant rise in circulatory mortality among clean-up work-
ers [13] but the highest levels and
growth rates were established in
people aged 40-60 at the time of
exposure. Age differences were
observed in 5 and especially 15—
20 years after the accident. Here
age range was 55-75 and 60-80

years.
‘Age had undoubtedly a major im-
pact on the mortality of the con-
tingent, significant increase in
mortality growth rate observed in  —s—undor40years ~a—40 s andoder i3 3 whoe
the older age group suggests the i rte among the Charoby
influence of other factors, particu-
Jarly radiation one.

In the structure of causes
of death from non-tumor diseases
among clean-up workers, circula-
tory and digestive diseases con-
tribute about 90%, while circula-
tory diseases — from 77 o 84%

e vt 202 2007 puas

(Fig, 11.23). That is why consider- o 2 o
able study has been given to risk | Crattay asass, 3 Aoy s
factors for non-tumor mortality in & Digsetve Ssses:” 4 00 Savios

clean-up workers, namely — risk of . 1.23. Sructure ofnantumar mrtalty smongthe Choracy
e ooy s S e T o
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Fig. 1124 . s e Gyt o0
v 1988-2007 (e

hen analyzing the dynamics of non-tumor mortality in clean-up wulkﬂs, the
dependence on wicle by extenal doe wdage o e time of exposure s foued,
ort as a whole (Fig. 11.24), the highest non-tmor morialiy rates were
embhshcd ¢ ratisiondoss 0050345 and 025-0.7 Gy Th abve paem, depen-
8 0n age at the time of exposure was found only in dose group 0.25-0.7 Gy; there
- dependencea dojs <025 Gy. Amung Cicanap workes aged 40-60 at the
time of exposure, there were no differences in mortality ates for dose gra X
2nd005-0.249 Gy, Inyoungerage Broup,mortlty among people with rtion dnsu
<0.05 appeared to be higher in comparison with dose groups 0.05-0.249 Gy, except f
the last observation year (2007).

Regardless of age at the time of exposure the highes: death rates from circulatory.
diseases were observed in dose groups 0.05-0.249 and 0.25-0.7 Gy (Fig, 11.25). How-
ever since 1997, death rate for clean-up workers (older age group) at doses 0.25-0.7 Gy
was about twice as high as that of peaple under 40. In this case it may be the result of
oo potental impacis — sAglg?and “leniing radntn”.

imilar pattern is observed when analyzing the dynamics of mortality from
respiratory (Fig, 11.26) and digestive diseases (Fig. 11.27)

“Thus, analysis of relationship between cn(ulamry, respiratory and digestive mor-
tality and whole body external dose in the Chomobyl clean-up workers of 1986-1987
suggests a possible association between growth of mortality from these classes of non-
twmor diseases and whole body extemal dose.

- o b aged 2 40
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To prove this hypothesis, a risk analysis of circulatory mortality among clean-up.
wworkes was conducted (Table 1.2, 11.23). In the study cohort (regardless of age) as a
wehole and also in subcohort of peaple aged over 40 at the time of exposure, significant
RR of mortality was found in those with radiation dose 0.25-0.7 Gy for circulatory
diseases, particularly hypertension, ischemic heart disease and cerebrovascular diseases
(10, 15, 20 years after exposure)

Table 11.22.

1986-1587 in the cohort a5 gardless of age). doses 02507 Gy, 5-,
10-,15-, 20-year postradiation periods.

Gases and msologica s oot oo e ()
o ses 5 [ o o 3 =
soowsos2 | voms-iso | voe-zoce | vans 2007
0 25 29 4
ety e N~ (s (3143 (12138
L 31 278 51
—ischemic hart disase e — B B
1 e

& 234 ]
-cerbrovascuar diseases 4048 —  aps) (19429 (18:37)
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Table 11.23. Relative rsks (RR)
1986-1957 whole
6, 5+, 10-,15-, 20-year

Fosvadton prcis
s g g I o o W %
e 19881952 | 1988-1997 | 1068-2002 | 19882007
12 ]
Circulatory diseases: AW~ (irase (2n (3220
1.21 125 132
- ischemic hart disease aoa  — B sy tiean
13 142 67
-combrovsculrdisesses a0 — WS LR W
——— for non- ty in the Chor-

nobyl foms vup workers of 19861987 aged 240 at the time of participation in recovery
‘operations at doses of whole body extemal radiation 0.25-0.7 Gy.
‘The analysis of mortality rates in subcohorts with doses<0.25 Gy and in the age
8roup under 40 at the time of exposure will be presented in the subsequent publicatons.
According o these data, a ERR was obizined
at doses 0.25-0.7 Gy for circulatory diseases, pantcularly hypertension, schemic heart
disease, cerebrovascular diseases for 10-, 15-, 20-year postradiation petiods.

Table 11.24.

19861987 el
dose 025-07 Gy (Daverage =03 Gy)
Casss and sl forms | Gas [ ——— POAIRIOn g s
W st 03 | onmlioo | sossonr
09
Cireultary diseases: 30489 — (g
055
ischemicheart dsazse 410414 — Gt (,,“o 02508)
I 057
controvasor desses 40438 — (9o, w0

‘Thus, considering the resuls of our study we can conclude the following:

+ non-tumor mortality in clean-up workers of 1986~1987 grew within 1988-2007;

- crultoy digetve and resprtory diseaes predominate insrutursof moraly;

+ whole body external doses ranging from 0.05 to 0.7 Gy may be a factor of excess risk
Tor death from tese discases;

+ sigaificant rality
ers as a whole and in subcohort aged 240 n the time of exposure were found in dose
8r0up 0.25-0.7 Gy, 10, 15, 20 years after exposure; excess el (ERR) were
Caewate for persons aged 40 nd older o tm of exposure with doses of hel
body extemal radiation 0.25-0.7 Gy, for 10, 15, 20 postradiation years;

« in our smdy of stochastic effects of small doses from short-term external radiation

(<1 Gy), here non-tumor mortalits, duration of follow-up s crucial; in accordance
with the results obtained, duration of medical follow-up can not be less than 10 years
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after exposure. It Is quite probable that for those exposed at a younger age this term
should be extended;
« our values of excess RRs for cardiovascular moalyare silr o the esls o the
study of atomic bomb victims in Hiroshima and N 4. 15] (Lie Span Sy,
and daa fom the Russian National Medical and Desimetrc Regisy [11)
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11.2 EPIDEMIOLOGICAL STUDIES OF NONTUMOR MORBIDITY
AAND MORTALITY IN ADULT EVACUEES: DYNAMICS
AND EFFECTS OF LOW-DOSE IONIZING RADIATION

Nan tumor morbidity

es are referred to the category of persons affected by the Chomnobyl ca-
uslmpht at higher risks for non-tumor morbidity and mortality (1, 2. The evidence
derived from our 25-year study suggests a sigaificant growth of somatic and psychoso-
matic diseases among evacuees in postevacuation period (3, 4]. Currently, non-tumor
morbiy 1 3 cavsatie factor of diablly and moraliy [, 61,

Epidemiological studies of non-tumor morbidity and mortaliy in adult at the time.
of the accident evacuees (15 years and older) were Condcted during 1980-2007 using
the data of the SRU. Analysis and evluation were performed for five-year abservation
periods (1988-1992; 1993-1997; 1998-2002; 2003-2007) with proper regard for sex and
age (<40 years and 240 years). Morbidity and mortality rates were calculated per 10°
person/years. Number of examined persons by observation periods (see Table 11.25).

Table 11.25. age groups (<40 and
40 years), five.year observation periods

Toal e of prsons
Obsenvaton ged. yers. 3. (4)
paiods 3

ot T_men T women | <t0 ]

b usm 7505 88027 65503 79909 25911 31595 39662 4B3d4
(395) _(605) (45.1 (549)  (451) (549) (45.1) (549)

nwza 60752 103174 79577 9249 31672 96937 47725 55462

19931997 & i

m;\so awo 123880 98449 113801 41040 47523 57489 66568
e 3 _(164) (463)_(537) _(463) (53,
presp SR TII

(00) _(@23) (577) (121) (519  (460) (540) (392) (60
The results showed ambiguous rates of non-tumor discases for different observa-
tion periods (Fig. 11.26).
For all periods slgmllcnmly

ones (1998-1992) were obrstrved

wi
' 100003003 In 2008 2003
slight decline in rates was noted but
stll they were stadstically higher AN v
than those of the first period. In e o oo a0
3-2007, some reduction in in-
cidence rates was apparently asso-  Fi. 1128, Dynamics of nov-umor mobldlty amony adul
jon of thema-

i

Jority of newly diagnosed diseases in the earlier stages of research and with morality
of the part o the study cohort.
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Over the period of study, specific changes in the structure of morbidity were
recorded (Fig. 11.29)

Essential changes non-
by specific classes and nosological forms (Table 11.26-11.26).

Table 11.26. Non-tumor morbidity rates for some classes and nosologlcal forms I
evacusescabor i dyaric o Ive-yot Shseratin i m 10° personyears

prer] -
e T R e
o
— o B045 2706
Thyroid diseases: 240-246 19.7:0.36 23.900.37"
b SO vl
aiiaan 4 basio potar
i W ot smen

20 3001 31:013
200-319 129403 79:02"
20-389 407:05 85.1207°

-vegetovascular dystonla 337 152410 380105 50, 1782027
Circuatory diseases: 390459 844507 1030s0.73" 1209073"** 7213053
- ypertension 401405 17,6811 151203 89:0.19
- ischemic hear disease 412414 4524054 45,4205

Somonuciur doupes 481438 15023 2403
Respiatory dis 519 106.8:08 214021.0°
~ etvonle nmnwns emphysema 491492 802023 1172026
Digestve gisase 520-579 549:06 97.2:07"
i Gt s SG52 ABA01D 66102+

- diseases of the ver, bilary  571-577 249041 51.24059"

ract and pancreas

Genitouinary diseases 500-620 1011026 25.74036" 26:031
Musculoskelatal diseases 710-739 3064045 652006 10011065+ 47.640.44"
“signficun 1908190
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Tabie 11.27. Non-
e year observalln perads depeningon sex, per 10° personyears

Classes and osological forms. hsarvaion priods
o he issases V00 [ona-roo0 | toms-to07 | tose-2000 | 0082007

A dieases: 068, 6120 S4TI9 TIB0G T SHBATE
680739

Al disases: 240279 1882057 24.9:089" 1352037
doctne dreses: 20245 116:045 176:05°
Thyrold diseas 1 05009 15:013°

AAonmﬂcnﬂmlilelll 244 02:006 036:007

caied polhyodan 265 0382008 0864011

-1 200319 115:045 81:0.34°
sl oins 320389 359:078 649:034 11
Devtos oo tom 7 T34sa4s 3080058 i

nd sess o

ovascular dystonia 390459 401¢11  885s1.1° sog
Cicuior dssases 401405 167:053 13.1:043°
pertensi 412414 314:073 407075

0467 121
A0S19 10303 1415 2108e1

i 91492 102:042 13.1:043" 19520 752027
.mmmcmnmm amphysoma S20.579 §12:092 861s11" 1829013
ive diseases S31-6%2 75:036  93:037°  107:035
O atic and duodera cars 71877 102007 4154070 5384038
~ diseases of the ver, bilary  580-629 5,8:032  137:0.44" 5
tract and paccreas

710739 174

A Gsgases:

TIGEAT T2

Al diseases: 372064 3795059 47.1106"
He08 o0t o0
25017 26:016  34s0.17
Gsno0s 15011 Ansody
068:009 30:017°  45019"
1850 Ta0r 13020
4372069

1700044

thyroldi
Mental disordors.

3

Dl s e 187:0.37°
and sen
-wu-mmmuenmnu 300459 937:098 112 g 7520071
crmey G 401405 1831045 164:04  226:042°% 1011027
o priwiri i s
Coamc vt domse 437438 82100
~ coabrovascular diseases  460-519 107610
Rspilony dsuaes 491492 661027 109
onic bronchs, emphysema  520-579 57.2:0.78

mmm- dis

jodenal ucers 571577 28.7:0.56
e o o, by 00620 16.4:0.40
ract and g
Gannoutnary d 10739 3135050 T264181° 1133:09" " 5412081
e e
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Table 11.28. Won-tumor

for five-year observaon periods depending on age, per 10° person/years.

Glassas 0d nosoogealforms
o dssses

T
1008 [sso-ione [ ovoiogr | _tovo-ooe | 2000 2007

ot

Endocring diseases:
Thyroid dissases:
~ nontosc nodutar goller
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st s,
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A0y
36731

5 3232063
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s e e
e s S04
Sty S wiae o
ot
ot s 157200 25305
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7
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1n 1988 as well as in 2007, digestive, circulatory and respiratory diseases were
predominant, however their ranking has changed significantly: 1988 — circul
piaory a digesdive diseses 207 — dlgtsuve Ccunory nd resprsory e,
other diseases as w

2003 2007,
disease of non-toxic nodular goiter was o Statistically higher,
ondsecore e, wee e for some disesses (seqired bypobymidian, digesve
es, particularly those of the liver, biliary tract and ). Morbidi

higher level of

mldlns. nervous system and sense organs, particularly vegeto-vascular dystonia, cere-
ulcers, genitourl
d et period

nd
only. For other diseases stai
1L not inthe
i sufficiently high, it was either equal to that of the second period (1993-1997) or ex-
ceeded that of the last one (2003—2007) It was relevant 10 endocrine, thyroid dnseau&
vt oy

schemic heart dnsnse] ‘omach and duodenu ulcer ghm
tats of mnial disorders n e nial priod (compes v i ms) SehiE
correlation of non-
ing evacuation time may be assumed.

Certain features of non-tumor morbidity among adult evacuees were dentified
depending on sex. In comparison with men, women had higher disease rates through
W obserodan peiods (Fig. 1130,

both men and women, the highest reliable rates were recorded within 1996~
2002, while in 20032007 incidence rates significantly exceeded those of 1988-1992
o pracialycaresonded o thseof 19931957
g changes s morbly by some clsies and nasologica s e ol
Lowing s notewerthy (Tale 11,27 In 20052007, of sl dicoses w
in women (except for stomach and duodenum ulcers). Most of the rates sm.suc.ny
exceed those of the first period

Men bad sigaificantly higher (against the first period) incidence of thyroidit
diseases of nervous system and sense organs (particularly vegeto-vascular dystonia
irculatory diseases ind

ally lower rates were recorded.
level of

0
P
(including diseases of the § 1
liver, biliary tract and pan-
creas), gumourlnzry and
musculoskeletal disez

1 women, satisical
excess of thefirst period ra-

g8E8&

~§&g

Incidnce, er 103person- yaars

e | 10197 | 98002 | 20092007
porods of ohsenation

O e W pomsie
P 1130 T djamcs o s iy o st vaass i
- yearahservaton pe

and sense organs (poricn: i e
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mg chronic bronchitis and emphysema), dlgesnve diseases (mdudmg stomach and
enum lces, disascsof thelve,billry track and panceas). geniournry ond
mmulomkul diseast

1n 2003-2007, ates for some diseses regarles of sex) signifcantly exmdzd
those of th for men, it
(particularly lrver bnlmy e and pancres)nd gy dieses; o5 Pt
digestive dlse;ses (including liver, biliary tract and pancreas).

Mot of hanges concerned incdeace of ontoni noduiar goiter. In 2003-2007,
i speclod pabottey s e i Sk higher compared with those for the
first period and almost 2.5 times — as compared to the third one. The highest rates were
recorded in 2003-2007. In women, the excess was by a factor of 1.2-1.7 higher (in
comparison with al previous periods). Steady increase in incidence rate of non- ok
nodular golter among evacuees being resulted from higher radiation exposure of the
thyroid gland in victims’ group needs special attention from health authorities. It Is
necessary for early prevention of potential negative consequences (malignant transfor-
‘mation) among evacuees.

Age-dependent changes in non-tumor diseases were evident (Fig. 11.31).

As shown in the figure,
incidence rate in persons aged
40 and older exceeded that of
younger contingent through
all observation periods. Dur-
ing 1986-2007, the trend re-
‘mained the same as in the co-

S hort a5 a whole. In 2003-2007,
i | rsmsr | meane | w20 incidence rate, regardless of

O dpcityns Bige> 0y age, was significantly higher
than that of the first period and
A 131, icall i
dependlag on 298 fo fee-yearshservalion periods that of the second one.

e tendency was proved by the dynamics of disease by some classes and noso-

logical forms (Table 11.28).

According to ou findings, most disease rates were higher in people over 40 years.
It mostly concerned cardiovascular diseases, particularly ischemic heart disease and
cerebrovascular pathology.

ncidenceof endodrne disonders was almost 2 times higher in people over 40, yet
in 2003-2007, rates of thyroid diseases in younger persons were significandly higher
compared with the elder contingent. Higher rates for respctry disesses and veget-
vascular dysionia were also observed among persons under 40.

incidence of non-toxic. in
throughout the entire study period, whereas it increased gradually in those aged 40 and
older, the highest rates, sigificantly different from those of the previous periods, were
recorded in 2003-2007.
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Non-tumor mortality
sults of epidemiological studies of non-tumor mortality among adult evacuees

‘within 1988-2007 showed its gradual increase in the cohort as a whole and sepa-
rately for men and women. The highest rates were found for the period of 2003-2007
(Fig. 11.32).

Mortality rates in males and females were almost equal.

Throughou all study periods, cardiovascular morbidity was leading in the struc-
ture of mortalty. At different times, its contribution ranged from 45 10 83%. In 2007,
the percentage of cardiovascular disease increased to 88.5% (Fig. 11.33), 84.9% in
men and 90.7% in women. Diseases of nervous system and sense organs, respiratory
and digestive diseases also make certain contribution (o the structure of evacuees’
death. In different years, contribution of respiratory diseases varied from 1.3 to 12.5%,
digestive diseases — from 0.7 o 8.1%, diseases of nervous system and sense organs —

Among circulatory diseases ichemic heart disease ranks first (39.5%). Thus in
2007, deathfrom ichmic hear iscase was bserved in men (66% of cases) and i wo-
men (60.3%). Hypertension contribut cerebrovascular pathol 4%

‘An amaysi of causes-f death dynamics by five-year abservalon periods also
revealed the dominant role of cardiovascular diseases, particularly ischemic heart dis-
ease (Table 11.29). As seen from the table, evacuees’ death rate (observation period
2003-2007) from circulatory diseases in general was near twice as much as the initial
rate (1988-1992), the same was true.
of ischemic heart disease.

“Throughout first three periods,

te remained

unchanged with notable increase in
2003-2007. Any significant excess of
cerebrovascular mortality was obser-
v dneg oy . 134-1137)
nalysis revealed signi-

ficant Incrase o Geath at from l
diseases of nevous system and sen- 19651992 " 19391957 " 19962000 " 20032

s o st
se organs (mainly vegeto-vascular Gt anivh Cii Elfomde

1

e
T

T
]

TTTT

Mortainy,por 10%parson:
SIS

il
m A

r 3

chronic bronchiti, emphysema and (e s smerestan poroae T " 2 evcuees
cases of the liver, biliary tract and
pancreas.

Mortality rates of genitouri-
nary, musculoskeletal diseases, dis-
eases of skin and subcutaneous tis-
sue, mental disorders were minimal
throughout the study period. Mor-

taliy from endocrine diSeases WaS 1 115 swecture f soe-tunar mralty () amaeg st
‘maily attibuted to diabetes. evseses, 2007
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Table 11.29
uit " cobort for five-y 10° personlys

avet
seases of nervaus system
and sanse organs:

Soaes 00002 im0

009:002"
008:002"

Yo

002
016:003"

—vegelo-vascular dystonia 337 00120008 0.1:002°  0.04:001 5

Gireulatory diseases: 3y B0010°" 11.8022°
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~ Ischemic heart disease 412414 361016 345014 45015 1T
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Respiatory o 460-519 02:004 03:004  02:003

- TS bons anhysens 91482 03008 0102 0310

Digestve S20-578 02:004 02:0.03 03004

Y asicand el vcws 5158 0020001 004002 0MO0NT
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tract and pancreas.
Signifcan ie in raes TH-1907, 555197,
1990-2002
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Table 11.30. ty
per 10° personlyears
G Ohsarvaton parads
rosological
Wen
W Gseases 200529, 1264047 1042039 120:03 159040
880-75¢
Endocrin diseases: Mo om0t on 0
etes 250 01:004 003:002 004002
Menaldisorders B ool oo Tonm  odor
Diseases of nervous system  320-389 0.05:003 022:006° 0.16:004°** 02:0.04°
ang sense organs:
vt oo 837 015005 006:003 003002
sy v 30459 B1:037 65403  83:03
~ hypertension 01405 0.14:005 009:004 02:005
412414 432027 39:024 50:024
7438 13:015 092011 09501
460-519 03:007 03007 03:0.06
491492 0212006 019:005 0.16:004
3 03:002 001001
20579 03007 035007 044007
STIST7 023:006 026:0.06 0282006
S500-620 003:002 004:002 009:003 003002
1599 003:002 006:003 007:003  003:002
Women
A Gsuases: 70625, 93032 77027 106:0%8 15803
680-739
Endocrine diseases: 200-279 002:015 0.14:004 008:003  0.15:003°
~ diabotes 250 003018 009:003 007:002  0.12:003
Menal disorgers 200919 0 0 0024001
Diseasas of nervous systems 320-389 0052002 0142004 0.15:003 044200
and sense organs:
- vegelo-vascular dystonia 397 0024002 009:008 0,03:002
Girclatory diseases: 390459 61:026 53023
- hype 401405 009:003 012003
-ischemic heart disease 412414 311019 3.0:0.17
- corebrovascular diseases 497438 09:01  08:009
Raspirtory diseases 60-519 02:0.05  0.19:0.04
491492 0061003 011008
493 0022002 002:001
520-579 01:003 012003
STIST7 003:018 006:002 0.15:003  0.03:005
S00-620 005:002 005:002 0042002 03300
Urinary diseases 591-599_002:002 001001 0008:0008 0.03:001
1961992, 15331997,

“Sgniian
19962002
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‘Analysis of non-tumor mortalty by sex (Table 11.30) showed higher rates in men.

‘And yet in 2003-2007, total mortality of men and women became equal (see Fig.
11.32). As in the cohort a5 2 whole, in men and women the highest mortality rates were
established for circulatory diseases, particularly ischemic heart disease. The contribution
of hypertension and cerebrovascular pathology did not exceed 12-15%. Much lower
‘mortality rates for diseases of nervous system and sense organs, respiratory and diges-
ive diseases were registered in both sexes.
1n.2003-2007, however, they significantly exceeded the initial rates (1988-1992).
1n 200a-207, K Voo 38 ‘compared to men, higher death rates for endo-

ine diseases, especially diabetes were found. Mortality proved to be age-dependent
mhle 11.31).

‘A significant dependence of mortality on age (Table 11.31).

Thrcaghout sl priods, much lower ates were observed n people under age 40
as compared 10 older persons. Yet, their gradual increase was recorded in both cohorts;
the highest rate being registered in 2003-2007

“The gretet. diference In moraiy ates was found for umllamry diseases. In

persons 40 lder, mortality from thi
andis 2007 3
rlnds. Cerebrovascular mona.hly remains
<0 almost unchanged through all periods of
50 study (Fig. 11.38).

20 In youngs asignificantn-
[ crease in hypertension mortality rates has
e been observed. The death ates from isch-

ool beus A4SEe  FESTIVSEAr

02 pathology were similar through all periods
i - of study. In both age cohort, a signifi-
o cant increase in death rates for diseases

Tesbresz | e | (602 W of nervous system and sense organs (Fig.
10 11.39), respiratory (Fig. 11.40) and diges-

tive diseases (Fig. 11.41) was found at

higher rates in persons of 40 and older.

3 %

by, o 107w s

———)
Tl T e | A0

o TR o002 0
ot

o O
Fi. 11,30, Dynamls of mortally from diseases of
nevo ‘sense orans o adult evacuees.

depending an agefor ive-year
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Table 1131,

" cohor for fve-year

10° persan/years.

Clssesand noslogicalforms | g o Obeervsion paits
o disases 9851992 | 1933 1997 [ 19802002 | 70052007
it

Al diseases: 200625, 13:014 162014 150,12 180,14
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- corebrovascular diseases 437438 0,02¢0.02 0,06:003 0,03:0,02
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tract and pancreas
Genitourinary diseases 580620 005:0,03 001001 0042002 0012001
i 0,03:002 0 0030020012001
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Digestve diseases: 520579 03:006 025005 052007
- disea mmmm,mwy 571677 001001 003002 0,03:002
ract and
Gentorirry doses 580620 0141004 0172004 03:005 060,07+
Urinary diseases 581-690 0041002 0082003 008:003 0.1:0.03
signfican 1965-1992; = 1993:1997, + — rlaive

1 those in 15962007
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observation periods

addition, a significant increase In mortality from stomach and duodenum
ulcer was noted in older persons while that from bronchial asthma — among younger
people.

In 19931997 and 20032007, thyroid mortality was observed in both age cohorts:
with higher rates in older persons (0.11£0.03 vs 0.0450.02) — 1993-1997 and among
those under 40 (0.02:0.01 vs 0.007£0.005) — 2003-2007. Mortalty s due (o thyro-
toxicosis with or without goiter.

Risks for non-tumor morbidity and mortality under the effect

of low-dose ionizing radiation

ook homigl sl cohorts of clean-up workers, evacuees and

residents of contam ealed dose-related effects in the development
o some son-tmar disase forms and. nomtumor morally In low-dese Tnge 17, 1
Today the radlacon effectson he development of non tamer diseares and moraly at
low-dose radiation was found. It was done on the results of health monitoring of
roshima and Nagasaki A-bomb survivors (9, 10}, radiologic investigations [11], under
occupational exposure {121,

Taking into account the urgency of the problem and the lack of consensus so far
i the assessment of the efects of low-dose ionizing radiation, a special research is very
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important. Identification of radiation risks in a wide dose range may provide the most
Informatve evidence of dose-dependentefectsof on-turor mos

el ond "yl dses. The ffct of fow doss from whole-bosy xtemal raciaion s
studied in dose subcohorts 0.05-0.099 Gy; 0.1-0.199 Gy; 0.2-0.249 Gy; 0.
(group of exposed persons) compared with dose subcohort<0.05 Gy (group of unex-
posed persons — e The range of whole body external doses was 0.01-0.32 Gy.

The X
0,157 Gy; 0222 Gy; 0.301 Gy. Absa\nu AR, e () ks [13] udtcke s
(14) were calculated in exposed groups. Rist calculated with cumulative rates
for 20032007 ueng a coningency able (15], conidenceinterval being caculted by
the following formula:

CL = e 10 £ 196V Vatl (),

re e — base of natural logarithm (approximately = 271); In — natural logarithm;
Var [In (x)) — variance of In (x); x — absolute or relative risks of morbidity (mortality),
excess absolute (EAR per 10° person/years, Gy) or relative risk (ERR Gy ).
Distribution of the number of adult evacuees by whole body extemal doses is
presented in Table 11.32.

Table 11.32. Distribution of adut evacuees depending on whole body external

5,10 persons

Totl e Bows. 6y
ofsxamined persons |~ 005 _ | 605-0.009

[ [

75708 7420 199 7867 8610 4751
Risk of non-tumor diseases depending on thyroid oo o investigated in
3-1.99 Gy and 22.0 Gy. <0 as control.

Tryroid doses ranged from 0.001 10 220 Gy. Disirbuton of adult evacuees depending
on thyroid doses is presented in Table 11.33.

Tabls 11.33. Distrbution of adul evacuees depending on thyrold dose, 107 persons

Tt T Ty
et P s — -1 P
THm o (] 75

Risks of non-tumor diseases depending on thyroid exposure
Study of non-umore morbidiy risk unde thyroid exposure s of paricular -
ince. Within the f fier the accident, Iodine
was  major facto for e exposure. The accumulation of radioactive lodine la e
thyroid or o
now established, post-accident period was characteristic of nonstochastic thyroid itas
in victims and children born 10 them (16, 17). Acquired hypothyroidism, autolmmune
hyrldi, nooal nodula golierare e st prevaent nenstochaste sorders (18,
19]. Along with thyroid pathology due to functional and structural changes in thyroid
caused by irradiation, immune and hormonal disorders in the body as a whole there is
an increased risk for many other non-tmor diseases 20,
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‘The results show that with thyrold exposure to doses 0.3 - <2.0 Gy some diseases

. particul logy.

musculosheleal disease) are signficanly dose-dependent. Increase n thyroid doses
(2.0 Gy and more) results in higher e tor s shov disees, Significant risks for

mental disorders and digestive diseases, including discases of the liver, biliary tract and
pancreas were also recorded (Table 11.34).
Table 1.34.
dose, 1983-2005
oo Gy
s i s s F
AL

Circulatory diseases: 390-459 2. 5;4 37

- ischemic heart disease 410414 (:1 37-558)

- cerebrovascutar diseases 430-438 f,"j" 208 ‘3 o573
Digestive diseases: 520579 w m 2 “ 15-171)

— diseases of te v, bilary tractand pancreas 571577 (w‘m ‘,mm
Musculoskeleta diseasos O (a2

Menta disorders 20319 (hgs-168) (102326

“pe005

Ambiguous risks of non-tu-
mor morbidity in case of thyroid
were sex- and age- de-

pendent. Statistically significant
RR rates of exposed men and wo-
men (0.3~ <2.0 Gy), a5 compared
1o that of dose subgroup <0.3 Gy
‘were registered for the whole class.
of crclaory diseases, in particu-
hemic heart disease and cere-
bmvasml:r pathology, digestive
whole, musculoskel-

sea -
estrisk of cirulatory diseases in
gen«al and ischemic heart disease
men.  Fig. 114

In comﬂsL  higher relative risk
of disease was

S B wnR

among adull evacuees over te period 1989-2005 depe
ing an sex and thyrld doses 03 — <20 . Comparisan group —




Chapter 1. Epidemiology of non-tumor diseases in the remote postradiation period 361

recorded in men. The rsk of diges-
tive diseases was almost the same
men and women, while that for
‘musculoskeletal diseases was higher
in wnmm (Flg. 11.42).
nother picture was observed
at mzz 0 Gy. Risk of developing
cxr:ulmry diseases was higher in
ien. This is true for the entire class
or cardiovascular pathology as well
as separately for ischemic heart dis-
ease and pathology
(Fig. 11.43).
B v g o . LS s
dd

”
s
B
b
3
B
B

sons. It was. mum that wll.h mcms Wi sl sy, L ny

e OBk of e AT ki (Table it 35)
Table 11.35

fhadot
period 1989-2005
[ Age.years
SRS | e (BB T we TS T
0 T8 T T T
B st o
20379, ioez b30200 000 1) ez
200
s [ .
S W20 0iezisn
20— = e UL
aot-ay
T30 1% a7
ey [ S N
20 o e e
(5520 (66-000) —
T T S T ST R
(390-459): (azm 55} (08&—239) mjf»! 06} (0.81-1.47) (1.74-267)
220 - 275t
oo
—ishoichan  T3T@b = IR 0w 1B
disease (412-414) - {055-2668) (0.44-2.13) (0.91-2.59) (|mn)
220 L e G

(oaa ua—m
- cosbrovascular  03-20
dissasas (437-438) mmw) ms-u ») 1062-1 m nzum; u zs.zm
220

{ss9 s
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T s, yeas
Oose.Gy | 1820 | 63 [ o | 508 | wom>
) A (0] m o | mae | me)
Rospiratory iseases  03-<20 133 077 57 708
(460-519) (105-168) (051-096) \ou 140) 2077 077-152)
220 —
Digestive diseases T30 27 3 140
(520-579) (1:33-366) msu 2) wsuum (©51-1.40) (091-213)
220 - 202

1.1 1.31-3.09)
- diseases of the iver, 0.3~ 20 2.94 B 074 o

ary tract and (131-657) (042-134) (047-118) (0.51-155) (087-313)
pancieas (571-577) 220 301" -~ - -

(1.12:823) (1.08-405)
Musculoswaied Gseases 03- <20 092 [ o1 135
(T10-739) (032:265 (084250 (04309 (067-159) OO-1.00)
220 - 2260 22¢

(152:337) (158-307)

“peo0s

nalysis showed that at doses 0.3 ~ <2.0 Gy (compared with dose subcohort
<03 Gy) significant relative risks were found only within age groups 18-29, 50-59, 60
and older,In those aged 18-29 significant isks were registered for respiatory, digestive
diseases, including discases of the liver, biliary tract and pancreas.
In persons aged 50-59, significant risk for cerebrovascular diseases was observed;
for endocrine and circulatory diseases, particularly ischemic heart disease and cerebro-
vasclar pathology — i o aged 6

s in higher
v o e s, mclndlng Gieases of the e lver mlmy tract and pancreas.
10-49-year old,
nthose aged 50-59, unlike the previous interval i
it ila RF BRI it difss s codinvpnilal palalgy e
persons 60 years and older, ically significant risks of some diseases (en
digestive, incluing dbeess of tha vmg biliary tract and pancreas, mns:ulnskelewl)
und.

bl pathology were increasing.

Risks of non-tumor diseases depending on whole body external exposure.
Determination of relative, absolute and excess risks

A study on et sk for nonumor diesses 1 st evscues & varios
s el oty sl o g e condi Gl s 1 B0
and number of cases was observed: eve ofrisk withdose being roved. The
easimum KR or o dscases s found n dose ange 025-0.32 Gy (raple i ss)v
“The smallest (in comparison with control) number of diseases with a st
significant risk was registered in dose snbmhnn 050,09 Gy (clss of dsenses o
iystonia, circulatory and

 par
igestive dlseases, Incloding gasets and duodentiy,
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Table 11.36.
evacuees within 2003-2007 depending on whole body extemal dose (comparison dose subcohort
05 Gy)

Ciasses and nosolopical e
o s ioms |G 5000 02078
o dseass 160-5) e
oo deases (UG5, 101 070132 120 O Tas TI170
Thyrold dasases (240246, 107 076148 110 085141 082 01118 137 106,177
~ yoidis 45 046 016,129 081 0.45153 052 050:172 145" 103279
Dissases of narvous ysem 1347 108,166 2048 173240 1257 107,187 123° 103,147
and sose organs (320-389):
Vegeto-vascular dystoria (337) 2.04* 112371 444 2727.25 86,2 17__0.66:2,
~ catanats 366 173 074404 270 138545
@050y 1320 111156 153 134175
~ hyportension (401-408) 089064124 135° 101472
~ischemic hestdsease 130 097,174 124 098,157

- corsbrovascular dseases 145 097216 175 127.242 156+ 113216 194 139271
137-438)

Respiratoy dissases (460-519). 115 090,146 092 076112 107 089129 087 079119
086 056,132 092 067126 092 067126 078 085112

- envonic
(491-492)
St dvus GRS, 121 (IR0 194 LOGTOS LN 0TG5 uzuu
- gastits, duodenitls (835)  1.52% 1.01:228 115082162 152" 109

112 091139 052 077109 101 085119 127 106151

- s of aess (57)_038_GGE127 081 OBALIT OE_ORAT 1A T061SE
oot dsvrs (08207 097 071185 02 DI IT 110 081139
iyt (150) 13T 08111 140200 L1820 s
(600-608) T30 073252 112 070,179 152 097240 203° 125328
111 080137 105 089126 052 07109 127° 10813
~ ostaopaty, chondropathy 110 082378 117 093147 109 086137 139 109177
(730-739)
peaos
With increasing doses 10 0.1-0.249 Gy number of diseases with significant R
increased due to the following nosological forms: cataract, hypertension, cerebrova
cular pathology, urinary diseases. The greatest number of non-tumor diseases with true
dose-effect relationship was noted in dose subcohort 0.25-0.32 G
Statistically significant RRs were estimated for endocrine diseases, diseases of
ervous system and sense organs, circulatory, digestive, genitourinary and musculosk-

o=

risks were established for thyroid diseases, particularly
thyroiditis, cataracts, hypertension, ischemic heart disease, cerebrovascular pathology,
gasuitis, duodeniti, diseases of the liver, biliary tract and pancreas, genitourinary
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e, kg ifary gty diseases, musculoskeletal diseases, including
opathy and chondropathy. In most cases, with further gain in dose effect RR value
{ncresed o nsgniicant rick became sgnican.
“Thus, RR of cataract increased from 1.73 t0 2.94, of circulatory diseases — from
13210183, ogy— from 145 o 1
121 10125, gasiis and duod m 152 0 1.66. Insigificant atlower doses
ks Tt oo e endocie clazses, oty Tyrld dicases Iyl
s, diseases of the liver, billary tract and pancress, genitourinary, including prostte
diseases, musculoskeletal diseases, particularly osteopathy and chondropathy) become
significant.
Absolu

te isk calculations are also indicative of the fact that risk of the most non-
tumor diseases is dose-dependent (ise in dose levels causes an increase in risk values)
(Table 11.37).

Tabl 1137,

y 107 personly
Fatsion doe, Gy
<005 | 0050099 | 010199 | 020249 | 02503
) 4 4

72 X x)
0338 0545 0825 (1029 (1139

()
aTquired hypothyroMsm
(244)

thyrocits 18 1 X .0

(245) 0460 (0239 (1131 u 533 0874
diabetes 20 X 60

(250 (asn)  (10:58)  (1131) 1'0 33 (@287)
vegsto-vascular dystonia 2.4 8 45

(a37) (058 (62149 (141199 (3260 (3069
cataracts 12 75

(366) (0&14) (977 G261 (1639 (4104
hypertension 122 17 218
(401-405) (85:176) (129,246) (162;223) m: 198) (17.6,262)
scheric heart disease 163 33
(812-414) (119:223) (177:319) (17.7;24) (m 22) (20437.0)

cersbrovascular diseases 98 185

(137-438) (65:145)  (87:201) (145:204) o 172) (1501228

gastts, duodenits 89 1

(535) (69137) 63178 @519 (103151) (113 182)
2

diseases of the Iver and bilary 326 9. Y

ract (571-576) (26.;,408) (320;497) (285:365) (285:378) (39551.8)
diseases of pancreas 106 120 1 Y 2

77) (2155) (.1;178) (97,138 (84:132) (129,202)
urinary diseases. 102 72 94 1

(581-599) (68151) (131200 5119 (95144 (122193
prostate diseases, 43 67 55 72 X
(600-608) (2886 @014 @175 (5185 (4132

osteopathy, chondropathy 159 21 209 189 272
(730-738) (116:21.8) (165206) (17.9;244) (160,21.2) (229;323)
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As seen from the data obtained, the significant values of absolute risks for non-
tumor morbidity by most classes and nosological forms were recorded at doses 0.25—
0.32Gy.

An increase in risk by a factor of 1.5 (0 2.0 and more In exposed cohorts versus
unexposed one was noted. At the same time, the absolute risk of thyroiditis increased
2.8 times, diabetes — three times, ischemic heart disease and prostate diseases —
v o tmes sk of developng catract was the bghest 625 times).

It should be mentioned
were abserved within the particular dose int ok
0,32 Gy), thyroidis (01-0.199 Gy),cataracs 0.05-0.009

A fo most csesses,the maxrmam eliably confimed Fisk was observed within
the dose range 0.25-0.32 Gy, excess absolute and relative risks were calculated at a

specified dose level (Table 11.38). As seen from the data, the highest reliably conficmed
excess absolute isks were found for ischemic heart disease, hypertension, diseases of
the Tiver and biliary tract, musculoskelecal diseases.
Table 11.38
forms among adall evacuees within 2003-2007 at whole hody exlomal doses 025-032 Gy

umd hypothyroidism (0.25~

o e X ety |

Endociine soases, mcioding: 20278 20 (215,371) 767 (1.95.207)

- dibates %0 341 (203,574)

~ thyrold diseases: 24056 1.38 (106, 1.78)

~ thyroiits 25 325 (1.76:6.01)

Vegeto-vasaar dysiona £ 062(035;1.39)

356 718 (354:146)

Hypertnsion 401405 7 (Dss 1.560)
Ischornc heart Gisease PIEET)

Cmnvwzsmluﬂm:sex uusa 34 1w 488)

Genitourinary diseases: sauzn k X )
- urinary diseases 561599 74(11.0:273) 33 (228, 487)
- prosate diseases 600-608 4012:47) 363 (240,

Wiusculoskeleta diseases: 710739 22 (173, 54.7) 075 (063, 0.90)
— osteopathy, chondropathy 730739 375(339,542) 144(1.13, 1.84)

re is also an excess absolute risks for endocrine diseases (including thyroid
diseases), genitourinary diseases (including urinary). osteopathy and chondropathy.
Calculation results of excess relative risk per unit dose suggest that some non-
tumor diseases in adult evacuees were dose-dependent. The highest was excess rel
risk of calaacts, Exces elative risks or distetes,thyroidics, erebrovsculr, urnary
ind prostate diseases were also tather high.




366 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
Quarter of Century Aftermath

Risk of death from
exposare. Esimation of absotut,selative o exeee isks of mortality

o The study analyzed relative moraly rsks Tt et for all non-tumor
including hypertension, isch-

i bar dlsease, pirat including
those of the liver, blhary tract and pancreas, gemmnnnary diseases, including urinary
diseases, , par a

h .05 Gy). The results showed

ighly significan rlatve rsks of moraliy due t0 ll oot icsss combined
all subcohorts with doses over 0.05 Gy (Fig. 11.44),

- In Cetermining risks by ca-

uses of death, statistically signi
cant RR of ischemic heart disease
was recorded i dose subeohort
02-0.249 Gy (Fig. 11.45).
lysis of causes of death

on estimates of absolute risks,
excess absolute and relative risks
showed the highest rates of death
from circulatory diseases, par-
ticularly ischemic heart disease,
digestive and genitourinary dis-
eases (prostate diseases in par-
ticulan)

Thes, absolute
risks of mnrlalny el dose ine
~ tervals were established only for
e O R by sty disases, ncluding

i 1. mic
‘mic heart disease with regard to wé ody extemal doses ||ve diseases (Tahle 11.39).
Tabe 1139
ody personipes

Diseases T

o5 | s [ ey | 2 [osam
Gircuaiory Gssases
8%0-455): s 1s||5m 5. 136 19!135) b 12

9

~ ischemic heart Gisease 4.1 60 5
@12-414) 2277 (4:108) (44:78) 1sn 97)
- cerebrovascular diseases 16 15 2

(437-438) @540 0547 G339 7

Respiralory Gisaases. 0 12 17 5
(460-519) 0338 (04,40 (10,29 (0926

6 35 a1 30
0844) (1774 (2048 (20,44

Digesiive diseases
(520-579)
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Tn addition, at doses 0.1-0.199 Gy, a significant absolute risk of death was recorded
i f absolute risks

of death from ciculatory diseases, particularly ischemic heart disease were reg
in dose range 0.2-0.249 Gy. Obuaining reliable absolute risks of death from particular
‘non-tumor diseases within different dose intervals suggests a possible relation o dose.
But 1o etermine the final values further study led provided a sufficiently large
number of examined persons with updated individual doses.

In determining excess absolute risks per unit dose (EAR per 10% personfyears, Gy),
a statistically significant excess was recorded for cardiovascular diseases, particularly
ischemic heart disease and digestive diseases (Table 11.40),

Table 1.40. Excess asolute risks of mortally by some cl among agut
‘evacuees, 2003-2007, external doses 0.25-0.32 Gy
T [0 o ok ek g g 67
Circulatory diseases: 390-459 6.0 (3.5, 10.5)
~ ischemic haart disease_ 412414 58 (2.8, 12.0)
Digestive diseases. 520-579 29(19:9.0)

In dose range 0.25-0.32 G, the highest was excess absolute risk of circulatory
mortality, with nearly the same EAR death rate (excep ischemic heart disease). Excess
absolute risk of digestive mortalty was half as much.

We have calculated excess relative risk per unit dose (ERR Gy-1). As a result,
significant excess death rates for endocrine diseases, ischemic heart disease, gastritis
and duodenitis, urinary and prostate ciseases were established (Table 11.41).

Table 11,41, Excess relatie risks of mortaliy for some classes and nosological forms among adult
‘evacuies, 2003-2007, whole body extemal doses 0.25-0.32 Gy

Do [ ws | Bokp bt
Endocrine diseases 240-279 150 (1.21;1.85)
Isemicheart disease 2414 a1z 223439
Gasti,dundonits s 219154312
Unary diseses sa1-599 29 (204 430)
Prostate diseases. 600608 342 (2.14;5.47)

‘The highest excess relative risk per unit dose was established for ischeric heart
disease, prostate and urinary diseases. Excess of deaths from endocrine was
almost half as much.

Conclusion

In summary, i 2 i
ity and mortality, postevacuation radiation effects among adult evacuees, the following

+ ambiguous non-tumor disease rates in different observation periods. Through all
periods, a significantly higher disease rates aganst initial ones (1988-1992) were
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observed, yet the ighest rates were recorded i in 1990-2002.In 2032007, slight
decline was noted, nevertheless, the rates wer lly higher than those of the
first period. Very high rates of certain nnn—mmnrdlseascs( locrine, thyroid and cir-
culatory diseases, stomach and duodenum ulcer, etc.) in the early observation period,
similar or higher rates in the second and final periods of the study may be associated
with stress experienced during evacuation;

« the higher incidence rate in women as compared to men and in people over 40 in
comparison with the younger o

« gadiat growih o Geachrte with iis s peak n 2003-2007. Among causes of deathcir-

rali

Mo
ppeopriste s for woren; peope over 4D contratd sty o 1 formatons

. isks for the development of non-tumor diseases under thyroid exposure

03~ <20 Gy and 320 Gy as compared with the control (<0.3 Gy). The

increase of thyrold doses 10 2.0 Gy and over caused risks higher rates, augmented
diseases incidence and made bigger the number of age groups with significant risks
of certain non-tumor diseases. Age and sex dependence of risk was revealed;

+ increasing risk and non-tumor incidence with rise in whole e budy exlemal doses. The
maximum tisk for most diseases was found in dose range 0.25-0.

- devrabumon.d o ot epcematackie ik o ploein heart fri (AR~
59.5; CI = 33.2; 94.6), 8 4

iy (AR =422, =325 549, msclsisol dlseases mn 2.2;

7.3; 54.7); excess relative risk e 8, CI - 354 14,

s (ERR 21553 76;6.01),

Sl diseases (ERI 48, CI

<l 7) and prostate s (ERR

CI=2

possible corrlation becwee risk of non-tumor mm\allly ol body exiemal
ace g reluihiy barween doch farmation i, st of sl ik
excessabeoluie and v riks Lo cirelaonydieses(schg art disease and

eases), , genitourinary
Gsesos (uinary and prosate sy, Was ecorded exces absoi Hsks (EAR
per 10° person/years, Gy) for mortality from circulatory diseases matched the values
0f6.0 (3.5, 10.5), ischemic heartdisease — 5.8 (2.8, 12.0), digestive diseases — 2.9
(1.9, 9.0). Excess relative risks ERR for mortalty from ischemic heart disease were
3.12(2:23, 4.39), rinary diseases — 2.99 (2.04, 4.37), that of prostate — 3.42 (2.14,
5.47), gastrits, duodenitis — 2.19 (154, 3.12);

these data suggest a promising research direction. However, the deeper results are
possible with extensive studies of specified individual doses from whole body exter-
nal radiation.
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e 14 C ARDIOVASCULAR
DISEASES IN CHORNOBYL
ACCIDENT CLEAN—UP
WORKERS 25 YEARS UPON

e are aver 25 million residents in Ulktaine sufteing the
i iscases (CVD) Taceiden el

workers are atributed to population group of Ukraine where the CVID prevalence,
incidence, disabillty rate, in-ward admittance rate and mortality are reliably higher than
in both the enire population and other Chornobyl catastrophe survivors [1

Yearly 7.5 million people die worldwide due to CVD, CVD prevail within mortality
causes for all the years in C} . i
doses up 0 1 Sv. The CVD mortalty in clean-up workers is dramatically higher than
montality from cancer and other diseases [2]. It had increased within five years upon
the accident from 3.1% to 13.4%, reaching 46.2%o during the third decade. The CVD
proportion in the entice mortaliy is up to 70%. Eight from 91 Chornob] catastrophe
clean-up workers who had survived the acute radiation syndrome have died from the
CVD. In most of them the sudden cardiac death occurred (1]. The mentioned above
substaniate considering the CVD in Chornobyl catastropbe clean-up workers as not
only a health issue but rather a socio-economic one.

Because of a decisive impact of CVD on population health, large financial ex-
penditures due (o the high costs of managing especially the in-ward, the CVD issue is
focused every 2-3 years at the world, European and national levels. The approaches in

hylaxi

cally. The new groups of medications have appeared requiring the clarification of their
efficiency. It is especially relevant to arterial hypertension and coronary heart disease
(GHD). The new proposals on modification of prophylaxis and management taking
into account the high risk are put forward in the last Recommendations of World and
Nationals levels. It population in

lifestyle f diff d theref irecly to the Chomobyl
catastrophe clean-up workers.

Excess of some CVD and cerebrovascular diseases in particular was revealed in
survivors of Hiroshima and Nagasaki A-bombing [3], nuclear power plants and nuclear
industry accidents (4], and after therapeutic radiation exposure (i.c. radiotherapy) (5).

is required here lues and indi
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from the Chomobyl pe the wide-scalest
accident are to be considered anyway.

radlon exposare peallariies peseted from countes most affected

by the Chonoby| catstophe (1, . 7) nicte o the most ramtc mpact of rciaion

of 19961567

peiod. Thereore the mentoned group £ consered s a il by ot
Peculaities o anset and cowse of CVID in the Choraoby] cagsnaphe clea-p

wworkers described here are based on data from 9,423 patients exposed to up 1o 1 Sv of
: " bt

real estimates of the onset and course of most prevalent CVD in Ghomobyl catastrophe
clean-up workers as 3 most critical group for dose criterion.
. Khomazuk)

12.1 ARTERIAL

‘The arterial hypertension (AH) remains one of the most often registered dis-
eases since the Chomobyl catastrophe among all groups of survivors and especially
in Chomobyl catastrophe clean-up workers [1]. AH incidence is stll increasing being
7t et (s (e gl G DN 0t s, st
cardiovascular complications, and heart failure (HE) are the most frequent causes of
e sveerS g W AbE, Thr toes o prcptylasne and terapeut
arrangements on the adequate blood pressure (BP) control and prevention/regression

of the general risk Is 3 preconditon here The exra sk factors (U) are denified
v wih ik 1 AH eness s progssionbeng prove, ot can e gt o A
cases with high risk requir

s cuvins, o 1 St o8 A g i e e BeHgnAaT e gl

target organ damage one can consider the cardiovascular risk.

Proportion of arterial hypertension within cardiovascular in-ward admissions

As of year 2009 the proportion of AH in the Chomobyl catastrophe clean-up.

ckers admitted to hospitals

because of CVD was 92.5%. In
80.4% it was associated with a
‘CHD. There are 11.9 million AH
patients registered in Ukraine
making up 26% of the entire
population.

S

According to our data ana-

iyl for he aimision rate of

homobyl catastrophe clean-up

o Suffering AH there are

meaningfol Chormaby| casto-

phenges by years within 1986~
1 123, Mt ot o s o 5009 pericd (Fig, 12..

e 08 ez

suzsas

1T 1% | 1eS2001 2022009
- A ypransion

= el hyprtension withcoany et dstess

< Cartovascuer disses
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s shown te AH prportion e icressed withn ihs( llve c s from 5.4% ©

55.8%.
five, 3 "HDwas
6.8%. Further the AH 1992. Is association

with CHD had increased also mcmng 10.6%. Ten years upon the accident within total
amount of AH of 73.8% the progarton of AR assocmed with CHD had resched 204%.

e A it i Gl pmv:lled with ts pmpnnlon mdung Pyt
CVD in Chomobyl

Eﬂeds ol radiaton exposire

Extern rmobyl
catastrophe e -ap workers of 1986 were etablshed n 89.9%,of 1987 — in oo
In 1988 the number of clean-up workers with ERD >5 cSv had decreased to 13.5%, and
in 1989 10 35% espec vely Theu[nu clean-up warkers of 1986-1987 period can
be regarded as a mos

AH incidence In Chnmobyl Csastrophe cleanup workers depending on ERD is
shown at Fig, 122

Within a dose range of 25-60 cSv the AH incidence had reached 38% reliably
exceeding the respective values in doses range p 10 5 cSv (20.19%), 5-9.9 cSv (22.5%)
2 10-24 ¢S 0.1% e respectively. Excess of an AH risk in ERD 0.5 Gy among the
clean-up workers was found in other studies [8]. These data conform 1o results recelved

for them [9]. More rapid i.e. about for the 10 years onset of AH and high incidence of
AH stage 11, lefc ventricular hypertrophy (LVH) were found in clean-up workers com-
pared 1o the general population within framework of a clinical study of IR impact on
AH course and endothelial function (10].

Just vascular disorders lead to

‘muscle injury as heart tissues are in es-
pecial conditions due to continuous heart

function and intensity of myocildlil bio- -
chemical metabolic processes.

Desabliaing effct of TR on ccl-
lular membranes initiates the peroxida-
tion processes. Disorders of the balanced
function of pro- and antioxidant systems
lead to increase of the active oxygen spe-
cies and origination of oxidative stress.
High amount of mitochondria in myocar-

iom i igher i ofa

free-radical oxidation than in other tissues.
Such a process leads to functional capac-
ity exhaustion and produces conditions
for myocardial damage. Summarization
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of study resuls from the Chornoby catastrophe clean-up workers in the nearest ye:
upon th scciden: shovwed (1] the abnormal ipid peroxidaton and pro/anioxidant bal-
ance exacerbating along with radiation dose increase.

Other factors related to Chornobyl accident in geness of the arterial
hypertension

Sitwation occurred around the Chormabyl NPP became the source both the IR
and some other substances and compounds hazardous for a human. Several substances
. lead, boron, magnesian lime, risodium phosphate and others were ot de.
crease of . Burning of also the
source of hazardous impact. The enironmental content of heavy metas was proven a5
3-10-fold increased after the accident. Lead was considered the most hazardous. for
human among them.

‘The environmentally stipulated contact of clean-up workers with the hazardous
subsances was combined with thel occupational and husehold ncoporaon. There

{mhe o weakios o 1965 exgetel 1 ok ot e et dangerous sites. The clean-
up work was accompanied by severe psychoemotional strain.
Stress and blood pressure elevation
The excesivepeychoemoiona tan was one of te mportan facorsinflunc-
ing the AH genesis in a substantial part of Chomobyl catastrophe clean-up workers
cspecilly of 19061987 work period, Sympathetic nervous system activation under
induces he production and the B
elevation respectively. Serur in the clean-up
the accident was dramaucally elevsted. Dally uine excreon o epneprine, norpl-
nephrine and dopamine was substantially increased. Their concentration in daily
was direcly reiably rlaed o he index of heartrte variabiliy (HEV) reflctng the
sympathetic and parasympathetic activity of the autonomous nervous system. Increase
ofepinephrine excredon over he 14 gday, of orepinephrine — over 40 gy, and
power ratio within
e high frequency range (LF/HF) 23.5 units, and by the increase of a Stress Index
(S1) >100 units. The direct confidential link was revealed between epinephrine, norepi-
nephrine and dopamine concentrations and S1
Systolic BP in the clean-up workers who had experienced the serious psychoemo-
nal burden was higher by 10-15% vs. cases of a mild M peycioanoiond o, The A1)
Y ocured -cd
comeltd clocly with arget rgans damage, lh enricular (LV) el
ks, and nreased CH
epitonic effect of first of all impact
on circulation. The myocardial contractilit, stress index, and heart rate increase and as.
2 result the increase of cardiac index occured. Amplification of sympathetic activity led
slsoto th excessive vsculr tone and inrese of ol perpherl vascla esisance
irect effects were of important role in the nature of sympathicotonia. The
ngatve mpasof catechtamines onvascula exdthelam s i onide synthesis
depression and hyperproduction of endothelin-1 predisposed to the increase of total
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peripheral vascular resistaace. The increased sympathetic activity was shown being

accompanied by the intensified sodium reabsorption due to the direct effect on kidney

endothelium and blood flow decrease in medullary areas.
i part o

tivation of the renis . Increase of

i activ the already

centers. Stimulation of aldosterone secretion stipulated by angiotensin 11 impact also
i P elevation. i steess

iions is an important component of AH development in the clean-up workers

d the activation of stress-limiting and pathways of various
into account. The insuffi ivation of the mes one

among other regularities of the AH origination in clean-up workers.
Noteworthy is the combination of psychoemotional strain under the emergency
with especial labor conditions of clean-up workers, rotational regimen of work with a
prolonged working day, and high requirements towards personal job responsibilites.
According (o data available the workers at a far north under the rotation regimen were
peculiar with a high variability of systolic and diastolic BP (SBP and DBP, respectively),
both with daily BP profile abnormalites [11], The overwhelming majority of clean-up
workers were males in whom not only pronounced pressor response was typical n stress
iuations b Jevel. The reverse correlation

2 bit of data testifying the role of psycho-emotional
stress in the AH development in clean-up workers. Daily monitoring of a BP (BPDM)

i ising for h stress. The daily average
SBP increase over 135 mm Hg and DBP increase above 85 mm Hg with SBP and DBP
difference in working days and days off 5% and more appeared valuabe as diagnostic
criteria for the siress-Induced AH. The BP compare during working hours and a free-
time of the same day indicated the difference of 10%.

bygone
ithin i clean-up
especially in evacuated from Prypiat city. The integral score of negative reminiscences
in clean-up warkers of 19861987 remains about twofold higher. The emotional strain
predisposes to appearing and fixation such RF as smoking, dyslipidemia, and alcohol
consumption. It is associated with insufficient nighttime BP lowering and nighttime hy-
pertension stipulating the high risk of danger in prognosis cardiovascular events.
resented data of siress effect on the AH genesis substantiate the necessity of not

only the antibypertensive therapy application in clean-up workers but also the tools for
psycho-emotional strain decrease.

Non-radiation factors in arterial hypertension genesis

‘among Chornobyl accident clean-up workers

According to our data atleast one RF was registered in 97.7% of the clean-up work-
€55, 1-2 R are found in 40%, and 3 and more — in 57.7% of them (Fig. 12.3). Respec-
tive values in non-exposed persons were 89%, 55% and 34% respectively (p<0.05).
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The body mass excess (BME),
‘genetic predisposition, age over 55
years and smoking were predomi-
nant here.

Genetic predisposition has
been identified in 31.7% of the
clean-up workers. The AH was pre-
sent also in their first-line relatives.
Close correlation was found betwe-
en the BP in parents and children.

“The most number of studies
has been focused on polymorphism
of genes nvolvd i ynihess con-
trolof the R
e vt on e A6 rlion o
the angioensinogen, angiotensinconverting enzgme (ACE), and anglotensin I receptor
gene polymorphism. The elevated concentration of angiotensin | predispose o the B
increase through angiotensin I synthesis by means of systemic adrenergic stimulation
and RAAS activation. Genes of aldosterone, nitric oxide, glucocorticoid, insulin recep-

- and a-adrenoreceptors are also considered among those involved in AH genesis
[12]. Possible role of other genes is not excluded here. Gene defects are far not identical
in separate AH patients. Peculiarities of genetic defects involved in BP elevation and
stabilization in the clean-up workers are subject to clarification.

xcess had been found in 38% of the clean-up workers suffering AH.
ot e e e of circulating blood volume producing the

L2k
s

Smal(mg it vos revaled i 552% of the demnap vorkes Desgte the short-

g i
moking can predispose © sabilzaion of he high BP
esie of arerial bypertension dvelopment. Aging of the cean-up workes s
natural along with time since the Chomoby NP accident. Along with age the cardiac
jecrease, the kidney regulation of
BP becomes different. Structural and functional disorders of vascular intima and media
are of important role in arterial elasticity decrease. The amount of elastic fibers under-
goes depletion against the collagen ones increase on the contrary stipulating vascular,
valvar and cardiac cord sclerosis and fibrosis.

p:

up work 8 typic per general pop:

can be regarded as premature onset and development of involutional processes.
‘Age-dependent analysis of BPDM data in clean-up workers suffering the AH

indicated the consistent increase of average diural, nightime and daytime SBP along

with an age. In the age group of 3439 the patients suffering mild AH were prevalent,

whereas in 40-49 years AH was d

with aging were different from data in non-exposed persons with quantitatively higher

and earlier manifestations.
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‘Thus combination of radiation, chemicals, and other accident factors with somy
non-radiation factors stipulates the mutual o of sl ot . e
gism in the AH development in clean-up works

Cllnicat peculiriesofarteil hypentnslan

in Chornoby! accider
‘There are consistent dlﬂerem:es belwun the clinical patterns of AH in clean-up
workers and general population, The reliably higher incidence of subjective manifes-
tations, BP profile disorders, early onset of the LVH, higher probability of diastolic
dysfunction and LV systolic overload, myocardial ischemi: decrease
physical load tolerability are of especial importance here.

Peculiarities of subjective manifestations. The thorough analysis of complaints
and case history data indicated 1o the variability and higher incidence of AH subjec-
tive manifestations as against the patients in general population where scanty clinical
presentation was typical. Headache was found in 80.4% of them vs. 60.2% in control.
Irricability was present in 83.4% being 1.5-fold over the control value, Sleep disorders
as frequent awakening, insomnia at a nighttime and somnolence during a day were
presented by 27.4% of the clean-up workers (twice more often than In control). The
71.2% of clean-up workers expetienced memory disorders (54.2% in control). Anxious
feeling was widely prevalent (91.7% vs. 66.6% in control). Emotional instability in the
clean-up workers suffering an AH (80.4%) twice exceeded the control values. Working
ability was decreased In most of the clean-up workers. AH in clean-up workers were
peculiar with a fixed onset and development in a younger age.

typertension peculiarities in Chornobyl accident clean-up workers. Classifica-

indicated that BP in 38.2% of them was within 140-159/90-99 mm Hg, in 36.4% was
160-179/100~109 man Hg, and in 25.5% reached and exceeded 180/110 mm Hg. Time
s by AH stages is shown at Fig, 12.

Accordi

few yers upon th accent AHL1 and AH 1 ncidence oo equal in 1993 b
laer he AR 11 nchdnce cone
wed to increase. AH 111 cases
appeared first in 1990 with re-
spective incidence increase up
10 3.3% in 2000 and to 30% in
2009, In total within 25 years
the initial predominance of AH
T evolved into the dramatic in-
crease of AH If and slower one
of AH III. Although the AH 1 is
more prevalent among all years
since the Chomobyl catastrophe.

ure diurnal mo-

Blood,
nitoring fs of substantial advan-
tage over the office and clinical iy dpsmag ok 1obe S ey ChOTO 5

3REsEBA.
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BP checking. As expected the SBP and DBP from BPDM in clean-up workers were
Tower than s clinical values. Average diumal systolic BP level was 142.91.9 mm Hg,
diastolic — 91.3¢1.3 mm H, heart rate — 69.840.6 per minute.
er the comparable deviations of the average diurnal, deyme s sighie
‘SBP and DBP, BP time index (TI) in the clean-up workers and AH patients not exposed
1 IR the more pronounced variability, pulse BP and incidence of insufficient nighttme
BP lowering was. ieund Just the high BP variability was considered responsible for the
damage of target or
A distins rom normally ypical dursal B9 shythm with s decesse by 10-20%
atasleep then such a profile type of BP in clean-up workers suffering AH was preserved
in 60.6%, in case of AH I — In 53.5%. Its incidence in the entire population of AH
pints was 60-80% Insulicien nighttime BP lowering within up o 10% occurred in
37.6% of the clean-up wo % — in 6.7%, whereas a nighttime BP excess.
over the daytime (night-peaker) was found in 4.8%. Insufficient nighttime BP lower-
ing in the clean-up workers was associated with an amplified sympathetic o decrased
patssympathetc civiy. Devition  rom the prmisile dayight variaily of SBP
215/15 mm Hg and DBP >14/12 mm Hg was registered too.
Vo sugsontl abnormaiie o he BhEM parameters were consistent to the
exposure 10 225 S i persons with long period of work in 1986 under the rotaton
high integral score of the Chomobyl
czuslmphe evenss. Under the exposure within dose range of 26-50 cSv the ek cor-
relaton was revesled bt the ERD aod SBP diual varial =035 p<005) ¢
1; p<0.05), and 3, p ) “There was a
consistent dzpendence of e incresed $B, DBE BP Y Be vamblll(y in AH patients
and duration of clean-up w
‘Accoring 6 ou dana the work under the roaion shift regimen can lead in 2-3
oo e SBP octssely 120 o . DBP — by 10-15 mm . I cnrﬂsponds

ing
Negaivd iacatces o e Choimobyl catastrophe events ve af especial concenn in
the remote period upon accident. High ntegral score of reminiscences was associated
with diurnal BP profile abnormali ere was an integal score of 18.9£1.7 in case.
of insafficientnightime BP lowering, 22.3¢3.4 in a nighttime hypertension, 20528 in
prfound nghtime loerig, wheress 13.051.2 n paients hving nomalclumal BP
profile (p<0.05).

“The AH duration was of high importance. Increase of the diurnal SBP and DBP
indices occurred mainly due to the daytime variations. Maximum SBP deviations were
exceeding the average ones by 34.8 mm Hg, maximum DBP deviations — by 23 mm Hg,
‘The BP T was increasing from 40% in the very first years up to 50% further. The SBP
and DBP variability increased within range of 3-5 mm Hg. The SBP diumal variability
abnormalities defined at most its deviations at a daytime, whereas the DBP — mainly
ata nightime, Extent of the moraing time elevation of SBP and DBP increased by few
mm Hg along with the AH duration. Incidence of the diurnal BP abnormalities had
increased by more that 10% upon 5 years and by the 15% after 10 years. Rate of the
‘morning time BP elevation was increasing substantially along with AH duration, and 10
years upon the difference for SBP had reached 31.7% and for DBP — 25.7%. Incidence
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of it abnormalites was higher in DBP by 16.7%. Along with AH duration the number
of patients having normal B profile had decreased by 12.8% within a 10-year period.
Simultaneously the incidence of an insufficient nighttime BP lowering had increased
by 7.5% and of a deep nighttime lowering — by 5.5%,

Despite the robust advantage of the BPDM it cannot be considered as a complete
substitution tool for the office of clinical BP checking.

Damage to target organs in Chornobyl accident clean-up workers

suffering arterial hypertension

According to our data the LVH was of top priority within target organs injurics
being diagnosed in 77.9% of clean-up workers suffering the AH. Microalbuminuria
and/or serum creatinine elevation was found in 16% of cases.

Features of the left ventricular hypertrophy

LVH is recognized as an independent risk factor of myocardial infarction, stroke,
CHD, HF and death independently from the BP level. The integral analysis of epide.

According 1o our data the LVH possess over 95% within target organ damage in the
Tean-up the AH. ly detection and Ct

racterization of LVH in clean-up workets appear of more and more actual. Electrocardi-

ography (EC are of a priorit porary

100ls of LVH diagnostics. According to interational standards the ECG-markers of LVH

and its regression are Sokolov-Lyon criterion and Comell voltage criterion of a QRS.

ventricular complex duration,

Value of left ventricular hypertrophy electrocardiographic signs in Chornobyl
accident clean-up workers suffering arterial hypertension. Electrocardiographic signs
of LVH were fixed only in & part of such cases (Table 12.1), .e. the Sokolov-Lyon cri-
terion >38 mm — in 16.3% and Cornell voliage criterion in 15%. In severe LVH their
incidence was 5- and 2-fold higher respectively.

Table 12,1
clean-up workers sufering rom artrial hyperlension

Teftvens

ctara

moterss

o0t | iz 170 gt
tents. 27 126
Sokolov-Lyon criterion 538 mm 163% %

ranga 10-64mm 1045 mm

average 286414 244209
‘Cornell voltage citeron 52400 mm°ms _15.0%
range

5403
average. 171454779 1457.6:708

pe0as

Despite the insufficient sensitivity of LVH ECG-signs they convincingly indi-
cate to the LVH presence due (o the high specificity (95%). However the ECG reveals
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LVH in a low amount of cases especially if there are mild or moderate presentations.
According to the Framingham study data the ECG-signs of LVH are an independent
prognostic factor. If they appear the mortality rate within 5 years reaches 35% in men
and 20% in women 35-64 years and 50/35% older than 65 years respectively. Accord-
ing to population study data the ECG-criteria of LVH is associated with a 3-fold CHD
risk excess, in case of H signs ~ with 1.5-fold excess. The probability of
cardiovascular complications increases significantly 2-4 times if the volage signs of
LVH are associated with negative T-wave or ST segment depression. Related to them
sk in absence of LVH voltage signs is 2-fold lower. The advisability of LVH voltage
criteria as the markers of LVH and its regression under management is out of doubx.
Abnormal ST segment and T-wave can be applied for the LV volume or pressure over-
Toad, or ischemia detection.

%
0

Value of echocardiographic signs

left ventricular hypertrophy. ECG
indicates only through an indirect evi-

nce the cardiac dilatation, the echo-
cardiography provides visual estimates
of LV wall thickness and cavity size. It
is considered a reference non-invasive

lity of results between the perform:
218 - Yo oFSBAAI A R e

tive pulmonary disease on the imaging
quality the echocardiography is any-

iy ‘way more sensitive method than ECG.
8 ol The LVH is revealed then in 50-70%

Tl 125, Ll vty e o
o s o “The LVH was found through the
g el gade I Chomoby accdenl SEBP.  ocardingraphy application in 77.9%

ofthe clean-up workerssufring AHL
Tts basic index the myocardial mass index (MMI) was over 170 8% and
ithin ange of 125,170 gim? - In 4829 of cases. Relatvely eary wall hickening
with no trend to rapid progression was peculiar here. The LV posterior wall thicknes

(LVPWTh) was over 11 mm in 76%, being 12-13 mm in 53.95<14-15 mm — in 20%, and
16-17 mm — in 2.1%. The LVH incidence increased along with the BP level (Fig. 12.5)
being the highest in BP>180/110 mm Hg. In the last case the LVH incidence had
reached 98%, whereas in BP within range of 160-180 mm Hg it was 86%, and in BP
<160/95 mm Hg — 57% (p<0.05). The severe LVH was present in 61%, 43%, and 23%
respectively (p<0.05).

Compare of the average absolute values of principal echocardiographic indices
of LVH with BP levels indicated (Table 12.2) that there was gradual increase of MMI
epeing Gt B e F<001) exceeding at that the control values (p<0.001).

‘The LVPWTh and the interventricular septum thickness (TVSTh) were increased

comparing to control (p<0.001).
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Tk 122 Amage st () f I ko e op i ot
accldent ciean-u

Contol (0 C50),[ 87
nesi

s

W g
VPWTh, mm 1.450.1°
WSTh, mm 114502

Siican frences: . conral s et v AF T %5 3o Ty AH 2 M — el mas s VR —

rding to the variability of body mass and myocardial wall thickness the LV
geomelry was different in 77.9% of patients. The concentric LVH was prevalent (diag-
nosed in 50.9%), the eccentric LVH was found in 27% of patients. The mean MMI values

hig
by 13.7 g/m? (p<0.001). The LVPWTh in concentric LVH was 12.940.1 mm, in eccentric
one — 11.70.1 mm (p<0.01), the IVSTh — 13.420.1 mm and 11.7:0.1 mm respectively
(p<0.01). There were direct comlanons between the LV geometry type and myocardial
Uiclnes (=07 p<0.0D) M 74; p<0.001), AH grade (r=0. 37 pe000, 5B
(=0.4; p 1; p<ﬂ 01), and AH duration
znlargmem o e et o (LA) adjacent to LV in clean-up ronkns was he
remodeling in AH. I
size in a concentric LVH exceeded one in normal geometry by 2.7 mm, LA index — by
1.3 mmvin? (p<0.001), ratio of LA dimension o LV end-diastolic dimension (LA/EDD) —
by 003 (<001 respectivey. neccenuic LVE the L dimension iferece -
1 geometry vas 1.9 om, LA index — { mmim? (p<0.001). In eccentric LVH the LA
dimension difference to normal geometry was 1.9 mm, LA Index — 1 mm/m? (p<0.01).
LA cavity increase over 40 mm in concentric LVH wasregisered in 22.6%, in eccentric
one—in 12.35% of s, the LAVEDD Index over 175 was found ln 29.2% and 9%
respectively. The L
vein pressure increase can be expected under the A Sl actviy detrioration

and dilatation pﬂdlsposmg o cogestion sy ek, LA esarpeest 342 e
s accompatied by te 1.6Lold sk ncrese of el Tbnllznun (AF).
Progression o e LVET s e s lual increase of the average

diurnal and nighttime SBP. The most pronounces onoraeites of BPDM indces e
found In MMIo170 g/mé and were curacerined by the ignfcant increase of B9 T
making up 100% in one half of the examined persons, by the B variability increase
mailyata nightine, 2 by the diumnal BP profile ahnormalnl& Significant link was
found between the LVH and pulse BP>53 mm Hg. Case incidence of pulse BP>53 mm
g against he pronounced LVH was 49.2% modeaie LVH — 34.6%and 1n LVH
absence — 18.5% (p<0.05). There was a correlation between the pulse BP and MMI
=030; 000,

“The every third case of LVH was associated with heart rate at rest above 75 min-l,
1140 Emlacne e oSl R o andden det, oty of s ap winkecs

having heart rate >75 min the MMI exceeded 170 g/m2.

‘Analysis of the LVH incidence against the increasing ERD up to 60 cSv (Fig. 126)

indicated their interdependence. In exposure to 25-60 cSv the LVH Incidence exceeded
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the values in exposed up to 10 cSv
by 14.2%, 10 10-14.9 cSv, and was
higher than in patients having no
registered ERD (for the sort term
involved in the clean-up work).
he consistent for clean-up
workers activation of the sympa-
thoadrenal system and RAAS was
important in LVH genesis. At the
R T TR BP level of 140/95 mm Hg they ex-
perience the abnormalites of aver-
5, Ll sl gy s Syt o ol KRV caactrising i
parasympathetic activity decreas
along with relative predominance of sympathetic one. In epinephrine excretion excess
‘over 14 pg/day the MMI increased by 28 g/m? (p<0.05). There was a correlation between
epinephrine excretion in daily urine and MMI (r=0.32; p<0.05).

Excessive production of angiotensin 11 having the direct proliferative effect on
cardiomyocytes and vascular smooth muscle cell predispose to activation of hypertro-
phy and proliferation in the clean-up workers. Possible LVH regression under the ACE
inhibitors administration convincingly proves the RAAS role in its genesis.

Other factors of non-radiation nature was revealed in 88.3% of the clean-up work-
ers suffering LVH, two and more factors were present In 65.5% of LVH. The smoking
habit was met with cqual incidence in both groups, however the MMI value in smoking
patients was by 9 g/m? higher that in non-smokers (p<0.05).

‘The LVH incidence increased along with age for every ten years reaching 95.7%
in the age range of 6069, The MMI every 10 years increased by 40-50 gm?. There
were correlations between age and LVPWTh (=0.35; p<0.01), IVSTh (r=0.31; p<0.01),
and MMI (=0.28; p<0.05).

ByyeasRd«

e
e

ly mass as i irculating blood volume
made therefore an extra [0ad on the LV. In LVH among clean-up workers suffering AH
the number of persons having normal body mass was 5%, whereas with no LVH —
14.3%. The body mass index over 30 kg/m? was found under LVH in 55%.

‘Genetic predisposition was found in 31.7% of clean-up workers suffering LVH vs.
5% with no LVH. Taking into account possible manifestation of genetic predisposition
to LVH the search of specific genes responsible for its genesis Is going on. The ACE.
gene was intensively studicd as a LVH marker.

in ERD 10-24.9 cSv combination with 2 and more RF the LVH incidence was
83%, with 1 RF — 75%. In ERD>25 cSv combination with 2 and more RF, occupational
exposure to xenobiotlcs the LVH incidence reached 100%.

LVH genesis in AH among the clean-up workers depending on the peculiariies of
long-term pressure load interference with radiation and non-radiation factors stipulates
the need of combined therapy.

Cardiac dysfunction in left ventricular hypertrophy

Diastolic dysfunction (DDF) was an early sign of heart remodeling in clean-up
workers suffering the AH. The DDF mainly the LV relaxation was found in 64.6% of
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LVH patients. The average-diumal BP elevation, high BP variability, insufficient night-
time BP decrease, elevaied MMI value, and larger duration of disease were the DDE
predictors. There was a significant link between the ratio of maximal velocity early
and lately diastolic filling (E/A), isovolumetric relaxation time (IVRT) and myocardial
mass. DDF development in clean-up workers sufering AH was as a rule preceding the
. In DDF the heart in 5%, i
LVH was present n 83% and eccentic LVH withno ilatation —in 125, More s
diastolic dysfunction in survivors suffering AH occurred in concentric LVH. LV peak
¢arty filling velocly docresseof 21 cisec and i filling velocity increase by
16.1 cmisec /A ratio decrease by 0,34 u geome
e Tound B o et 1 unit were registered in 56% of patients suffering
the concentric LVH. Average IVRT values in concentric hypertrophy were higher and
exceeded the e respecive valus i groups of nomal geometsy and eccenvic LVH by
42.25 and 27.9% (p<0.

Diastolic dys(uncllon in clean-up workers suffering LVH stipulated by AH was
both isolated and combined with a systolic one. In most of the clean-up workers suffering
uncomplicated AH the ejection fraction (EF) was not less than 55%. More pronounced
EF abnormalities occurred in case of HF, the EF<55% was registered in 6%.

Hypertensive anglopathy and its clinical appraisal in Chornobyl accident clean-

warkers suffering arterial hypertension

Along wi ffering AH

with fareral
and venous components. Vascular deformations a5 angnlar ind loopshaped deflecions
‘were found in 60% of cases and thickening of intima-media complex (IMC) in 92%
by about 1.2820/21 mm vs. control. IMC echogenicity was. omogencously nresed
with flattened layer ion. Arterial abnormalities. internal
ugular veins diation ith decresse velociy there. The TMC.thickening over 1
reflected the atherosclerotic injury. Carotid atherosclerotic plaques found in 43% being
homogenous, of moderate echogenicity, and localized mainly in bifurcation of common
carotid artery, in some cases spreading to internal carotid artery ostium. Stenosis grade
at that not exceeded 40% of vascular diameter.

Index of aortic remodeling correlated with LVH (+=0.44; p<0.05). Aortic wall
thickness in cl H without LVH e
4m 1Y of 259% it was more than 5 am, whereas in AH assocation with CHD i
m. Ratio of aortic wall thickness to its lumen reached 0.22+0.0001 units
indicaing o hemodynamicaly significant blood flow obstruction.

Focal or generalized retinal areriostenosis was not regarded as a target organ injury.
according to the European Society of Hypertension and European Society of Cardiol-
ogy recommendations as arterial abnormalities grade 1-2 are frequently found with no
significant evidence of their prognostic role. According to our experience the frequency
of such disorders exceeded 80% in surveyed persons. Hyperensive angiopthy had Ied
0 deterioration of vascular wall elastic properti ripheral vascular re-
sistance and was an important unfavorable factor of heart remndelmg. Italso stipulated
the decrease of cerebral blood supply. Therefore such abnormalities can be considered
as markers of an unfavorable course of AH.
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Lefe ventricular hypertrophy and myocardial ischemia
Decrease of coronary flow reserve can be a serious comesuence of LVH in clean-
up workers suffering the AH. It occurs even in an absence of coronary stenosis as a
result of coronary microcirculation disorders due to myocardial mass and myocardial
oxygen demand increase. In decrease of density and number of functioning capillaries
as 2 result of cardiomyocyte hypertrophy the hypoxia appears even under the at
f any other predisposition for ischemia, Possibiliy of heart thythm disorders (HRD)
especially of high-grade ventricular extrasystoles o vericlr cchycanis vde e
transient Ischemia stipulates sudden cardiac death ris
g t0 the results of elecno:ardmgravhy daily monitaring (ECG DM)
he malnly silent myocrdil chenia episodes were revealed in every fifth clean-up
‘worker suffering the LVH even in the absence of CHD signs. Total average duration of
ischemia per one patient a day was 52.3¢4.9 min. Depth of the ST-segment depression
by 0.08 sec from the j point not exceeded 1.5 mm being mainly 1.2320.3 mm. Average
number of Ischemia episodes per one patient was 3.640.3, the average episode dura-
tlon — 14,6175 min It was consstenly expressed underphysical oad I al paiens
ia episodes. Number of ischemia episodes under physical load per one
pluem B e 1 fold igher v. s sbsence, and s duration dlly incressed 25
times making up 24.5 mi
Panloss myocdial lschemia n clean-up workers reached 73.3% from is tolal du-
ratlon. In s presence the MMI value was higher v, inits absence by 9.2 g/m? (p<0.05).
In 70-90% it was associated with heart rate increase, LV diastolic dysfunction, The role
of stenosis o lack of stimulus to coronary arteries dilation, heart rte increase, physical
Toad, psychological factors cannot be excluded.
ere was a correlation of number and duration of ischemia episodes with myo-
cardial mass (=0.33; p<0.05). Myocardial mass index in case of ischemia lasting over
20 minutes was higher by 20.9% (p<0.05) vs. lower duration.
Left sentriulr hypertopy and heart hythm disorders
According to ECG DM the heart e inclerup workers suffeingthe KH was
.6 min, by 6.9%, the nighttime
Tat s es than o by 1079 and e thom doyiime by 16.9%. According to the
YALUE trial results the heart rate increase in AH leads to complications risk ncrease.
In patients having the highest heart rate the primary endpoint risk was significantly
1.64-fold higher, the HEF risk was higher 1.89 times, and the sudden cardiac death risk
was 1.27 times higher. Our studies showed that an increased heart rate was a serious
RF of LVH. The MMI value was up to 170 ym’ nd more i 33.5% lanop worers
suffering AH if the heart rate 2t rest had been 7 mor
Decresse of total HRV (SDNN-, TP, i ndex, costicient of variation),
ofparasympathec atviy (RMSSD, HFp) boh wih amplifcation of sympatheti oné

of HRV statistcel and spectral parameters, sympathetic and parasympathetic actvity
ative super tem activity was found
in extremely high risk patients.
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Heart rhythm disorders were found in 22% of clean-up workers suffering LVH
stipulated by the AH. Ventricular HRD atributed to increased risk of sudden cardiac
death were registered in 15.9% of LVH patients vs. 5.7% In absence of the latter
(p<0.05). Quantiy of isolated ventricular extrasystoles (VE) per one examined person
was 115¢10.3 that exceeded 6.1 times (p<0.05) the respective value in no LVH. Paired
and group VE were registered in 9.6% only in LVH.

‘The MMI value in VE exceeded the respective index in patlents with no HRD by
17.2%. Myocardial mass gain was 3.1% in supraventricular extrasystoles (SVE).

Direct correlations between the quantity (=0.75; p<0.01) and duration
P<0.01) of myocardial ischemia episodes per round the clock and the VE were found.
In HRD the number of diumal ischemia episodes was 2.2-fold higher, the average
ischemic episode duration — 2-fold, integral duration of ischemia per patient — by
448 min round the clock (p<0.05). Total number of VE ncluding the high- Kmie ones
correlated with basal heart rate increase (r=0.5; p<0.01) that cannot be underestimated
in risk assessment for complications and mortality.

i noalbummurm and retiine conten levtio in Chornotyl acident

clean-up workers suffering arterial hypertensi

Glomerula hﬂma in arterial hypertension snpulzled by the progesing deple-
tion of kidney circulation and vascular resistance increase can predispose to onset o
mictoalbuminuria. It was found in 16% of the clean- i workes Netewnay kmey
circulation related to in the absence of

iney disese. Th glomenular filration rate ar 40 years of age creaseson average
by B mLminpe 173 m? withn esch next decade. The physilogical mictoabuminuria
can occur as a result o increased permeability of glomerular membrane, svmdmg of
Clreis o hyalinos by 12-30%. Tn 6% of the clean-up workers suferin
lbuminuria the age vas wilhin 39-49 years and n 325 e ver 50. The nghitme
hypertenson or nsofcied BP lowering was pecula for 565 of ther, wherass e
increased BP variability and pulse BP over 60 mm Hg were registered in 8.3% of pa-
tients. There was a significant correlation between microalbuminuria and office SBE
value boih with an average-diurnal pulse BP.

Mean level of creatininemia in microalbuminemia was 8747.3 pmol/L vs. 67.4%
2 umol/L i s absence (p<0.0). In separate cases the serum creatinine elevation was
within 115-133 umol/L. The AH duration in all microalbuminemia and/or serum creati-

i ded 5 years, wh hal in was 10-16 years.

At that low compliance was typical for most of patients.
‘The LVH was named an “enemy of the kidneys” at the American Society of Hy-
rension congress in 2010. It was found over the 6,000 male patients that each MMI
elevation by 42 g/m? was accompanied by serum creatialne elevation risk by 45.7%.
Therefore the MMI value should be taken into account for the prediction of kidney
function decrease n the clean-up workers suffering AH.
Associated clinical conditions
Nowadays the AH association in clean-up workers with CHD and HF is becom-
ing urgent. The ERD225 cSv, older age, disease duration, higher BP and LVH levels,




386 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a Quarter of Century Aftermath

xoeistod RE priene mainly dominant in atherosclerosis progressing, and low
pliance are consistent for such patients.

" most of them il s a suble angina mainly of FC 1 (77.5%) Average age
of patients with angina was 54.9%1.05 years, disease duration was 12.41.3 years vs.
48,9205 and 9.140.4 years at the absence of clinical conditions linked to AH (p<0.05).
‘The LV MMI was higher by 22.8 g/m? (p<0.05) making up 180.556 g/m?. In 83.5% of
examined persons the RF were identified dominant in atherosclerosis progress, and in
57.5% of cases there were more than 2 RFs.

table BP elevation, LVH, irregular management, age over 60, AH duration over 10
years,physical and emotons) o, metablc diorders, BME were e leading factors

- Adi
between the HF stage and DBP, SBP variability, vt inier. Dl BF profile w.m low~
ering or piudnxlcal sl o  ightme BP v i ien, S

f LV structure and g 1 ysiolc
overload, and myocardial schemia. The HE development in AH was lccompa nied by
further decrease of total HRV (SDN , CV), parasympathetic activity (RMSSD,
HFp) and amplification of sympathetic activity (LFp, LEp/HF, IC).

s elated to AH had occurred In 3.6% of patients with mean age of 55.7:1.8
years, disease duration 14+1.1 years, BP>180/110 mm Hg witk pulse BP>65 mm He,
They had more frequent association with CHD and HF. They had the MMI value of
19464158 g/m?, the concentric LVH was found in 82%.

“Taking o account th impact of associated clinical condiy
in clean-up workers and related stable disability, life-span sining such paients
therefore were aitributed (0 the especially high risk category with the purpose of further
management strategy choice directed not orly to the target BP value mamenanzo s
the effect on modifiable RFs and minimization of target organs damage.

. Knomazuk, Zh. Gabulaviciene, N. Karsin, G. Sidorenko)

122 FEATURES OF CORONARY HEART DISEASE AFTER
MYOCARDIAL INFARCTION IN CHORNOBYL ACCIDENT
CLEAN-UP WORKERS

two decades since Chornoby catastrophe the coronary heart disease (CHD)
in clean-up workers who have survived the myocardial infarction (MI) becomes one
of key health issues in all groups of survivors. MI and its consequences are now ones
‘among other leading causes of disability and mortalty in the accident survivors. Chronic
‘CHD in clean-up workers who had survived the MI is featured by the high rate of in-
ward admissions. Sixteen from every 100 of clean-up workers have the chronic CHD
that by 11.5% exceeds the respective value in population of Ukraine.

MI incidence and prevalence now vs. previous years in Chomobyl catastrophe
survivors has icresed ncarly twice, Frtberincrese ere Is expected due (o natual
aging of the survived impact of
Chormobyl catastrophe factors. Passed MA makes gmx influrce on al he mmr lite

ability of
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the survived MI stipulates the elevated risk of repeated MI, sudden cardiac death, and
chronic heart failure. If the sudden death risk in an entire population s under 1% then
among the MI survivors it is over

kers there were 215 patients with pa
M in whom the specific features were studied.
Radiation and non-radiation factors in Chomotyl accdent
clean-up workerssfeing coronary heart disease withunderwent
myocardial infarction

Issue of MI in persons exposed o IR is not a new one. Review of daa avalale
for IR
with MI hat ca be ltial I acte aciton syncrome. The i foce injuries with hem-
orthages were found under pathological study in 21 person and MI — in 6 men from
27 clean-up workers deceased from the acute radiation syndrome [14]. Those findings
occurred after the uniform o e b lmdnanun within 4-15 Sv dose rane.

Mlar
roshima A-bombing survivors [31 and n survivors of nuclear power plants and nnclear
industry accidents [4] require concern and clarification.

he occupa-
tonal expesue are dcbatabl at  ime. According to [15] there is sigoiicant excess
from rom MI affer oc-
cupational expusum In doses exceeding the penmsskble leves. And there are opinions
that morbidity and mortalty and are ith
ERD, maximum yearly dose and employment history in p rsons whose occupational
experience was related to IR. According to [16] the CHD Incidence was 5.2-26.8% an
did not exceed the Popultion levl in persons exposed to gamma-radiaion in doses
over the pemissbe v
Coring o our daa he M1 incidence b inceased significantly along with
ERD value g 127,

Jess thi
mean] ERD up 0 10 cSv was n 31% of clean-up workers withno Ml history. Exposure
in dose range 10-24.9 Sv was established in 32.3% of clean-up workers who had sur-
Vied 1, L e by O% bgher v imadited
wpto (424
sy mm) 15 o1 s..bjecu, Differ-
ence in MI incidence depending on the
ERD up to 10 cSv was linearly increasing
towards 21.1% (p<0.05). Thas in combi-
nation of IR dose >25 cSv with traditional
sk factors the incidence of M1 among the
clean-up workers was nearly 2-fold higher
vs. exposed 10 less than 10 cSv. 19 020y e

Situation that occurred after the Ganrendn

wide-scale Chornobyl NPP accldent Was . 127, wyocagial reon fcidence ad extamt
the source of both the IR, and other sub-  raialon s a Choaabyaccden lean-sp wakers
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23 47 stances and compounds hazardous
for human metabolism. The long-
term impact of lead and other heavy
‘metals resulted in an increase of cho-
lesterol synthesis and. pmdlsposed
to atherogenic dyslipl
544 cipation in a clean-up work was at
‘most under the combination of IR,
Onoe B1 B2 W3&>ristiacion chemicals, unfavorable temperature
m 128 sk tactors Incdence in Chomabyl aceldent clean-up  Fegiment etc.
‘with myocardial Mmlml history ln ‘majority of the MI survivors
the occupational activity was related
to cumulative effect of some or other xenobiotics. As of occupational affiliation the
49.3% of MI survivors have had a contact with cumulative impact of lead and other
substances vs. 18.8% of patients with no MI history (p<0.05). Mostly they were vehicle
drivers, welders, fitters, a»d ‘miners. Xenobiotics are cnl\sxdemd as a principal stimulus
of vascular damage in the respective occupational grot
Genetic pledxspnsmun and lifestyle features alnng with TR and other factors re-
lated to Chornoby] catastrophe were preceding the MI in majority of surveyed persons.
At least one of those was found in 97.7% of cases, two were present in 93%, and !hm
and more — in 54.4% (Fig. 12.8)

Age range of 45-55 years was critical for MI in clean-up workers (70%). M1
incidence at the age up (o 45 years 2-fold exceeded the respective value in the entire
population. Genetic predisposition, intensive tobacco smoking, occupational contact to
xenobiotics, psychological strain due to negative reminiscences about the Chornobyl
cﬂ(islmphe ‘prevailed among other factors predisposing to MI up to 45 years of age,

wher AH, LVH excess of body mass, and diabetes mellitus were more relevant
hr 45 years o
‘The share ul Ihnyz period factors has decreased along with time; the psychologi-
cal smm however remains related to negative perception of the Chornobyl catastrophe
events. An integral score of the Chornobyl catastrophe negative reminiscence estimate
after the passed MI was on average 25.1£0.9 vs. 17.940.9 in uncomplicated CHD
(p<0.05), whereas exceeding score 20 in 54% vs. 40% (p<0.05). No consistent Chornaby]
catastrophe of rammmnce mm\shy ‘occurred for the passed time. Vimnnn of negative
alon Not g

Complain o temalning o1 1 nuch et negative felngs.

‘Combination of >25 cSv dose irradiation with non-radiation RF featured their ag-
gressive nature potentiation. The exacerbation of “aggressiveness” of non-radiation RF
was also found in a stable population of Syeversk city exposed to long-term low-dose
ircadiation [17].

'All mentioned above indicates that along with possible direct radiation vascular
damage and further atherosclerotic and fibrotic processes the traditional non-radiation
factors were important potentlating each other in CHD genesis particularly the MI.
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Mu—phology of coronary heart disease
ary atherosclerosis exceeding 50% was the main plogic inding n
than Ilp pworkesdecesed fom M1 o 1l complications n 20032007 Lefcooary

4%) a

7 echsion wes 6725 9%, of the right comnary artery — 56.624.3%. Lethal outcome

from MI being recurrent in 23.9% respectively occurred in 39.6% of all death cases.

in recurrent MI V5. 49.5£7.9%

in soltary infarcton (p<0.05). Two coronary artries were Invalved in 43.5% of the
recurrent MI death cases, in primary MI — of only one artery. Left coronary a

repeated MI was found in 78.3% vs, 46.7% in a single MI (p<0.05). According to e

data for entire population (18] in case of 1 or 2 arteries injury the single MI was found

In 62% o and more nfarons — i 36%. In n mulivascula dissse the solary Ml

was found in 58%, two and more MI — in

407.4%. Right coronary artery involvement was more favorable. Annual death rate
reached 10-15% if three coronary arteries were involve

Cliical apraial of coronary heart diseme in Choraotylacciden
lean-up workers with history of myocardial infarcti
chm pain was of most impact on the chmmt CHD course signifcany worsening
the prognosis and predisposing to repeated M in clean-up workers after the nicial MI.
HF occurred twice more often after the Q-ML. The initial check cup of clean-up workers
with history of MI has revealed the post-infarction angina in 92.1%. The 46. % of
clean-up work he M and
M1 Applicarion of contemporary dlagacsic (ols provided th up-o-date approach
in clarification of regularites in cardiovascular system remodeling under CHD afer
the survived MI, definition of abnormality priorities and assay of generai risk of its
crence and complications.
lectrocardiographic patterns. Ischemic episodes mainly pelnis, il
inrease of oral diuml schemia duato, Incrase of schemic e
cluding those upon physical load, increas of singe scheme piseds duraon ere
consistent according to ECG DM for the postinfarction period vs. cases with o M1
history. Myocardial ischemia was associated with HF of NYHA functional class (FC)
ith MI — in 91%. Ventricular and supraventricular
extrasystoles were seen in 409 i.e. two-fold more often vs. no MI history. Number of
extrasystoles per day, frequency of paired and group ones both with supraventricular
tachycardia were also multifold more often. Therefore myocardial ischemia, high-grade
ventricular rhythm disorders can be considered the markers of an unfavorable course
of postinfarction period.
asal heart rate and HRV abnormalites in postinfarction period are oteworty.
Basal hear e was comespondingly ove 70 min exceeding 75 min! in mote

he espectve interventons on corecton. Upo the surived MI in heart rate 75 i
and over there were differences in a clinical course of chronic CHD. Number of angina
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FC I cases after the Q-MI under heart rate 275 min! was uppermost by 23.1% vs.
<75 minr! cases. Signs of HF grade I & Il were seen in 61.1% and 24.2% respectively
in heart rate 275 min-t vs. 56.4% and 2.8% in <75 min"L. Heart thythm disorders were
by 17.6% more often in heart rate 75 min* and over.
rease of scatistical and spectrum DRY indices were seen in posinfarction pe-
riod. Standard deviation of normal SDNN intervals reflecting general rhythm variability
was decreased after the Q-MI by 9.2% (p<0.05), SDNN-1 — by 6.4% (p<0.05) vs. non-
Q-MI and by 18.9% and 13.6% (p<0.05) vs. clean-up workers with no MI history. HRY
ices correlating with parasympathetic activity, RMSSD and pNNS0% in clean-up
‘workers after the MI were by 10.4% and 31.7% lower vs. non-Q-MI (p<0.05) and by
13.6% and 36.9% vs. cases with o MI history (p<0.05). Decrease of the HRV general
spectrum power (Total Power — TP) <2000 msec? in clean-up workers after Q-MI
and non-Q-MI was followed by a respective 29.8% and 10.5% increase of ventricular
extrasystole cases and 2 26.8% an 5.3% respective ncress o KF sgns, SDNN <100
IN-i <40 msec, SDANN <55 msec, TP <2000 msec?, and LF/HF <0.95 units
e asscited with desrioration of the posifarcton period course, HF and HRD
symptoms indicating the unfavarable time of

Peculiarities of myocardial remodeling. More pronounced postinfarction myo-
candial remodeling was found in clean-up workers suffering CHD after the Q-MI vs.
non-Q-MI cases and subjects with no MI history. Remodeling had appeared already soon
and lasted for months and years. LVH was seen in 98% with MMI exceeding 170 g/m?
in 63.9% of them. There was a trend to the increased incidence of pronounced LVH by
12.1% sher Q:MI.Hypokinei znes and sone LV postmcr wall s intvemrculae

segments thinning were registered 3.2 times more often vs. V an-
i o developed in 17%. LVH was more severe in AH. MM excess was 2-fold
more in severe AH vs. moderate one. LA dilation >40 mm assaclated with an increased
AF incidence was seen in 60% of Q-MI survivors. Pronounced LVH predisposed to
HF exacerbation, recurrent infarctions, AF, and ventricular extrasystole. There were
coeltons betwesn MHL s HE PE: by the RYUI. (413 pe 1), aogh =04,
PADAL AB (a0 34 p<005), e yender exiasysle (w3 LS.
LV geometry vait in Q-MI survivors,
An eccentic ¢ yperrophy v sen 1 ot of ther, LY-laton — in 0% it
2-fold more . Mo, gt et cthe e of
Tecument M1, highgrade VE, and angin FC lew s proved. Continuous exacerba-
o of LVH ssymmetry was marked as an undovorable ot n cleaap workers,

LV diastolic dysfunction (LVDD) occurred in a large majority of Q-MI survivors
under all the types of myocardial remodeling. The isolated LVDD was seen in 66.2%.
Systolic dysfunction was more often in an eccentric LVH. Pronounced LVH, systolic
and diastolic dysfunction are defined as determinants of an unfavorable course of
postinfarction

Postinfarction myocardial remodeling under MMI>170 g/m?, chamber dilation,
ad LVDD were ssochted with deteication of postnfarcton perod. MMI comrelted
with an angina FC (r=0.4 ). Eccentric LVH with dilation was accompanied by
a high-grade VE and was ottt o he clean-up workers with MI history.
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ccording to the physical tolerabilly assay the most significant limitation of a

mreshnld | power (W) was seen in patens after the suvived Q-MI. Average differ-

compare group data were 18.9 watis. Highest limitation of the extent and

Gurton of, physical load was highest at that. Respective values in non MI history were

Tower by 30.1% (p<0.05) and 16.8% (p<0.05) respectively. ECG-signs of myocardial

icchemis, anina tacks ond combinaion of hnm v, BP levaion 1 e pemis-

sive threshold level were princs the physical load tolerability upon

the survied M. Incidenceof the ST segment depession wes 310%,af s high-grade

extrasystole — 18.2%. Load was limited in 50% due o BP elevation up to the threshold
permissible level.

Load elevation towards the threshold level was along with crninenc desms
of heast rate, BP, and oxygen consumption. However an augmentation above
parameters differed substantially in clean-up warkers after MI. Heart rate auymnuuon
under a load after Q-MI and non-Q-MI was 35.6% and 36.8% respectively vs,

(p<0.05) in subjects with no MI history. Heart rate increase per 1 watt of oversiedoad
in Q-MI survivors was 1.5-fold more vs. control. Increase of myocardial oxygen demand

nd correspondingly inadequate energy expenditres per it o excuted power: Tat
is why an extermal heart work and an oxygen demand had Inreased. Finaly ah ahat had
brought o schemic events andior excessiv faguabily and physical exinaniion. The
threshold power loading was provided with highest energy expenditure index i.
U belng by 12.9% (p<0.05) higher vs. control group (no MI history). In case of higher
heart rate and energy expenditure index augmentation with resulting in myocardial
oxygen demand increase the amount of oxygen delivered to organs upon the survived
MU was lower vs. control, whereas oxygen utilization occurred under the less effective.
circulation providing of  load, finally resulting in an inadequacy of increasing myo-
cardial oxygen demand and its actual supply.

1. Khomazuk, 0. Nastina, O. Kovalov, N. Kursina, G, Sidorenko)

12:3 FEATURES OF GENESIS OF HEART RHYTHM DISORDERS,
CLINIC
MYOCARDIAL ABNORMALITIES IN CHORNOBYL
ACCIDENT WITHIN 25 YEAR

Heart rhythm disorders (HRD), their prevalence, peculiarities of genesis, and
stipulated risk of hazardous cardiovascular events remain an important issue both for
the enire poplation of Utane and specialy fo the clean-up workers. HRD makes

impact not only on the quality o life in clu.H.p workers but also on mortality es-
pecially e su increased
forthe passed me 4 times (2] About 13% within toa mortality were due to SCD,
from which 88% were stipulated by HRD.

Review of data for 9,423 clean-up workers admitted in-ward to Cardiology depart-
ment in 1986-2009 (Fig. 12.9) revealed the HRD in 1,536 of them. Gradual increase of
HRD incidence occurred from 2.2% to 35.5% since 1986 till 2009,
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Preconditions of heart rhythm disorders
Participation in Chorobyl catastrophe clean-up work in 1986, ERD>25 cSv and

rotational
catastrophe factors preceding the HRD. ERD 10-24.9 cSv was established in 39.5% of
HRD patients. HRD in clean-up workers who had worked under the rotational schedule
since May 1986 was by 28.8% more often vs. in those since June-December 1986 and
by 39.5% — since 1987 (p<0.05) according to HRD incidence analysis depending on
tme perodof partcpation n clnp (i, 1210)
often the occupational activity of patients suffering HRD was related to
cum\llinve impact of some xenobiotics. The S1.6% of HRD patients have had an oc-
onal contact with cumulative effect of lead and other substances vs. 33.3% among
Raving o history of HELD (p<0.05). HRID incdence was higher among vehicle drvers
ey orkes, weldes, i, chemcal acllty ke, ot o seniics i .
welding ae: cone-containi i
s recognzed 45 proveent prrtnihiven b dsorders.
Psychological strain was of notless

. copeerd it belag elted o pesailoe

reminiscences he past events and

- 561 socio-economical issues. Integral score of

o negative about the Chor-

® = nobyl catastrophe events in HRD patients

» ] was on average 26.340.8 vs. 19.1413 in

o s their absence (p<0.05), whereas in 56%

. 57 vs. 439% it was not more than 20 (p<0.05).

O cmanschetse Poicpaon | Faipaion No significant change in an intensity of

e L negative reminiscences about the bygone
evenes ccured ice s e,

Fig 1210 ettt isorders nldence depending 8 with an impact o factors re-

e o pclstonn st o o 1o o oot th momsaision P
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have also preceded the HRD onset i.e. tobacco smoking, compromised heredity, LVH,
B9 clevation,High ol chlesterol (TCh)
Average age of clean-up workers at onset of HRD. s SL9K09 years, In 21.4%
he HIRD bave appeared in age up 0 45 years tat exceed the respective value o
Ulcalnian popultion by 14.7%. Peak of HRD onset n clean-up wrkers v
55750 years (6078 Afer 60 e nerrment e bl 2 11 WD Inclean up
workers was typically in a younger age.

Arterial hypertension preceded the HRD in 50%. After 45 years of age its inci-
dence was 1.4 times more vs. data for years under 45. New AH cases gain upon HRD
onset was 34.9%. LVH preceded the HRD onset for the most part of tzannal ah
patients. They had MMI on average 173.3¢5.4 g/m? exceeding values in normal BP by
342 gim? (p<0.05).

Body mass excess 25 kg/m? preceded the HRD onset in 84.4% being twofold
mre ftea n p:llenls aged ovee 45.In 52 3% it was assocated withothr RF. As the
body mas -5-1.5 kg/year was typical after middle age then i izati
con b soely usetl n HRD. prevention.

TCh level >5 mmol/L was found in 73.4% of clean-up workers suffering HRD.
Atthat up (o 45 years it was 10 more than 5 mmol/L in 50.9%, whereas after that —
27.3%. Hyperuriglyceridemia however can be not less but rather more important factor
of atherosclerosis and CHD and respectively HRD. Possible retardation or regression of
atherosclerosis under the lipid-lowering therapy application substantiates the perspec-
tives of tools implementation diected on this RF modification within HRD management
scope in clean-up workers.

hol especial
segistered in 34.7% of examined HRD parients vs. - 32.15% In ho HRD. S ldng
tion was certainly ane of toll of lifestyle modification to prevent HRD. Alcofol and
caffeine consumplionalso el In AFrsk ncrase. Alcoho consumption augmented
the AF risk 1.8 times (p=0.009) through the toxic effect directly on the LA otherwise
through s volume increase being associated with high-density lipoproteins and triglyc-
eride levels increase.

Hereditary predisposition to HRD was found in 27.7% of examined persons. It
was 2.2 times more often among factors predisposing HRD origination in patients up
10 45 years vs. after 45 years. Such regularity was seen in HRD cause review among
young males having a long-trm occupational contact with xenobiotics. Described above
substantiates the lmpnnin:e within strategy of control in personnel recruiting/selection
o e s

Clucose moferance and dibetes melfas have slso provoked the HRD onset,
Elevae bood ghcose eve was found I 2.0

mpare of noradiation facto ncdence nsge incevls up 0 and afer 45 years

s herediy Ina young agt v AL, BVE, TCh. snd dsbetes meon sier i years.
Traditional RF were found in 97.19%, two and more of them — in 81%, RF preva-
) ie. one RE i seen in 33.9%,
two of them — In 28.2%. Subpopulation having three and more RF among the entire
population was wofold les. I nuclear industay workers two RF were foud in 22.3%,
‘and more — in 68.5% [20],
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Irradiation in doses of 25 ¢Sv and over in combination with ron-radiation RF was
peculiar with HRI incidence ncrease by more than 15% as a reslt of thels interaction
and “agessiveness” potentation.Stuy of a rather solated popultion of Severst ity
exposed to long-term low-dose imadiation the amplification of traditional RF “aggres
siveness” was also found [17).

Edological and clinical siucture of heart rhythm disorders

found in HRD were stipulated by postinfarction cardiosclerosis and CHD combination
with AH. Number of isolated VE and SVE per 1 study subject per round-the-clock,
incidence and number of paired and group VE, supraventricular tachycardia episodes,
and diurnal ischemia duration per 1 patient were significanly higher.
the HRD in clean-up workers have appeared under the CHD in 19.7%,
AH — in 7.3%, in CHD combination with AH — in 50.3% (p<0.001). The 16.1% of
them had a history of MI. Other etiology factors had make up to 3.9%. Idiopatic HRD
was found in 2.7%.
Extrasystolia was most preva
lent within HRD clinical structure

Hart o s St
combiration: 146% exvasystole; 254 % in clean-up workers. Ventricular ex-
trasystolic arrhythmia (EA) was in
26.7% and supraventricular one —
in 23.4%. Combination of both types
- was registered in 14.6% (Fig. 12.1).
‘A was found through ECG
DM much more often. As the car-
diac and general mortality rates we-

At riion; 35.3% Venricuorsrasysolc: 267% e higher in case of juent ot
roup VE in CHD and AH pzuem
strueture of heart hytm disarders I such HRD should be considered as
e forerunners of more unfavorable pro-
N0SIS.

Fig 12:1.
Ghomoby acel

F mainly s stable form was seen in 35.3% of clean-up workers. In 66% a
chronic H followed i By prevlencethe AF comes second oy  EA. Ag over 55
years, Hi a paroxysmal AF into
el one NE midonce 3 general population is 0.1, reaching 5% in persons
older than 50 years and 10% after B0. AF is significantly linked to twofold relative risk
increase of stroke [21],

Extrasystolic arrhythmia

Electrocardiography features. ECG DM is particularly useful in supraventricular
and ventricular arshythmia identification in clean-up workers. ECG DM in patients hav-
ing VE Is aibuted w e Alevel study evidence according to the Eumpeln society of

ics o eatvely

rare EAand y of pr icular and
tions revealed within ECG nglsmnm
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According to our data (Table 12.3) the excess of high-grade arrhythmia types and
an increase of VE and SVE per 1 studied case by 67% % (<005) were he conssten
features of EA in clean-up workers vs. non-exposed persons. Maximum mumber of VE.
per howr was e by 665, wheres o pared SVE - by S1.1% (0.05).

Table 123, Extrasyslolic el feares InChraby aced cen p wrers accre (o
electrocardiography daly monltorin

Groups
s Glean-up worker osed parsons
having WA HRDL 082
Venlrcular extrasystoles
Exrasystoles per 1 examined persan, Mem o1 17338478
Maximum of exirasystoles per 1 hour 2054186 1419614
Paitad and group exrasystole frequency, s 511 457
1 Mem 767231 715842
:
6 por 1 examined person, Mem 1380.7582
n.qu-m of pairad extrasysioles% 022
xirasystales per 1 examined e 16126104
Fuulmu:y of supraventricula tachycardia, 512 21
Supmwmcllaf tachycarda complees per 1 examined 308:41 2Basa2

'«Ne:vm rp—
Possible direct link of ventricular arrhythmias including the life-threatening ones
to transient ischemia is of particular concern. In our practice the total duration of isch-
emia and of painless ischemia in clean-up workers suffering HRD was 22.1#2.6 min
and 15.8+2.2 min vs. 8.9+1.1 min and 6.3£1.1 min in case of no HRD (p<0.05) and vs.
15.242.5 min and 11.. 221 2 min (p<0.05) in non-exposed persons, Number of diurnal
imes
higher vs. in its absence <0.05). There were dnse correlations between the nnmher
(r=0.72; p<0.01), duration (r=0.74; p<0.01) of myocardial ischemia for round-the-clock
and the number of ventricular extrasystoles. LVH was found in all patients suffering
episodes of myocardial ischemia. MMI there was 174.424.1 g/m? vs. 163.2¢3.2 g/m?
(p<0.05) in its absence. There were correlations between MMI and a number (r=0.
P<0.05), duration (=0.38; p<0.05) of myocardial ischemia episodes for a round-the-
clock. These observations are in agreement with an opinion that myocardial mass aug-
‘mentation in LVH mes a substrate for relative insufficient coronary blood supply
to myocardium especially under a load.

e heart rate increase in a rest state is an independent RF of cardiovascular dis
ease and sudden death from Irrhymmlzv Clur link has hzzn found between the heart
rate and SCD which incidence e ly higher in CHD with heart rate at a rest
tateof 75 min and more, Number of panems hav g heart rate >75 min-} among the
clean-up workers suffering EA was reaching
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According to HRV analysis in clean-up workers suffering EA the significant in-
crease of sympathetic and parasympathetic activity, their dysbalance with sympathetic
activity excess were found. Indices characterizing general HRV (SDNN, SDANN) in
the clean-up workers suffering HRD vs. group with no HRD were significantly higher
by 25.7% and 25.3% respectively. Significant increase of SDNN >170 msec, SDNN-i
90 msec, TP >8000 msec?, LF/HF <0.95 Units was associated with VE & SVE divrnal
number > 3000, HF signs that makes reasonable to consider these indices as predictors
of HRD.
ructure-functional remodeling of left ventricle. LVH in clean-up workers suffering.
EA was found in 88.6%, in case of no HRD — in 86.6%, in non-exposed persons — in
89%. Severe LVH with MMI>170 g/m? was prevailing in clean-up workers suffering
HRD reaching 53.7% vs. 39.5% in no HRD (p<n 05), myncardlal thickening over 14
mm was found in 19.4% and 11. s 12.12)
LVH was consistent in patiens with venticular extrasystoles pred
Lok venicle myocardil mass
(LVMM) was exceeding in them the

w0 respective values in no HRD by 37.5 g,
by and it index — by 216 g/m? (p<0.05).
o LVMM was higher in a prevalence of
- SVE and single VE vs. no thythm ms.
= orders by 21.9 g MMI — by 135
- e et e of
o the VE number with myocardial thick-
ness (1=0.33; p<0.05) and MMI (=0.3;
s ang p<0.05). Diurnal number of VE was
Sttt ettt twofold higher in severe LVH vs. mod-

Tikinnraxian erate LVH (p<0.05)

1212 L et ol EDD index 31 mm/m? and more

Wkl et ey ""“V""“ "'""" indicating to LV dilation and volume

overload was found in 14.8% of clean-

up workers suffering HRD vs. 8.7% of no HRD history and vs. 15.6% in non-exposed

persons. Diurnal VE number was there 22364262 being sigalficantly over vs. cases of

non-dilated LV 2.3 times (p<0.05). There was a direct correlation of the VE number
and EDD index (=0.32; p<0.05).

‘The anterio-posterior LA size >40 mm was associated with SVE and further —
with AF. Diumal number of SVE in case of LA >40 mm was 1.9 times more vs,
non-dilated LA (p<0.05). A direct correlation of SVE number and LA size (=033

P<0.05) was found.

LV diastolic dysfunction was seen in 72.6% of the clean-up workers suffering
HRD vs. 65% in no HRD (p<0.05) and 78% in non-exposed persons. Abnorml re-
laxation was found in 52.6%, 56.3%, and 48.79% respectively. Pseudonormalization of
transmitral flow was scen mainly in severe LVH among the 20% of clean-up wor
suffering HRD vs. in 6.7% in their absence (p<0.05) and 29.5% in non-exposed. Dia-
stolic function disorders were more pronounced in case of SVE . VE. The E/A ratio in
pseadonormal transmitral flow was there 1.4410.02 vs. 1.33£0.01 In VE (p<0.05). Time
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of LV sovolumenic rlasation was ess by 24 msec, demlmnon time — by 10 msec
(p<0.05). Number of
B il vt Cos abeion Aottt o hyperension
LVH can induce the AF paroxysms. More pronounced disorders of diastolic function
in SVE vs. group with no HRD could be induced by a significant LA dilation, the ante-
so-posterior iz f which n pedonoemal ype of uansnil flow s 432105 mm
in SVE vs. 40203 mim (p<0.05) in no Hi
Systolic LV functon was not abnormal in majority of exarined persons. Ejection
Bt Tes than 45% was found n 59% of clen-up workers suffering HRD vs. 10.9%
in non-exposed and 1.3% in no HRD. Higher number of extrasystoles was registered
including the high-grade VE in EF<45%. There was an inverse correlation between the.

‘Through the review of myocardial structure/functional abrormalities in EA de-
‘pending on their etiology the mare pronounced disorders were found in postinfarction
cardiosclerosis and CHD combination with AH. Severe LVH, concentric type of LV
remodeling in EA being stipulated by CHD combination with AH, left myocardial
chombers distion in postinarton cartoscleross were characeischee. There was
a significant incr ‘myocardial thickness and mass, more pronounced disorders of
3 et oo it ecudcnomal wransmirl o n 25.27% of cses. Syl
function disorders were peculiar for the cases of EA stplated by postinfrcion cardo.
scleross,
et a signfcant Increas of isolted VE and SVE namber per 1 examined person for
o dhe-lock,of ncidenceand numbe of pated and group VE, and spraventiculs

tachycardia epi
Physcal lon tleabilty s owere i evry hirdclesn- ap wokersfeing EA,
‘Threshold power (Wy) in case of paired and group VE was by 17.3% lower vs. cases of

less than 10 extrasystoles diurnally (p<0.05). The extent of executed work there was by
34.0% e, oad dration —— by 219% (p<0.05). There wasan iversecorrlaton of
Wi and SVE number. The clean-up workers having SVE tolerated much lower physi-
vl o B e s rom-exposed perons (<0.05), Dependence of hysia
Toad providing blished. The Wy, extent
oFexcuted ik, ond uraten wer e 0 ASan st the urued M1 o
lowest Wi value was in the MI survivors in association with AH. It was by 32.8 watts
Tess vs. cases of cun with no AH (<001 Wy, comelatd with sad angia EC, HE
= z <0.001). Age, pared and group VE, angins FC, surived M, LVH wer he
actors of physlczl working capacity decrease n clean-up workers suffering
IR, eidenc o EA oo oder o o B3 s higher vs. group with no HRD
(p<0.05) and 1.3 times vs. non-exposed. Headache, dizziness, and dyspnea were most
prevalent among other reasons of loading test Interruption.

Avial fibrillation

AF occupies 35.3% within HRD structure in clean-up workers. AF symptoms

are not pathognomonic.

According (o ECG DM data the significant increase of extrasystole mumber B
1 examined person with prevailing of VSE>500 diumally, of maximum number
exiasystoles per 1 hour by 36%, of paired and group ventricular extrasystoles ptr
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1 examined person by 145% and of supraventricular ones — by 113% (p<0.05) was
registered in clean-up workers suffering a paroxysmal AF vs. the non-exposed persons.
Average duration of  single ischemic episode and diural ischemia duration were by
35% over the ones in no HRD.

LV was morepronounced inceanp workers suffring paroxysmal AF than i
10 AF, severe LVH was seen in 50%. MM Increase vs. no RCD cases was 14.4 g/m?
(p<0.05). Myocardial thickening by 14 mm and more was found in 26% of clean-up
workers ufering AF v L1.7% n 1o HRD and 105% i o exposed,

LA was dilated ents being in 1 iated with dilated
V. Diastolc function s abnorml in 42.9% of patients ander e preserved LV systlic
Huncon, Changes of sbolte vues of e e wee exceing te respective ndces
sa o HED 5o 8 all types

ysical load mlembllny was decreased in 42.9% of clean-up workers suffer-
ing pamxysmal AF. In association with AH the Wy, extent of executed work and load
duration were lower. Age (= -0.37; p<0.05), angina FC (r=-0.52; p<0.001), LA size
(= ~0.31; p<0.05), LVH (r= 0.42; p<0.05) were the meaningul factors o tolerability
decrease towards physical load in the clean-up workers suffering AF. SBP elevation
up to the submaximal level (47.6%) was the most frequent cause of load [nterruption.
General fatigue, dyspnea were among other reasons of load test interruption.

e ot rest st was mporant inthe sk sy under the stable AF. In
stable AF the average rate of ventricular contractions was by 27.9% over (p<0.05) the
el n o HRD. Tnere were 6% of the clan-u workees having Sable AF in whom
the heart rate was 75 and more per minute being 50.8% more tan in no AF. Ventricular
contraction rate of 90 per 1 minute was registered in more than a half of the examined
persons. ST-segment displacement for more than 1 mm below the isoline was registered
in 12% vs. 7.5% in no HRD,

LVH was diagnosed in all clean-up workers suffering stable AF vs. 91.9% in no
HRD. Severe LVH was ) 76.2%. MMI exceeded the values in no HRD group
by motion was found work-
e sultrng bl AE. orions af wal dyskiness appearig i focuss of ischea
‘and cardiosclerosis can be the source of thrombus formation resulting in an increase of
cardioembolic stroke risk.

cavity increase over 40 mm was registered in 92.5% of clean-up workers suf-
fering stable AF vs. 319 in a group with no HRD. LA cavity increase preceded the LV
cavity increase in 33 clean-up workers suffering stable AF. Average antretio-posterior
size of LA in clean-up workers suffering AF was reaching 47.7:0.8 mm. LA dilation
an be both the source and the consequence of AF. LA cavity increase and LVMM were
considered being independent RF of AF in AH. AH in 76.8% of the clean-up workers
suffering AF indicated t0 the leading role of AH along with CHD i s genesis.
ipensatory role of LVH in AF especially under the insufficient heart rate con-
ol v icdy exlansed] nd o0n he el gt s provide by e LV cavy
dilation. Lat
and eccentric hypertrophy dmxnpmm in 56% of examined persons. LV dilation was
in 829% of clean-up workers suffering stable AF and an eccentric LVH vs. 16% (<0.05)
in a concentric
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Systolic dysfunction with EF < 45% was found in 25% of clean-up workers suf-
fering stable AF. Statistically significant EF decrease by 17.6% and A S — by 23.1%
(p<0.05) were revealed vs. group with no HRD. There was a reason to believe that
cardiac systolic function disorders were an independent predictor of thromboembolic
complications in case of AF on non-valvular origin.
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enserer 13 T'HYRIOD GLAND
AND METABOLISM

13.1 INTEGRATION OF IMPACTS AND DAMAGE LEVELS

Dpie4yems have passed since the Chotnobyl NPP accident
of i

not just remains important but has become even on the front burner, Instead of an ex-

pected fade of thyrold diseasesplas among e varous population goups ofsuvivers

secutive increase of incidence occurs according to the annual staistics of mor-

h(dny and morality 11 Moreove endocrne disoders posses in general a significant
place within the entice morbidity structure of the survived population of Ukraine.

just the system of internal secretion organs and specifically its disorders in a great m

sure impact the quality of life and life span of the patients. It is stipulated by a tricky

&y of endocrine glands and muldlevel nature of s interaction pathways with

other functional systems, both with actually  part in regulation of vital functions 2

| NPP acciden n 1986 release o

o oo and

long lving sotopes (e 8 D W, s, E6Ra, 700, 29py e exerted thedamageof
long-term

mone i o ek fuseoge- T proglon radionuclides pon incorporation

ippeamd being the main source of radiation exposure, Thei ded dementl fict way

i partly received

within few days or months afeer the accdeat, whenesln o e years that
‘makes difficulty 1o estimate its negative impaci

I general it s worh eping in mind nm tis unreal (0 foresee and survey al the

systems has the specific sensitivity P dependence on dose of radiation [3)
“There are three groups of responses to radionuclide incorporation: physical ones,
biophysical abnormalities. Physical reactions occur dur-
ing all the time of radionuclide presence in tissues. The same is peculiar to biophysical
events. Then tissue and cell general biological abnormalities occur and are observed
not only during radionuclide sy n uman body bt o many yeas vpn tha 4. The
‘well-known ated
clide effects. i i if hysiological
systems and structural levels are involved (4].
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ong Chornobyl
e e are hyroid ones «n.sz%), nbeslly and body mass excess (52% and 336
respectively), i

popultion of Uktane the respective incdence and prevalence values are much lower
according to the files of Ukralnian Ministry of Public Health (2, 5, 6. This situation
i the results of a complex impact of negative factors of the accident, of the
radiation. In a comprehensive view the integrated impact of external y-exposure and an
internal radiation from incorporated radionuclides had injured the vatious branches of
humoral regutation both of central endocrine organs (secondary and thirdly regulation
levels) and pmphml endactine organs and tsues (primary level). Radiatin inury
there occurred through activation of genetic predisposition under combined impact o
ksl buas .

Known for the most
in Ukraine. i
involved in thyroid metabolism, and their deficiency leads to iodine-deficient diseases,
namely a diffuse goiter when thyroid cellular mass increases to absorb more iodine.
Unde such circumstances che thyrod o suvivors was capable o accumulate  lot of
radioactive iodine within a few months upon the Chornobyl accident in 1986. Suc
comulation appered beng mch more s esans with asuffcinc iodine. snpplemama-
dent. Excess radioactive iodine

emat n severe exposur of thyrold, Chkven were a ha he st rical group of
survivor as more ntersive metabolism s peculiar 1 them in genera (2

AS it 3 the estimate of an radiation after
the Chornobyl NPP e 2 challenging issue as the doses were absorbed within
both months and years. The most pronounced abnormalitis in the immediate days and
wweek after the accident were found in thyroid because of extra high radiofodine content
inthe iciency had pr inensi
accumulation
of an acute thyroididis in CMn\ohyI NPP accident clean-up workers who had received
high radiation doses (over 1000 mSv). A bit later the immediate launch of thyroid ra-
diation effects occurred featuring thyroiditis and later the malignant thyroid neoplasm
emerged. The long-em wransient euthyrold hypethycoxinemia was the lfect withn
first 3-5 years in other survived persons having 250-1000 mSv thyroid dos
resulted in predisposition o e chronic ot dease, ol OSEof Ao yrodiis
and nodular goiter, and other endocrine disorders.

Radiaon bad damage the celular geneic spparts xesulng n chromosome
instabil inabnorml eparion ofthe exposed

, inability

biologically
cration 7], More over cellalar membrane abrormaliies emerged followed by abnormal
receptor interaction of hormones, intracellular physiological pathways predisposing o
hormonal tissue resistance. Unfavorable impact of Chornobyl accident factors on the
endoctine system had led to hormonal disorders in energy pathways regulation of body
mass, to abnormal behavioral reactions, increase of body mass excess cases, oxidative




‘Chapter 13. Thyroid gland and metabolism 403

stress with resulting dyslipid-
emia, DM and other abnormali-
ties (see later). Some of such
consequences are systemic ones
namely the insulin- and leptin-
resistance syndromes, featuring

with clinically significant car-
diovascular (arterial hyperten-
ston, coronary heart disease),
neuropsychiatric (dyscirculatory
encephalopathy, psychoorganic
syndrome) and other disorders.
Further 5 years (1992-
1996) the risk of thyroid di
se in Chomabyl NPP accident
survivors had increased about
nine-fold and of DM — about

isea-

of endocrine disease incidence
in clean-up workers was about
3-5-fol higher vs. the adult po-
pulation of Ukraine in a who-

ml

101 lnbence oy dess b clst. g v

ot 1986
e nsos Gty
G o e ot o i s ol

. 152 Preence of conc s i Ui anong e
‘Charaabyl PP acelden survivors of varous age (Minish
Hesh 4, s and hlce, v per 1009 popot)

le. Some kind “rejuvenation”  rewtnr
of such disease occurs being 20
otherwise ypical orthe oldc

e SRU 0
i P |
in ma—zoos the incidence of % l I I
non-cancer thyroid disease was
pﬂvil!nl through the chronic "
(autoimmune) thycoidits, nodu-

lar goiter, and primary (acquired)
hypothyroidism (Fig. 13.1). Pre-
valence of chronic thyroiditis
since 1997

in clean-up workers, whereas in

yiv city popt
stable (figures 13.2, 13.3). The

8 135 Pasne schrs sl 9 e
values per
4000 poptton)

most robust increase of thyroid disease prevalence was registered in clean-up workers

who had been less than 2(

1986. Exlmil (lnlal body) adition doses within 0 zs-n

Gy range are rec

ized d of
geness I clean-up workers of 19861967 service period and popuhnun evacuated
from the
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P
0 a direct radiation impact

(excpt hxgh adiation doses) but are radiosensitive for e remme etfecs.

o ki of et s ot e before

(1997 2um) received by the saff of SCRM.

because of specific difficulties [8]. Progress in recogaition of hormonal interaction path-
ways highlighted the new aspects of the Chornobyl NPP accident unfavorable factors
impact in health. Just reviewed in details further here obesity and body mass excess,
MSX, and osteopenia are of enough relevance in clean-up warkers.

13.2 CENTRAL DISORDERS OF ENDOCRINE REGULATION

According to the cutting edge data the abnormal hormonal regulation of energy
metabolism is found in survivors having body mass excess (5, 8]. Specific disorders
of cerebral regulation of neuroendocrine and motivation processes, adipocyte-hypotha-
lamic information interactions with neurochemical (hormonal) dysfunction resulting
in abnormalitie of eating behavior, psychological state and motivation are of especial
concern. Serum content of the a-melanocyte-stimulating hormone (MSH) produced
by cerebral structures is normally (in persons not exposed to Chornobyl NP accident
factors) elevating proportionally (o body mass increase followed by serum content rise
of leptin synthesiz ose tissue. This is a physiological reaction focused on a
decrease of food consumption in overweight. However under the same circumstances
but in Chornobyl NPP accident survivors having body mass excess or obesity and even
more pronounced hyperleptinemia the MSH secretion is unchanged (Table 13.1) (5]
s MSH i n impuran: componentof melanocorin system tghty Invlved i eergy
adaptation pathways the described abnormality is a marker of energy supplementation
disonder of ypotbaamic-ptiary nmplex in survivors [5). These disorders in twm
appear as an insu r an absence) of peripheral hormonal stimulation (insulin
and leptin) on sl ol d srcasi mckl ad, consequenly - 15 o
expression of pro-opimelanocortin (POMC) and cellular resistance to POMC in hy-
pophysis. All that leads (o excessive accumulation of adipose tissue, appearing of an
abdominal and/or total obesity, and MSX onset followed by a wide range of the respec-
tive hormona/metabolic disorders [5).

Table 13.1. Serum cmelanocyte-stimulating content hormone depending on body mass Index
“hornobyl NPP acddent suvhors, 43¢ | Subints g o of s sceldot 300
Pl ol !'__u:s-m 25299 o T wsas | osme |osw
Number of persons 36. a7 % u 09
Averago BV value 22.84+1.56 27.71+131  33.93:303 21234349 28494102 35028404

:MSH (pmolll) 163741307 1372'42269 150441950 968714 _18.17+1532 251412901

st

Several unfavorable environmental factors have had an impact on the reproduc-
tive system in survivors. For example, menstrual cycle disorders increased 2-3-fold in
females, Intensification of menses was typical within first few yeas upon the acciden,
whereas clinical cases of oligomenorthea and amenorthea, infertilty and polycystic



Chapter 13. Thyroid gland and metabolism 405

ovary syndrome became more frequent 56 years later. % Incdence of arous rade
erectile dysfunction had increased dramatically (by 60- ally within
hevery st year fe the accidnt e seru s o and dor

pinecontnt ws ncessed followed thn by a dectase o e wntenniumls to lower
threshold leves a
levels of follicle- sumulanng andor lute rmones). Occurrence of a precocious
hypogonadoteapic hypogonadism was and s the il in some of such cases. Cases of

increase o

ro-

also found.
‘Along with the effects factors a
robust increase of the stochastic disease (cancer) of endocrine tissues was revealed in
Chormobyl NPP . snmvon ate the accdent. Decaled descrption of that can
be found in many sci
. 2 saged devlopren: of mrestochasic endocrine disase comesponding to
pthaphysilogicalahersions T the cemrl peripheral parts of endocrine system
surveyed after the Chormobyl NPP accident (Table 13.2).
Table 13.2 Non-stochastc endocrine disease after the cmmdlw NPP accident
Feiod E Tive e excions ocesvs Gusi

o Functionalstcain Nynwphsh of endocrine (hor
i "5 o it o085 ing) calls nwﬂﬁpnxlm R H

Primary "“""" ton 0 My 28041586~ Increase of priphoral bormone concontatons
81986

1 agents
263 iaisvoadhs, g in blood as 2 fesult of partal cellular damage
arifcalon o grhera Tormare sy
Compensated hyperpro- @ of reaction of central
2 duction of peripheral  09.1986-1969 umu rs of foed-back inks due
hormanes to lack of Nkmna factor and wopic pitutary
nnlmam synthes

covery o ) restaton o Romone o

o Subcmal dorders "mh el

of endocrine tissue 1990-1995
s dociine ussm eyl

b
Splash of endocrine system disease against a

Ciincal presentation

1996-2010

it functonl capaity and dsorders of contal

hormonal regulato

133 PERIPHERAL DISORDERS OF ENDOCRINE REGULATION

Experimental data are available on a functional state of pancreatic islet fcells
ate the high-dose and lthal-dose toal external y-adiaton inducing an acue radiaton
syndrome (ARS) of various grades. Beta-cell incretory activity becomes Increased wi
extreme abnormalities linked to periods of primary reaction and eruptive phase of ARS
[11]. Under a short-term exposure to relatively low doses the staged changes of insulin
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pr it production decrease early upon exposure and increase after
2 ile llowed 2 X oStponcd novmisisation. Wcstosed inslin production i an
s considered a result of excessive release of contra-insulin hormones:
Huopeoraeey :dmnocommlmplc ormone, somaropn, agioensin I, erepneph.
rine, and free fatty acids.
In its turn after the 5 and 15 Gy local imadiation of abdominal part of male rats.
the DM is a remote in time radialinn dinte (dose-dependent onset) along with an
increased pancreatic cancer risk [12]. The staged changes of blood insulin levels after
a single-time 1 Gy y-irradiation are !xplamed in e few experimental works (13, 14].
‘The decreased by 23% insulin content was found in isolated islets of Langerhans under
lucose concentration 5 mmol/L in a medium and by 20% in case of 15 mmO/L re-
spectively after a month upon exposure, Seven months after the irradiation an Increase
of insulin content occurred in the islets under the same glucose content in a medium.
Normalization of indices were found only at the end of 12% month. The exposed animals
were not different from non-cxposed ones by any other parameters for the entire time
of survey. Such deviations of insulin concentrations i.e. level lowering in 1 month were
absered n s upon i Intcmal inadation with 0.3 Gy absobed das. The rofound
decrease occurred at the background of simultaneous secum corticosterone elevation.
Abit increase of insulin level was observed also in rats upon 40 days since 5 Gy total
imadiaon againtserum concosterone excess and maderate owerig of tyroxi and
both with significar
e i anils ust afer o o 105 Gy o adiaton. Hormone concentration
decrease after
2-5Gyof iy
Disorders
sudied, and pos-adiaion hyperinsulinemia pathway s o clear (15]. Increased sen-
iy oo it registered in mice with hereditary predisposition to
DM [16]. DM appear
pon exposre o ntegrl ogation doss 9 1 5. CGy 1t & rangs of e sace irh
(up to 1 year) [17].

134 AND METABOLIC

Carbohydrate and lipid metabolism
I i joni udi I

in abnormal hormone interaction at a membrane level in the target tissues
Increased DM incidence appered belng a milestone fading in Chnmohyl NPP
dlsnup workers and 30 zone evacuees after the accident ol of insu-

s o ha o

and a exponre Das on pancreatic dysfunction in human gt
lmpacl el nfow seemile papers being relevant to high-dose exposure. IR
and hyperinsalinemia were found in persons exposed to head radiotherapy in child-
for brain cancer. Decrease of a spontaneous insulin secretion under the arterial
hypertension (AH), hypercholesterolemia due to low-density lipoproteins (LDLP) in
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combination with
w0019} Hypummmxa agamsl the backgm»a of nomal lycemia wes found i s

Teukemia [20].
Ventoed oo e st st o1 local high-dose irradiation despite
none of patients acquired the ARS.

Noteworthy that an endogenous hyperinsulinemia against relative lowering of
‘C-peptide content was found in children with body mass excess being explained by a
decreased insulin clearance, and also in kids with normal body mass but a point e

o rsponsce of priesalin o fuin convesion. Such aions cn o
smnasuc cfecs after adiaion exposure. Morcover some data on nduln level and
Teceptor functon, long term nerese of conranulin hormones whee hyper
cotsalomiy was found even 9 years upon the Chomobyl NPP accident, both with cel-
" A iy

an
stress after adiation brings the opinion of abnormal hormonal sensitlvity including one

0 insulin under such circumstances.
512

for adi
taminated territories after the Chomobyl accident revealed a hype'nnsullnemu in bor
boys and girls along with hyperandrogenia in latter. Noteworthy that hypulnsullnem[a
incildho i keyrsk fctor of MX i adlhood: Moreover serum content lva-
tion of prolactin and aldosterane, lower daily urine excretion of catecholamines and
st of ypocoriciem ar s found i such cases. Sl abnormalies of ancion
onal system of adaptation expressed among other through a prolonged hyper-
(vn ot vere foud nexprimenal il upon alow-dse radation. Al menoned
long-term elevation

in the insulin secretion abnormality.

1115 a pincipal pont tatabesy s  InR maker. And insuli sn ity in hu-

man is decreased by up o 40% in case of an individual body mass excess of 35-40%.

Obeskyand by mass excess s s e imporant in geersl n persons exgosed
on. Just the MSX

ohesny, was found in 48.1% of the randomly Slected Chornoby) NP e -up e

ecording o the daia by RCRM Here s notewordy th fct that MSX incldence wiin

in 1990-1995 to above value

in nsss-zoos Basal concenlnnonsollnsul.m C-peptide, glucose,rglycerides ncrease

and il hyroxin,patyid
within
MSX gensis Therefoe (h iss of ohesty n general and of MSX i parieular s
clearly important in Chomnbyl NPP sccident surivors. The ellopshogesei ol of
radiatlon s of especial concem here, Health disorders in children of parents exposed
15 Fiiabon e W GRS m:ldem can be stipulated by some neuro-endocrine
abnormalities at a hypothalamo-pituitary-thyroid level that can finally lead to endocrine
organ discases

(TSH), 1epun, calcitonin (CT), cortisol content elev:
and of

ly pr leukemia (ALL Head
expnsure, female gender and her redllary predisposition are the risk factors here. The
Phenomenon o Jepin insensidviy, Gawh hormenc (GHD defcency, damge o the
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central for and eating behavior are
worth attention here among a wide range of pa(h ‘ays proposed o explain the obesity
prevalence upon head irradiation. Significant limitation of body mass excess in remote
term after adiation therapy is reported in cease of s synlec G nalog oceroide
dministeation. The absolute . body tissues in
receiving head radiation theapy were comparaiely e ot s
ntrols. Serum leptin content at that anly higher. Coefficient of a leptin
oot e i cbadipase e ass s Mgt %6 St e i el
i GH It means th
highes values calculated in case of most pronounced GH deficiency. Hyperleptinemia
and its link to GH abnormalities is cansidered a result of radiation damage of hypotha-
Jamic structures.

Experience of administration of GH preparations in case of is deficiency indi-
cates 10 a close link between the leptin and GH synthesis/effect. An average GH level
10 50me exent deines the epin content probably trough modifction af e dipose
tissue mass and its distribution. Replacement GH therapy in growth-retarded children
is followed by the lepin level lowering, at that its concentration decrease correlated
with growth pattern within first year of treatment. According to another study results
the relative risk of obesity after head radiotherapy with over 20 Gy dose was 2.59 vs.
control in females (95% CI = 1.88-3.55) and 1,86 in males (95% CI -2.57) from
1765 adults who survived after the childhood ALL and 2565 adult siblings matched by
age and ethnicity. Relative risk of obesity was the highest in females when the ALL

diagnosed at age of 0-4 years (average 381; 95% C = 2.34-5.99). Obesity
risk was not linked to chemotherapy. Such an effect is a consequence of the age-depen-
dent radio-induced hypothalamic-pituitery disorders. It means that ionizing rediation
in younger age disots th Lptintecepto sensiy in ventomedial parts of growing
and developing hypothalam

Studies are important hm 5 ety over doses ofbead rdiion gy in

were I o th
of obesity (15%) vs. 7% in mgtm absorbed doses. Obesuy "wos defined by the BN
standard deviation score (BMI-Z-score) calculated with taking into account the BMI
disbuion seymmety depending o an sge (BMI-Z >2 comesponds (0 n abely,
MI-Z >3 means a severe obes

Decress of Insuln, C.peptde and cslclumregalaig hormone coneenratin
along with corticotropin, cortisol and prolctn levaton wee found 6-12 wesks sfr
the Chornobyl NPP accident in exposed child
Incidence increase f disease g ) endothe

dy:funnlnn Le. type

20M,
(DEP) and ot oot A e snrveyed in paralel ith body mass
excess in Chormobyl NPP accident survivors. There was a dependence on age tao.

Cardiovascular disease is & most srious dkso.der in females that is much depen-
dent on body on the age, and thyroid
disease i mainly i win age. Incidence of eslmgendependml disease appears
higher along with body mass excess in females iﬂmrmg ‘metrofibroma (up to ~9% of
development is of low dependence on an a
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‘Type 2 DM risks among various population groups are higher in females and de-
pend on  body mass acordin to the el of UKPDS (Unied Kingdom Prospecive
Dizbetes Study), HDS
tion and Event Lowering in Diabetes) e e s Among ‘he Chormaby] NPP
clean-up workers such a dependence on body mass and age was found both in men and
‘women. Higher type 2 DM incidence in females (4.43%) vs. males (3.24%) corresponds
0.3 typical patiem of distribution in the entire population of Ukraine (6/4 ratio).

Distae whichargnaton can b ke 0 ratiaion in Chorbyi NPP sctdec

b

compare group oty m highestrisks are oot (except thyroid i
for type 3 DM, CHD and DI

e of by mas n cleamup workers ke h st bt impact on such
dependency onset because MSX besides the arterial hypertension, free fatty acids ele-
vaion and hypercoagalaion
is followed by dyslipidemia,

and -

emgenons chlseol of
density an

t0 a further InR exacerbation,
intensification of endothelial
damage that leads to more se-
vere arterial hypertension to
whlch lhz females are more

resistant, Precisely these neg-
i processs deveio s 134 oot o he mo prevant s v
under disorders of liid me- e iy PP skt s i o oy oy

tabolism (dyslipidemia) and ! — dabetes malits, ype 2: 2 — autcimmune thyrodts; 3 —
eyl 3 hroldcancr; 5 — coranay st g

excessive level of the free (POROds: 4 o e

fatty acids and triglycerides

that was found in adul study subjects (Tables 13. 3 u o

ly mass,
being prone to exacerbati e The e s pmbably linked to mmpam and
dramatic decress of estrogen ynhets (csrogens exrt athandrogen propevdis).
ferate acceleration of RBC sedimentation was found in survivors thet under no
infection or other source can indicate the inflammation process activation belng related
o altemative free fatty acids and cytokine level elevation namely the eicosateiraenolc
(arachidonic) acid and tumor necrosis factor-§ (TNF-B) due to their accelerated release
from adipose tissue at the background of body mass excess (proinflammatory state as
a sign of MSX).
InR as a MSX pathogenetic basis was followed in survivors by disorders of car-
bohydrate metabolism i.e. excessive glycemia (7.3¢5.1 mmolL in males and 8.243.7
mmol/L in females) that was not significantly linked neither o age nor to body mass.
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‘Carbohydrate metabolism was abnormal in clean-up workers having InR in a vast
‘majority of cases. InR grade defined by HOMA index both with C-peptide serum level
significantly (r=0.32; ps0.05) dependent on body mass being lower in females (InR was.
vt four i poma by mas) Seum letin was more levated i femles sufferng
IR follwed by endogenous nslin level and HOMA value increase.
ween mslin and C-peptde concentatons cigie
both are pins en protasuln molecule undergolng spliting o tsuln and C.pepice

Le. both compounds ‘tbe

explined In particulr by autoimmanity as the meaningful ter of insulln andbadies
was found only in few patients. We consider possible difference of metabolic degrading
of both molecules.

g
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‘Bone metabolism

y clinical course
ase in Chomobyl o, personnel and persons of various age ex-
ing radiation. Mineral density indices of trabecular and compac
0 the ower i
persons exposed to radiaion vs. respective values in control ndlcatng to meaningfol
Drelenceaf osteopenic syndrome among the examined subjects. Clinical and case his-
tory data on bone-muscular system state in the study cohort have revealed a sigificant
increase of spinal osteochondrosis and large Joins arthrosis. Some fetures o linical
course of spinal as mainly
syndromes both with migrating bone pain i Large oins and tublar bones n.somm
of calcium and phosphorus homeastasis s various severity D-vitamin deficiency and
hypoparathyroidism sigos were found in Chomabyl NPP ciean-up workers by Belaru-
sian researchers. Stable cephalgla, cognitive disorders, pain in limbs and jofnts were
the most prevalent complaints.

Dividing cels i.. pre- -oscablasts and osteoblsts are underthe highest s of
radiation damage. These cells produce and secrete to intercellular space the collagen
il polymers on which sursce the mineralsing ekes place. Osteoblast dysfunc-
tion leads to slow-down of hydroxyapatite crystal nucleation. Some abnormalities of
hydrosyapatite crystal in sold tooth tissue and alveolar ridge were found in persons.
having the high absorbed radiation doses. nd

of bone-muscular di
posed to low-dose ior
bone

of the
phosphate anions from bone lead o Increase of urine yrophosphate content md\cinng
the systemic process.

‘Complex of hormonal-metabolic disorders found n the Chornobyl NPP clearup
‘workers In proximate years after the accident can be considered an adaptation-compen-
satory response to radiobiological stress. Genetically specified norm of reaction s of
evolutionary-historical nature and human organism not alays can adequately react (o
new i of radi
onset. In response 1o the stabl genesis
laboratory hypoparathyroidism and calcitonine excess occurs against the background

of hypecortisolemia and levted serum estradiol contnt. T response i ocused on
preservation of mineral component of bone matrix and maintenance of stable serum

Glcum and phosphores concenapion
nset of an osteopenic syndrome and its severe form asteoporosis in
Chornobyl NP accideat survivors in remote terms is linked to the phenomenon of
decrease of bone mineral density and resistive characteristcs, premature bone aging
ore pronounced in young and mid-aged persons resulted from combined impact of
ol evemal iradiaion and loca efect of ostetrpic and myotvopic radionuclides
0s;, ‘Cs. Hormonal dysregulation are known being of an important role in

rogressing decrease of serum para-
hyrld hrmone comen slong withcleonin leveian was found i ‘Chornobyl NP
clean-up workers (Table 13.5).
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fable
‘absorhed radiation doses of 0.5-1 Gy In 1988-1990 (2), in 2002-2005 (3), and In ARS comvalescenls.
In 2002-2005 (4) (Wem)

[ I R
I L LT
1) (©3) (75) @)
Cﬂldlunln, 2481013 5.4240.98* 8.75+0.63" 12.39+3.29*
nglL (140) (23 64) 0
} SOETA SO LG IO
Cortiolmalt ) @) © (in
621143 TmemT 88360 SLSHS
Insulin, pmolL. (25) @) a7

Analyzing the PTH and CT concentration abnormalities one can put forward an
opinion that a stable compensated hypoparathyroicism aimed on preservation of the
bone mineral density (BMD) occurs in clean-up workers after the impact of radioeavi-
ronmental factors of the accident. It is recogaized that decrease of PTH production and
secretion ions release to
blood. Excess of CT lso slows de
iyl of sty ey nd Finensifes bone depostlon of
mineralized calcium. Residual moderate hypercortisolemia 18-19 years upon exposure
1o radision can to some extent depress the bone tssue remodeling due o decrease of
intestinal calcium reabsorbtion and intensified urinal excretion. An additional point is
that cortisol interaction with cytoplasmic glucocorticoid receptors of osteoblasts leads
o slow-down of protein and collagen synthesis and depression of RNA synthesis. One
should bear in mind that elevated cortisol levels are stil registere in clean-up workers
even in remote terms upon radiation, being however signiticandy lower . in the near-
est years after the accident. The
revealed long-term abnormalities

<s3sssaynsds

of chronic impact of osteotropic

radionuclides) remain being a re-

flection of stable systemic com-

pensation focused on preservation

S50 W44 4549 sos4 8530 Goes 543 7074 of mineral and organic component

6 @) o) € E) 69 6 of bone tissue Le. on retardation

. 4 of osteopenc syndrome. The later

osopoass arises a5 a result of energy defi-

s B cit stipulated by expenditures due

10 an increased strain of several

oo 1P e mmn e o .,.‘.LZ“..".'.; physiology systems and processes
=l in exposed organism.
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0516y
bsorbed adiion done, it mmmxs (T <-29) been found I ~G.5% of hem.

ol variousseveriy gade ARS convalescets. Ther was o et any o e ot
Just as of an average
bone siless (STE), ie. ShD e o depend:m both o the evel of 1 3bsorbed
xadiation dose and an age of survivors (Fig. 13.

Noteworthy that there was neither any correlation between BMD and PTH or CT
inserum of clean-up workers,nor between BMID and B Cactum,prosphons, and
magnesium concentrations were at that normal both under again normal or abnormal
BMD idicting o the srung Ehylogencicaly csublshed hoseosads matnenance of
these elements (Table 13.6).

Table 136,
‘osteopenia (2),
paramstr Soue
225501 22702 23400
Calcium, mmollL vy S . 505 01
099:01 101402 1.07204
Phosphorus, mmolL. e s 9 505 05
092:01 093402 089503
Magnesium, mmoliL o o oy 508 025
az, 183, mamber

Ghen n brockes

Osteopenic syndrome was diagnosed in ~10% of females and in ~4,5% of male
subjects zmnng ihe Chomobyl NPP clea-up workers hving relatively low sborbed
ritories having

phnsphoms/(:ldnm el wih e espetiv provalence vaue of T

cording to the ultrasound densitometry data an abnormal bone Stiffness index
was more frequently (~20%) found in females to a considerable extent depending on
age and body mass (Tables 13.7, 13.8).

Noteworthy the obese female survivors have normal bone stiffness (85.3413.3%)
whereas women with lower BMI values are peculiar with a progressing decrease of a
stiffness (10 7229.9% & 68.5¢16.7% respectively, p1 5<0.05 & ,.3<0.03). The lowest
speed of ultrasound was found in the normal body mass females (101.2+11.5 dB/MHz)
proving the protective role of a body mass excess on osteopenic syndrome genesis due
0 elevated estrogen content pmductd by ad.pm tissue. Estrogen excess maintains the
of other factors

in body mas; 50 posibl. Similartend i peculia for males Ilavmg relatively
low sbeorbed et doses
So me Tow BMI i e, whereas

ot  conesponds 1o aur sudy mnlu m Jater demonsirate a slg,mﬂun( correlation
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becween leptinemia level and a bone tissue mass in females with no however any link
between leptin concentration and osteopenia markers apart of gender. The revealed n-
in females is qui

keeping in mind the leptin receptors in bone tissue cells.
Table 13.7. Ulrasound denstomelry In survivors depending an body mass (Mzo)

[T]
gty | o) | gt
Females
Humber of survivors % %
BUA, dBIMHZ 109911 11472108 5005 005 5005
505, misec 18200152 15321258 5005 <005 5005
stifines % 7299 8534133 5005 005 <005
Tescore 05103 -L1at €05 @05 005
Zscore 05101 0401 005 <005 005
Males
Nomber of survvors 10 6 %
BUA, dBMHz 92 1204143 122766 5005 5005 5005
508, misec 1960:253 193145182 1540426 <005 005 <005
Stitnes % 84:142 8774159 957134 005 <005 <005
T-score 0701 452 0705 005 5005 <005
Zscore 01801 06801 0501 005 <005 5005
of derece etween suvivors hoving vriousbody s
Tabl 13.8. Urasound densitometry In suriors depending on age (W20)
T ge,yeurs
ndicos [ 0] 0
e T males 1 tomaes T maeg
Number of Surviors ] B %
BUA, dBMH: 97211 25026 1430 1202
508, misec U921 1642 15240 15452363
stiftes, % 63114 8962142 MTIS  948e16
T-score 01201 -08:02 -1.2:08 103
e 03102 0701 02401 06001

w20 =sgnificance

of diference between survivors having vriousbody mass

No abnormal serum concentrations of calcium, phosphorus, or alkaline phospha-
tase were found under normal parathyroid function in survivors of both genders having
low radiation doses.

cancer patients (differentiated thyroid carcinoma) who receive a life-long thyroxin re-
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in females vs. men (~43% and ~14% respectively, p<0.001). The sigificant difference
of the decreased BMI incidence was found in TSH concentrations 0.1-0.5 mU/L vs.
TSH over 0.5 mU/L (Table 13.9).

o duradon of ot dmilsain 1 person havi nomal v mara e ——
‘syndrome and osteoporosis

Norma 540 | steopanic | Osoporosis
ntes I | s | e na | oo
TS W) T7I04 1205 0402 501 <0001
Age (years) 459514 467825 610830 501 <0001 <0001
BMI (kg/md) 20105 204807 264449 001 501 500
Duration of Lthyroxin
ey o) 66103 79405 00 005 <005 501
D — :

Thus the TSH concentraton, sge, BMI value, and duraton of a replacement
thyroxin medication can effect the BMD. Multiple regression analysis has testified the
impact of geder, age, BMI value and replacement therapy on the BMD. There was a

iterion
corelation was found towards age and mymxmmherapy duration. BMI is of a supreme
posiiveefeccn e Teion value (B= ‘Contrary to univariate analysis no
data were received for TSH values. The phenomenon can be explained by a significantly
iferent doration of thyroxin therapy: Not only BMI value and replacement therapy can
make effect on BMD but also the menarche age and menopause duration. The latter
index is of supreme reverse effect. Provided data coincide with results of other studies
pointing to insufficient evidence of a negative impact of thyroxin therapy on BMD in
differentated thyroid cancer patients.

So, under no prognostic value of TSH concentration in ostcopenta risk (BMD
de(masa) ot the factof thyrxi therapy i of mporuance bt he consequences of

surgical o »
intervention, BMI value and o of ‘menopause.

e of an adipose tissue amount occurs upon radiation exposure under the
impact of several genetic, environmental and other factors directed on bone tissue
protection and radioresistance amplification, followed however by some unfavorable
processes (Fig, 13.6).

Effect of fonizing radiation on the organic component of bone tissue is a subject
of several studies where through the infrared spectroscopy application the organic ma-
wrix deformity was found as a result of C-O bond opening and relative increase of its
general mass. The compromised organic matrix in its turn loses the ability to retain the
fons of mineral salts exacerbating therefore demineralization. Estimation of radiation
role in the process and essay of application efficacy of extracellular matrix biomarkers
are the Imporant s n caificatio ofthelr pathogeness Therelore collagen pe |

metabolism was studied in the Chormobyl NPP clean-up workers exposed (0 0.15-7.1 Gy
of radiation. Aminoterminal peptide of procollagen type I (PINP) and carhuxylermlnal
telopeptide of collagen type I (ICTP) were assayed in serum.
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In the Chornabyl NPP clean-up workers survivors (1-7.1 Gy radiation doses) the
PINP level was siglfcanly igher vs conol groupof non-exposed personsindicating
after im
Some indices of densitometry reflecting not only the mineral density but o s
and space orientation of a trabecular bone tissue appeared being significantly lower
rgar

and organic component of bone tissue extracellular space. Rather close link was found
through the correlation-regression analysis between radiation dose and ICTP content
(=0.67; p<0.05) in the Chornobyl NPP clean-up workers who had survived the ARS.

R
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H e oo
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NP clean-up workeshaving 015 099 Gy he similar
however esssgaf as found : p<0.05) that ifi -
pe I meaboliom i
e disoed under te cdinon impact eading to abrormal bone tssue umnl( ‘matrix.
Conclusion
L Th a
NBP acciden

2. Thyroid disease, obesity, body mass excess, type 2 diabetes mellitus, metabolic
‘and osteopenic syndromes are the most prevalent endocrine regulation and metabolic
disorders i populaion st had surived afer the acident
ost robust increase of thyroid discase prevalence s found in clean-up
workers who e under 20 yer ald i 1386,
rmal pathways of hormonal regulation of eersy metsbolism were found
inthe Churnuhyl NEP accldent suvivors having body mass
. Incidence of i
NP clar-p vorkers and evacuses pls e zone.
§ There i 3 disociaton beween insulin and C-pepide conceniratons in the
Chomatyl N secdon i
cress of BMD (ostcopnlesyndrome) s found ntemore tem s vey
third Chnmobyl NPP clean-up
ostcoporosis a5 a sevre form of osteapenic yndrome is iagnosed in 6% of cave:
8. onizing radiation at dose over 0.5 Gy have had 2 negative impact on the organic
bone tissue component with an abnormal metabolism of type I collagen in particular as
the respective marker level is correlating to radiation dose.
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ansemx 14 ANTIOXIDANT SYSTEM,
OXIDATIVE MODIFICATION
OF PROTEINS AND LIPIDS

. mpact of the Chormay ctastrophe factors e an
assay of biochemical nature of the appearing abnorm scope of available
experimenaland species
[OPM) are the principle pathogenetic pathways of a wide range of disorders (1, 2].

n organism to stressful factors under normal conditions can lead
increase of ROS. adapive resp
ditions wih ROS beingsecondry messeners n 3 nsmerbrane signain (3, 41
of known isscelular ROS, Extremely active low-weight
mlallvely o liing edicas e, memediste producs of ncompete ane.,two- or

ld:. hydmxyl radical) and oxygen molecles nsingec e, i onide, peroxyniite,
ypobaiear he st ype ones (P,
structive, larger and Irmg» ng radicals are atibuted to the second type
being produce (mough th e ones meracion wih calia bomolecues ).
Oxygen, its derivates (superoxide- and hydroxyl-radicals) and hydrogen peroxide are
he most important reacanis in aerobian cel,
Known h

ROS, per-
that a damage
i o e polymers occursLe. of nucllc acids, proeins and pcs (s}
Metabolic disorders such as glycolysis and oxidative pt
decmasz, depression of protein and nucleic acid synthesis, amomaiie
a result of unsaturated aldehydes, malo-
ndialdehyde and other toxic LPO products accomulaton,
rincipal effect of the free-radical oxidation (FRO) products towards proteln In-
activation lies in interaction with their molecular SH-, NHy-, CHy-groups that can lead
0 protein structure distortion, appearing of protein-protein cross-linking and protein
fragmenation [9], A a result the muliunciional proein activty (enmymae, regula-
tory, involvement in

‘autoantigens {10]. Nmonny



420 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
2 Quarter of Century Aftermath

g 141 Restns oynsos st s mln ey 5.1
fmutas, CAT — e, GP¥ — gfthone peroxidas, GSH— tione rediced, G — gt

i i rotein prod-
uts e casbony derivates ce produced s g reul of ROS efect s their content is
usually a marker of tissue protein damag

Damaging efect of ROS ata cellular level means minly the disorganizaton of

ind their

functonal aciviy fiimpere biolayer structure under ROS impact mod!(y membrane
and

Tor calciam ons and predispose to release of lsosomal enzymes (prteases and hucle-
ases). Further all that lead to activated proteolysis and loss of cellular and subcellular
‘membrane integrity resulting in abnormal membrane permeability, barrier function for
‘numerous molecales and low enzyme-binding capabilley [12].
A contemporary knowledg levelno the FRO but m\balan(z of ROS concentre-
incipal

and tissue damage at the R e [n u}
Antoxidant ysem (A08) contols the urmover of sctvated oxygen meubelis,
free rticl, LPO product, sbsrates and catalysts of peroxide reactions, it regulat
a prooxidative-antio balance, and also provides activation of physiological re
biochemical pathways of prevention of ROS hyperproctction (15
ntioxidant enzymes are of key role here, namely the Inicial three-line protection
ones e 1) supronide dismase (SOD,superoxide seavenger 2 selenium glutathione
‘phospholipid-
hycroperoxide-GPx. Fig. 14.1 o % the 30D catalyze a s«pemxldg ‘anion-radical
reduction, CAT catalyze a disintegration of hydroperoxides, GPx provides scavenging
of both hydroperoxides and organic hydroperoxides of free fatty ks, aclooudes, g
‘nucleic acids.
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Noteworthy that more and more data are available in scieniific literature on the
issue of biological activity of compounds produced in FRO and LPO reactions under
an adaptation response within organism physiological reactions. These minor but ob-
ligate biological processes are linked 1o several important runcuons i e of
elcosanoid homnes (arostanoids ind lucoriens)and fods 0 provid-
ing o Infiammatory, mmane and apopote reactions Having nigh Tevcion capat
ant selctvty of blogicalefet the LPO products can be the component that limits
g stance to deleterious environmental factors. It occurs through modifica-
tion of physical/chemi es of cellular membranes, of membrane-bound and
lipid-dependent enzymes, and of neuroendocrine and immune system reactiviy.

Known to initiate and accel

n the
freeadica PO e resctons ampliyig the spontaneous poceses. Jus: aer e
impact on biological system the antioxidant reserve loss occurs, anioidans
 Wilzed, disimegraed and imcanated wihin mllzanon of active products

radiation, the antioxidant enzymes lose their activity (16, 17

Pathogenetic pathways initiated immediately in the i period of a direct con-
fact to fonizing radiation continue their function being supported by a negative factors
‘complex (e.g. environmental, economical, psychoemotional) and decrease of reserved
capabilities of regulatory systems. LPO activation stipulated by a chronic stress and
exhaustion of AOS reserves lead to exacerbation of pathological processes induced
directly by radiation.

presented i al

y it
"The indices of OPM e. C Cont of st o el 2 anmpw.ylhydmnms.
of LPO — compounds IDB), diene or
(DC & ODC ms@zcllvely)‘ thiobarbituric acid active products (TBA-AP) and Schiff’s
base, both with AOS parameters Le. activity of red blood cells (RBC) SOD (E-SOD),
of RBC CAT (E-CAT) and of plasma CAT  (P-CA), gluatione reductase, sleium
md ere assayed to estimate the
te of i balance. An integral
indo of amoidant st was cacud (E-SODXE-CAT / TBA-AP) ie. the AOS fac-
tor (Fpgs). Content of reactive sulfhydryl groups (SH-groups), midmolecule (medium
molecular weight) peptices (MMP) and activity of lysosomal enzymes p-galactosidase
B-glycosidase were assayed. Indices from almost healthy population groups matched by
age and gender being not exposed to ionizing radiation were applied as a conirol.
‘The following groups were involved in the study within 1992-2004 period:

bl &

status within post-accident period featured the incidence Increase and trend to chronic
course of digestive and cisulation organ diseses, decrease of menal and physical
working capacity, disorders
into the organic neurovascular dlsuse' 2) the accident consequences clean-up work-
ers sufering cardiovascular, digestive, and broncho-pulmonary disease after radiation
doses of 0.2-1 Gy received in 1986-1987; 3) the Chornobyl NPP personnel; 4) persons
inhabicing and working in the exclusion zone; ) children Living on the radionuclide-
contaminated territories.
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Stable elevation of DC and ODC content under no TBA-AP level increase was
found in various severity degree ARS survivors (Table 14.1). The mos robust alerations
of LPO products content were at that in 1994-1995.

T e
precel R Ty |
Control group_
1 1
animed
T 1 U
1994-1995 33 3.39+0.40" 1.6640.11° 0.75:0.07% 3.5840.43
'S grade 1
I T T
e B lmal  omam s
RGeSl RSN GRa e
muuﬂd,!
TN E 1 R R
e W ol dmone  owm  ieaon
e W dmew o GRES 8RR

“Sgnfcat difeence vs. oniolgroup values (<0.05).
Assay of the AOS enzymatic branch state is of highest diagnostic value under a
i  the FRO processes. The i s of

da

1o decrease of RBC
ant-oxidative protection key enzymes ammy e. E-SOD and E-CAT (Teble 14.2).
Table 14.2. Atloxdative protection system Indices I the convalescents of varlous severly grade.

ation syndrome (Wm)
\ W | Sipemide Catnse Gutations ‘ T
Yearof sty | ofpesons | dlmutase (motimax parontase iz
et | (wimg i) mg ) gnotimind) | _molimies)
Control grox
99279630 437031 0 74601400 0320
ARS not confirmed
EZET 260080° 100207807  BA50750 56002500
19941995 33 ssom0st V00 G0 §00:00
ARS grade
98 1 EET nzaso' BEB0:720 400510
19941995 13 36040 0:700°  B90450 44004450
1996 2 oo twibiomor rigossso 42.9¢62.4
ARS grade 23
19 1 3508074 10980:770°  TASOR300  4490xd50
19941995 1 5A47:038  138208600° 71108300 427.0:380
1996 1 3012037 1183.03850° 853081150 63861582

“ignificantdiffernce v, controlgroup values (p<0.05).
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State of mai yed i
576 Chomoby] NPP staff members aged 30-58. Data analysis indicted that along with
a trend to TBA-AP content elevation the TBA-AP increase up to 100% was found in
34% of examined persons (Table 14.3).

Table 143.

| | ok Suporoide. Cataiass tiardatve
Yoarof sty | ot mm dismutasy {pmolimin

oy (Umg H) mg b (o)
ug
1982-1936 30 3651011 437037 1820.0460.0 242604900
ch

1993 215 4495054 4062020 14430:21.3°  1693.1:748°
1994 313 5091054 4721012 7986:227° 96454621
199 48 489:0.34 4658022 78003320 741.7:75.0°

“sgnifcan difererce Acwwvlgmup elues (0.5,
E-CAT activity decrease by 21-57% was found in AOS state assay in 82% of the
cxamined prson, it bt 8 significant impact on a depression of antioxidant protec-
tion. The most severe decrease of Faos (two-fold) was registered in 65% of cases.
LPO and AOS indices were analyzed in Chormobyl NPP personnel depending on
a length of employment. Studied population was divided in 3 groups: 1) professionals

vk at th e of stud ) workers of 19861987 peiod, 3) workers since 1990. As
shown in Table 1. rations (TBA-AP- E-CAT
200 E-SOD. aciviy Jowerng alog wih Fag velae dereas e in he st group
of professionals employed before and after the accident.

Tatle 144, oxdant
on a length of employment (M)
oo P e persomer
- s orop I oe18)

TOA-actve products (moUmL) 865011 SB7E0AZ  626:077° 4408050
Swperoce dsmiass (Ui ) 4ITEDTT | SOBDIT A0 3520
Calalass (ymolimin x mg Hp) 162004600 686.7467.2 10355+1009° 1034421405°
Antoxidatve ate factor units) _2426.0:90.0 387.74480°  566.94876" _7015+117.2°

196 (group )i . and ice 1990 Ggroup 1), “sgnfcas 9
e v oo arep s (203,

The data received indicae t a sormal proosidtveandoxidatveeqlriom
with oxidation p components
leading o incresse o he aggresive sccondary LPO) pmduc\ levels in the examined
persons. Notewarthy that the most pronounced manifestations of an oxidative stress
were i the group of professional employe at horaabyl NPPbefreandater e c-
cident vs.

and curatve amangements applied In e o onee, T rvetes ‘metabolic disorders
can lead to the pronounced destructive alcerations, damage of cellular and intracellular
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‘membranes, free-radical modifications of eritical biopolymers and be a pathogenetic
source of various diseases.

Significan v, contol group level increase of CIDB by 78%, of DC by
and of ODG by 71% was In leanup wrkersexamined in 1995-1996 (aciation s
05-08 ny who snueml cardovascula,nervous and Bepaobilary s

T activity
Tower (by 20%) whereas E-SOD umimed ‘within control values (Table 14.5).

Tl 145, s ol s
v, e o 1085-199 uennﬂ (Msm)

Coniolgroup | Aesden Gaan p paeioans
(0=30) (oei21)

nticss
Tndices
“Compounds wih soiated doutle bonds (Ezg/mL) 16308 3012026
Diene conjugates (ExsaimL) 0798011 1.7640.19°
Oxodiene conjugates (ExrymL) 0382005 065:009
L) 365:0.1 349:027
A0S ndices
‘Superoxide dismutase (Uimg Ho) 4372087 423037
Gatlase (umol/min x mg Hb) 1820,0460.0 144654702
factor urits) 242602900 2001.0831.00

it derence v conol group valus (<005

Review of individual values here indicated that E-CAT activity decrease was.
in 40% of examined persons, E-SOD activity lowering ~ in 31%. Faos lowering was.
found in55% o sty sujects indicatin o the decrease of adaptation capabilities of

an organist
Todices of ol Jomespls ey studied within 1995-1996 period in 173
males aged 38-55 who had been for a long time employed in the Chomobyl exclusion

Tone Incees of CIDE content by 73%, o DC by 123% and ODC by 7136 as found
in 1995 year of study, whereas TBA-AP levels remained within contro} range in a whole
for the entire study group (Table 14.6).

Table 146
e Consi group on 190 snplogees
ear of swdy 7595 1996
n 3 104 6
Campounds with isolated double 1.6940.18 3010.26% 320:0.12%
bonds (ExgmL)
Diene conjugates (EzzamL) 0788011 1764019 1.4430.08%
Oxodiene conjugates (Ezr/mL) 0382005 065:0.09% 0682004
“TBA-active products (nmolimL) 3652011 3494027 4452028

“Sgnfcat diference vs. conrol grovp vlues (<005,
Similar trends of the product content were surveyed in 1996 year of study, at that

DC and ODC content increase was found in 80% of cases, and TBA-AP — in

of them.
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At a such level of a FRO process activation the AOS enzymatic branch provides
0 adequate antioxidant protection represented with a decline of Faos velues indicating
to decrease of organism adaptation capacities (Table 14.7).

Table 14, Iodic (Mem)
Tndioss Gl zon v
Year of study 995 1
" ) 1 6
Superoids dismutase (U/mg Hb)  4.37+0.37 4354033 3292018+
Catalase (ymolmin x mg Hb) 182004600 1455.43820% 1321.0860.0
factor (unts) 242604900 20120428.0° 193,069

“Sgnfcant diference s conrolgrop values 5<0.05).

wering of Exgs values was found in 55% of examined persons in 1995. Next
year the decreased E-SOD activity was found in 43%, E-CAT — in 65%, and Fyos —
in 82%.

Glutathione system assay in 1996 had revealed the normal values of glutathione
reductase activity (812.0£37.0 & 746.0£40.0 ymol/mioxL, respectively for the exclu-
sion zone employees and a control group; p>0.05) and amount of reduced glutathione
(607.0435.0 & 605.0232.0 pmolixL respectively; p>0.9).

GPx activity i
was found in 90% of inked to E-CAT e
and switching of anioxidan protection Fncton 1o gl\nilhmﬂe sysem, as Jus the GBx
acts similarly to CAT in hydrogen peroxide degrading.

Estimate of Iysosomal membranes through lysosomal enzymes -glucosidaze and
-galactozidaze activity assay was held at the next study period. Both enzymes are the
markers of subcellular structures as -glucosidaze is tightly bound to lisosomal mem-
branes and p-galactozidaze - o their matrix. Function of isosomes s cellular organclles
involved in the emergency states overcoming defines the kel o o Isosoml
apparatus role in pathogenesis of a range of pathological process

Robust increase of lsosomal enzyme aciviy i b gacosidaze o1 &
13.940.6 pmol 5 p<0.05) and p- 1&176:10
pmol/minxL. rsp«nvaly, PO ns) was found meaning the increased lisosomal mem-
brane permeabi

Do Wb comen i ecogosed s  crkeronof endogenous nariaion -
verity. MMP concentration in d
0.2820.10 respectively; p<0. 05) s oond et e MM conceaton excess
for 25-20% above ol hreshold can lead o her spciic interacton with nulear
genome and inbibition of
therefore induce the non-specific biochemical disore iy Nnnexcepllonally that E-SOD
B CAT hyposctiviy i sipukted by el low concnation due 10 ibiion of
synthesis under the MMP im

Tncreased cotet of OPM products .e. of basic 2,4-dinitrophenylhydrazones
(1.8720.04 & 0.9140.28 Egso/L respectively; p<0.05) was revealed in serum
persons in 1997.
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There were 104 clean-up workers aged 34-5 (46.742.1) years suffering chronic

cholecystits (ICD10 code KB1.1; clean-up workers group) and 22 almost healthy per-

sons not engaged in a clean-up work (control group) all belng examined in 2000-2002.
Documented radiaton dose of an exteral adiaion was not exceeding 0.35 Gy.

ol f the free-radical with accumu-

Tation of ( Egu/mL, here for the

gow of pinems ad e ot gmup, P05 i obC (o 730:0.032 & 0.53620. 0

increased C)

Ezn
LEe0 13 B, 2. o:) i e A S Chorabyl NPP e
among the accident clean-up workers. Increase of the individual values of mentioned
compounds was registered in 27% and 34% respectively reflecting the polymorphism
of LPO processes course.

At that the discrepancy between production and utilization of lipid peroxides
bl in 27l e e gy s 1o zm.muhuon of the lipid peroxidation end-
products ie. Schiff’s bases. In our opinion it of an unfavorable course of
e fre adiclcrldtion s sich compponds are the smuctral o of Lpofaci Le
markers of cellular dystrophy processes. It is confirmed by an abnormal content of the
protin oxidtive moification products — 2 initrophenylhydrazones of basic o
neutral

Under the activtion of fee-adicl processes the dlstorted ratios between pid
and protein oxidative modification processes are expressed in an abrormal correlation
of TBA-AP and neutral 2,4-cinitrophenylhycrazones content (r,= ~0.025, p>0.8; and
£,=0.699, p<0.03, respectively for clean-up workers group and control group) and of
TOAAP and basc 2 - ditophecylydinones (50128, 1308 ad =011 .93
respectively).
reaadical rocesses and b inked t an anomnal oniet of specitc pmnxndams a
varis el of sikieiras.

maimenae, Foncuons capabilities of the AOS enzymatic branch which components
slowly acquire the activity under FRO processes activation but feature a comparably
" of a decisive importance in

abnormal percent of the AOS enzymatic branch specific comporents was within range
G 848 BSOD acbly o docruanollly A5Vl e il of
E-CAT was decreased in 3% and increased in 5% of ther, f ceruloplasmin
was increased in 17%, and P-CAT activity was v n . Sy i-group content was
lowered in 83% of examined persons.
ol the actvity of RBC atoxidant eneymes E-SOD and E-CAT among the
clean-up workers group was decreased by 31% (p<0.001) and by 16% (Table 14.8).
chat there was an incoordination of enzymatic activity as no correlation was.
found between E-SOD and E-CAT activity being otherwise present in control (r
>0.08 and 1, P<0.02 respectively).
Also the abnormalities of AOS function were registered in the patients featuring
a decreased Fyos (706.3+60.6 & 1284.5:220.7 units, respectively for clean-up workers
and control group, p<0.05). It i
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cellular membranes under the prooxidant shift being confirmed by a changed ratio of
E-CAT and P-CAT activity (1.75320.139 & 3.036£0.338 units, respectively, p<0.05).
Table 14.8. Antioxidant system Indices In Chomobyl accldent clean-up workers suttering chroale:
cholecystis (2000-2002 survey)

E— Control grovp AGUP grow.
nin uin
n RBC
Superoide dismutase (Umg Hb) 22 44710294 9% 300720145
Hy) 103824765 98 8737304
n plasma

Cerulopiasmin (mg/L) 2 2108135 6 002787
Catalase (umolimin x mg Hb) 2 401438 59 6459:504°
Sulthydryt groups (umaliL) 2 40524733 59 26Tast12e

52+~ Sirificant diffeence v conrol group values (<001 & p<0.001 respectivey).
Noteworthy under an unstable clinical remission of chronic cholecysitis against

the background of dysfunction of AOS enzymatic branch the mnlfsaions of proo-
dim/zmlnxldam mbalance were foun I 645 o he cleanup worers. Therelore fwo
imbalance have through the analysis of

slndy resis,
In a fst one i.e. in dysfunction of an antioxidant protection with partial hyper-
lipoperoxidemia the Increased content of ODC (by 33%, p<0.03) and TBA-AP (by
369%, p<0.001) had occurred against E-SOD activity by 35% (p<0.001) and a SH-group
content by 37% (p<0.001) de-
crease, both with P-CAT activ-
iy elevation by 102% (p<0.02).
Faos value was also decreased
64% (p<0.01). Synchronicity of
E-SOD and E-CAT effects was
unchanged (50,516, p<0.02),
wehereas E-CAT/ E-SOD ratio of
activity elevation by 30% w
insignifica. Relative actviy

signfcany iffernt from the
group values. Most of

aceradon Inidence up 1 $-4
per year (Fig. 14.2).

L. anti- rers dpendg o
alure " et it i ot s
failure with accu- of protein

mulation of lipid
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of neutral 2.

(by 15%, p<0 05), DC by sz%, p<0.001), ODC (by 91%, p<0.001), and Schiff’s bases
by 435, p<0.01) had occured against the decezsed absluie (by 25%, p<0.05) and
relative (E-SOD /DC — by 41%, p<0.02) E-SOD activity indices, the decreased SH-group.
content (by 315, p<0.001), elevated cemlupl-smn.. (by 38%, p<0.01), and P-CAT activity
(by 45%, p<0.05). Described abnormalities of antioxidant enzymes did not prevent the
Faos value decrease (by 49%, p<0.05).

Conducted studies therefore have revealed the profound disorders of prooxida-
Jantioxidative equilibrium in persons employed in the exclusion zone within a long
titme, namely the OPM and LPO activation with high accumulation of intermediate prod-
et f lpaperoxidaton, depresson f ntoiden proecive ysen it proneunced
hypoactivity of its enzy! 1

of endogenous toxicosis. All the i sbove on s pathogencic nchground of
vital activity disorders in remote period after the Chornobyl act

‘Ata moment there are enough daa already indicatng (0 e dorders of pro-

homobyl

NePacldent facors. Nomely an increae of conten of nermeciate LPO products and

501 in Zhytomyr and Kyiv

tegone g v
chnlecyswd'olanglm’ tovic, miple coe Tl 149

Table 14.9. Lipd peraxydation and antioxidant system enzymalic sctvityIndices inehidren 12-14 years
study (Wem)

Aimost 13
Wy rogions | Zhytomy regon
) t

e

Somtc it ptents

oyt togons
025

Ko reiors
)

PO Indices

Diere conjugates (Egm) 1225008 098014 15B0.11 1540120

O congees (Eraml) 0624006 05708 0701007 0622008
) 284014 288£013 4861013 460:0.15"

A0S
Siperoids dmulase (Umg ) SE32030 30007 ZE0R0M" 268030
Catalase 140032089 11581905  1407.8458 143943620

Increase of adiaion nduced iyrld disesse prevalence among the pediatric
population of contaminat s is one of the most important health consequences
of the Chornobyl NPP et Comprehensive survey of children 10-17 yearsof ge
residing in Rokitno district Rivne region (Stare Selo village) was held in 2001-2003.
Two groups of children were selected for the precise examination.

“The first group included 30 children born in 1986-1987 being exposed to radia-
tion in prenatal o early postnatal age and residing in the named above region since
accident, Those children were exposed to impact of radioactive fodine on thyroid (dose
range 0.75-2.5 Gy) against living under the continuous odine deficiency coupled with
an untriendly environment after the Chomobyl catastrophe (soil contamination by ra-
dioactive isotopes).
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‘The second group included 30 kids born after the Chomobyl NPP accident and
continuously living under the iodi i
nation but having no impact of radioiodine on thyroid.

Reference group was represented by the children born in 1987-1991 been not
exposed to i inuously living e iodine deficiency
{Lviv province) but under no radioactive environmental contamination.

Analyss of study data on lipid peroxidation has led to identification of by 46%
excess of ODC content both with by 22% CIDB content lowering in children exposed
1o radiolodine impact and now suffering chronic thyrolditis vs. reference group values
(Table 14.10).

Table 14.10. Lipd peroxidation producls In seram of chidren residing in Rivne and Lulv regions;
001-2003 years of study (Mem)

Residence
(earof bt

Chilren with hronic tyralals
Fivne region (1564-1985) 9 1.738:047" 0874:0.132  0669:0.061° 250320167
Rvie rogion (1997-1989) 10 190430161 1154:0.135 0643:0087 21800301
Lui region (1988-1990) 10 2.239:0.160 1.158+0088 044310045 322640 464
Chitren rom chronic thyroldl sk group
Fivne fegion (1964-1985) O 189240162 1085:0.033 061150101 25990351
Rune fogon (1967-1989) 11 200140114 1.300:0.130** 0.682+0.085°* 257440272
Luiv tegon (1998-1990) 10 1.956:0009 0875:0102 _0387:0.040 _ 3000:0473
Chldren with difuse non-toxi goler Grade 1A - -8
Fivne fegion (1964—1906) 8 1775:0.159° 0976:0.128 0560:0.109 268320848
Rune rogion (1907-1989) 11 1611:0.128" 10070101 0.489:0098 326240423
Lvi tegion (1988-1990) 12 2233:0.161 099120080 _0490:0047 35870364

Disorders of LPO processes in children from Rivne province were represented
also by an abnormal ratios of primary and intermediate lipid peroxidation products with
relative prevalence of ODC levels: ODC/CIDB — 0.397+0.050 and 0.202:0.018 units
(p=<0.001), ODC/DC - 0.950£0.249 and 0.391£0.036 units (p<0.001), and TBA-AP/ODC
— 4.37620.787 and 8.62042.129 units (p<0.05) respectively for children from Rivne
and Liv regions born in 1984-1986.

‘Table 19.10 shows the significant DC and ODC content increase in case of chronic
thyroidits risk in children from Rivne region not exposed to radioactive fodine vs. values.
i chil dioiodi level i

in group.
and ODC — by 58% was insignificant

Secondary LPO products were elevated vs. CIDB level in Rivne region residents.
both exposed to radioactive fodine and those born later (ODC/CIDB — 0.324£0.047,
P<0.05; 0.339:0.036, p=0.001 & 0.19620.020 units respectively for the children from
Rivne region born in 1984-1986 & 1987-1989 and those from Lyiv region born in
1986-1990).
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CIDB content in children having a di iter being bom
in 1984-1986 and in 1987-1989 from Rivne region vs. kids from Lviv region (p<0.05
for both groups). The latter have had an elevated DC and ODC content vs. the avallable
oxidation substrate i.e. CIDB.

Itwas clear from the study results that Rivne region children had an elevated level
of basic OPM products in all groups independently from the disease present vs. groups
of nosological control from Ly region (Table 14.11)

Table 1431, i
reglons; 2001-2003 study years (Wem)

Products ofcida proten modicsion

. st
Eur
Chidren with chronie hyralaiis
e rogion (1964-1985) 6 170050850 17310522 0876:0301 056450.105 "
Rine rogion (1967-1989) 7 177040669 1.803:0617 169620600 0.770:0.308°"
Luivregion (1988-1990) 9§ 1.673:0.401 1487:0.171 05328075 0.108:0.024
Chikden from chvonie thyradits ris group
Rivne regon (1904-1986) 3 136010312 1410:0272 0.450:0.300 067:0.15"
Rivne rogion (1967-1989) & 117240300 1250:0296 099:0291 0.804:0.152 ***
Lviv rogion (1986-1990) 10 178640244 152120291 076720153 0.103:0.035
Chidren with dituse aon-toxc goler Grade 1-A - -8
Fivne regon (1964-1986) 4 1915:0643 21452063 1290:0.308
Riune region (1967-1389) 8900472 2373:0631 167750314
Ly region (1988-1900) 10 21640356 2530:0410 1.154:0208

Resince
(year of i)

respetvb).

Analysis of study results on antioxidant protection state has revealed the de-
creased E-SOD activity in children from Rivne region suffering chronic thyroi
(Table 14.12).

Despite both groups were not different by this parameter, and E-CAT activity de-
crease was not significant, the Fyos @ an integral parameter was decreased in children
exposed to radioactive fodine.

‘Abnormal antioxidant properties of blood plasma were found a that. Just the
content of a principal antioxidant plasma enzyme ceruloplasmine (that owing (0 cuptic
ion content provides the four-electron reduction of 0 directly to a water molecule)
was decreased in both groups i.e. by 329 (p<0.01) in children exposed to impact of
radioactive iodine and by 27% (p<0.05) among those with no experience of radioiodine
exposure. The described phenomenon was against the background of decreased content
of a blood plasma reactive SH-groups.
ity was also decreased in children from Rivne region having
chronic thyroiditis risk, whereas the decrease was even more significant in persons
exposed to radioiodine vs. not exposed ones.
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B At that the E~CAT activity
=224 lsag | § decrase by 22% i led 1o ab-
355 28§ £ nomal blood antioxidant proper-
S2g (223 ties in children from Rivne region
288 i born In 19671989 in whom the
m L £ Fyog was decreased by 37% both
Lhel 354 § Yo L reglon group vaues and
555 (533 £ Rivae region persons not exposed
! 25 25 § 1o redioaciive iodine.
T8 HI Ceruloplasmine content was.
. s |k deeased Gy 21%) in his romp
5 FAPR O N I O moalongwnhamnd H-gro-
53¢ 555 39 and reduced glummm con-
e S - Iowmng by 17% and 27%
REE |E83|REH|g resecively
i H ‘There was a de:u:sed by
ool celf |y w5 30% contentof SH
533B55 8 5[5 33  nerepion children o o
H BEH § HE B Faotodine v, group of ids P
Srez358 555 8 Lviv cegion.
Bk HEA e H Ceruloplasmine, SH-groups,
H B H and reduced glutathione content
HEPE IR was decreased in children having
HidE HEREHEES a diffuse non-toxic goiter grade
$13832(9385/38385 1AL residing in Rivne region.
HEERHEEELEEE “The identified abnormalities
H = H of oxdtive prosinfipd modif
H H ind antioxidant protection,
5: . : b with reveaied xidnive do
bnlBlal struction against the background
;Igg s 2%5 of hypothalamic-pituitary-thyroid
ZEE [Fgdlt  system suainand iodine deficiency
53| [S88[5g arehe real iggers of thyroid dis-
£2 case onset and development.
ot e 2 ‘Summarizing the results of
95l [S5a] |5 5§ @ lonseterm stdies it should be
< % 2% [SE%EE nored that pmphylamc cmck ups
g8 S [BESf of persons ex byl
Ta 178 3% ‘E NPP accident mm.s are Io be
383 (352 (35488 focused on case igentricaion of
= 522 [STE EE the inital metabolic abnormaicies
o £3 88z |58 3§ aiming the compilation of groups
= B S8 [EE SIS forthe fanher survey and applics-
£ gg HERE ? tion of exira curative and prophy-
E =& 23] [£E3]48 aciic amangements.
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cunorz 19 BRONCHOPULMONARY
PATHOLOGY

the Chomobyl catastrophe has put before clinical medicine and

radiation prolection  new problem — the effects of exter-

nal fonizing irradiation and radionuclides inhalations on bronchopulmonary system of

clean-up workers of the accident and the sufferers population under the influence of
other modifying factors.

Parameters of whole body and bronchial system irradiation of people injured after
the Chomnobyl NPP accident, provide extreme non-uniformity of distribution in time
and space of the absorbed and effective equivalent doses at low levels, and also the
change of physical and chemical structure of inhaled radionuclides mixture in various
terms after the accident

Dose loadings on respiratory organs and, thus, expected consequences of internal
itadiation of the clean-up workers were defined by air polluting radionuclides from
the beginning of accident up to the end of 1988. Thus, it is expedient to allocate some
petiods in liquidation of Chornobyl NPP accident from the clinical-dosimeuric point of
view 2

first period from the moment of accident till May, 10, 1986. in formation
i ndmmm subsance emission  eading role layed dispersed of nuclear fuel asa
1, 26 and May, 3 1986 and steam of fragmental
radlenn.cllde: from th focl which ho Stayed in mine of a reactor, a is heating up to
1500-2000°C during the burning of graphite active zone.

The second period began from second half of May, 1986 and was finished with

the termination of construction “Object Shelter * in November, 198
“The third period includes the end 1986-1988 when a leading role In polution of
the atmosphere played secondary dusting, caused by natural processes of wind rise of

i urface of ground and activity of

teritories. At his stage significant receipts of radioactive substances in respiratory or-
gans was possible 10 expect in persons, involved to deactivating works on the industrial
site of Chornobyl NPP.
One of the distinctive features on the Chomobyl NPP accident is the thrown out
environment not only fission products, but also nuclear fuel (22U, enriched 25U),
and radionuclides with the induced activity. Thus, the radioactivity in air was both in
gaseous, lonic-molecular state, and as a radioactive aerosol — “hot particles”. Last were
formed by two ways: as a result of explosion of reactor and subsequent warming up
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(“firm hot particles”) and sedimentation of radionuclides thrown out in the atmosphere
with evaporated water (“liquid hot pan(:lzs’ [2-41.

within lungs and radiaton damage mentions about foty various types of cells, among
them bronchial epithelium, vessels endothelium, cells of connecting tissue and some.
others, updated local stem cells located in the same place [5-8]. Under radionuclides
inhalation only small share of cells, body or a tissue are damaged. The damaged and
Tost cells always are distributed by casual image in space and in time.

‘The aerosols of radioactive substances formed after Chomobyl NPP accident, are
extremely various on the physical and chemical properties by virtue of what have vari-
ous biological transportability. Lungs are critical body organs for aerosols of Zirconium,
Niobium, Ruthenium, Cerium, Neptunium, Caesium [2~4].

‘The irtadiation of bronchopulmonary system during the first ten days, when emis-
sions into the atmosphere proceeded, occurred as a result of inhalation of radionuclides
Comained In he ai. Dose crening roe of amergeney rdionuclids on every ar
3o gt o el e IO SEZaI B8 8 ] Tom, e Sy Rt
has got in the environment and half-life period. At the given stage, from positions of
bronchopulmonary system irradiation '311, 105Ru, */Ce had the greatest value [9]. Then
emissions from the reactor and quantity of radioactivity in air had sharply decreased.
Secomlaty the of i aloacivly ikl Jod dropped out on ground by the wind or

of industrial activity was considered insignificant. Therefore, further lungs
Teadiaon sccurred mainly o i the inhaladon vay. bt by extrnl idioion from
radioactivity laying on a surfa
ot essntlvalue o y: means of
in the remote terms have long-living transuranium elements (TU!
242Cm, Isotopes of these elemens seldom meet separately from each other and present
ts S eI S combinaions reflecting specficty of hltreception (2. In
ility of Tt o consider
b hlolnglcally sigificant pertt investigaed o elements — plutonium, At
inhalation receipt of the specified isotopes of plutonium the general laws of distribu-
on of parteles e kept deendingon acive mdian aerodyaric diameter, however,
amount
of radicacive substances Is defined in lung palem:hyma in bronchial integumentary
epithelium, and in due course, and in deeper layers of bronchial tubes walls. Postponed
TUE can leave the respiratory system in several ways. Thus, the part of them will
penetrate directly from lungs (after dissolution in a tissue liquid) ety nto bood.
This fraction of radionuclides is transported into other organs and tissues, malaly, into
liver, bone, or excretes. The second fraction collected by macrophages leaves lung by
mechanisms of bronchial and tracheal clearance and is swallowed with sputum. The
third fraction translocates through lymphatic vessels up to regional lymph nodes where
it delays, but the part of it, eventually, can reach system cicculation [2, 3.

Despite of i, the highest concentratlon of plutonium are always found out i lungs

] wachesroncial lymph todes (2, 31, The menionedsbove mechansr of radioac-
g for the account of tracheobronchial clearance, is fair for many
insoluble and poﬂrly Solublc campounds, and 4150 shots parices. Thus, as wel s st
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inhalation of radioactive short living aerosols, there i 2n irradiation of bronchial tissue
by the partcles whnch aresaying inrespratory s About 90% of al radionuclides

a layer of slim , which makes possible an
radiaton of bosalcell v by o paricles (2, 31,

Accident at the Chornobyl NPP was followed by the increase of morbidity in lang
diseases of the clean-up workers, evacuated people and inhabitants of contaminated
territories (1-4].

Results of the long-term (1996-2009) pulmonology monitoring of 16,23 -
up workers of Chomobyl NPP accident of 1986 in the Out-Patient Clinic of Radiation
Registrof RCRM tesy o the telsble incessan incesse of mocidiy fo chonc
(copD) the marked

hB)
conun;em of {patiens (Fig 15.1).

|nsyecuon (mz -2004) of 7,665 men — COPD patients clean-up workers of 19861987
‘with the different doses of total- bm‘ly external madlal.!nn e 152) educed ulxible

%2 U255 {soroL was B ons by Aot i does e 508 5v).
data on the who- o,
le colncde wilhthe reuls

s

searchnson lhebaseolSRU 160 N

o R w5 i
that testify 100

[ |

the ane of the lzzdmg places % HHi

o respiratory organs pathol- 5o

ogy in the stwucure of gen- o 1| [ |HEH LN A1

eral morbidity. o
During 19862010 the 7 &8 &8 ‘yﬁﬁf,&:ﬁ

complex pulmonological stu- e

dy was cartied out in 3,376

dleam-up workers of Chomo- Tl oo suarope o Ao ot Sann

byl NPP accident, males in

the age of 21-62. Middle age :"

of them was 39.748.5. The 5 |

doses of the external irradia- 5 |

tion documentary at 63% of s |

surveyed group, were in a

tange 5-85 cSv, on average,

197442 cSv.

from them took part in clean-

up works in April — October

1986. The clean-up workers o s 116 Cossis)

of later terms (1987-1988) - % Wdodionii —o—f --o-

e s ym-; 152 et ke (1) a0 5% conetal il

nay diease
anly in the case when they s o Chtob, WP et o FREONE

tonciits wcom.
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Chornobyl NPP, works on
“bucil place”of materl ndte sqprmet 1 300 excson e,
“The “hot” pariicles Incorporation i I erified by whole body
counter technology for 10 individuals (vltdvlmnalely l:'7Cs, s“Co) (Table 15.1).
Table 15.1. Dosimelric characteristic of patients, who participated In works for liguidation of conse-
nces of Chornobyl NPP partices

Patint code_| st yer | Ratisotoge | ity Bose, v
7 s 43008y 250-1160
1940 3088q 21-38
1952 W0 7226 B 400-1900
1961 Sgo 160 8q 50-170
7 gy 585 Bg 4065
1945 oo 5818g 3759
1952 s 5208q 30-135
T ) 46489 2542
196 wgo 8048g 55-90

10_GaSN. 1958 e 12089 10-37

Among me basic forms of chronic lung pathology of clean-up workers COPD
dominated ‘The asthmatic patients were 11%, ChB was registered in 16% of
observed pat

The man!lesunon of hron(hopulmonaly pathology in anearly period iﬂer irradia-

f upper Both during

15 ks 1t period after works in zone of Chormobyl NPP clean-up
workers had cough syndrome without sputum excretion. The subsequent currency of
disease was characterized by «poverty» of clinical picture with progressive development
of obstruction and formation of dyspnea. Later o the pathology got features of COPD
with the appropriate clinical triad: cough, s, dyspnea in a combination with the
obstructive and mixed ventilating disorders (14
Obstructive disorders of lung ventilation (65%) are most typical for this group of
patients. Isolated decrease of vital capacity (VC) was marked at 6% of patients. The
mixed ventilation disorders were revealed at 13% of patients. The normal level of ven-
tlating parameters was fixed only in 16% cases and, basically, corresponded to ChB.
e bronchoobstructive syndrome for clean-up workers was transformed from the
obstruction of small bronchi and hypotonic yskinesla of membranous prt of rchea to
total bronchial obst level . In 1988-1992
the most often syndrome was the isolated smcion ot o bronchi, rank two was the
hypotonic dyskinesia of membranous parts of trachea and the main bronchi, and rank
three was the syndrome of generalized obstruction (Table 15.2). During 1993-1997 the
redistribution in structure of bronchoobstructive syndromes had happened with growth
of genralized bronchoobstrucrion syndrome frequency to 45%. In 19982002 peiod

today the wul b
isolated abstruction of small bronchi, rank three — nypmomc dyskmesu ‘membranous
partofa achea nd he main brosc.
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Table
wha probably undergone radionucides inhatation (%)

Gosertion parods

Sroreiecbiete sydmes oo | o vour | voss-on7 | zovezi
Isolated obstruction syndrome of small bronchi 52 38 34 13
ypotoni pars membranozss rachea tbronhus 28 17 1 8
Syndrome of 20 45 53 79
‘l'he current gemrzl characteristic of respiratory disorders u:lng l\mg tests (spi-

m ingle breath for
fung diffsion) tony etint, wh probaby andergone redionucides belatio, are
presacd o Fig, 153

‘The study of respiratory disorders i clean-up workers and nonclean-up work-
ers groups suffered for COPD with using of modern Lung Function Tests showed the
Seaficei skt 1 i s and Lo g capc. Tl Vi cpcly:
expirat and lung dif
wnlkus were significantly low mmpirznvely ‘with group of COPD patients nonclean-
up wor

research of tracheobronchial tree (n=2,543) allowed 10 establish, the
typical development o s mucous membrane atrophy (73%), 3 a hining o mucous
with norm exhaus-

10 20% of pal
chznges of ronchlal mucous were revealed — hyperplastc, consstng in & (hickening,
‘growth and hypostasis of mucous membrane, pamowin of segmentry and ubsegren-
tary bronchi ostiums, pattern. The combined form of
logicl hanges — atrophy in proximal pars jns combiation b hyperplaia n dial
pans ofbrnchil e was revesled s 7% of patens, T, exdoscopcal dying o
bror ucosa membrane pathological changts eetied 0 esseia revntenes o
almphk changes in the surveyed contingent of patients [7, 8].
ic endoscapic ty-
peof bibersjion chang-
es was catarhal-sclerotic, ac-
Comtsislelwith deformieizn
o rachstbirucial s

‘ype of changes was
Pl by fine light pink
longitudinal gentle circularly-
directed connective scars of
2 mucous membrane mainly
at ostiums of segmentary and
subsegmentary bronchi. Prev-
alence of catarrhal-sclerotic
changes of mucous membrane

Fig 1 y Lung Funcion Tsts
Inkataton s

OB O ot s ey ot i
<005




a3 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a Quarter of Century Aftermath

i f bronchial mucous gistered in 16% cases of ion, catarrhal
ones — in 4%.

According ification of J Lemotne [9],

inflammatory process was assessed a5 0 stage in 19%, 17 stage — 59%, 2 stage — 13%,

stage — 9%. During the fiest ten years (1988-1997) of endoscopical monitoring the 0
(23%) and the 1% (68%) stage of endobronchial inflammatory process expressiveness
prevaled, but in 1998-2009 — the 15 (51%) and 204 (329%) stage. These data were cor-
responding to the purulent changes of endobronchial secretion: from on average 17%
cases In 1988-1997 to 61% cases in 1998-2009.

5 of endoscopic endobronchial study in clean-up workers of Chorobyl i

scciden, siferngfrom COPD showr, it priacy endoscopc varen of dot
isordr was chronic difuse 14 sage of inflamation aeophic endobronchits
gt type of mucosa changes. In the e posn«ldem:l period
the purulent changes of endobranchial secretion prevailed (3-

Echocardiography based cardiac function was vt in 3009-2010 in 57
male COPD patients, clean-up workers of 1986 and 72 patients of comparable control
group without effect of fonized radiation. Age was (58.145.6). Doses of extermal ex-
‘posure for first group were in diapason of 1-50 cSv. COPD patients from the group of
clean-up workers had significant difference in Left Ventricular Evacuation Function
(LVEF) level (38.145.6%) with control i (472855 Mot B 0t ptlews of
main group showed features of chro pulmonale, followed by diastolic dysfunc-
(o (50.7% n main group, 32.4% i coneel roup) 3 I venicutr hyporrophy
(6413 in man grow, 3415 in conrl group). Mid plmonary arery hypertension
(PAH) was detected in approximately half o f main group (53.1% ) and in
24.8% in control group, moderate PAH in Sy Dtints of o group and 132%
of control group. Thus COPD patients clean-up workers had significantly more hard
linical course of concomitant cardiovascular pathology than COPD patients of control

%

group [11].
" S OGN L CORD I RIS SOt et catal o i
1988-1997 (15 subgroup, n=109) and 1998-2009 (21 subgroup, n=1 1) S 26 e

up workers of 1986-1987 (basic ym.p) - iddle age was (43.6:3.8) ¥t
Of the tseacs Bccoing 1o avaTEste dam e (S84.3) eors, SigatReant ool
distinctions between groups were not established. Individual dose levels were within
the Jimits of 12-64 cSv.

‘The control group was made by practically healthy persons living in conditions
of a natural radiating background.

Differentiated blood cell count did not find significant differences between the.
basic and control groups, except reliably higher erythrocytes sedimentation rate among
patients from the basic group.

Statistically significant distinctions in CD3", CD8* and CD22* lymphocytes counts

ealed. Changes in T-system were accompanied by increase of relative quantity
of T-suppressors at deficiency of the general population of T-cells, and decrease of
regulatory subset ratio CD4*/CD8* (Fig. 15.4). The tendency to the increase of T-ac-
tive/cytotoxic lymphocytes number was marked in them as wel as essential increase of
€D22* Iymphocytes quanity and cisimmuneglobulinemia.
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The researches that
have been carried out for
the 2% subgroup of patients
have shown, that patients
had changes, both in con-
tent of the basic subsets,
and in internal correlation
of imimune system commu-
nications (Fig. 15.4).

e revealed changes
of cellular link were not ac-
companied by significant J ¥
deviations of the content 0 e e ool
of serum immunoglobulins . .

TR, TG, T, excen o T s s bttt e d s
reduction of IgA level in  gent

the group of patients with

COPD. Besides i, at patients with COPD in the remote period after clean-up works
substantial increase of the content of large and small circulating imune complexes
was established.

Thus, in cases of COPD clean-up workers had marked changes of cellular and
humoral immunity. These changes during supervision over patients varied and, quite

38 se8ye

which was accompanied by decrease of expression on cell surface functionally active
receplors — CD3, CD2, HLA-DR. Decrease of CD3* T-lymphocytes content in the
surveyed patients of the 1 subroup correlated with the Increased number of somatic
‘mutations in the T-cellular receptor locus that tesfified to value of radiation-induced
processes in formation of functional insufficiency of T-cells. Immune deficiency in this
period in clean-up workers with the highest dose level was accompanied by formation
of atrophic forms of endobronchitis in COPD that can reflect morphogenetical value
of immune changes.

the 2% subgroup of patients the parity T- and B-links ratio was marked. CD3*
cells content in patients with COPD was higher, than in the control. These changes were
characteristic as well for other groups of observed patients in the remote period after
iradiation and b iatic

D
number up to norm. At the same time, in this period increase of circulating immune.
complexes was found out, which had not been marked in patients at earlier terms. The
possible reason was restoration of B-link functioning in reply to antigenic stimulation,
Clinical course of COPD was accompanied by raised CD8* lymphocytes count whereas
the majority of researchers in the remote period after irradiation marked decrease of
‘number end functional activity of T-suppressors. Probable explanation i the intensity
of cytotoxic reactions just 2 it observed in groups of the individuals who had survived
nuclear bombing and in participant of clean-up works with other kinds of a somatic
pathology [12, 131,
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Flow cytometic anayssofbronchoslveolarlavage leukocytes was performed in
ed by CD45 common leuko-

oy amigen expmsuon, e o -part difrenia wes usd ox granulocytes, lymphocytes
ocytes/macrophages discrimination. Antibody panel included CD3, CD4, CD8,

CDI0, Cb13, CD14, CD16, ODIS, D33, CD4S, D56, HLADR. Addidoral san-
ing of intracellular matrix was performed with anti-cytokeratin. Squamous metaplasia
and cell atypia of bronchial epithelium in the cases of atrophic and sclerotic changes
were associated with high cytokeratin expression. Granulocytes exhibited high CD4S
expression. Prevalence of CDB'56" cytotaxic cells was shown among the lymphocytes
it high HLA-DR expression while CD4" subset size was slgmﬁcamly Tower than in
peripheral blood samples. Quantitative studies of antigen howed similarity
of average fgures with the perpheral blood for most of the differentiation ancigens

study does profiies Iymphocytes lacking T-cell receptor

(BAL). Diffences i subse ogaizaion revealed by flow cytometric analysis could
indicate activated cell tropism to lung tissue and also be the markers of an involvement
of cytotoxic s i e ormation of e os raiaton bronchopulmonaty
disorders (14
Summar

ing this study, it is necessary to specify the stages of COPD immune

immunologycal deficiency at the first stage and cytotoxic, and also immune complex
reactions in the period of the remote effects [12-14].

‘When studying dynamics of a bronchi mucous membrane structural changes,
patients — participants of clean-up works were conditionally divided into two sub-
groups, depending on time of the puslxcndem:l researches: 19881997 (1% group) and
19982003 period of supervision (2" group)

“The rcsved eslsallowed t vty sucuzalconorniy 1o clinical symptoms

of pathomorphosis of COPD in clean-up workers of Chomobyl NPP accident who under-
gone radionuclides inhalation. Those can be systematize as pecullarity of microvessels
damage, infringement of fibrilogenesis and modification of inflammatory chronisation
2-5, 10).

! defined as inf £ epithel

with pn»olum hnxh lifer d
most
of cellular population kinetics of bmnchus oot g i e
basll-cellnhr hyperplasia (Fig. 15.5).

ase with increase of term of supervision (1988-1997).
High pmllluznve activity of basal cells was kept and at change adjoining basal mem-
brane, down (o it hyalinoss (Fi. 15.6), .. on conditions that infringement of mecha-
nistms of plastic, information and power provision of proliferation mechanism. To pos-
e pathologica transformation of basl cls genome \estifed thei nucleus aypia,
found out in some cases, shown by increase of the sizes, change of the form, carioteci
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‘winding, hyperchromia, mosaic lying
of chromatin.

Hypercophied filaments were
frequently present at cambial elements
cytoplasm, therefore it is possible to
assume their primary planocellular dif-
ferentiation (Fig. 15.7).In this case the
high frequency of planocellular meta-
plasia superficial bronchial epithelium
at the individuals, exposed 1o radiation
‘was seen. Metaplasia of multiserial cy-
lindrical epithelium into multilayered
plane epihelium was shown atthe Ul 7y 155 seatesios Wpemesnel e e
structural level by change of the cells  of mucous mambrane ol s bronchus. Stained with hemato
form and degree of their differentiation, i and eosin 400
infringement of intercellular contacts,
and nucleus atypia as well.

lam of plae wtddle-

were frequently present cnnulmng,
probably, keratohyalinum. Besides, in
plane cells individual secretory gran-
ules were found out similar to mucoid
ones (Fig. 15.8). A secret emission

completely deprived of cilia, having
only rare microfibers. It is logical to
assume, that the described phenomena
testify for the benefit of «perverteds
planecellular differentiation of maw-
e elements of bronchus superficial
{plbeior,— goble 4 el el
Deeinaon of this proess by ece-
ougrin it Bk, Heemhes
o el achess and bronchid
epithelium make secretion cyclically.
Having excreted the contents on a sur-
face of a mucous membrane, they get a
as for cilated,
uch condition
on their surface appumd ircegularly
e o B e s
o o
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Pathological changes of nucleus
‘with rare figures of mitosis in sites of
planocellular metaplasia were submit-
in the greater degre, than in locus
of basalcellulr hyperplsia. In super-
vision 1988-1997 planocellular meta-
plsia of bronchus superical epthe-
Tium was combined with hy;
sl membrane. Apparendy, sk o
eossses are munally conditioned.
In 19 clinical group the local hy-
perplasia of mucous cells took place

i 5, Wleroaneons on gy
o3 s callf

des n cyuplasm
ronhialsuperilal epthetun. Mcto-
e 4100

onl it was con-
nected with basal- cellnlar hyperplasia,
having the tendency (o increase the fre-

ency of i during super
on. Recyclng mucous eplbeliocyies
contained granules of heterogenous
density and zones of essential conden-
sition of 3 scret except for homoge-
neous ones (Fig. 15.9).

“These facts, prabably, testfy 1o
change of a chemical compound of the
‘mucus, produced by epithelium, pro-
duced by epithelium, that causs in-

secret prod nd in connection
withits qualitative ransformations. As
a2 whole it promotes severe course of a

tesso o
treatment, The bronchial secret plays
the important role in the maintenance
of the respiratory system homeostasis
due to the participation in maitenance
of the effective clearance mechanism,
and due to bacteriostatic properties and
the ability to condition i as we

In carlier terms of supervision
(15 group) the sites of bronchial super-
ficial epithelium, deprived of ciia cels,
were typical (in the presence of cambial
elements hyperplasia). Prabably, it is a

special case of switch-
ing of a genom site, which determine
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the “cilia” orfentation of cambial elements of epithelium differentiation. After 1997
combinations of basal and cila cells hyperplasia demonstrated and become more and
‘more typical (Fig. 15.10).
It was mmarkabll. mu il epitheliocytes had normal ciliar apparatus only in
few individuals. At the e various changes of them were mentioned: merge
g € a0 o, esqaation of superficial cuticle, disorganization of
basic filaments nside the cilia, polymorphic cytoplasmical divertieuli on apical cell
surface. At the majority of patients of 15 group the full reduction of cilla took place.
In supervision 1998-2003 hyperplastic changes both cilia and microfibers (Fig. 15.11)
were revealed. Probably, these changes in even can cause the partial restoration of cilia
cells function.

d

revalence of -
sion of mucus, certainly, reduce protective properties of a mucous membrane, certainly,
reduce protective propertiesof a bronchial muucous membrane, promote penetration of
‘microbodies and synchronization of an
inflammation. For all period of super-
vision (1988-2003) in three clean-up
workers severe dysplasia of bronchial

ici

However, deformations of epithelium
basal membranes (as an extracellular
attribute of dysplasia) were found out
‘much more often, especially in patients,
who had stayed for the long time (more.
than a year) in a zone of Increased ra-
diation (Fig. 15.12). {‘,g,,j,i,‘,‘,.‘_'{:;;

Dysplastic changes of epithelium
were found both in sites of planocellu-
lar metaplasia, and outside of them.

Thos, at the cle: rkers
suffering from COPD, infringements of
a sequence of phenotypical expression
of proliferated potenialities of bron-
chial mucous membrane superficial
epithelium cells were found ou

More than in half of supervisions
it was possible to verlfy the wtracks»

mucosa by means of histoautoradiog-
raphy with the help o n
. Presence in 2 material o the 100

Fig. 16.12. Exressed defomtion and scleosis of 3 bro-
chal eplheial basal membrane A S8,
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ioptate of kind the presence of
‘non-uniform mix ndwnudm In bronchial bioptates of the control group, received from
tients with COPD till April, 1986, sources of fonizing radiation were no found out.

During all investigated period damages of microcirculation vessels of bronchial
mucous membrane were verified.

‘Changes which have been found out in microvessels of a bronchus mucous mem-
brane in the early period of supervision, differed by the form and intensity and testified,
first of al, to thelr alteration. Intravessel damages and damages of vessel walls and
surrounding tissues are marked too.

“The greatest prevalence among intravessel nfringements of microcirculation was
revealed with aggregation of elements of blood, mainly erythrocytes. As a rule, it had
the extreme image — sladge at which erythrocytes part emolyss oecuredor eryhre
cyte blood clots were formed. In some cases adhesion of erythrocytes to endoteliocytes
(Fig. 15.13) was marked. At a lumen of vessels macrovesicules were present, gener-
ated by a membrane such as plasmatic
one. «Erythrocytic shadows « which
are described by many researchers in
vessels after radiating impact, had other
kind. There were destroyed elements
of blood, cellular detritus, squamotic
necrobiotical changed endotheliocytes
(Fig. 15.14) myelinoids etc. i intraves-
sel space,

P
Changes of endothelium were
characterized by dystrophic process.
Vacuolisation of cytoplasms, accumula-
sion of isosomiclooking boies,osio-
hilic and crys-
tallization of mitochondria, expansion
of perinucleus spaces etc. took place.
5 n.e e sty period of research, in two
xpressed changes of
onceliocyies e ware faud. 1
ane case Karioteca formed deep invagi-
nations due to which in nucleoplasma
cytoplasmical inclusions were formed
in nucleoplasma (Fig. 15.15), and in
the other — dramatic alteration of nu-
clel with their inversion, partal lyss of
Karioteca and vessel lumen occlusion
(Fig. 15.16) was marked.
‘Some patients it is marked sig-
nificant condensation of cytoplasmatic
matrix at which were hardly distinct

- “ I mu- i lh-.lli mucous
men i .
mmane Wi 13500 endocellular organoids. The increase of
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luminal and basal surfaces of microves-
sels due to formation of numerous of
digitate cytoplasmic diverticulums of
ety s e by s
nsatory reaction 10 decrease of
he Gamscapiiary exchinge, te ntg-
nificant quantity of micropinocytosic:
vesiuesifed 0 1.

One more prominent feature of
microvessl slemens chanaels of por
tients — clean-up workers was mul-
tilayer and fragmentation of vascular

embrane, prbably, comected
ha

basal me
1o constant change
population (Fig. 15. m Tts necessary
to emphasize, that similar changes of

basal membra
scribed at senile age (after 80 years).

In some cases of the second peri-

od of observation microfilaments were

n a zone of endotheliocytes accumu-

lated (Fig. 15.18). Expression of given
ptom still needs the explanation.

Tt was interesting also to note the

absence at studied individuals of one

adhesion to endotheliocytes and diape-
desis. released in

the lamina propria of
membrane were probably connected
with traumatic procedure of bioptate
extraction, but not with disruption of
vascular wall integrity. Typical peri
vascular changes were characterized
by insignificant cellular infiltration
‘and by perivascular or diffuse sclerosis
(Fig. 15.19).
In first five years after accident
a presence of myelin-lke structures in
perivascular space and in lamina pro-
pria of bronchial mucous membrane
was often mar
some supervision of the last
period the tendency to increase of

[T ——
membrane. Micophota, x20000.

g
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capllaries quantity in subepithelium
layer of bronchi was found. That can
be explained as structurally functional
adaptation of organs under pathological
conditions of functioning (hypoxia).
spectrum of transformations
of bronchial mucous membrane vascu-
lar structures, and also the various de-
gree of their expressiveness in those of
other cases, allows to assume both the
direct Influence of various damaging
factors on microcirculary vessels, and
indirect, dependent on specific body

features.

o 180 Pasiae
mucous membrane. icrophot. 1

i 520, Eendd slrss of sl wal od by
meihod van Glzon.

slerasis o lanias w-wh oa

ity i in early
terms of observation does not exclude
direct damaging influence of radiation
on these cells.

The convincing pathomorfologi-
cal proofs were recelved that on the
basis of chronic endobronchitis pro-

ressing in the individuals, exposed to
radiating influence, lay the sclerotic
changes of bronchus walls. Deep in-
fringements of fibrillogenesis first of
all were present at lamina propria of
their mucous membrane. At the major-
ity of patients — clean-up workers,

in
er layers of bronchial walls (Fig. 15.20)
and Bbroplastic deformations of epihe-
Jial basal membranes were found.

wose supervision where the
bronchial bioptate volume allowed to
estimate a condition of muscular plate
and submucous layer, superfluous col-
lagen creation in these microregions
was identified? Sclerotic processes in
a muscular plate were accompanied
by its atrophy and local hypertrophy,
and in submucosa layer — dystrophic,
atophic and local hyperplastic changes
of glands. Expressiveness of sclerosis
grew in time course: sclerotic changes,
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except for separate observation, were mllmm almost to all patients with the over five
years anamnesis of disease (2% grot
The stcunal subsatm of henic inlo lammatory process in bronchial mucous
membrane of atets — clesmup woekers, Incomparson withconrol parameer,was
characterized by smaller intensity of inflammatory-cellular infiltation. s qualitative
structures including lymphocytes, leukoctes, plasmatic and mast cells, monocytes and
es wete met extremely seldom. In the 1* group of patients lymphacytes and
leukocytes prevailed, and in patients of 2% o the quantity of mast cells was essen-
tially increased. in infiltate
benai of hyporeaive couseof Iflammation n exposed ndividuas.The wansfommed
manifestations faciltate microbic invasion (Fig. 15.21). The fact of frequent detection
of fungoid infection during second period of observation is worthy of notice [14, 15].
Tedag o st Daneceluloe mtapasa nd cclulac atypia are precan-
cer conditions, inspection of clean-up workers of Chornobyl NPP 1986-1987 demands
pulmooncological vigilance [15].
tying of a bronchi mucous
membrane structural changes in clean-
up workers of 966-1967 have h sllown
the negative relationships
Herin of h vorstomed ey i
cells and activation of immunit

sion of airway epithelial cell matrix
proteins, lymphocyte activation and
gene expression in COPD and lung can-
cer Lavage and peripheral bood cels . 51, ooy o s st of gt
were analyzed by flow cytomelry with  oRchaltubes soperilal pthtun. Micophao. 12000
‘monoclonal antibodies to Vimentin,
Cytokeratin, BER-EP4, EGFR, Ki-67, %
HER-2 and lymphocyte ctvatlon a7
tigens, by RT-

D cases a combinaton of normal 17
pruion o EGFR,

Tow Cik', Vim* and BER-EP4*

|
Cll mambers, Lymphocyte scvation ¢ 1|1
was assoclated with overexpression of
BAX, MAPK14 (p38) and absence of

TSR gene exprssion. Divergences I —
in expression of proteins of cellular " O
matrce of Ki — 7, HER? it is not el 0070 Elers e
tween the radiation-cxposed P!
i patea. 0 et qumummmmmmmm-
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cer cases high Ki-67* and HER2* epithelial cell indices were accompanied with low
EGFR", Ctk*Vim*BER-EP4*, low percentage of CD25", GD38" and bel2" lymphocytes
with absence of BAX and MAPK14 overexpression (Fig. 15.22.) [16].

Obtained data suppor the hypothesis of the lower reactivity of peripheral blood
and airway lymphocytes to the epithelial cell cytoskeleton proteins in COPD and
cancer. Association of the cytotoxic cells activation in COPD with bcl2 and mitogen-
activated protein-kinase genes could represent immune response o secondary factors
including infection.

Conclusion

Radiation-dosimetric and technological features of Chornobyl accident have caused
a situation at which lungs and respiratory ways were one of the main targets-tissues re-
F e
of radiation and ‘The analysis of ic and clinical-

. . : . 2

non stochastic effects of influence of ionizing radiation and inhalations of radionuclides
in conditions of Chornoby! accident are the clean-up workers 1986-198

ChB and COPD in clean-up workers 1986-1987 manfested doring the firs
3-7 years after participation of patients in execution of postaccidental works.

“The analysis of anamnestic data showed that at clean-up workers during the
ks and in the neaes period sfter works In zone of Chomabyl NPP coughing
syndrome without attibutes of sputum was present. The subsequent course of diseas
was characterized by “poverty” of a clinical picture with progressive development of
obstruction syndrome and formation of dyspnea. In the later period the pathology got
feime=f CORD:

opic investigation of mucous membrane of a tracheobronchial tree among.
clun-up orkers, o, from COPD bas esabishe, it 1o the sl endescople
bronc! 19 degree

of inflammation with ity change of mucous membrat

Fahomertologlcal udying of broncheblopttes allows to systemalize struce
tural equivalents of clinical pathomorfisis of COPD at patients — clean-up workers
tansfommaton of regeneatry procesies, el dmage of microvessls,disoders of

king into account, that
planocellular metaplasia and cellular atypia are precancer condmons, investigation of
clean-up workers 1986-1987 demands pulmooncologic alarm.

s necessary o noe the viisude n fomnations of immunologie escions
patients with COI i orks with
prevalence of radiation-caused immunune deficiency at the first stage and oo, s
el s rmusocomple rectons n e remoe period

‘Thas, the given data testfy, that for victims of Chomobyl NPP accident (first of
all clean-up workers) presence bronchopulmonary pathoiogy such as COPD with some.
special clinical, endoscopic, pathomorphological and immunological features is typi-
cal. It requires the creation of adequate methodology for diagnostics and treatment of
bronchopulmanary diseases for the given contingen.
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of ROS
by flow cytometry
Inracellular generation of Oy~
was estimated using dihydroethi-
dine (DHE) of “Sigma”production,
amembrane permeating uncharged
probe that reports overall cellular
07~ production through oxidation
0 ethidium bromide and emilting
red fluorescence [18]. ROS genera-
tion was induced by the addition of
DHE to spermatozoz in suspension
with concentration 107 cells per
ml to give a final concentration of
DHE equal 2 mM, SYTOX Green
a cell viability stain with green
Sinruicrme bang sso 1idsl 1o
inal concentration 0,05 mM.
Then
was incubated for 15 min at 37°C, centrifuged for S min at 600 g and resuspended in
Biggers-Whitten-Whittingham (BWW) medium. The latte consisted of 95 mM NaCl,
44 mM sodium lactate, 25 mM NaHCO;, 20mM HEPES, 5.6 mM D-glucose, 4.6 mM
KCl, 1.7 mM CaCl, 1.2 mM KH,PO,, 1.2 mM MgS0,, 0.27 mM sodium pyruvate,
0.3% (wiv) BSA, 5 Unml penicillin and 5 mg/ml streptomycin.
Assessment of mitochondrial membrane potential by flow cytometry
Ftuoromeric sscsement of miochondeial membrane potentls s made on he
basis o probe Rhodamine 123 [9). The lareer is
Semione compound that excits at 488 nm and emits at 515-575 nm (geeen fuores.
cence). It accumulates in the mitochondria as a function of transmembrane potential,
of R1Z3 concenaton nd ofsperm numbers. A combination of R123 and propidium
iodide h For
the assay 10 the spermatozoid suspension with concentration 2%107 per ml was added
12 pl of 2.99 mM PI in Tyrodes Salt Solution/ml BWW plus 3 y of 0.53 mM R123 in
DMSO/ml BWW. Samples were incubated for 30 min at 37°C. This was followed by
centfugation for 5 min at 600 g and resuspension in BWW.
Statistical analysis
Comparison of data for different dorors' group was made using analysis of varian-
ces, Anovs, and unplred Sudents st withamndment o Bonfernl. Confdence o

tervals for mean estatisic at
statistical tests ided and p<0.05 i
Rcsulﬁ
donors from dil of
pated in rand i lity potential

are presented in 'nhle 16.1.
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Tabe 16:1. Sperm qualty i dierent roups of donors
T | pagors [ YO0 | oot | S (oo ] g | oepren
| e | ofspeeoros | namal | SBiow | Spem | Oegenertie
o i home. | cuse | ol spremons | o | oty | ity | ooy
T

mb am01 ez S 23 22 172
" :“‘f:;")'““"‘k 28020 gsS  Am2 Q22 2510 26e1°
[ :(‘yfws 2002 At w2 2t a2
VoI ooy s e et

<005, igilicans diffeencewith conirol

It seen that mean value of efaculated volume gradually diminishes from 3.8 ml
in Poltava region to 1.0 ml in Zhytomyr. Meanwhile the mean value of sperm concen-
tration in ejaculate was shown to be highest in the samples from Poliava’s inhabitants
and t0 be equal to 127 miltiowml. Interestingly, for Kyiv this index was more than for
Hvano-Frankiv, although the smallest magniude was detected for Zhyiomy belng
equal to 60 mill Similar mean values of normal sperm motility were found in
al 3 radiation polluted regions whie fo Foliav's inhabuantste umost méaning of
the parameter was establist

In the most radiation poumd szon — Zhytomyr the sperm samples were
characeized by  arge proporton of degenraive spermatonosslong wilh immoblle
in Ivano-Frankivsk and Kyiv these variables exceeded those for Poltav:

significantly less than for Zhytomyr. In the Table 16.2 the data mmmmg e
subpopulations in sperm samples from different donors are presented.

Table. 16.2. Determination of sperm subpopuations in diferent donors' groups using Aunexn V and
Pi staining

e | Amwin | Aemean | Amnein
oo | g | f | b | deh

T Poltav, (cantrol) 70814 07 18 3
[ Ivano-Frankivsk (1 rem) 6411 108 1548 1084
" Kyiv (15 rem) 6110 17 17211 127
w Zhytomy (5-10 rem) 5489 1128 20018 1510

‘Sperm viability (V-/P1- + V*/PI") was the highest in the samples from Poltava's.
s, the mean value being 80%. For donors of Ivano-Franklvsk and Kyiv the
ferences in sperm viability were mslgmflcam, while for Zhytomyr poor sperm viability
was established. The quantity of necroses in spermatozoa tended 1o increase slightly
with the rise of the mean value of accumulated dose for studied regions. Changes for
non-viable apoptotic spermatozoa were more pronounced. Early signs of apoplosis.
development in spermatozoa were shown o progress gradually between Poliava and
Zhytomyr. The apoptotic index for sperm samples was highest in Zhytomyr and lowest

in Poltava (Fig. 162
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apoiaic s o
Y ians. st Contal
15 et 6 reion o1 Pt (010m). Lo o 158 reon Pt
e in accumulated radiation dose %
was. assncmed with elevation of ROS pro- z
duction in sperm samples (Fig. 163).
0S production for Zbytomyr donors  § £ -
which accumulated 10 rem was threefold -

‘more than for Poltava’s dorors (0 rem)and & 39

almost twofold more than for donors from & z

ano-Franivl (L), We ound i

the mitochondrial potential (4) o
o spermanacs to, The w2 e

o0 drop depending on the mean value of

pdition sccumlted dose, for Kyiv and g .yttt

Zhytomyr the mean values being signifi- Jop

cantly less than for Poltava (Flg. 164).  Poumes o ser

ot
531 Senen s o e
s “stasicalysigican oo wih
— conil (0 rem) o radation s reion Pl
re two crucial targets for ionizing radiation detrimental effects in liv-
ing cells. First of all, radiation affects DNA that results in damaging nucleotides and
accumulation of single along with double srand breks in DNA sirucure [1, 6, 10
However, i DNA presents plex as i
ponent die t highly condensed St of hromat and tho bsence of whatver DA
activity. Just ctioning is
of litdle importance. On the other hand, the spermatozoon is highly dependent on the
integrity of its plasma and mitochondrial membranes due to the necessity to maintain
ion-floods on due level. That is why membranes may represent the other essential arget
for radiation impac. It s well known cell membranes are rich in unsarurated faty acids
(3, 81, These compounds are very sensitive (o irradiation, especlally their double bonds
which are key points in radiation assault through hydroperoxide or hydroxyl radicals
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Consequeatly, lipid peroxidation chain reaction is launched resulting In further destruc-
bl

‘However spermatozoon similar (o every living cell possesses an antioxidant sys-
temof enzymic defnce which though o set of Ferymes ‘namely catalase, glutathione
1, gl

ot and et rﬂdltals convering them o water sl oxygen [7, 11]. Our resuls
have demonstrated that in radiation polluted territories of accumulated ra-
diation dose is accompanled with launching of apoptosis e, e et dealiog

Consequently, ply
diminish their activites. In addition to this, shifss in mitochondrial membrane semiper-
mesbillyaccording 0 oo data causd a dop i mitochondrial potential and consequent
uncoupling b transpor ar are very
favourable for intercepting electrons from electron iransporting chain by free oxygen
mleculs, the suproxid rdicls being prodced. This ool of superoxide adical s
associated exclusively with mitochodria. In addition, there is a second pahway for
superonde radicls generaton it s accomplished hrovgh pliigis i e
wiich i loated In e beads f spermatozoa [1, 2,

hereby, radiaton peloton af riones and subseqnem penetration of radionu-
clides in living organism may affect rapidly proliferating iss ricular genera-
tive epithelium, causing the production of defective sperm it dameged membranes,
pertinent to apoptosis and with suppressed antioxidant enzymes. This idea was fully
Validated by our data concerning apoptotic indices of different sperm samples which
provedthe exfsence o close t iner dependence etweenaccumulted rdiaion dose

i ge

internal decreasit b zsymmelry
and distorting its e

Abaement of antioxidant emymic activides in radiation damaged spermatozoa

free radicals, espe

and spermatasoid heads. I trm, ROS pernerae intothe nuclus and exert adirect effect
on chromatin DNA causing overall disruption and formation of apoptotic bodies. In the.
last stage of apoptosis development cell Gesth follows, Ou reslts bave suablished the
gradual
death whose caniribution to spermatozoid mortality significantly dimir

hed for highly

have shown that subjects living on radiation polluted territories may generate

would p radiation polluted . Therefore
2 special system of pmphylacnc amangements needs o be elaborated to prevent further
spreading of male infertiity.
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ez 17 NERVOUS SYSTEM
AND PSYCHOSOCIAL
ASPECTS

17.1 ACUTE
EFFECTS

There is a strong and traditionally present opinion in the medical radiology that
radiation damage of the central nervous system (CNS) is possible only under Iocil ex-
posure 10 the doses exceeding 10-50 Gy. Brain radiation necrosis was observed u
the local irradiation in doses over 70 Gy, after which he edogenc dementi o
‘occur. Brain toleran dose tional
blieved as 2 Gy (1]. Pimary damage of CNS under e hole oy radiaion expose
is orthodoxically diagnosed only if the doses exceed 100 Gy (cerebral ARS form), while
secondary radiation damage of CNS is diagnosed in case of 50-100 Gy respecively
« ARS form), Gy idered to be a threshold for
radiation-induced neuroanatomical abormalities [2].

On the other hand, the neuronal morphology abnormaities were found just after
exposure (o 0.25-1 Gy of total-body irradiation, and dose value of 0.5 Gy has been
called “the red bar” of CNS radiation damage with primary neuronal injuries [3]. Stable.
disorders of cerebral electrical activity were Seatredwith 0.3-1 Gy hresbold s with

the impact of relatively low 4 J
occurs under the irradiation leadmg 10 multpl crebral and behavioral efets depend-
ing at most on radiation dose [5]. The diagnostic entity of slowly progressing radiation
sickness of CNS after 1-6 Gy wlaHmdy inadiation has been announced by A.L. Kar-
povskyi (1985) (6] 1 was suud inthe UNSCEAR 1982 repor that progressing cortex

he progressing CNS damage is
described n remote exm fter relauvely low-dose e

within
scope of “mild radiationsckness” was descHbed i (e cleanup workers 7] However
at that neither any dosimetry data nor any other evidence of radiation disease were
provided. Later on they have stated that post-radiation encephalopathy appears after
more than 0.5 Gy of radiation expasure. Yet this opinion has drawn serious and rather
enough substantiated criticism.
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ly i atric Chornoby heritage. At that
we had many times insisted on inadequacy of available opinions about the “functional
sensitivity” and “morphological resistance” of nervous system lowards ionizing radia-

. Itis clear that there are no “functional” disorders without damage to the respective
biological structures at molecular level. Instead in real there are some limitations of our
krowledge and diagnostic capabilities [8].

It is believed now that CNS involvement was underestimated within classical
ARS descriptions, while the nervous system is sensitive (o radiation, and extent of its
dysfunciion has been quantified by means of electrophysiological, biochemical and/or
behavioral parameters. CNS dysfunction wes identified through the same parameters
under the low-dose total-body irradiation too. They insist that evolving conception of
radiation-induced syndrome of multi-organ injury in ARS provides a background for
understanding of CNS damage [9]. A lot of newer neuroradiobiology data on molecu-
lar-biological pathways of radiation brain damage has recently become avallable. Thus
even the apologists of CNS radiation resistance concept were forced to reconsider their
opinion in favor of cerebral radiosensitivity.

Fig.17.1. Pathog

Contemporary opinions about the radiation brain damage are no more focused only
on nentioned “glial- 1 vascular
endothelium and injury of neuroglia are the cause of all radiocerebral effects. Nowa-
days both primary-neuronal pathways (i.e. hippocampal neurogenesis inhibition [10],
neuronal apoptosis, abnormal neurosignaling, damage of mitochondrial DNA and RNA
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not subject to reparation, lesions of neuromembranes and ion channels along with necrosis
under the high-dose radiation exposure) and modification of gene expression, “bystander
effect”, neuroinflammation, multorgan dysfunction, autoimmune pathways, metabolic
15 and many others are in the focus of concemn. It means that opinions on radiation

d sensitivity nge i 1
1t bears mentioning that apinions on nervous system radiation resistance remain
persisting in the International practice of radiation protection and UNSCEAR reports
2006, 2008, and 2010. The recent data on pathogenesis of even the low-dose cerebral
effects being summarized in the publication [11] and presented in Fig. 17.1. They are the
disorders of hippocampal neurogenesis in adults, modification of gene expression, neu-
, alteration ignali i , cell damage
and death due to secondary injuries etc. Those disorders both with well-known “glial-
Vascular union” do probably explain the cerebral radiosersitivity pathways (Fig. 17.1).

17.2 EARLY

According to the UNSCEAR report 2000 (Annex J) the ARS was verified in 134

emergency workers i Chorobyl. Among them 41 pesons i receved te tta-body
216Gy,

Gose resaling o more sevre ARS, namely (0 2.2-4.1 Gy in 50 case, 0 42-6.4 Gy

in 22 men, and to 6.5-16 Gy in 21 of them.

‘The initial reactions and neurological disorders in ARS patients after the Chor-
nobyl accident in wards of Moscow Clinical Hospital #6 have been described by F.S.
Torubarov et al. (1989) (12]. In cases of mild ARS (grade 1, radiation doses 0.8-2.1
Gy) s of autonomic nervous system (vegetative-vascular dystonia, VVD)

neurotic disorders were diagnosed, in moderately severe ARS (grade 2, 2-4 Gy)
the VVD was prevalent, in severe ARS (gude 3,42-63 Gy) the acute radiation and
visual and auditory
were present, whlle in ly severe ARS (grade 4, 6-16 Gy)
the acute radiation and rad
hemorrhages both with pronounced cerebral edema were fou

A few years upon ARS convalescence the so-called onctiont dsorers of

nervous system were revealed featuring neurocirculatory dystonia with asthenoneurotic
o 7 . i .

‘observed thereat, The decline in mental performance and the severiy of asthenia were

propordons 1o he suvived ARS,grade, n case o doses ove 2 Gy e sgns o brin

of 13, The disorders

of cerebral hemodynamics were considered as one among other reasons of neuralogical

manifestations after the ARS. The operator performance and cerebral electric activity
survived ARS.

activity disorders was also roporiona 0 ARS grade The braister, hllimmmczl
tem stru

and intracartical disturbances were prew g there. The signs o b

ity in ARS of et e o gade (1),
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i the nearest terms of ARS recovery period Le. 4-6 months upon irradiation
) mmul state ami {cblecyn st e 0 clsa [k i ARS sewsdty
remorbid personality traits, awareness level and extent of social issues resolving.

Prtisina a(ﬁ.ll:lmn, gt o pacesiat and persouaiy fesesof srvus

ki ot gecal e eI late terms of recovery period ie. in 12-

consequences period L. in 2.5-3 years the mental

orders with pronounced langabiluy were found in survivors of more severe ARS an

lder persns. Foher hesrionsaney depresson, decine nmental woring capacy
ot with specfic alteraion i personaliy semanti strucuse were reveled {15].

along with time, o fomationl. personality disorders occurred. At that if a tendency
s some amelioration of mental state was observed in 3 years upon exposure, and
then the recurrence of negative trend has become obvious 5-6 years later [15].

17.3 REMOTE NEUROPSYCHIATRIC EFFECTS

Beomaritveaumvepol AR5 suvivoms puoles Aot on o gt o geaets of
the 16).

in the cortical-limbic system and of its mainly

gy st e il il o ol e mental consequences [17]
period are peculiar -

ing course pha-
se (3-5 years after exposure) by the phase of cerebroorganic disturbances iy

genc lesions (5-10 years
and more since the irradiation)
(Fig. 17.2).

‘The autonomous/vascular
and autonomous/visceral disor-
ders in patients with diagnosed
ARS were distinct in the supra-
segmental type, combination
with pronounced abnormalites
of the central afferent path-
ways, Intensity, resistance and

ic crises, which we classified
here as symptomatic partial ep-
ileptiform imbic attacks. These
abnolmilluzs combined with

o
Ta7-1908 650-131 1001990 T-198 00001 20022008 2507200

&
i bbbt Kt of samallc diseases including
g 172 Tesions have
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stipulated the pr ping of ind somatogenic mental disorders
n remote period of ARS.
Aleog with yeas since ARS, me prsyl:hupamulog(ca.l presentation has evolved to
‘most extent .. the “affective foreside” (nev ind sthenic psychopathy-like
sympmmwlugy) decreased gradually o ponalel with exacerbation of the negative

oy in remote period upon ARS i ‘mainly from 1) negative psychopathological

symptomatology L. energy potenial decrease, personality disharmony and regression,

affective atening (fatening of atfect), pathy, anhedonia, hypobull, impoverihed
3)

cognitive
deficit and psychop: per )
with the general i ‘under 70. As a whole the described above psychopa
thology can be classified variant of Accord

10 ICD-10 criteria it should be diagnosed as an apathetic variant of organic personality
disorder (F07.0 code), corresponding o the apathetic type of personaiy diorder e
o general medical condition (310.1 code according to DS! rder s of
progressing type of the course and its incidence depends on seveﬂly ym‘k of survived
ARS and radiation dose respectively (Fig. 17.3). Therewith some other organic mental
disorders (FOB, F07), both with neurotic, related to stress and somatoform disorders
are found in ARS survivors. The dose-effect relationship was fixed for ental working
capacity decrease surveyed upon exposure to radiaion doses exceeding 1
remote ARS period is of microfocal and “tracer

type. The sensory-algc,vesibolo-taric, musculotonic and autonomous (veg(mwe)
disorders with soft pyramidal
mlnly as diencephalic cries (autonomous-visceral iacks), :nd sometimes lempnnl
epilepsy and (mediobasal i
Neurological disorders dise:
(ICD-10; cerebral atherosclerosis — 167.2, hypertensive encephalopathy — 167.4,
discirculatory encephalopathy

within scope of other el «

(other diseases
of central nervous system —
7) and 1 disord

(G40, G43, G44, G45). |
In 3-5 years after iradia- B [
tion the EEG abnormalites of [
irritative type with paroxysmal '] 1
activity lateralized to the left e |
T 8 1 2 0

(ronmlempmal 20ne were reg
‘atthatbelng ostimated g5 SASEHO MGl m A5Gk = o S G )

hmramvaﬂen ol corticolim-  Fig 173, Course of apathetc vartant of organic persanalty dsorder
Along with time in
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5-10 years these abnormalities have evolved o the low-ampliide EEG with an excess

inicating to the ogenc brin damage wih mmmllmhxc sy inibidon (16)

re iden-
e by means of quandiaive lecoenceptalography (GEEC) appicaton n potens
with verified ARS diagnosis (Fig 17.4). They are the dominant frequency decrease in
the left frontotemporal zone, the absolute delta-activity lateralization o the left hemi-
sphere, relative delta-power increase in frontatemporal zones with lateralization to the
dominant (left) hemisphere and diffuse decrease of absolute and relative alpha-power
with lateralization of its depression to the left hemisphere. It can indicate that cortico-
limbic dysfunction is present being lateralized to the dominant hemisphere with cortical
frontotemporal and hippocampal damage [19]

Dominant frequoncy decrease Delta-power Increase

€

T H

k

[ro—

L

Alpha-power decrease

iologi idi EEG and evoked brai
cate 0 the dmage of coricolmbic system maly in \be dnant . et brain e
‘sphere and i modularities

the background of depression of specific ones in remote period upon ARS [19]
Neuropsychology study has proved the pathological involvement of the frontal

and temporal cortex of dominant hemisphere both with median cerebral structures and

their ical links i P ARS. The i i
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sphere nibiion and compensatey byperactivaton of the it ane were revenled, I
means. Lhﬂl damage of structures of the left brain hemisphere anterior parts responsible
for verbal lnlnrmzﬂnn re«pﬂnn and pmesslng. plannmg. uguhlmn and cnnlml is the
cerebral basis of fer th
diffuse brain damage with anterior (vegulalory) ald poslennl (gnosl]cil) pan.( of both
Remispheres involvement

observe

(DEP). o s st brain zones responsible for the control and
regulation of motor programs execution and speech-mediated mnestic (verbal) and
complex intellectual activities were found being dose-dependent [20].
5 Soitve defch s 8 base of bal damage clical puten n remote perod of
The il dose depede: sbmomallesof copuve fuscions were oundbe.
ing considered as a domain of post-radiati isorders. They include verbal
Intllciual quodent (1Q) dcresse compare o the premorbid verbe 10, decine i
cognition, memory and attention, deterioration of the short-term verbal memory and of
ihe proacive and reoacive nefernce of verol informaion. Lowering ofthe relstive
theta-range power in the left frontal zone and decreese of the CEEG theta- el
relative power ratio to the alpha-tange one accompany these cognitive
heta-angeIs Known beinga hippacarmpal hythm. Therefor he revealed dose-depen
dent neurophysiological and neuromental disorders can indicate to the injury of corti-
colimbic system, especially of hippocamp in the left (dominant) hemisphere. Therefore
the revealed dose-related neurophysiological and neuropsychological disorders can be
the proof of corticolimbic system abnormalities especially of the left (dominan) hemi-
sphere hippocampus. The post-radiation cognitive disorders are of mild and moderate
seveiy here nd festure memry, aenton, and vrbal Ieaming sbnormalites it can
be atributed to the post-rads of hippocampal in
the dominant hemisphere) [21].
‘The neuroimaging study in remote ARS period has provided the verification of
ental disorders cerebroorganic type by the presence of cortical atrophy, ventricular
ilaation, and foca Jesons. Accoming 0 magneatesonance imaging morphometry
the neuroimaging markers of 1-5 Gy dose range ionizi
featuring the contrast ratio decrease of the lef
anterius) and gen, left parietal lobe in the radiate crown (i.¢ corona radiaa) zone
and right parietal lobe white matter. Brain hemisphere cortical airophy an
hemisphere pathways alertons ae the quaniative neuroimaging pimculanms of
ARS temole perod [22]

found lh! ac:eleranun of visculir wzll involution, diffuse decrease in hemodynamic
l'liCIIVIly wlm ng!d" circulation pattern appearing, and restriction of blood flow in the
extracranial cerebral vessels. As a result the reactive compensatory vasospasm

o o s T g e tortuosity with diffuse stenosis are the
characteristic features of cerebral vessels. Therewith the asymmetry of blood flow was
found in the internal carotid arteries (ICA) due to more pronounced left ICA systolic
velocity decrease. The left ICA systolic velocity decrease is regarded as a marker of
cerebral arteries” mdlallon damage, and just the left ICA as the target of deleterious
action of ionizing radiation [23).
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The specilc andror dose-rlated newrophysioogiel, neuropsychological and
newrovisualizational effects have occurred jpon ARS. At that the men-
oned ffcts st aeralied o th et (Gominanty hemsphere ndicatng e neessed
vulnerability of dominant hemisphere to onizing radiation. Similar data for the left-
handed persons unfortunately are not available. Thus the post-radiation brain damage
in the right-handed individuals is localized primarily in anterior zones of left brain
hemisphere. Upon ARS survivors the post-radiation abnormalities are found either in
whitand gro bra matter, Thesrucure-fnctonal markers of adation i domage
hm been ideatified, namely

s atrophy), subcortical structures and prriu hemisphere pathways both with
Conicolimbic system mainly In the doranant (ef) hemisphere, Therefore exisence of
e, i bral damage peri

e
and neuroimaging study results.

i study results the
existence of an organic radiation brain damage in remote ARS period some researchers
consider that “response of the nervous system 1o less than 10 Gy of ionizing radiation
occurs without a component of neuronal structures irreversible damage and is reslized
through the biochemical reparation of a neuron and functional reorganization of neural
activity”. They Insist on high regenerative capacities of human body under the radia-
tion impact and psychoneurological disorders at that are regarded as “reactive neurotic
changes” [24]. Thus, more that centenary debates about the radiation sensitivity of
wervaus syt are el giog n.

“The organic brain damage upon ARS is etfologically heterogeneous. In our opinion
il appinplacly adiation factor zspeclilly i case of low-dose radia-

of onizing teion o5 2 human brain even at hlgh raditon doses, Our research

period of ARS afterthe Chornobyl cataszophe. As it was ined shove th cordrr
damage had occurred as a result of combined impact of exogenous and endogenous
factors. Undoubtedly the traditional risk factors and, in particular, age, cerebrovascular
disease, somatic disorders, stress, psychoactive substance abuse, lifestyle and others do
contribute to the organic brain damage after the ARS. However data are available on
crucial importance of ionizing radiation in case of doses exceedin

Tt bl s S o, of tha i ey ol radia-
tion i different
system and s bemipher, The eabconeldftenl d.zymuc algorithm for
postradiation organic mental disorders s shown on Fi

tal
lopathy) is to be performed. accmdmg o the follnwmg criteria:
1) radiation dose exceeding 1
2 uogpestive et el s oo st uRBSToEHERGH, oF Ry
like states with pronounced asthenic, autonomous/vascular and autonomous/visceral
abnormalities to the organic brain damage
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[ Sylons o oWl damag o i ]

l . DR

ANDTOPHYSICAL

DAMAGE AND.

OTHER MENTAL DISORDERS DUE T0 BRI DAVIAGE AND DYSFUNCTION
ERSONALT DISORD

STRADATION ORGMEG VENTAL DSOROER
POSTRADIATON ENCEPAALOPATIY)

(v Posadon g syrons” - F03)
POLVETIOLGSI (PLURGAUSAL) NGLUDING.

"THE RADIATION FACTOR DAGANIC WENTAL
DISORDERS (EXOGENOUS-SOMATOGEN
ENCEPHALOPATHY)

9 s of posuadiationarganie menal disorers:
« microfocal orgar I i dc,
it pyramidal proms, and pro-

and musculotor
i Miieioeg
+ paroxysmal states as dlenczphallt crises (autonomous/visceral attacks), temporal
epilepsy and amygdalohippocampal (mediobasal limbic) attacks;
+ cognitive deficit;
« senestohypochondiac symptomatol
+ negative psychopathological symplomamlngy L. aergy potenal decease (ack of
energy)
hypobulia, impoverished (scanty) speech, social whhdnwal
« depressive symptomatology;
+ general functioning score <7
+ plane or disorganized EEG pattern with abnormal activity lateralization to frontotem-
poral zone of the dominant (left) hemisphere;




470 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a Quarter of Century Aftermath

+ dominant cEEG frequency decrease <8 Hz in occipital zone; delta-power excess
with theta-power reduction in frontotemporal zoes especially of the dominant (lef0)
hemisphere; alpha-power reduction;

« deformation and shortening of the latent periods (LP) and amplitude Increase of the
‘main components of visual evoked potentials (EP) to chess (chessboard) pattern re-
vession (VERCR),

- LPd

EP(SSER)
ked i LP) not
in projecion zone hm [ asnclanvt ones under the ngm csited simulaion;
. EP (BSAEP) | 1,1V, and V),

elongation of mmpenth i period and IIL-V interpeak Interval (IPD component
V amplitude decrea

. Souctual-funchiona brin damage with frontal zones, It temporal labe ith cori-
cal-subcortical lnks and deep brain structures involvement according to the neuro-
psychological tests;

* cerral hemodynanics abnormalities due to atherosclerotic lesions, hypertonic type
of vasaular o terhemispheral asymmetry in brain perfusion with blood flow
ety decrene on the I, and oblterating proceses

 Cerbraborganic natue is proved by the bain strucure abrormaliies according to
MRI data (mainly as atrophy and brain venuices dlaadon, both with brin focal
Tesions)

4) no mental disorders of other origin.
¢ diagnosis of organic menl dsonders i consdered substantated i criceria

#1.and 42 are avllable both with a least § positions from erterion 3, In

cerebral

stable cerebral henmdynzmu: ‘abnormalities the organic brain damage can be eitiod

25 a postradiation discirculatory encephalopathy.

In correspondence with multiaxial varian of [CD-10 mental disorders classifica-
ton the typical complete diagnosis of postradiation organic mental disorders can be as
follows:

Axis | — Clinical diagnosis. 1) Apathetic variant of the organic personality disorder
F07.0. 2) Unspecified effects of radiation: Radiation sickness T66. 3) Other
specified disorders of braln: Postradiation encephalopathy G938,

Axis Il — Disability. Loss of earning capacity >40%.

s Tl — Situtionl actors:, expeience (afecion) of the Chomabyl caasvphe.

ication of organic brain damage after the irradiation i t0 be made on
basis of identification of structural-functional abnormlities through the clinical neuro-
psychiatric, neuropsychological, neurophysiological and neuroimaging application.
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17.4 MENTAL HEALTH AND NEUROPSYCHIATRIC EFFECTS IN THE
CLEAN-UP WORKERS

Mental health disorders in survivors is an internationally recognized top-priority
medico-social issue of the Chormobyl catastrophe not yet resolved
Chomnbyl Forum (2006) expert have aulned the four principal neuropsychiaric
teveloping
brain; 3 organic brain damiage in the Chemohyl praghide up workers (clean-up
workers), and 4) suicide. The cardiovascular morbidicy increase is recognized now in
clean-up workers exposed to high radiation oses.
term unfavorable impact of the Chomobyl catastrophe on mental health is
recognized worldwide (11, whereas the causes of neuropsychiatric effects still remain
debatable [2]. Contemporary experimentl, clinical and epidemiological evidence dis-
proves the canonical statement about the CNS radioresistance. Precise analysis of the

pathway;
of radiation impact on a brain, review of contemporary evidence of the “low-dose” ra-
diation effects and the debatable issues perscrutation regarding radiation and stress role
in the genesis of neuropsychiatrc effects of the Chornobyl catastrophe are outlined in
a number of publications [3].

Epidemiological studies

There s a substantial lack of the evidence-based epidemiological studies in the
feld of neuropsychic disorders in survivors and clean-up workers in particular. Most
of such the studies are based either on the governmental statistical accounting data
o on the amays of st regisies i incomplete and unverified data content on the
neuropsychic disorders. stance, according o official figures from the Ministry
o Puble Heekth of Ukraine the prevalenceof mertl disorders i Ukt i 1994 was
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2,236 per 100,000 of population (2.24%) in 1999 — 2,406 (2.41%), in 2000 — 2,432
(243%), in 2001 — 2,449 (245%), 2002 — 2,468 (2.47%), and In 2003 — 2472
(2:47%) respectively. In result of

logical WHO Ment — 2000
‘with application of the Composite Intenational Dlagnnsvk (psychiatric) Interview
(WHO-CIDI) it was revesled that in e the prealence of ony the “psychloglcal”
ali 17.7-23.3%) 14],
‘Obviously the official registry) figures regarding mental ot provide an about of
‘one-order underestimation of the real state of things. Therefore a quite careful approach
is required in epidemiological estimates making for mental disorders in the Chorobyl
NPP accident survivors using the registry data.

the CER of RCRM remain the unique sourcs of epldzmlnlogcal date acqulsmon on
Mnm]hy e m survivors is  most nbiased reflcton of the Chornoby| NP accdent
n. Cardiovascular diseases which incidence and prevalence are dra-
matcaly s ra(slng ong with e Snce th esasiropheare 8 eaing cause o Ceanp
workers mortality [51. Myocmllzl inarton and bl soke ne e prncpal ouees
available for
{0 BSOS, THECS 05 € TN ol Suegant o e comnsnsenlos oty
edgshn s et 1 el e b s i o
Mortai < in the clean-up under
he rdinion does enceing 0.5 G, especially in yo\mgel persons (g, 17.6). It cor.
tesponds to our clinical data on higher radiation vulnerability of young adults up to 35
years old at exposure. This fact dictates the necessity of state control of admission to
‘ork with ionizing radiation sources (both under routine and emergency circumstances)
of only the persons older than 35 years.
“The offiial (registry) data on mental disorders provide an about of one-order
underestimation of the real state of things because of a passive observation approach

tally il persons to apply for l :
health aid. Active epidemio-
logical suudies are therefore
the only way of an nbiased

sl Somkar ol e
Chormobyl a
The Franco.German 1
uve for Chormabyl included
the cross-sectional study of a
randomized clean-up workers
cohort (n=295) with WHO-

ozozeny ozsarey

r mortaty per 1 Gy In

H
H
4
t

in the Ulai- i
i
Fig. 174 for candovascut
u.m ...-mummm.-m.m,_m
0 2003 (adapted from [5)
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CIDI application. Further an international analysis of the obtained data was carried out
owing to the US National Institute of Mental Health Grant (NIMH Grant MH51947).
Data were compared to the Ukrainian population control from the WHO Pmec( “World
Mental Health Survey — 2000” [4]. According to the “healthy liqui £ (i
selection of mzmally hrillhy ‘men for the emergency works at the Chornnhyl NPE) e

revalence iy disorders and alcohol abuse in the clean-up workers before
e scldont was slunflcandy lower (Table 17.1) (6].

Tavle 17.1. Mental health before the Chormobyl disaster: the “healthy liqudator elfect” (adapted
from 112))

Cloanup worers (1qutos) oo
5205 57
Waod disorders 11 @37%) 27 68%)
‘Anxiet disorder (except the 5(1.7%) 2368%)
Sotraumate s dordor — PTS0)
PTSD 4014%) 1(08%)
Alcohol abuse 25 (86%) 62 (156%)
Intermittent expiosive disorder 1138%) 14.(35%)
Suicidal ideation 5(1L7%) 820%)
poncorecion by e 150 e o n P
5 5o o 09 (0%

et 030517
gnificant increase of the prevalence of depression (18.0% vs. 13.1% in Control)
and sl enton (0.3 ve. 41% espetvely wos evaled i the clen-up workers
after the accident. It s not however relevant to alcohol abuse and intermittent explosive
disorder. There was an increase of the prevalence of depression (14.9% vs. 7.1%), post-
traumatic stress disorder (PTSD) (4.1% vs. 1.0%), and headache (69.2% vs. 12.4%) in
the clean-up workers within a year preceding the interview (6] (Fig. 17.7 and 17.8).

% ‘The clean-up workers suf-
W [ o035 fering depression and PTSD had
& O Gowoln7 _ more days lost from work (i

s o temporary disablement) yearly
n i compared to the same patients in
Ll i control. Extent of the catastrophe

= effect is associated with the se-
04l verity of somatic symptoms and
S PTSD. Therefore the long-term

unfavorable consequences of the
Chornobyl catastrophe regarding
Aol TEwisie S8 the mental health are found in the
clean-up workers. Further resear-

(illnll:unu!lli) (adted rom (6]) chisrequired
ince defined through the adjusted odd ratio  able data on radiation and somatic
o ;;&;W LT3 o S o W 8¢ OB health, 0 zeview the cogniive
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disorders and psychotic symp-
toms, and 1o apply more precise
psychiatric examinations (6].
‘The clinical-epidemiologi-
cal evidence of incidence rise of
mental disorders organi, de-
pressive etc.) and cerebrovascu-
o sesse i e cemm up wwork-
ers with radiation risks in dose 2
range >0.25-0.5 Gy was received Y]
through the analysis of the CER LT
data RCRM. Do sty IS0 el i i
° against the WIdESPIEad ., 17 proaence o matal srtrs n e ceanapworkers
false opinion of an excessive Use (4 b ot o) onies e
of“Vegetaive-vasculr dystonla”  Diewcesnionce et he o i oo
diagnosis as a marker of radiation  $h 1% 03¢ n 1985 and he disorer ansed e the Chormaty!
exposure the mentioned diagno-
sis was established in proximate
years upon the Chornoby] catas-
trophe only in about a quarter of
the clean-up workers (CER da)
It clear from hat di-
agnostics of vngelauve-vasculir
dystonia has reduced substantial-
Iy within a post-accident years
reaching nowadays just about 5%
of the rpresencatve clean-up
workers sample.
radual increase of cere-
brovascular disease prevalence
occurred in clean-up workers af-  fi. 17, Corarova
e the accdent fatrin e mos rs b o e o e ot et e o
pronounced rise of the Cerebral
ischaemia (chronic) (ICD-10: 167.8), Cerebral atherosclerosis (167.2) and to the less
extentof the Hypertnsive encephaloptky (67.4). These disorders are wadilonally
cla a “discirulatory encephalopathy” also not being perfect from the view of
cular component of the org; ‘damage pathogenesis,
and also because of ot enough strict diagnostic criteria. An international consensus on
the optimal classification of such a kind of neuropsychlatric disorders certainly
reached in the future.
Curtent (2008-2010) menal peall ssesment within andomizedsamples (rom
rmabyl ex
on file in the C: © for “Shel-
ter” Object transformation into environmentally safe system has testified the Iong term
mental consequences of the Chornobyl catastrophe. As it appears from the Table 17.2

B s, o235
D ot 7 ol

[ EEEE

SaIARBER S sw
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there are much more cases of mental and behavioral disorders in general, of vascular
dementia, mental and behavioral disorders due to alcohol consumption, dysthymia, and
PTSD among the clean-up workers and evacuees. Additionally the incidence of the
organic depressive disorder, organic emotionally labile (asthenic) disorder and organic
personality disorder had increased in the clean-up workers. Received data correspor
0 the results of international epidemiological psychiatric studies.

Tl 17:2.Wenel e n e Kt e ackekn 150 evacsts bl a1 e oeR
RGAM

et
ot S isorder zm(ss %) nuanm 53 (@0 5%)
Vascular dementia, F 0 BULSH)  1(08%)°
Organic delusioral (whimpmemi—lvh] i o2 2 \a um) 208% 0
‘Organic depressive disorder, F05.32 27 (66%)  2(15%)
Organic anxiety disorder, F06.4 205%° 0
Organic emotionally labile [asthenic] isorder, F06.6 P (13.9%) 152 (37.15)" 26 (20%)
Mild cognitve disorder, FO6.7 284 (82%) 34(83%) 19 (146%)
Organic personallty disorder, F07.0 106 (3.1%) 89 (217%)* 7 (54%)
Postconcussional syndrome, FO7.2 a503%)  205%  323%)
ental Jsorters due o use f akohol FI0. 83 (24%) 57 (13.9%)" 13 (10%)°
Manal and behavioural disorders due to use of pioids, FI1 1 (0.03%) 0
Rosidual schizophrenia, F20.5 ] 1(0.24%)
Schizotypal disorder, F21 0 [ 1(08%)
"Moderate depressive episode, F32.1 100 1024%) 0
Dysthymia, F34.1 1003%)  B(15%"  1(08%)
‘Specilc isolted) phobias, F40.2 1(003%)  1(0.24%)
Panic disorder (episodic parosysmal anxiaty), FE10 0 1024%) 0
Generaizod anxiety disorder, F41.1 0 0 108%)
Postiraumatc stress disorder, F43.1 0 BLSH) 3 (23%)
Adjustment disorders, FA32 3w 0
‘Somatoform autonomic ysfunction, F45.3 802% 0 1(08%0
Persistent somaloform pai disorder, F45.4 0 1020% 0
Neuasthenia, F48.0 164 (48%)  5(12%)  9(6.9%)
Nonorgani sleep disorder, unspecified, F51.9 20006% - -
‘Specifc personaliy disorders, F50 /0K 1024%)  1(08%)
Enduring personality change afer Catastrophic 0 1(024%)
experence, Fa2.
Mild mental retardation, F70 6(02% 0 0
Moderate mental etardation, F71 1003%) 0 ]
Nonorganic enuresis, F38.0 1003%) 0 0
Statterng [stammering], F38.5 1804%)  2(05%)  1(08%)
taits, Z73.1 31(09%)  4(10%)  2(15%)

freommpr— el
‘sided Fisher i
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ces of the Chomobyl catastrophe
undoubtedly are etiologically het-
cogencots die o the [ efet

and also because of social changes
and traditional risk factors (age in
A Redi

a synergic impact resulted in an
accelerated aging. General level of
iatric mor-
bidity is higher in older survivors.
However the rate of morbidity rise
i younger persons is more aggres-
sive that is in details reviewed in
epidemiology part of the
ose-dependent increase of
morbidity in the

Fig. 17.10. Relatve sk af cersbrovascuar disease I the male
clean-p workers o 1988-1957 exposed o dereatextrna 2-
o s, Cotol o s 1 verkas wih doses <005 G
(CER dta 1932-2004) Vlos f ol rlatve sk provided (ad.
3ptd o (7).

clean-up workers of 1986-1987 pe-
viod, specfclly for cerebralath-
o s expcially o by-

e
smu 7] (Fig. 17.10).

ncidence growth of other
neuropsychiatric diseases with a
dose-related rise of dizziness and
other vestibular organ disorders
in particular was revealed in the

Fig 1
ciean

radiaton
(ceR.

clean-up workers of 1986-1987 [7) %4 "om (7).
g 17.41). .
A«onimg w0 SRU data lhe
doserelated growth of nervous sy- 35
stem and sease mgans dlseases, ve
rerial i demy | ) Jess

dystonia, arteria
ypertension and cerebmvascnlar

pryr} ms-m? [sl a5 shown at
Fig 17.1

ccon‘llv@ to SRU and CER
data the excess relative risk (ERR)
per 1 Gy of radiation exposure was.
found out regarding the neuropsy-
chiatric diseases in the clean-up
workers of 1986-1987 (Fig. 17.13).

V-"r_'_l_'_l_r‘v“wuuluuw)uwuwmvw

angs o ol sposae o dose 61
Fig. 1712 Rlativ sk of neuropsychiati diseases Inthe male

clanapvorars o 1908-138 spoed s e etttz
dation doses Conrol — i cean.up workrs withdoss <005 6
(SRt 19082001 Vs of e i sk roved (2.
apted rom 1),
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Thyroid radi

tion doses over

s 0.3 Gy in adult evacuees are fol-

Towed by the risk increase of cere-

5 M , whereas in ca-

N 1 I ing 2 Gy

. L | the mental disorder risk excess
i3

. i takes place [8] (Fig. 17.14).

[ The conciliatory data have be-
= Z== en received for the clean-up work-
= 5 ers on the radiation risks of non-

3 s
eseralraaton doses (SRU 1996-2001 and CER 1992-2008 opes in particular) (9], Mental dis-
o) (gt om [6) orders excess is 0.4 per 1 Gy (95%
confidence interval 0.17; 0.64),

7 " excess for the nervous system and
. sense organ diseases is 0.35 (0.19;
§ Jass 052),and for endocrine system dis-
orders accounts 0.58 (0.3; 0.87).

‘The cerebrovascular disease are of

: highest excess here — 1.17 per 1
] 1= Gy (045 188),

; 1 tisk values are available for respec-

tive mortality. Coronary heart dis-

wze | ote | owee | g | easeexcessis 041 per 1 Gy (95%

[ confidence interval 0.05; 0.78),

arterial hypertension reaches 0.36
per 1 Gy (0.005; 0.71), and excess
et 43 0 s G s 253, s o relive sl (BRR) ofcetcbrovas
Gy (0.11;
0.80). The clean-up workers exposed to more that 150 mGy of external waton wihin
less than 6 weeks of work in the exclusion zone are the group of highest risk of cere-
brovascular disease (RR=1.18, 95% confidence interval 1.00; 1.40). The dose-related
s egading cemhmvasmlar morbidity was revealed in 1965-2000 period studies
featuring the ERR = 1Gy (95% confidence interval 0.004; 0.77). There was a
statistically meamng[ul cintaescla ke o 3 average radiation dose func-
tion under the exposure t© 0.15 Gy and more (ERR per 0.1 Gy daily was 2.17 at the
95% confidence interval 0.64; 3.69) [10).

The WHO Chormnobyl forum has recognized the “Chornobyl* data on cerebrovas-
cular mortality excess in the clean-up workers as corresponding to the published study
resuls an A-banblag srivors. T ket puicaion an candiovascala isk after he
A-bombing staes th
of both stroke and “heart disease” Gi.e. mmmry artery d\sease, arterial hypertension
etc). AU that the risk values under lower radiation doses are not defined yet. Suoke

Fig.17.14. Relatie isk of neurapsychatic diseases In adult
exgosed to Giferca tyrold radiation doses. Contral —
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‘and "heart disease” cause about one-third of radiation-associated excessive deaths in

Atuing st 1]
e systematic reviews have not yet provided the mdonbed evidence of car
v ok dependence on rad i [12. 13]. In the
ime the recenly published data of an English epidemiological survey over the

industry mortal-
ity (ERR per 1 v is 0.65 with 90% confidence interval 0.36; 0.98) where the excess is
meaningll i cunulative doses ovr 300 mSv (141 I¢ eas menioning tha hese daa
correspond (0 our research resuls regarding the neuropsychiari, neurophysiologicl,
heuropsychlogical and eurolmaging lfecs in he loan +-up workers just in radi

doses exceeding 0.3 Gy. Data analysis from studies in 15 countries among the nuclear

weikans us] tha i also comresponding to our data on the clean-up workers.
rogressive couse of neuropsychiauic and somatc disesse vas surveyed n
desny - ohers of 19361987 epeciaty i persons whe had worked m e ncision
2one for the 3.5 years and more 16]. The heuropesehiatac disorders prevalonce n
the Chornobyl exclusion zone personnel exposed to radiation doses over 0.25 Gy was.
0.5% whereas under less that 0.25 Gy exposure the respective value appeared being,
much lower (214%) (17] sctully coresponding the real populcion indices of mentas
disorders prevalence in Ukraine [4
hotnobyl Forum (2006) has defined the suicides in clean-up workers
2 one ofimportant ssues i postsceden period. Suicide was 2 Ieding cause of
deathin the Balt 16]. Whereas low radiati he risk factor
o exacerbred sicil epavior o e 14+ el a0k pégehologial phmromn
e — it 3 0 be clariid under the forhcoming epidemioegieal sedes (191
Since 1990 the substantial increase in schizophrenia incidence was found in the
Chornoby! exclusion zone personnel (5.4 per 10,000 vs. 1.1 per 10,000 in Ukraine) [20}.
Further epidemiological psychlatric research is required to identify the role of ionizing
radiation in the origin of schizophrenia spectrum disorders [21].
One may state tha there s an international consensus about the Chornobyl catas-
trphe impact o mntal heakls 2 3 op prorty heallcre roblem insuvivors. Given
their mental healih di
pfsychnsodal om heshcars s senion Bt il T stk i required.
‘The cerebrovascular disease and some neuropsychiatric disorders in fte e
workers where radiation risks have been revealed can be el o
the stochastc efects o a low-dose radiation (a also some other non.cancer diseases,
espcially cadiovasculr ones it idntiied ediadon rsks). 1 efots tht occur
by chance and which may occur without a threshold level of dose, whose probability is
proportional to the dose and whose severity is independent of the dose (Health Physic
Soclety definition hup://hps.org/publicinformation/cadiermsradfact 142.himl).
Clinical neuropsychiatrc effects
‘The first formal estimates of mental health in the Chomobyl catastrophe survi-
vors were extrapolated from an experience of previous radiation accidents and of the
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Thvee Mile Island Nucler Generaing Sution (s cmnm nuclear power plant, near
Middletown, Pa., USA) accident on March 28, 1979 uch an experience

was coming down o the psychological stress and ndlup ia ascertainment [22]. We
e never shared and do ot shce the opllon of the “radiophabia” epithet adequacy
or towards even of the Chomobyl

catastrophe when there was a real danger nder rffcen and contadictory nforma-
tion. The IAEA International Chornobyl Project (1992) experts have underlined that i
the stress factor Is a real danger it would be dishonest 10 say or pretend that feeling of
disquietude appearing in a response to that danger s sumahmg abnormal”, The te
“radiophobia” s applied in the Western Europe and USA o ostics of a fear

ards an event usually considered as absolutely safe. e . i
“only few people will regard the Chornoby! catastrophe to this category”. “Radion
tem was proposed (23] then bzlng ‘more accurate in characterization of psyd\nlogﬂl
reactions on the radi

For b years el ahead e Gyl cawstrophe an op
derated of only byl

i o dystonia and

syndrome w jatric di
e that peiod that was and remains being subjet to crtcsm specially rom I3
side of international experts who qualify such diagnostics as a discrepancy “betwe
the East and West”. Vegetative-vascular dystonia was considered being purely a oo
viet” diagnosis reflecting the pathophysiological background of the disorders, whereas
a pragmatic approach applied in the West features those conditions syndromologically
as anxious with panic attacks or somatoform ones. In very deed the radiation disorders
o nervous system wee it descrbed by the German researcher ‘Ricker (1915 and
the “vegetative dystonia” or “neurovegetative syndrome” tenms were proposed by the
German psychiatrist Wichmann (1934) who later 1563 have mnsionned them t0 the

the conyenes of pyciaists and according 101CD-10 i diagnosed as the i
matoform autonomic dysfuncti

s It arss mentoned sbove the vegetative-vscula dystonia forth years mme-

diately ahead the accident was diagnosed in about every one in four clean-up workers

been in file of the CER. Later as against the reducing prevalence of vegetative-vascu-

lar dystona in e cesnup ‘workers the substantial growth of cerebrovascular disease

n('cumd i rebal ischaemia chronic) (1676 Cerebral atherosclerosis (167.2)

i hyperensive encephalopathy (167.4) caitonally diagnosed a5 a “discirclatory
nceptalopathy” (see Fig. 179).

Neuropsychiatric disorders in the clean-up workers are pecullar by a progressive

course with vegﬂovasmlar and vegeovisceral stage (s 0 10 yers upon he accdent)

year ater). Vegetovascular and vegetovisceral disorders in the cleanup workers e

peculiar with permanent-paroxysmal course type and dlencephallc crises lncludu@ the
hysteroform ones (in
oo imbic atacks, Thes dserders in combinaton with a Incresing somtic




Chapter 17, Nervous system and psychosocial aspects 481

disease stipulated the progressing
origination of the cerebroorganic
and somatogenic mental disorders
in remote period pon the catas-
trophe. It i especially relevant to

a long time (more than 5 years)
124] (Fig. 17.15).

Neurological symptoms in
the clean-up workers in remote
post-accident period (except se-
vere organic diseases of the ner-
vous system .
neuroinfection, trauma, mxlpalhy‘ D dmeivnana st e st degect domves
amor etc) are of microfocal and F. 1715, Time paten of newrspsychatt sorders i he

“openwork” ype. The smwryqp o
getic, ‘with mild pyramid and
ex(ravynmd ‘symptoms, and. alsn the pamxy&mil states mainly as diencephalic crises
(autonomous-visceral atiacks) and sometimes temporal epilepsy and amygdalohippo-
campal (mediobasal lkmblc) auicks are peculiar to the clean-up workers. Neurolnglcal
disorders are mainly obs
sclerosis — 167.2, hypemnslve en(ephalnpalhy — 167.4, cerebral ischaemia (chmmc}
i 167.8), i central

g

£

£

]
g 2
csysasavEed,

(G40, G43, Gad, Gas).

Incidence and intensity of hypnchondna: symptomatology, “affective face” with
neurosis-like and sthenic psychoy anifestations had decreased in the clean-
B workers i postatedent year, hoveeve e tendency 1 the negative peycho-
pathologic symptomatology was surveyed especially in radiation doses exceeding 0.3

Gy: Time paten of psychopathology in the clean-up workersles n wansmatin of
and obsessive

personality y and regression, exple d nstabil

into the depressive and negative symptomatology with cognitive deficiency, autization

and social dysadaptatlon. Gliical presntaion of thes disoders o the most exent
spo lants of psychoorganic syndrome (labile, apathetic, para

Combined ones (24]

‘The negative psychopathic symptomatology s growing proportionally o radia-
tion dose in doses exceeding 0.3 Gy and service record in the Chornobyl exclusion
zone more than 5 year. PTSD manifestatons on the contay are eversbly relted o

on dose with a leading role of not the real danger of situation but its perception
awd realization. Personaliy defec in remot period upon the accident s feaured by

spheres, shapl
ders with soci response. The Global
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Functioning score (GAF Scale) here is not more than 70 ol Verbal memory deficit,
mental

and to the premorbid IQ values ‘estfy the psychoorganic nature of mental disorders.
Variants of the organi ty disorder (FO07.0 according to the ICD-10 and 310.1
itcmdmg o the D! heorganic emotionaly b aoheni)disorder 6.6 and
rganic depressive disorter (F06.32 according to the ICD-10 and 293.83 according to
i DSMLIVY are thespecc merial disoders n the cean.p workers I remote per
after the accident. Asi X disord
F40-40), the exuving pecsraliy hange st catstophic experence (FG2.0) o the
FISD G951 in the DSM-IV) are surveyed in the clean-up workers [24]
It is recognized that the Chomobyl
nrlglnaled ot uly e e of direct or indirect impact of physical factors but
also as a result of somatopsychic or psychosomatic pathways involvement straightfor-
wardlyselted  the mpacof e ooyl NEP ackiet [2], We e proposed. the
hich th

personali
considered as a principal nosnloglt:l (clinical) entity in remote period after the Chor
nobyl accident. At that the equivalent ICD-10 and DSM-IV diagrostic categories are
available [25] shown in the Table 17.3.
‘The Posttraumatic stress personality development enrely corresponds to 1CD-10

F62,0 diagnostic category “enduring personaliy change aftr catastrophic expericnce”
and DSM-IV 309.81 entity “posttraumatic stress disorder”, By lapse of time the post-
traumatic stress personality development has gone complicated by psychosomatic,
cerebroorganic and somatogenic disorders. And its gradual ransformation occurred to
thepeychosomatic and rgaic pahologc personality development (mainly due to the
secondary cerebrovascular disease).

Porchosomatc puthologc persoaly developmest prepondented i 19501905
and dadmed after

Pathologic
personality developmen appears gradu:lly against the background of neuro-endocrine
dysfunction as a result of an impact of unfavorable radiation and nor-radiation factors.
Such a dysfunction results in morphofunctional brain and visceral disorders. Three
stages are surveyed within a psychosomatic pathologle personaliy development: 1)
that the
pathological complex of a “vicious circle” type occurs where the cause becomes a con-
sequence and vice versa. This complex includes psychological, somatic and psychosocial
disorders. Psychosomatic pathologic personality development approaches the mosaic
“marginal” psychopethy with a social and more often than not pronounced dysadapta-

gradually
i 186 1o i Llimbi

into the.
sysam damage mainly n the dominant (a0 hemispher intothe schizaypal e,

Schizotypal pathologic personality development corresponds to the ICD-10 F21
diagnostic category “schizotypal personality disorder” and the DSM-1V 301.20 o 301.22
eniities “schizoid personality disorder”schizotypal personality disorder”.
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Table 173 disort
rom (37, 381)
Vil dzor G,

st narmegte Femie

G, | e e
eural, stess-rlatod and _ Neurolc, iress-elaed and  Enduring personalty change ater
somatotorm disordsrs samatforn ot (6D clzsptic s
(ICD-10:F4; OSWHV: 300)  10: F; DSHLIV: (10D-10: F2.0; DSM-IV: 300.81)
Roaction to severe stess, and_ Postraumatic sress mwn Psychosomatic pathologc personal-
adjusiment disorders o, PISD (OSIN 0031 iy dovpnert (00161457
(CD-10: &3, DSMHV: 3083) 0o 4.1, F60-F69; DS

ving personaly change

st st asordr, sl calaioplc sorare SRS vz e 1)
PSD (CD-10: FA3.1; DSMAV: (IGD-10: F620; DSAIV:  Disorders of adult personally ang
a0981) behaviour (CD-10; F50-FG9 DSMEV:
Acute and transiant pychotic «Psychosomatic disordars  20')
disorders (ICD-A0: F23, F28; 10D-10: F54 + Scnizotypal disordr (I0D-10: P21
OSWV: 203,297, 268)  DSM-V: 3165 DSWV: 301.20, 301.22)

p oner
ol wth ol e danigeand  Gunag s oo o
disturbances and physical  dysfunction and to physical  physical diseass (ICD-10: FO6; DSM-
factors (ICD-10: F50-F52, disease (ICD-10: FOB; DSM-  IV: 293, 310.1)
B4 T DS 27 20, .23, 310.) Ty

. ooty g gvs o s et G
s et ot s i 0 55t (003093 B
Wi dansg nd oo S, G n0 st 3107
Tl L -
310.1) ), 294.1)

Organic amnesic syndrome, not
induced by alcohol and other psy-
choactive substances (ICD-10: FO4
DSH-IV: 294)

‘Organic pathologic personality development entirely corresponds to the ICD-10
F07 diagnostic category “personality and behavioural disorders due to brain disease,
damage and dysfunction” and DSMIV 310.1 enty“pesonaliy dsorderdue 1 generl
medical condition” (subi apathetic, paranoid, disinhibited, other). Substan-
ual increase of this kind of vamnlog(c personality development due to vsychosnm:nc

yeavs Hereby frer the C is

Sssificaion nd 1CDAUDSMELY 4,
D1  key menal disorder 35 - reeitofa purely psychological impact of the
Chornaky aastophe. T spe
impcs b human dlly experi-
A«*oidmg o o0 e bTSD (F43.1 diagrosic category) s ingnosed within
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6 months of a stress situation otherwise at the end of a stress period. The enduring
personality change after catastrophic experience (F62.0) can be the sequelae of PTSD
upon 2 years of ts course. However according to the American psychiatric classifica-
tion DSM-IV
since an experienced sress. The UN Chornobyl Forum (2006) experts have recogaized
D as a first among other main mental health problems in the Chomabyl NPP
Secident sunivors, Peyehaiogialefet of folzing radaton i the most powerful so
called “invisible” stress factor with an ahead-dicected action. Id est, in radiation emer-
ency he “Oasiback” symptom (‘cutbacc, “back shot, “back frame” o “backward
Iook®) 2 a ypical pychapahologic PTSD maniestation undergos uansformaion
a “flashforward” i.e. “forelock” or “prospectio anstommtion ha took locs
in the clean-up workers already 1.5-2 years upon the cden, Exeme agitation and
irriability in response to elementary stress situations were noted at that, and the “flash-
back” symptoms featured a lack of brightness and had appeared indirectly [26).
Psychotraumatic impact of the Chorabyl catastrophe s the result of not oy the
catastrophe itself but rather of a possible future effect perception. PYSD in the Chor-
nabyl NPP accident survivors unlike the Afghan war veterans featured fear and danger
projection ahead that corresponds the concept of an “anticipatory stress” ie. the stress
of expectation o prediction. The PTSD in the Chomobyl NP accident survivors com-
rise diff ud
agitation with hypochondriac fixation elements related to the future asabier own

congenital
in future generations etc. The socio-psychological yrsn block in survivors comprises
the unwarranted (unguaranteed) future syndrome (fear o lose own social status, fear

Socio-economic problems appearing and family Saritio, i Ak ot poecap
et unjust attitude from society to the Chomobyl accident survivor), a subjective.
time space narrowing (lack of time 10 solve the daily living problems, permanent time
handicap feeling, Life perspective absence), the “runaway” or “flight” into illness (bad
weleingand oy working capaciy inerest area narrowing, disability due to the ill-

e of  seious decate n he cn organis) and th acquired helplesaness
(helplosness feling because o the Chornabyl accident, acuiity dcrease, shifting of
some own dutes and responiblty an thrs, mood deeroraton with own life worth-

PTSD as a result of tastrophe is characterized by
the prediction su i urocogni-
{ive defct, personalty change, affective disorders,atheroscerotic lesions of the right
carod aery and detrorton of cerebal vertebrobasilar circulation, and

Hiabic syt disfucton with possible hippocampal involvement [27],
a lot of published consistent dzla (we quote the most impressive ones
I 130) and

only) abou i 8,

Seuromaging 31 abmormalites i the clean-up workers. The organc brsin damage

in the clean- i workers was vaified in such and some other studies, however with no
NS aginy

as Jusified N

1 activity and i
i the clean-up wrkers, especially in a long service in the Chornobyl exclusion zone is
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tha
Ourfit “bind ‘mapping studies just 20-22 years ago had revealed the rigorous
erence of exposed persons from the Afghanistan war veterans by excess and Ialml-

ot deltz-power 10 the left frontotemporal zone both with beta-power

p patern upon

doses exceeding on with EEG spectal
power amplicaton wes surveyed 1 me clean-up workers 10 years immediately ahead
the accident. The dose-related (o es over 0.3 Gy) signs of an organic brain
damage with conico-imbie nhibion and defeency pychopamelogi symptoms and
cognitive deficlt were observed in remote period (more than 10 years upon exposure).
Irradiation to more that 0.3 Gy is followed mainly by the fronto-temporal zone involve-
ment of the dominant (left) hemisphere, EEGs slowdown, progressing total decrease of
an absolute specural power (“plain” polymorphous EEG) with delta- and bea-activity
amplification along with theta- and alpha-activity decrease. The dose-dependence of
neurophysiology effect is surveyed only in dose range over 0.3 Gy. Notably the depen-
dence becomes significantly stronger after the long-term work (5 years and more) under
the conditions of Chornoby] exclusion zone that can testify the amplifying effect of a
prolonged impactof sone Lactors incluing the chroic radlatin. Dose mie
the

ooty 29%, somaic disease — 11%, and age — 19% respectively [24],
mdy of the cerebral information processes through an evoked cerebral electric

ing 0.3 Gy) neuro-and psychophystologica lfecs:alteratons of the conral .nmm
pathways of all sensory modalities, overweight of sensory information processing by
non-specific aferent systms over th depression of specalzed one, domage of the

b
reticular formation resulted in a “sensory gate” dysfunction with a sharp increase of
sensory afflus o the cerebral cortex that can lead to an origination of senestopathy and
s bypochondriac experience (24,341

eebral circlation n the clean-up workers s peculo with decresed acuar
wall elasllcny thatis

.25 Gy and vascular wall mvolunon
ith f “rigid circulation,
in the extscranal pans o cerebal vesels,circulation asymmery i te ntenl ca-
1y due to more decrease of systolic velocity in the left internal carotid artery
atie exponure 1o more han 03 Gy, compensatory vasospasm of all cerebral areres,
Cerebral vessels are p 3
an xcessive el onosiy and difuse obieraingloions (15,

Unlike a “classical” chronic cerebrovascular disease the brain atrophy prevail in
the clean-up workers, whereas lacunar lesions are on the contrary less prevalent. The
characteristic dose-related neuroimaging features of an arganic brain damage reflecting
conical atvophy and the left (domlmm) hemisphere pathways nlvementwer found
through the magn g morphommetry. Tt
exposire (0 th doses exceeing D' Gy, whereas I cae of more ha 1 Gy adistion
the dependence on dose becomes stronger thal can indicate to a radiation factor role
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in origination of the described characteristic neuroimaging pattern of a radiation brain
damage [36).

‘The specific peculiarities of neuropsychiatric disorders in the clean-up workers
reside i tendency ofthe et hand predominance n ight-anders,spech disorders,
torpidity of the fine motor acts, memor
tion, shortterm memory and interference decresse, memnry e doraton .
disorder of audioverbal memory along with preserved il e, el alelkiog
operations, and specific abnormalities of an associative process. Neuropsychological
Sy ess n th clan-up woskers ighight the localization o # pthologicel process
in the frontal parts of the lefc brain hemisphere especially upon rradiation with doses
exceeding 0.3 Gy [37].

‘Cognitive disorders in the clean-up workers (except gross organic CNS lesions
2. stoke, neuroinfection, raua, intosication, tumor etc.) do not reach the dementia
level (ICD-10: F06.7).
psychological peculartesof the cognitve isorders are found i the clean-up workers
exposed to more than 0.3 Gy radiation doses. These cognitive disorders unlike such
ones in vascular and demyelinating CNS disease reside in 2 verbal memory, speech,
intellectual abnormalities with regulation disorders of a voluntary activity along with
preserved orientation ability and gnostical functions. The non-specific abnormalities
of memory, dynamic praxis, visuospatial synthesis, thinking/brainwork and ability to
plan were found in the clean-up workers exposed by doses under 0.3 Gy. Those abmor-
malesoccure beig il o cogniive disordersunde the rgac i damage

isease (hypertensiy i and CNS.
demyellnallng lesions [38].

lying in intelligence
quotient and verbal learn the identi-
*fied afer exposure by doses excaetlng 0.3 Gy. Speciic feares of o isorders
in the dextromanual clean-up workers exposed by 0.3 Gy doses and more e 1o
2 predominant injury of the left temporal cortex zone, medial structures and frontal
bath athways mainly .
The young age (up t0 35 years at exposure), low educational level, low occupational
skills, and radiation dose over 0.3 Gy are the key factors of cognitive disorders in the
clean-up workers given the excluded severe somato-neurologieal and menal et
“The " for the
the probability esllmanun gl cognhlve s ke oﬁgln neeins g o
the total-body hus

yand more) are
defici, deterioration of mzmory and attention, both with verbal learning disorder thac
in whale can be ausbuted 0 the postadaton ifury of ippacampsl neurogeness
especially in a dominant hemisphere [3
“The post-radiation brain damage o e clesnap workess under 03 Gy and more
radiation doses involves both white and gray brain matter. Revealed dependence of a
brol ints at the each

eact
of any brain structure corcespondence (o its structural disorders. Structure-functional
pattern of the radiation brain damage features the abnormalities of the cerebral cortex
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({ronto-temmporal zone ateophy), subcorticl e and pathways to the dominant

hemisphere
139]. Our data abom he It hemisphere amage i e right handed clean-up workers
are confirmed by an i
[40), however other authors notify that 2  Lefchemispher dsfancion s nly o
phase of a psychoorganic syndrome genesis [41].

Just i o th If-hemisphere onio-temporaldysfuncion and schizaype rais
we have introduced the diathetic-stress hypothesis of the ionizing radiation as a risk
factor of schizophrenia spectrum disorders [20].

he major part of the clean-up workers exposed by low radiation doses
(under 0.3 Gy), in the Chomabyl exclusion zone personnel, and in the “Shelter” unit
staff members got employed in a tecent few years the diseases are found corresponding
B et yadrome (GFS) crera. The hypthess s b imaodiced o
nadon an genest under the synerge impact of lownvery ow radaion

hysologcal backiround o te CFS folowing  adioecologica catastrophe [42]. ¥
that the CFS incidence in the clean-up workers had decreased substantially (65.5% vs.
1059 since 1990-1095 il 1956-2001), whereas he nidence of méaboli syndrome
X (MSX) has increased as the years go by (15% vs. 48.2%). The CFS and MSX are
kit and somatic pathology stages where
the CI i injury to the mi-
ochord A (mDNAY) in postmitatic tissues peculiar with a low. proliferation canbe
ane of the key pathways of a low-dose radiation effects towards a non-can
ity elevation in the Chornobyl NPP accident survivors [43]. That i to say the f
be considered within the Chomoby! catastrophe model as an induced by the multiple
environmental factors acute and chroric external and interal itadiation, chemicals,
viruses, psychological stress i 8 jury
and neuropsychic disorders [44]

Tonizing radiation impact s a risk factor of the age-associated diseases with
neurodegeneration in particular, and the aging and neurodegenerative processes can

toubtedly the newopsycaic effects inthe clean-up workers e tologi-
cally heterogeneous however the clinical and paraclinica research provides data on the
probabe e of lonmng ks i et genesis under total radiation doses
exceeding 0.
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aunern 18 SENSORY ORGANS

[ comemporery conditons e human working caaciy s agely
termined exactly by functional possibility of these sensory
organs. Unfortunately, without regard (o the several attempts of researcher collabora-
tion in this field, this report i the first complex analysis of the state of sensory organs
exposed to radiation as 2 result of the Chornoby catastrophe
Functional disorders of sensory analyzers, first of all, visile, vestibular and audi-
tory, occupy the leading places in the structure of pathology among those exposed to
radiation (1]
Presently there is practically a consensus that the functional state of sensory ana-
yzers is one of reliable criteria of estimating human health, and their changes often
result in the loss of occupational suitability, a decrease in working capacity and dis-

ity [1-51.
Visual analyzer (VA), audicory analyzer (AA) and vestibular analyzer (VeA)
anatomically, physiological and functionally are closely connected ot only between
t also with the central nervous system, the circulatory system and with
other body systems that cause their high sensitiveness to the changes in external and
internal environments.

For estimating possible changes caused by radiation in VA, VeA and AA of ra-
diation-exposed persons, and first o all in healthy and capable of Chomobyl clean-up
workers we and other researchers went the maialy difficult way of realizing large-scale:
epidemiology researches on the basis of the long-term monitoring and careful analysis
of clinical and electro-physiology indices of sense-organs state.

‘The purpose of researches was to estimate the state of VA, VeA and A in radia-
tion-exposed persons, correlation between the IR dose and the effects caused by it in
clean-up workers, the risk of visual, vestibular and auditory disorders, their character,
a degree of manifestations and features of clinical course in the dynamics of postac-
cidental period.

Latterly the Interesting clinical immunological researches were conducted (see
subsection 18.1.3).

robletn for assessing state of the sensory organs in inhabitants of the tertories
contaminated with radiation remains not solved to the significant degree. Bu the last
researches of refractogenesis features in children-inhabitants of the territories contami-
e withrdiaion (ubsecion 10.14) consderaby extended our concepions of eye
devlopet i e xposed 10
soil conamination with radiaton substances.
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And, in conclusion, Jast years some aspects of a state of the sight organ in chil-
dren, bom to the radiation-exposed persons, — clean-up workers were first studied
(subsection 18.15).

(2. Fedirko, N. Mishanchuk)

18.1 EYE: CLINIC, DIAGNOSTICS, REGULARITIES AND RISKS
FOR DEVELOPMENT OF EYE PATHOLOGY IN CHORNOBYL

esearches conducted for 20 years since the Chornoby catastrophe testify that
just e eye is one of basic targets of radiation influence [1-5, 6
W studied the st o hesightorgan n 25,34 persons imung them 11,123 Chor-
workers, 5, 97 inhabitants of the
oo s, as well as 3,454 persons ot aberen eg who were examined
in RCRH. Mainy examinatocs st e ot wiila the limlts of CER.
sult of lated
o o are e o o grou
Radiation cataract 7, 8] which is examined as a deterministic effect (results of
sudyingraditon coarac nnunon«pwd peson in connection with the Chornobyl

of radiation eect on the . The b Known mnseqnemx of radiation Infloence Is
radiation retinopathy including two its new forms such as “syndrome of chestnut” (early
and late) and “syndrome of diffraction grate” are described in victims as a result of the
Chornobyl catastroj

‘AU the same time the new radiogenic effects with determinisic signs were also

found:

rmanent retinal potential. An exposure (o aon dondr o genesaion of this
po(emlil with threshold dose 20 cGy.

threshold

y
" dose for ths ffect s gl 0 15 G
It was also proved, that radiation influence substantially modified the morbidity
due to some other eye diseases. In addition, the functional changes in the sight of radia-
tion-exposed persons were revealed
SPECIFIC RADIATION DAMAGES OF THE EYE
Radiation cataracts

y phe pr
appeared at the doses significantly less than it was early considered. The first results of
UACOS studies evidenced of possible existence of threshold at the level nearly 0.1 Gy
for some age groups, i.e. significantly lower than 2 Gy; the threshold was dependent
m aaract T and coud s ke (48 07 G [6]. A doaé beesld fx redsie
st s ot o iy study, a latent period could exceed 24 y

e modelling proved in favour of the view that aditlon caoract
b pp b o exposure.
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It has been shown that an appearance of non typical changes in the children and
ilesom:lena e sl s i spsctes nd gt oaic allilon iy
out decreasing visual acuity within certain time and were only di
examination under chronic radiation effect. A dose dependency was pmm ey
pathology.

Radiation retinopathies. Hemorrhages on fundus of eye, retinal edema, exudates
focuses were noted soon after the catastrophe in persons who had worked since the first
days i the most radiation contaminated areas, Two forms of retinopathy, caused by the
action of IR, with enough clear clinical picture were detected: “syndrome of chestnut”
and “syndrome of diffraction grate” (3],

In the fall of 1986 we have observed certain changes in the retinal vessels — loss
of tonus of venules and arterioles with appearance of huge number of aneurisms in the
e by e Lo rme st form ik %

: Macula was.
surrounded by such “leaves”. Such specific clnical picture was called the “early chestaut
syndrome” (3] It could be observed til the end of 1986 — first months of 1987.

Since 1993 in the locatlons of micro aneurisms and extended venules under “early
chestaut syndrome” loss of pigment was beginning, then sclerotic foci appeared in
clenup woeersof sce perod s evatess rom the cly of Pypiat. Matnla was

ly lipso
o wiscncoiom 08 sxcalpons. e culed i el picture the “late e
syndrome” [3].

stay within the
direct vkslﬂn of the bared active zone of the 4th reactor we observed a different clinical
picure, Smal o foci o ul whie calor appean atoudthe macal ot beind

th the clusters nl a vitreous plate a distinct order

served: distances from each focus to neighboring ones
was equal, it seemed that they appeared in foci of 2 diffraction grating. Near the macula
foci were located closer to each other, and were bigger: beyond the fundus of the eye
they looked rather like points on the periphery of diffraction picture. This picture was
called the “syndrome of diffraction grating” [3]. Disruption of calor perception, weakly
expressed metamorphopsias were observed under this syndrome. More often we found
the weakly expressed form with few foci.

Now it is impossible to find out the frequency of acute radiation retinopathies
observed because the systematic examinations of victims in an early postaccidental

tod was not conducted and only those, who applied to ophthalmologic help were

examined [3].

Goneraion disede of peruanent posntal inthe ecina

retina,
ing a permanent potential of the eye. As a disorder of the P pigmental
epithelium is one of main pathogenetic links in the development of retinal dystrophic
processes, the method of electraoculography (EOG) — registration of it po-
tential of the eye — was used by us during examination of persons exposed to radiation
at the Chomnoby] catastrophe (9.
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An experimental group (44 eyes) was formed by the matching method. Matched
clean-up workers were aged 40-60 years (middle age was 49.841.3 years). The offi-
cially registered doses of whole body irradiation were presented in 34 cases and ranged
from 4.6 Gy 10 94.5 ¢Gy. Middle dose of irradiation consisted of 27.24+4.1 ¢Gy. EOG
examination was also carried out on 22 clinically healthy eyes of control group persons
(middle age — 49.1£2.3 years), the inhabitants of Kyiy, without  contact with fonizing
radiation. Visual acuity 0.7 — 1.0 was in the persons of studied and control groups
without 2 correction and 1.0 — with a correction, an ametropy did not exceed 3.0 D.
Elecmwmlugums were registered by the method [9].

‘The eyes of persons in control group were examined for clarifying the normal
aluesof EOG indees. An Arden coefcent ranged from 200% 0 2995% i the con-
trol group with a mean value of 245.99:7.63%. No significant changes in the Arden
coefficient were noted in observed person depending on age.

‘The average Arden coefficient was 199.4948.20% in the group of the radiation-
exposed persons.

EQG for one of examined clean-up workers and a person of control group is
shown in Fig, 16,

‘A dependence of the ATish SRtOtent i el s ST TV it

Py mn 14,05 L 6.
is decrea

increasing dose of irradiation a light dark coefficient

. No sigificant differences were
Control group revealed in EOG values of the ma-

sunmmont S LA Jorlty of people with the dose load-

ing up 1020 cGy. The values of the

Arden coefficient (173.3615.22%)
W\ were significantly (p<0.05) lesser in
persons with the dose loading over 20
TR <Gy, than in persons with a dose up
120 cGy and significantly (p<0.05)
[r— lesser than In control. The amplitude
of dark minimum was insignificantly
ol e N N changedinradision exposed persons,
while the amplitude of ight maximum
was sigificandy decreased in persons
100 mirovo [ ?\m ‘with the greater dose load comparing
to control as well as dose group of

Fi. 16.1. Electronculograms for one of examined clean-up  Patients irradiated up to 20 ¢Gy.
wikers and 2 perso o contl rowp. A decrease In EOG Indices char-
acterizing a state of the pigmental epl-
thellum, the photocepters and the choroid,testifies the presence of pathological changes
in these structures. The initial functional disorders can be detected by EOG before a

clinical manifestation of pathology (8.

In spite of the absence of clinical symptoms in fundus of the eye pathology,
presented disorders in generation of retinal permanent potential were connected with
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metabolic disorders in its extemal layers of radiation-exposed persons with the dose
loading over 20 cGy. Changes found in EOG indices and their dose dependence was an
‘objective argument of negative influence of ionizing radiation on the retina. A dose of
20 cGy was a threshold for arising this effect.

A dose dependent decrease of accommodation capacity.

To study the accommodation ability of eyes as one of symptoms of age changes in
individuals exposed to iradiation [10-12] 456 randormly selected clean-up workers were
examined. They were divided into groups according o levels of absorbed doses and age.

Contol group consisted of 136 ndustrisl workers (aged 20-64 years; mean
43.920.72) living in area with normal radiation conditions (more than 800 km from
Chamibyl. nditdusls with ametopa mre then 2.0D were excluded,

xamination was conducted in period of 1992-1998. Volume of accommoda-
tion was measured by accomodometer AKA-0L. Instrument AKA-01 is intended for
monccular messuing of volume of sccommodition.

Analysis of results of examination and statistical processing was implemeneted
it th hlpof secal programmes (CER 300 and CER 3.02); aalysis was conducted
separately for each group, each age group and for age groups with intervals of § years;
in all the cases zv!ragz value of volume of accommodation, eror of average value,
stgma devarion, st inervl and variaton coeflicent were detrmined

in group with various doses of absorbed external radiation suusncally reli-
able decmase of volume of accommodation was notced in camwnsnn wl in
oumber 18.2). Vol erin glwp
o ndividons oy ssoesed et sradsin doses below 025 Gy in comparison
with Individuals with absorbed doses of 0.25 Gy and more in age groups of 28, 29, 34,
37, 38, 40, 49, 50, 51, 52, 53, 54, 55, 56, 57, 58 years, p<0.05 (in age groups 40 and
56 years p<0.001).

During correlation analyss it has been noted that volume of accommodation de-
‘pended fst of all from age (r=0.83+0.01; p<0.001; relation was relble epere i)
Refraction in examined group did not influence on volume of accommodation. Relie
(60001 reverse connecon (=02540.09) was notied or volume ot secommodaor
with absorbed dos

However compare 1o conirols t was clea that the anges of accommodation n

did the control.

of the accommodation abilty I the ntie rradiaed pessons group, besice the age of
its members, the adequate (p<0.05) linear model

RA= b+ b, age + by dose as.n
where bo, by, b, — coefficients; age — age, years; dose — doze, Gy.
and logarithms model (p<0.05) took account the dose loading (Fig. wz) Excess of
rangzs of accommodation was ~0.78 D/Gy, and —0.19 D/year (inear modk

found

dose nd e Tang of accommodaton in the groups of paiens of the same age, Cor-
relation coefficient ¢ between the absorbed dose and the volume of accomodation in
age qroups 26, 28, 30, 33, 34, 37, 41, 42, 44, 45, 46, 48 yrs. varied from —0.28 10049
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Fig.18.2. Range of accommodation, 0, in contol group and I the exposed group.
Lines— ogaithm modal s, sinbols — ea ittt

(p<0.05, Pearson). In all age groups the increase of the dose loading was accompanied
by a decrease in the accommodative ability.

. ; and threshold
for this effect is a dose of 15 cGy.
(P, Fedirko)

OTHER EYE PATHOLOGY

Involutional cataract.

e catarac, a disease of elderly, s the most prevaled pathlogy ofens that
causes a special actuality and social influence of researches regarding regularities of
its development [1].

Data mentioned below are based on the results of examination within the limits
of CER. A prevalence of involutional cataract (per 1000 persons) was increased for
examination period from 294.3¢32.0 in 1993 to 766.735. 9 in

i resuency was greter in e age groups, i 2 group of clean-up workers as
well as in a control group. B, as is shown below, an age prevalence of involutional
Earact i iuidaors s considerably xceeded a conol levh, a cange i begiming of
illness development into the side of more young age groups is observed. o, a relative
vk made up 1589 (C1 — 222 11082) i clsn-p warkers uder 40 years i  group
ofAb g 1.02; 18.85; In a group of 50-59 years
cnmyarlng 1o the comesponding age group of contol, A d.uep
e o ot significant in an age group of 60 years and
Cl — 157; 5.5), however a tendency to relative risk decrease caused by ra
it o= bean amr effect of greater sensitiveness of e ndia-

tion influence
“Thus, the heqnzncy A s e ey el i o age e
of stay under the risk, and a dose.
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Afrequency was studied i ps
entagea (Table 16.2). The resul the
presence of dependence between the prevalence of this disease and the dose loading.

‘The model of absolute risk of involutional cataract is shown below:

exp By +By -t +By v+ By &) %)
L+exp(By +By - +B,-v + By d)
where R— -bmlme isk; Bo, By, By, By — coefficients; ¢ — time of stay under the risk;
at the moment of examination; d — radiation dose.

A model of refative risk of involutional cataract is as follows:

PO el as3)

Tede Ry R h e

e oo doz — (@~ 3; t — time of stay under a risk, years; d — radia-
tion dose,

Relative risks calcula(ed by the model (18.1) are shown in Table 18.1. An influ-
ence of age factor was the greatest, RR — 289 (2.53; 3.31).

where v

Tabe 18.1.
Kocwi s I
By
B‘A:umm
s ¢ adation s,
of stay undor a ik, years
e o tay » 1681 10882735
B3— time of stay under a sk, years. 1139 10571228
m
Relative risk of involu-
donal the &
i fstayua-
d«xmx;usy«mmmm
Fig. 1
cemdllcudmndellmg :

revealed thata

Inariskof in -
volutional cataract is the most 2 :
significant at fifth year stay un- ¢
der a risk. Thus, an absence of
the significant ifference of in-
volutional cataract frequency

w ound axplenion

Fig. 183 Relative rsk of Ivolutlnal cataraet depending on the
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The results of our studies do not contradict the data of other researches. During
an international study UACOS [6, 13], in addition to typical radiation, cortical, Le.
involutional cataract was studied. An extract from the results of researches within the
limits of UACOS is shown in Table 18.2.

Teble 182.
oRat1

Kundiyev Y., Serglyenka NM. et al. 2007 [13]).

w | onarn
e | oo | s

By precaman 115 T iz CINE
changes ©79-168) (1113) (0914 mn—m 5430618
170 0% 102 55 177
Sage iS5t (12294 0819 0613 n b9 (129 nze
Stage 1 cataract a6 e

149 097
(1.08-208) ws—m ©8-12) 1n7-|zy (1.0-2) (11-26)

Stage 2-5 cateract
Msan dose (moy)

Expressed cataracts were more [Nquemly observed in the group with a dose over
400 mGy (40 Gy). The initial changes in lens were detected already in a group with a
dose exceeding 100-249 mGy; it was obvious that a isk of cataract in this dose group
wouldbe o contemed by Cllwing chocrvaion 6],

“Thus, researches of other authors conducted after the Chornoby)
castrophe demonstaied, hat loneing s a risk factor of the involutional
cataract development.

157 % a7 129 126
(©79-3:11) (nvm 08-28) (12-46) (05-31) (05-34)
490

(P Fedirko)

Retinal angiopathy and angiosclerosis.
expressed growth of retinal anglopathy prevalence (314.8¢14.5 per 1000
persons in 1993 and 911.9:19.7 per 1000 persons in 2004), and also an increase in the.
frequency of angiosclerosis were found in the cohort of clean-up workers based on the
CER. The similar results were obtained by other authors [5].
Risk of retinal angiopathy and angiosclerosis in groups with the different dose
loading is shown comparing to control in Table 18.3

Table 18.3. Relatve sk of vaseular pathalogy of retna in radlaion-exposed persons comparing to
control

ndess =
Felave 5k 251 265
Gonfidence intenvals 203,31 215,32
2 12161 16124
I3 <0001 <001
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‘The model of absolute risk of retinal angiopathy resembed a formula (18.4) of
relative and excess risks of angiopathies, risks were also described by dependences of
ogistic regression, for a relative risk:

fotB la @
v (89
and excess ris
> b0+ log(@ (185)

where d — dose, Gy.
Relative risks calculated by a model (18.4) are shown in Table 18.4 (Likelihood

Ratio Statistic on 2 DF = 297.78, p<0.001)

Table 18.4,

Coaticent Falave ks
5925

B
By — Iog (), where d — dose, 6y 129

s, basic factors that cause the risk of retinal anglopaty re e sge and the
e ofsay unde o sk » coniibuton af iadion dose i o
Subsequeot reseatches n s direcin could b bese o imvlving oher contin-
et For involuonal effects where radiatin efec s a sk facto, i s imporan
conducta cerain peri (so-called “window
of ik smelsR) that was tuned out by atesearch on the basi of CER. Theefore &
large cohort study of retinal angiopathy morbidity including prolonged monitoring of
ipropetrovsk region mnmams, the Chomoby! ceanup workers withthe ko
dose loadings (2,892 radiation-exposed persons) was conducted. 15 annual stages of
examination were conducted with & midde duration of aminalon 12.83:0.08 yexs.
On the whole, there were 26605,24 men-years examination:
‘A middle ages of patients

consisted of 35461013 years ata %0

‘moment of the examination; adis- _ 70

ribution according to the age was  § o,

normal, An officl dos oudings % .,

(tose of extenl whlebocy i % Y/ \ 24

mined Dﬂliems — from 0.01 to 30 / \

0.7 Gy, middle dose loading —  $0| $X k3 Y
021001 Gy, a distrbution In

accordance wih the age groups
was nomal.

Morbidiy ofreinal angiop-
athy was increased with the time
increasing of stay under the risk, g

and a maximum was reached in = L‘l

$ yeas afte o ifuence. g, 1. e o piry ity o et gty
Then there was an insigoificant e cohort f lean-up

e
595 716 814 90¢ 991 107 115 122 129 134
Vaarsater axpased
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decrease in morbidity, with the repeated increase in 13 years after radiation influence
(Fig. 18.4).
curve is evidence of
on primery morbidity of retinal angiopathy. g likely, if a cnlwn, with above
shown normality by the age, was only under effect of the age factor, we would look
only one increase of morbiity.

n analysis of morbidity was conducted depending on a dose loading. Relative
risk to fall ill was 165 (1.02; 2.67) at 2 = 4.15; p = 0.041 in all group of radiation-
exposed patients in a dose of 30-70 cGy comparing to radiation-exposed patients in a
daseup0 0.3 Gy.

. a of cohort analysis resulted in a statistically sigaificant higher level of
primary mmb\dlly of retinal angiopathy was found in the group with greater radiation-
exposed dose.
(. Fedirko, N. Garkava)
Macular chorioretinal degeneration.
was considered to be relatively resistant to impact of ionizing radiation.

reina can b damaged both under considerable and “low” dosesof loizing ndlallnn

in the alienation zone i he Chnmnbyl NPP proved direct impact of lm\lz(ng "

were also n bipolar and ganglion cell and pigmental epithelium. Response of
s d :

e
NPP accident was studied in the similar series of experiments. Affection of collagen
tructures and i
of the vessels, increase of weight of connective tissue were detected (1-3, 51.
‘According to our data, the central chorioretinal dystrophy became a frequent type
of pathology, well ater the catastrophe. After the development of sclerosis of the retinal
vessels, changes in the macular area appeared: foveated reflex was smoothed out; focl,
blocks of pigment appeared.
In a few years after the catastrophe the frequent and premature development of
macular chorioretinal degeneration in irradiated persons was noted. The pathological
changes of retina mainly were represented by drusen, dots of chorioretinal atrophy,
pigment rediibution. Cases of “wet” form of this disease in our cohort were rare. Pre-
of initial stage of discase in our patients was accounted by fact, that clean-up
ke conort consstes ‘mainly of young and middle-aged men, who were healthy at
the moment of their participation in clean-up operation. Later on the pathological pro-
cess s rogresing slowly, maily o chioreinal atcophy. The eyesight was failing,
slowly, but irrevocable. It is necessary to take into account that repeated examinations.
were onducied undr condiions of permanent medical weament of the paics. 1 3
Rl sl cumies had an iofluence on course of disease [3].
lar degeneration prevalence and primary incidence rate in our cohort ex-
ceeded popula(lnml ones. A stable trend for the increase of this disease frequency was.




Chapter 18, Sensory organs 508

observed. The macular chorioretinal degeneration frequency increased from 831157
per 1000 persons in 1992 to 585.7:23.8 per 1000 persons in 2004, Prevaleace of this
disease in cohort was 224.83£5.8 per 1000 persons, that considerably exceeds control
Tevel (55.56£13.5 per 1000). The coort research allowed o establish, that many new
cases of macular degeneration appeared in groups which had been examined before.
A considerable rising of macular degeneration morbidity was noted in 6.5-7.0 years
after irradiation, its maximum level was observed in 10 year after catastrophe. Detailed
analysis in dose-age groups was performed. Some results are shown in Table 18.7. The
frequency of macular degeneration increased along with age both in basic and the control

ups,
greater i the basic one (Table 18.7).
increasing of macular degeneration incidence when increasing of dose loads.
e noted In very age roup. For example, chorioretinal degeneraion morbidity or
th s group under 4D s s 12017231 13 per 1000 men-years in dose-group of
.25-0.499 Gy, 29:17.94 per 1000 men-years in dose-group below 0.05 Gy
(ifference sasically stgnifcan, p<0.5).Thus, the moricy level dpendence on
different
age-dose groups confirmed its level dependence on both the age and the dos load.
“The computation of relative risk of chorioretinal degeneration in comparison with
he control for various age group makes us to believe that risk of development of this
disease is greater for persons irradiated in more young age (Table 18.5).

Table 18

Doses of examal iragation (61

Hao. s e <025, 11138 0.255, ned56
ndor 40 Relaive isk (Conidence Limits) 581 (142 23.70) 7.9 (191 3257)"
4049 Relative isk (Gonfidence Limits) 334(1.25:891)° 570 (2.15; 15.08)°
50-69  Rolaiverisk (Confidence Limits) 360 (164789 386 (177: 844"
601> Rt sk (Gonidence Liits) 360(085,569 385 (177:844)
Al Mantel-Haenszel Relative Risk M Dmau.

given Exposure (Greenland/Rob

Conidsnce Limits) 344 (212,559 446 (276:729)°

“The high level of morbidity in relatively young age groups of clean-up workers is
indicative of an early beginning of this heavy pathology development.
e study and analyss of influence of some non-adiation facors on i of macu-
1 development | Except ag

mical, physical ‘harmeul
alcool buse, sureses e did ot nfence considcably on evalated s

Ar onlinear multifactor model of macular chorioretinal degeneration
prevalence was Gbained, which follows:
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__exp(By+B, £ +B; v+ B, log(d)
Trexp By +By ¢ +B; v+ Py log(d)) *
where R— ahsolnl risk; Bo, By Ba. B; coefficients; t — time after exposure, years;
e, years; d — dose, Gy

186)

a0

Toas ‘The morbidity of macu-
7| 239 lodystrophy was time-depen-
dent value, i.e. a disease risk
related to human seniliy, was
greater than a risk, induced by
radiation effect, at the same
ime with
ing areduction of latent period
i e
7 0 5 ‘The greater risk caused
eas ater xposure by i was ot n -
18 Eues of sholde it of macltystoty by a st [V YOUNS 2ge Broups com-
el tor poad bt o et & 0200 cy'a pering (0 the ek ate a
g e i of iy it o st under he 15 year risk

Exprss of absata sk

s sults in “smoothi
ey of cuiodyslophy S the e age s ol i exposed patients
(Fig. 1
The mnlncsr madel ofreltve ik of maculodystrophy is as follows:
o s Bn v .
Te oo PE Ry g
and the model of risk excess:
7> P Biv+ ldon (1858)
where B, B, B, — coefficients; doz — V(d - ), where d — dose, Gy, t — time after
osure, years; a — age, years.
Model coefficients (18.9) are shown in Table 186
Table 186 y :
oo T Ttswev_| 95% sombones e
0019 0011003
— @0, where d — raaton dose, Gy: 6453 2115, 1337
— time of stay under a isk,years
B2 — age, years 1727 1.498; 1.990

“The relative risk of maculodystrophy counted by a model depending on the dose
Toading at time of stay under risk 5 year is shown in Fig, 18.6
‘Summarizing the results of modelling relative risk and excess of relative risk of
isani such fact
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(relative risk — 1.727 (1.498; 1.727)
er 1 year, an excess of relative risk
— 1076 (1.056; 1.095) per 1 year),
time of stay under th risk and a dose
(relative risk 6.453 (3.115; 13.37),
an excess of relative risk — 1.253
(L137; 1.37) per 1 ¥ (@ * 1), where
d s a dose of whole-body irradia-
tion, Gy, t s a time of a stay under
a sk, years).
us, the resuls of cohort re-
search and mathematical modeling
allowed o establish that the risk of
maculodystrophy to the greatest de-
gree depends on the age of radia-
on-exposed patients at the period of
exami he time of stay under
the risk,  dose of extemal irradia- tac Bonrak ot
tion. A significant increase in the iiie dood [odideg’
prevalence of this ophthalmopath
was not expe med aringth st yeas of saying under he sk afer imadiion i 2
dose up to 2 Gy, it latent period consisted of 6.5 y ese propositions coincide
it presented 1 iraare 11 dtsof examinalos and allow 1 explain them.
(@ Fedirko)

seaphy couned by  madel
' s ot 1S

CHANGES IN ELECTROPHYSIOLOGIC INDICES
OF THE EYE IN RADIATION-EXPOSED PERSONS
nown that preclinical functional changes are preceded to the dev!lapmem
of clinical pathology. The analysis of literary data testifies that an influence of ion
radiation up) on the functiona stae of visualanayzer s no enough sudied. All ophr
the Ch

vlsnmeuy ‘and perimetry, the reports of using other methods are not numerous (8]
“The methods for determining a critical flicker frequency (CEF), an estimation of

he it ot and criti-
al fcker frequeny by  phesphene (CFFP) were use{o stadyng the ancionl sse
20ne, internal layers of retina and visual nerve. A group of 95 Chornobyl

clean-up workers was matched among the patients of CER by the matching method.
An age of examined patients was 30-60 yeas, a dose digason of extenl imadation
consisted from 0.02 to 19 Gy. A control g ns at the age from 30
10,60 years who did ot have  contac with onzig redistion. Clinically healthy eyes,
visual zculty not smaller than 0.8, emmetropia or ametropy, no more, than 3.0 D were
led in all examined patients. CFF of the area in yellow spot was determined by
perigraph. An electric stimulator was used for determinining RES and CFFP. An active
electrode of this stimulator was placed on the upper eyelid, an indifferent ones — on
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the forearm of examined patient. An examination was carried out in  dark- room after
S-minute adaptation to carkness.

‘The results of anelysing findings demonstrate the presence of substandal changes
In the functional state of the sight organ in Chomobyl clean-up workers comparing ©
control group. Middle levels of CFF to the stimuli of different color for the Chornobyl
clean-up workers are presented comparing to control in Table 18.7.

Table 187, quency
‘comparition with control
T Gt o (0
ool [ nm
iy | oo | ornvgwons | oo
e R I ST T TP Y D T
bie Bon7 %003 Bz W3S
aroen 32200 05103 49 M90S
et Zenz  samd  zane  wmed

aference it conval s siglfcans, pD.5.

The spsificsn dectase in CPE wes served Independenty on i coloe of
cwinkling stimlus n  grou of clesn-up workers compaing (o contl. Thls s an
evidence of a decrease in functional capacity of macular retina in the o sed
oo, despite an absence of organic changes. CFF did not depend on ftren dose
loa

d CFF by a phospt the Chornabyl clean-up
worers s shown comarin o e conl roup v Tble 16
ecrease in o elecrle snsiy of te et (icesse i tnsion curent
of disingishing
l b pnusphm in the radi idence of disorders
Fapimsey o ipabfog ra ig

Table 18,8, LImi of electrc: sensiiveness o the retina and crtical ficker frequency by a phosphene.

[ Esciophysilnic ndex
| vt et sensitvaness, meA | ciial fcka requancy by a posphare e

Clean-up workers. 5202073 2106"
control 5373:089 467:089

“alference with contal s sigrian, p<0.05.

T 54 il chips 1t electrophysiologic indices of the visual analyzer
state, that the sign of ctional state in the retina and the visual nerve, thelr
pathological chaues ina subclica leve wer found I he group of leanup workers
ot il manfesadonsof eye iscase.

(B Fedirko)
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CHANGES OF THE EYE AND

DISORDERS IN CLEAN-UP WORKERS

T kil ApOEINE ek b T il efe petclog
the radiation-expased persons the file of tear was investigated from 1998 to
50041 he g of Sa7cloms wonkes t e e s 841057 yees ith shsorbed
s S, 4 025 o i s of e gl wiloor sk e

‘The tear sampling w i immunological
s were ComAAREh s 1 Iabowtoey SHAITNEY St DAERHE A
(France) by tests ystems “ProCon” certificated in the Ukraine.

Changes of tear cytokine profile were found even in a group of clsan-up workers
without an eye pathology comparing to control. A significant increase in the concen-
trations of proinflammatory cytokine TNFa up to 17625 pg/ml (p<0.01), and proin-
flammatory cytokine IL-1 — up to 154£2.8 pg/ml (p<0.01) were noted comparing to
control. The level of anti-inflammatory cytokine IL~4 in tears remained at the low limit
of norm — 32.6:2.2 pg/ml (5>0.05).

resence of ophthalmopathology in clean-up workers increased the level of

TNFa« 1.8 times higher, IL-1 § 1.9 times higher comparing to control values (p<0.001).

‘The level of anti-inflammatory cytokine IL-4 in tears was moderately decreased and

made 26:1.5 pg/ml (p<0.01) in the group of patients with maculodystrophy, 28+2.1

pg/ml (p<0.01) in patients with peripheral chorioretinal dystrophy; and 25:1.9 pg/ml
(p<0.01) — in patients with an inital cataract.

s, a significant increase in the concentration of proinflammatory cytokines

a decrease in the level of anti-inflammatory cytokine were observed in clean-up

workers with ophthalmopathology.

(A Petrunia, V. Frolov)

REFRACTOGENESIS PECULIARITIES IN CHILDREN

DWELLERS OF RADIATION CONTAMINATED TERRITORY

“The features
studied in long-term research [4]. During 11 years, 989 pupils (born in 1981-1992) of
1-11 classes living in one of climate-geographical zone of the Zhytomyr region, but in
ooty Berem, lceier sbleand s vt xamt

p (maln)consste of 533 ppis rom the rdiaion-conaminated

sxlement of Ovrch s
a the ae of 6.5-16.5 years dwellers of wban vilage et ond vlllage Pry-
luky with 37Cs of 5-10 Cirkm? ; the 209 subgroup — 48 pupis at the age of 815 from
villages Rudnia, Berezhest, Lyudvynivka, Vystupovychi by caesium-137 contaminated
by 10-15 Cifkm of 1¥7Cs). Children of both sub-groups were simultancously examined
and Interpreted as children who e living in a radiation contaminated territory.

The 21 group (control) was made of 334 pupils aged from 6.5 0 16.5 li
Baranivsk district (conditionally clean territory, CCT).

3 group (additional) consisted of 122 pupils aged 16-17.5 years from settlement
Olevsk (7Cs contamination 5-15 Cirkm?) and 42 school-leavers of secondary schoal
at the age of 16-17.5 years from a urban village Pershotravneve.
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It has been established that a refraction in children who were living in RCT
rangedfrom 190 D t2 9.7 D. Relrcion variaion from —14.0 D t 8 B was
in children who were living in CCT. Hypermetropia of weak degree prevailed in
o areas, A middl efacion . puplls from CCT satsticaly did no dfer from a
middle refraction in children from RCT. Emmetropia (29.6% and 34.3%, p=0.04)
sigaificanly arely obsrvd in CCT comparin o RCT and myopathyof wesk deee
(5.9% and 2.3 03) — significantly frequently.
o i e h Ko o rming refraction (the process of emmetropiza-
ton) were diagnosed ncidren ving n RCT and CCT:anemmetropia was disgosed
A8 cones o pupll o e age it 712y e s RCT. o et Lo n
19871992 and An emme-
topla was more lleqnemly diagnosed in pupils a the age of 13-16 years, who were born
in 19811986 in RCT (60.0-81.8%) comparing to CCT (35.3-47.9%). From other side,

H

ags
T in 70.0-100.0% children at
w0 - the age of 7-12 years from

@ N RCT, and in 50.0-83.3% cas-
2w > L es from CCT; in 6.8-27.5%
» and 35.3-53.4% in children

;z Y | tively (Fig. 18.7).

o Data obtained demon-
o =3 strate the acceleration of em-
K dren aged 7-12 years, bom

] Hw a4 15 6 17 in 1987-1992, and living in
Age, e CCT comparing to children
Fy. 187, of ana from RCT,

and at the same time the in-
7 creased process of refracto-
genesis in children of 13-
i 16 years from CCT, born in
5 1981-1986.

/ sk of bypemetoia

befor ihe Chomobyl s
dent was
NI 50006 the age of 12-14
— years, and 2.3 times higher
015) — at the age of
D 15-16.5 years than in children
30 W 2 13 v 1 of analogous age from RCT.
Aoty ‘The percent of myopia
Fig 189, Percent ol myopla dtecion o chiden ofditerent age category  (Fig. 18.8) among children
dependng on a zon of i 5 of the young school age was
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caused, as a rule, by the hereditary predisposition. With the increase of age the percent
o diagnosed myopia was ncreased in the “clean” as well as contaminated zones. A
frguency o diagosed myopia was 23 A% i of 16 years from CCT comparing
10 11.4% from a “clean” zone (p=0. /opia development i children
aged 15-16.5 years from CCT was S imes Highet, than n the chidren of Ientcal
age from RCT (p=0.01).

requency of mixed astigmatism (0.45% and 1.6%, p=0.03 respec
higher in a radiation contaminated region. The mixed astigmatism was almost noted in
all age groups of children in CCT, while it was diagnosed only in 13-years-old pupil
rom RCT.

s, the conducted researches discovered that refraction forming L. a develop-
ment of the eye differed becween children living in “uncontaminated” and radiation
was marked i hormobyl

at the age of 7-12 years from an RCT, and in 26% children of CCT.

Hypermetropia was more frequenty diagnosed in children at the age of 13-16
years who were born before the Chomobyl accident in a CCT (44%), than in RCT (17%)
that Is the sign of refractogenesis deceleratio

Myopia frequency in the age interval 7-16 years was raised from 3.7% to 11.4%
in the children of “uncontaminated” zone and from 429 10 2045 Iy the il of
zone contaminated with radiation. Risk of myopia development is 1.9 times as much in
children aged 15-16 years who were born before e Chnmnhyl cident from the zone
contaminated with radiation, than in the children from "clea

o e st talished tat a myopi freduency was iferem i adolecents aged

6475 years at  fnishing phaseof ofacogeness depending an bih e regarding

e die o e o nobyl accident: in those exposed to imadiation at an embryo period or
 th it year o e 11%: n raciaion exposd paets a he age of 1-3 — 29%;
n children bom in 4-6 years after Chornobyl NP accident — 5%.

(V. Serdyuchenko, 0. Nostopyrove)

STATE OF SIGHT ORGAN AND ITS FUNCTION IN CHILDREN,

BORN TO EXPOSED PERSONS (clean-up workers)

Astudy of the eye state in cmlanm b at e potccdenal prod o the Chor-
nobyl clean-up workers, living in Kyiv comprised 2202 children taking part in cohort
research wikin 1962-2008

‘The age of examined patients was from 0.74 to 17.2, mean age — 8.320.1 years,
A contol group consste of 252 iabitants af Kyl of same age, including pers

hose were not additionally exposed to (comparing to other inhabitants of Xy
idialn fluence. An ge of conrl group pesons ws rom 05 10 1758, mean g
yea

e i afege plogical hanges was 2203451052 pr L00 chlden
of clean-up workers, 170.64+23.69 children of control group. The relative
visk of pathological chane prsence o deeatarsaf s exposed parents was

(due to the age group of 13 years and older) and consisted in 133 (CI — L0;
176, diltrence was statistically significant, y2= 4.12, p=0.042) comparing to the
control group.
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‘Thus, the results of primary
examinaton i groups of clean-
workers were indicative of the

diation-exposed patients, but not
due to the expressed congenital
changes in the eye.

“To study the functional pos-
sibility of the eye in children born
o clean-up workers 32 patients,

investigation of dark adaptation
Tine.min by standard method using record-
-~ ing adaptometer.
== a;gw,g; Mean age of examined children
wanss dos s of camied ptiens 025-126y s 15.9120.31, they were born
g;;g;;g» ‘h 2-8 years z\'::r exposlnund ‘ol
ther parents (o the mean irradia-
i 139 A vt 1 conece el €t
s pabons et epnco e o asptan (o0 dose of 03074006 Gy

oerts 4 Gy, than
in children whose parents were exposed to radiation doses up t0 0.21 Gy (r.g 189
. o vigndfcant decrese rte ofadapation to darkress vas observed in
second group (children born to parents exposed in the doses of 25-120 cGy)
e mechanisms of these changes reduire 3 subseduent vertcation fo better
understanding of visual analyzer function,
(B Fediko, 1. Kadoshaikova)

CONGLUSIONS

Except a radiation cataract, severel effects with signs of deterministc ones were
detected in st o5 3 radiation
retinopathy — in the vict ed

o forme sich s eyndrome of te chestno” pho syodrome of difracton grate” and
also disorder of generation in the eye permanent potential (ihreshold dose is 20 ¢Gy)
and dose dependent decrease in capacity to an accommodation (dose 15 cGy can be
ansilas] threshold).

in addition, radiation influence substantially modifies a morbidity of other eye
d|seases: the functional changes in the sight of radiation-exposed patients were found.

as been shown that a radiation exposure causes a significant dose dependent
Increase in the prevalence (369.9.26.7 per 100 clean-up workers versus 83.33£16.3 per
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1000 in control) and premature development of involutional cataract. In the risk model
of involutional cataract the basic parameters are the age at the period of examination,
the time of stay under a risk, absorbed dose of external irradiation. The relatve tisk of
involutional cataract caused by raation consists of 1901 052739 per @,
here d s a dose of ima s time under
Effectof lonizing radiations causes a signil

. years.
imly increased

of pathology in

the eye vessels (694.3 per 1000 clean-up workers and 246.53 per 1000 persons of con-
ol group). By mathematical modelling it was established that the risk of basic factors
in retinal angiopathy of clean-up workers population is the age of radiation-exposed
persons, and a dose of external irradiation to the lesser d

I other cohor study it was revealed that morbidity of retinal angiopathy was

Homesposed patens ina doe up10 0.3 <Gy was 165 (102 267) st =415, p=0.04
Thus, the statisically significant higher level of primary morbidity of retinal angiopathy
was found at the period after radiation influence in the group of radiation-exposed ina
greater dose as a result cohort analysis.

Radiation influence is arisk factor of premature development of retinal dystrophy
ata remote penod after irradiation. As a result of radiation the absolute risk of central
chorior ystrophy is increased; a prevalence of maculodystrophy among clean-up
o s 3483258 per 1000 persons, that exceeds significantly control numbers
(55.56+13.5 per 1000). The risk basie factors of maculodystrophy development s the
age of radiation-exposed patients, the time of stay under a risk, the absorbed dose of
extenal irradiation in population of clean-up workers, by the data of examinations and
‘mathematical modeling. The relative risk of maculodystrophy consists of 6.453 (3.115;
137 per L Vd-0, where d is a dose, t is time under 2 risk, years.

A sigaificant decrease in critical flicker frequency was found in groups of clini-
calyhelly clen-up workerscomparin to conro ht i evidnce of n ncese n
functional passibility of the
to an absence of organic changes. There was al s ety e sensltivity of
na and a decrease in ability of distincting the fluctations by a phosphene in the
radiation-exposed persons that |esllly o disorders of functional capacity in the retinal
sers and the visual 1
been detected that !here was disorder of a corelaon between proinfam-

of Ch workers. This
b

pressed I
na immune sorders, in pimculu a coneltion of cytokine level, ey s
ole in pathogenesis of diseases in the sight organ of clean-up work
e prongd bservation of the efactagencstsproces i childen who lve I
that
of the eye refraction system, and an increased frequency of myopia that is disgaosed
in children who were exposed a maximal irradiation at an embryo period or at the first
years of lif
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1t has been established that a greater frequency of pathological changes in the eye
were found out in the children of clean-up workers, born ater rdiaton inluence, ut
10k due 0 congenia changes o the eye ther caply o dark adaptation depends on
the dose loadings of parents of examined persons, although it remains within the limits
of permissible values.
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18.2 SENSOR NEURAL DIMINISHED HEARING IN PERSONS
ED AS A RESULT OF THE CHORNOBYL CATASTROPHE,
IN THE DYNAMICS OF RIOD

‘The results of scientific analyss are based on the clinical, audiometric and elec-
trophysiological examinations of auditory analyzer (AA) in the clean-up workers of
Chormobyl NPP accident exposed to short-term, relatively short-term and long-term
onizing radiation (IR) with different doses, under long monitoring during different
‘ears of post-accidental period.

Data of other authors who examined changes in the parts of auditory analyzer
were analyzed in the categories of persons who lived in clean or in three ionizing ra
tion contaminated areas of Ukraine (the obligatory resetdlement zone, the voluntarily
resetlement zone, and the zone of enhanced radiecslogicalconrl inthe dynaics
of different terms since the Chornoby! catastroph

“Thee were 7,031 male patens among examined clean-up vorkers, who were
sent to S.1. “0. 5. Kolomiychenko Institute of Otolaryngology of Natl. Acad. Med.
Sci. of Ukraine” from RCRM for clinical observation and expert estimation of the AA
functional state. Individual doses of IR were used from the informative base of this
instution as iniial data.

directed.persons complained of auditory disorders, such as a noise in the
ears of different spectrum of sounding and intensity (Iow-frequency, high-frequency or
mixed), and also a decrease in keen car and disorder of appeal speaking perception dur-
ing examination. Hearing within the normal age limits was registered in 5.5 % cases
among 1,200 clean-up workers at a primary audiometric exemination (1986-1987). A
decrease in keen ear that caused the manifestations of sensor neural diminished hearing
(SNDH) of different degree was found i he other 44,596 cass. I ws reltd 1o he
disases uder the rbric 30 by the CD-10

r degrees of hearing-impairment were detected in Jhem accoding 1o te ¥
Besarw and & Redudis Clsifcarion of 1995 (1) he 14 degree — easy, the 200
— middle in 37.0 % cases that are considered as a socially adequate ear, and the 34,
the 4% degrees of diminished-hear-

55

%
w

iteant hearmg impairments. “
icular, Ihzre were 26.3 40
ofdi 0

x

|25

e 14
oved heirmg zcmly‘ 107 %
with the 20 degree, 6.1 % — with
the 3 degree and 1.4 % cases — —
with the 4™ degree among them.
‘These data are shown in Fig. 18.10.

For the prolonged examina.- By r & i
tions 325 clean-up workers were g 1810.Sial of hearing sculy n acaordance wih at o
ooy 200 oy s 3 iy

selected by us from the general
1986-1887) Docte ofimple N 0 norma e
amount of examined patients. The {4 Geyest oty it 200
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changes in an auditory analyzer of these persans were s a dynamics of 22-23
post-accidental years Including 2009. They were vided into e groups deponciog
s oot unlon of 18 e
irst group comprised 57 ARS convalescents, among; them 31 with ARS gra-
de1 (1 ¥y gmnp] nd 26 plent o bl ARS grade 2 18 grer).
clean-up warke
short.term IR in the first 2 months of clean-up works. They were divided into the II-A.
‘and I1-B groups at primary examination in 1986-1987. The II-A group included 64 clean-
up workers whose dose of IR made 0.20-0.25 Gy, and the I1-B group consisted of 56
persons who were exposed to IR in the doses of 0.26-0.50 Gy that were retrospectively
established after dosimetric calculation (by an occupational route leter).
T the i i 148 clean-ap eockens exposed o bong e IR were ezl
before and afer s at the Chornoby in the dynamics
1 period. Their IR dose 1t group
o 02005 Gy (by individual physical dosimetry). The II-A group fncluded 79
clean-up workers whose IR dose was 0.20-0.25 Gy, and the I1I-B comprized 69 persons
whose IR dose made 0.26-0.50 Gy.
r the study of the A functional state a methodology of clinical examination
including the complex of standard examinations of auditory function was used: audiom-

ey,
iynamic impedancemetry; electraphysiology examinations — the auditory induced
potentials (AIP): short-latent (SL) or brain stem and long-latent (LL) or cortical ones.
earing acuity was within the limits of age norm in 33 from 57 clean-up work-
ers who had ARS in the 1 group, and SNDH of the 1# and the 2% degree was found
in 24 persons at a primary examination in 1986-1987. Delayed Tegibiliy of speaking
was noted in 19 from 33 persons with a normal tonal hearing and in ail 24 clean-up
werkers with SNDIT of the 1% an he 2% degree n the | gioup It parculr, her
thresholds of 100% legibility of linguistic tests were registered at the level of 60.340.5
dB (an expected 45.5:0.7 dB).
Increases in the number of persons with SNDH and the degree of its manifesta-
marked in :he dynamics of post-accidental period among examined clean-up
workrs it 1 group 3]

5 In 35052003 in the I-A group any 3 ro 29 persons i hearing wihin
the iy o 4 nove, 24 o el she 4 e of S e evealed i 11 pee
Snds prsons hd the 34 degeee of SNDHL. Tnthe 1 roup only 1 from 31
persons hid noia bearing, 4 had SNDH of the 13 degre, 10— the 20 dogree, 4 the
3 degree and 2 — the 4™ degree of SNDH. It should be noted that more considerable
degee of audiory changes was fixed in ptets of e L group who had ARS grace
2 and were accordingly exposed to greater IR

ieaing whhi 1o e of age nor I 34 cesnup workers ofthe I-A group
and in 30 persons in the 1i-13 group. Diminished hearing was noted in other 56 clean-up
yorkersof I roup, 3 pesons from them had SNDH of the 15 degree, and in 23 —
of the 21 degre
naddon, il noted in 13 1
tonal hearing acuity and in 17 from 5 ith dimin
hearing in the 1T group.
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Hearing within the limits of age norm was registered in 32 persons from 106
clean-up workers in the I group, examined in 2006-2009, SNDH of different degree of
maifsemion e o o e 74 poleos, fn pl i, SNEE o 18 demtann
{osimed 133 fleabim worke oo e 1.2 v, o n. 15 perans af toe 1L
group; SNDH of the 20 degree was fixed in 16 persons of the 1A group and 12 persons
of the 11-B group. SNDH of the 3t degree was diagnosed in 3 persons of the I1-A and
11-B groups, and SNDH of the 4™ degree — only in 1 person of the [1-B group.

In addition, a delayed legibility of linguistic tests was fixed n 16 from 32 clean-up
ety o] heing .wny ‘and in 53 from 74 — with SNDH of different
degree manifestation in the I g

Licring wihin the It o age norm was obsrved n all 148 persons of the I
group before the work at the Chornobyl alienation zone.

A number of persons with an ear within the limits of age norm were decreased up
10 59 persons, and in 89 patients SNDH of the 1% and the 2% degrees were registered
after stopping clean-up works at the alienation area. In 2008-2009 36 persons of the III
group had normal hearing among 141 examined patients; SNDH of different degrees
was noted in 105 clean-up workers.

hus, an increase in diminished hearing both by frequency and by the degree of

manifestation was noted in clean-up workers of the III group t the remote period after

accident comparing to the I group with analogous small doses, but absorbed in
considerably shorte time.

TEMPORAL INDICES OF DYNAMIC IMPEDANSMETRY IN CLEAN-UP

WORKERS AT THE EARLY POST-ACCIDENTAL PERIOD.

I il v of 1090 s 1802 (132 lmery-exainnio i sl
of acoustic reflex of entotic muscles (AREM) of clean-up workers ag 0 years
with normal hearing as well a5 with SNDH of che 1% and the 2% degrees o rcuned
different doses of IR (from 0.23 to 2.0 Gy) have been presented. Especially interesting
were AREM temporal indices of clean-up workers, whose hearing acuity was within
the limits of norm by an audiometry in the two groups.

‘Convalescents of the ARS grade 1 with absorbed doses 1.0-1.9 Gy — 13 persons
(26 ears), were Included in the I group. The II group consisted of 10 clean-up workers
(20 ears) exposed to short-time IR in the small doses (0.23-0.25 Gy). For comparison,
the I1I (control) group was made from 10 practically healthy non-irradiated persons (20
ears) with normal hearing

‘Temporal indices of AREM under ipsi- and contralateral stimulations are shown
in the Tables 18.9 and 18.10. Revealed changes in a time increase (Ti) of AREM are
less in the [ and I groups than the Ti size in the persons of control group.

Particularly, at the sizes of 136.848.1; 176,0:28.5; 220.0:31.6 ms in control group.
a time increase was equivalent to 1124£12.1; 157.1£19.1; 197.1+16.7 ms respectively
under an |ps||lml| stimulation at the studied lmqnmcxes Bo L0 w40 s e e
sons of the I i
o conralterss thulaion, aud ls T { grovg der ot types of stimulation.
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No statisically significant changes in time of active action (Ta) of AREM at ipsi-
and contralateral stimulations were fixed in the two grou
wever, a tendency of time lengthening (1) of active after-effect was marked
both under ipsalateral and contralateral stimulations in persons of the I and the 11
groups compaing o control (Table 18.9 and 18.10).
ime slump () of AREM was noted in cl 10 this index
of control group at the studied frequencies under ipsi- and contralateral stimulations.
‘These changes were more manifested in ARS convalescents of I group. No differences
of total time (T index) of AREM under ipsi- and contralateral stimulations between
the three groups were noted.
“Thus, i, tme slump () of AREM ive after-effect (T2)
f. inhibition
processes at the nuclear level of reflex arch of AREM in clean-up workers in the I and
the II groups comparing 1o the persons of control group under ipsilateral stimulation.
Shortening of Ti, Ts and lengthening of active Ta of AREM under contralateral
stimulation, testify to disorders of correlation between stimulation and inhibition pro-
cesses a the nuclear level of reflex arch of brain stem structures of AA, that at the same
time demonsirate early preclinical disorders In these siructures corpating to conicol.
registered in clean-up workers, who received the small IR doses and
were more maifested n persons with ARS, e  dependence o th dose s marked
(p<0.05)

INDICES OF THE FUNCTIONAL STATE OF EXTERNAL CORTI’S

CELLS IN INTERNAL EAR IN CLEAN-UP WORKERS BY THE DATA

OF OTOACUSTIC EMISSION OF DISTORTED PRODUCTS (OEDP)

AT THE REMOTE POST-ACCIDENTAL PERIOD.

Reglstration of OEDP was conducted in 93 clean-up workers (186 ears) divided
into the three groups In 15-20 years after the accident, and 19 el pemne
(20 ears) with normal hearing acuity of control group among th

“Ten clesn-up worers (20 eas) with haring wihin th it of age norm regis-
e b amhcmery e incuded i he T group.

Bell

1 group included 5 e -up workers, 27 from them (44 ears; I11-A group)
it s i SNDH of the 2% degree and 25 (50 ears; [1I-B group) — with acute
unilateral SNDH of the 2% degree as a result of ypercnsiv ciss, OEDP examinaion

in clean-up ‘gree of SNDH, because
its registration was impossible under it N bt S

‘The values of acoustic range (AR) of OEDP in clean-up workers of the three
groups and persons of control group are presented in Table 18.11.

o Da shown in Table 18,1 and In Fig, 18.11 specty that AR valu of OEDP 3¢
the frequencies was greater than 10 dB in clean-up workers with hearing acuity
ithin the s of norm and imimsned hearing with presbyacuzis pracox in the I
and the IT groups as well as in patients of control group i.e. external Corti’s el (ECC)
have normal function.
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In the 111-A and the I11-B gro-
ups of clean-up workers with acute
bilateral and unilateral SNDH, that
i sed agai hy-

AR at the studied frequencies less
7182y ) than 10 dB demonstrated an absence

paired.
Thu, It wos frse established
internal ear
ECC in the hearing acuity within the
limits of age norm and in SNDH by
the type of presbyacRCTis praecox in
clean-up workers was not impaired at
Fig 8.1 OEDP ofpallent T, aped 4 yars, who was cean-tp a remote period, but it was impaired
e, it o gt wthdiashed e 6 13 crydisorders aroused againsta

R between
ol e v v it o OEGF et 1 5 background of hypertensive crises.

CHANGES IN THE FUNCTIONAL STATE OF BRAIN STEM

STRUCTURES OF AUDITORY ANALYZER IN CLEAN-UP

WORKERS IN THE DYNAMICS OF POST-ACCIDENTAL PERIOD.

In 1990 the results of primary examinations of changes in indices of the brain
stem structures of auditory analyzer, that were manifested by the significant inctease in
a size of LP in peaks of the third, fifth components of short-time latent hearing induced
potentials (SHIP) and intervals between peaks of the I~V SHIP were analyzed not only
in clean-up workers with revealed diminished hearing but also in patients with hearing
aculty within the limits of norm by T.V. Shidlovska, N. S. Mishchanchuk, O. 1. Kotov.
‘These data tesiify the early changes in the brain stem structures of auditory analyzer
before the clinical signs of auditory impairments.

changes in temporal parameters of brain stem or short-latent auditory induced
potential (SHIP) components were analyzed in clean-up workers depending on state
of bering acly comparing 0 the conrol group of e noo-madisted persos with
normal e

of SHIP were estab-
Kished in clean-up workers with the normal hearing o th 1 group, with th 1 degree
of SNDH in the Il group, as well as with the 2% degree of SNDH In the Il group
comparing to control

Qualitative changes were manifested with SHIP smoothing (by low amplitude)
components. Quaniitative sizes of IBP from I-I1I, -V and I-V SHIP components in
clean-up workers with normal hearing in the  group, and also with the 1% degree of
SNDH in the 11 group and with the 254 degree SNDH in the Il group, comparing to
control — under ipsilateral sound stimulation with frequency of 1.0 kHz, are shown in
Table 18.12.
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Table 18.12. Inices of intra spades

ipsitateral sound stimulation with trequency of 1.0 k2
I Tt spades fervl, ms._

Sows | =1} I ITE7 I ]
‘control 2.1520.03 1.87:0.01 4.02:0.01
1 216:0.01 2.060.02* 4.22:002*
" 218001 211002 200020
n 2.20:0.01 2162003 4.36:0.01°

“a difernce between the indice of ctean-sp workers o the three groups and control group 1 sgniicant,
(@<005)

No significant diffecences between the values of IBP from componenis Il in
clean-up workers of the thrce groups were marked comparing to control group by the
data of Fig. 18.12. However, lengthening of IBP indices in the III-V and the -V compo-
nents of SHIP were fixed in clean-up workers of the three groups, comparing o control
(p<0.05). For example, lengthening of IBP in the [1I-V and I-V componens of SHIP
was registered in the I group of clean-up workers with normal hearing, that was equal
102.06+0.02 and 4.22:0.02 ms respectively comparing to control group where the first
index was 1.87+0.01, and the second one — 4.0240.01 ms, p<0.05.

prolonged were indices of IBP in the I1I-V and I-V components of
SHIP comparing to control and between itself in clean-up workers with the 19 and the
204 degrees of SNDH in the groups I and II: the above-named indices were 2.1120.02
and 4.2950.02 s in the persons of the group IT and 2.16£0.03 and 4.36:0.01 ms in
patients. o! the group 111 (p<0.05), respectively.

increased values of IBP in the II-V and I-V components of SHIP in clean-
up wrkess of 1 ek groups testfy the delayed impulse conducting by the auditory
ways of the brain stem and at the same time underline early preclinical sensibilly of
the brain stem structures of AA under IR effect in clean-up workers with the normal
hearing acuity.

‘The changes in IBP value of the IV compoents of SHIP under ipsilateral sound
stimulation with frequency of 1.0 kHz in clean-up workers exposed to short-term IR in
the large doses (I-A and I-B groups), in relation to short-term IR (II-A and 11-B groups),
Tong-term IR (11I-A and III-B groups) in small doses under the long-term monitoring
studied by us (9] in the dynamics of post-accidental period comparing to the persons
of the corresponding age in control groups are shown in Fig, 18.12.

‘The vlue of IBP in III-V components of SHIP made 2,1240.03 ms, at a control
index — 1.8620,03 m the group 1A, . This size
was decreased up (0 2.08+0.01 ms in 5 years, and up (o 2.06+0.02 ms in 10 years.

A gradual Increase of this index that made 2.11:40. 921ms i 2004 v e oted
1B group
d dynimll:s o postaccdental peiod, bu an above-named indes was grener i
them, i. e. it was dependent on IR dose.
peculiarity of IBP index in the I1I-V components of SHIP in clean-up workers
of the I group was its considerable increase at a primary examination, and following
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Fig 812 mpotents o SHIP under psat it requeney o 1.0 Kz
10 clean-up warkers of the |- and 1 groups, e I1-A and 18 groups, and the 11- and -5 groups, and lso
roups witin

d ing the first decade of idental period. In the , on the
contrary, the progressive increase of this indesx sizes was marked, that in 18 years almost
reached values fixed at the primary examination,
A feature of changes in sizes of IBP in the III-V components of SHIP in clean-
up workers of the Il group at the primary inspection was the fact that they were lesser
than sizes of IBP in clean-up workers of the I group. So, it made 2.05£0.02 ms in the
persons of the I1-A group, and 2.08:+0.03 ms in the persons of the 11-B group, they were
‘gradually decreased during the first decade, and were gradually increased in the second.
‘The changes in SHIP parameters were fixed ot short-term IR at 0.2 Gy that under this
variety of exposure were also dependent on IR dose.
Other conformity of changes in index of IBP In the Ill-V components of SHIP
‘was established in clean-up workers of the Il group in the dynamics of post-accidental
period. Is accelerated value was noted in them after stopping works at the Chornobyl
changes). So, s index made 2.15£0.03
ms in the persons of the 11I-A group and 2.18:0.03 ms in the persons of the I11-B group,
and it consisted of 2.04+0.02 s and 2.0740.02 ms In clean-up workers of the I1-A and
the 1B groups who were received analogous doses, only during considerably more
short time, respectively.

1BP in the 1=V
cal IR doses was a feature of long-term IR in clean-up worlers of the LI group comparing
0 the persons of the Il group at a remote period. Long-term IR in small used the
more substantial manifestation of impairments in the AA brain stem structures.
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“Thus, a5 a result of the conducted examinations, the significance of dose size
and duration of IR effect was established in clean-up workers of the three groups, that
‘was manifested by the changes in SHIP parameters, proving for early and progressive
disorders in the brain stem structures of auditory analyzer in the dynamics of post-ac-
cidental period.

M. Mishchhanchuk, Yu. Sushko)

CCHANGES IN THE FUNCTIONAL STATE OF AUDITORY
ANALYZER CORTICAL STRUCTURES IN CLEAN-UP WORKERS
IN THE DYNAMICS OF POST-ACCIDENTAL PERIOD.

sizes of L in peaks of the P, and N, components of LHIP were studied by
us m unde soond stimuton wih 8 frequency of 1.0 kHz in clean-up workers of the
three groups with the different doses and dasaton f R i the dynamics of oscac-
cidental peﬂod which are shown in Table 18,
Table
Ilﬂuun Dot s ooy wonens f he o 9r0ups under long-tem manioring during
diierent years afer an aceident

o Viars of st
ol - N R 2 7 N 2
Sizes
TR Sien prods ol P2 componentpeak s

o periods of P2 componen peak,

Gontral 1750831 033 91221
A e 733 197532 2086226
8 281335 206528 199639 2155136
A 1882028 1955007 1975229 1991225
[} 195526 1995:25 2001327 2056431
A 1752431 - 1872421 1985224

2066227

189625 0229
Sies o tnt prids oT N2 component peak ms

coniol  2690:48 2722534 2751130 27861 279932

A 319535 2001:31 267337 205636 310631
8 3201842 207436 2892441 6123 3186229
A 285132 2800129 2900s26 20521 2047z
[} 2907:39 2911130 2930:27 2960226 3015:24
A 2680245 — 29026 201025 2964127
g 2690246 - 202331 296524 3066+29

In particular, the feature of LE parameters of peaks of Py and N, components of
LHIP was their considerable increase in clean-up workers of the I group at the primary
examination, with following gradual dectease during the first decade after an accident

w increase — in the second decade.

‘The sizes of above-named indices of LHIP were greater in the persons of the I-B
group that those in persons of the I-A group, .. they demonstrate a dependence on the
size of IR dose.
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‘The peculiarities of LP indices in peaks of the P and Ny e o SOLETE
ere e Iceea o e p b af e T ok o 56 pi
comparag % comte, owever they wore st han hat In e workers of the
group who were expased to short-term radiation in large doses (see Table 18.5).

It is necessary to accent, that the changes in size of LP in peaks of the P, and Ny
‘components of LHIP in the persons of the II-A group were marked in a dose of 0.2 Gy,
but in the persons of [1-B groups who received a small, but two times greater dose; the.
sizes of peak LP of the P, and N, components of LHIP were grater than those in the
persans of I1-A group, i.. at this exposure variety the LP size in peaks of Py and N,
components of LHIP were also dose dependent.

‘The feature of changes in LP peaks of the P, and N, components of LHIP in
clean-up workers of the If group was their gradual lengthening in the 1% as well as in
the 2 decades of post-accidental period.

Other data have been obtained in clean-up workers of the IIl group with similar to
the I group small doses, but absorbed within prolonged stay in the Chornabyl alienation
zone. Before clean-up works sizes of thelr LP of peaks in the P, and N, components
of LHIP did not differ from indices in the persons of the corresponding age categories
in control grou

Anincrease in LP sizes of peaks inthe P, and N, components of LHIP was marked

after
In 2003-2004 they were cqual to 296.4+2.7 ms and 306.6:2.9 ms i the persons of the
HI-A and the TII-B groups and above-named indices were 294.7+2.1 and 301.5:2.4 ms
in the persons of the [1-A and the II-B groups in those years, respectively.

‘These data give basis 1o assert that prolonged IR is as harmful and causes con-
siderabe disodors nthe subcortialand conclssoctues of sudiory analyer at he
remote period, s eltvely shorterm exposure n sl scvalldose.

HIP
and s of 0050 legibiltyof lingistic tets has been esl.abllshed I7y us [4]. Tha is
ifestati y pr in

demonstrated by

Thus, according to data of objective andlnme(ry (by the indices of registration
of AREM, SHIP and LHIP). disorders of brain stem and cortical structures of audi-
o avlyes e ound i all e it i 100% e it mcel Rl
diminished hearr

“Thes dota specity that thephysical metbods o examinaton allowed (o fnd early
s s ceml depmenes of iy wlyse v iditon e e
the development of clinical audiometrical signs and deviations in the indices of tonal
and speaking audiometry and at the same time prove for the early disorders in brain
stem and cortical structures.

Such changes in the indices of objective audiometry are deepening with the de-
velopment of impairments in hearing acuity, The analogous changes in the same brain

pathology as a result of the Chornobyl catastrophe were noted, by other authors [S, 6].
“The value of dose commitment and duration of IR influence were established in
clean-up workers of the three groups that was manifested by the changes in parameters
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of SHIP and LHIP. i brai
and cortical structures of auditory analym in the dynamics of post-accidental period.

it othe actalcinial mteil o examinations i special coningens of persons ex-

mcludmg AN. Golod [7), 1. Kardash [8}, V.V. Rymar [2], MM. P 181 and others.

articular, the data of deviations number by psychoacustic audiometry and
objective awdomery (APEM, SHIP and LHIP) in clean-up workers and dwellers of
Narodychi and Ivankiv districts were presented by T.V. Shidlovska et al. [9]. Analogous
10 our resuls deviations of APEM indices from a norm, were revealed in 100% clean-up
workers, in 43% dwellers of Narodychi and 21% of Ivankiy disticts.

According (0 the data of SHIP and LHIP registration, the deviations from a norm
were fixed in the brain stem and cortcal structures of auditory analyzer in 100; 85
19.7% and 100; 7.0 and 33.7% cases, respectively. The authors accent an attention
that above-niamed changes were found n all clean-up workers exposed to radiation over
0.25 Gy without an exception. Especially significant changes were noted in acute radia-
tion syndrome convalescents.

“The study of APEM, SHIP and LHIP characteristcs are of significance for the
objective determination of initial preclinical impairments in the central departments of
auditory analyzer, that it is important for resolving some expert questions, and also for
the development of treatment-and-prophylactic measures.
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183, VESTIBULAR DISFUNCTION IN THE CHORNOBYL CLEAN-UP
WORKERS IN THE DYNAMICS OF POST-ACCIDENTAL PERIOD.
MORBIDITY AND RISKS FOR DEVELOPMENT OF VESTIBULAR
DISFUNCTION: RESULTS OF MATHEMATICAL MODELING

Itis known that various pathological reactions of three kinds are occurred in
cases of it funclons st of Ve: vl sensory, el st o

ferat degee

Vembulofsensory macunns ey processes that take a place at the level of
cecbrl eore. They ave aalfsted by ol of pernanent o pedol icaoess nd
different manifestations of disorders connected with the orientation in space.

Vesthuln st kit madleally i wflags ou body muscolar
structures, that
resulting in disorder of walku@ e oo o vt asd 100 palbolcglcal
vestibule-oculomotor reactions, as a spontaneous or positional nystagmus of different
orientation and intensit

Vestibulo-vegetative reactions are occurred under a decrease or an Increase in
sensitiveness of vestibular analyzer, and also under increased vestibular loadings. They
are charactroed by ephidkot,the changes in oin salning — pallr o rddening

s fror (the changes in

pulse thythm, ure)and gatrimestingl ract (auses,vomiing), ht cause

not infrequent develnpmem of sevee symptom-complex — disease of movermen
‘human lfe. Th

and i “The first

ones pvredmemnm e e of s ‘veguuive discomfort discrdesing sl leellng, decreasing.

h mplemenation o he works, connected i exae nd comnaed movemenes,

m 10 to 20 % of specialists, whose professions are related to the effect of the
vmlongtd o mcreased iritants on vestibular disfunction (VeD), can lose a working
compatoal adapably = s st of VD, aonding 1o published data
131 Diffret disodors of occupatlona actviey pomoting occurence of techtogical
accidents or even catastrophes can be provoked as a result of the un- coordimted move.
ments or disorientation in space of those specialists.

For studying the functional state of vestibular analyzer (Ve) a methodology of
clinical examirnation was used: the complex of standard vestibulometic methods in-
cluding determination of
(ENG) of spontaneous, positional nystagmus, and also experimental nystagmus, caused
by caloric and rotary stimulations, taking into account the indices of electrooculography
(EOG)

)-
In sum 7031 clean-up workers were examined within post-accidental period
(1986-2009).

One of
cqulibrim imbalance and patbolagica vesbulo-vegetatve disordes n 913 % caes
simultaneously with complaint to headache in 1200 clean-up workers at the primary
examination (1986-1987).
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‘VeD of different degree was found by primery vestibulometry in 1200 clean-up
‘workers, including 325 patients selected for the long-term monitoring.

s manifsed by he wpe of conal vesbular ¢ syndrome (H-14 by
1CD-10) with those. tral department of VA
in the greater number of pillelllx (97 0% cases) among them and by the type of mixed
vestibular syndrome in accordance with LB, Soldatov et al. classification (1980) [4] in
considerably smaller mumber of patients (3.0% cases).

¥ p 7% cases) or

%) i in i
wive p:uhulogxcil reactions during the different years of post-accidental peiod.
D was registered in 252 persons (21.1% cases), the 2% degree

VD 668 persns (5.7, he 34 degres WD 1 246 persans (20.1%), the 4
degree VeD — in 34 persons (3.1% cases) from 1200 clean-up workers in 1986-1987
ata primary vestibulometric examination.

ices of staticokinetic equilibrium in clean-up workers with the 1% degree of
VeD were as follows: a staic equilibrium made 3.7:0.6 a.u. by the data of cephalogra-
phy ndex (CGH, 0d a inetc equlbrum (o an Implemeniation of Fkuda siepping
tary avound own axis) consisted of 40.5+1.9 deg. No spontaneous and
b e e i found.

The

ari] vestlbi

da of ex-
perimentalrystagmus wihthesgnsofdyshytimis, he presence of difrent dution
of the “mute” filds, and also by the phenomena of is reversion were revealed under
he caloi (reuatng)an reerysmlatons.

bul often more prolanged, 3
and also vestibule-vegetative refexes of the 1 and Il grade according to K L. Khilov (5]
(prevailed intermediate subcortical and cortical levels of central vestibular syndrome).

‘The moderate changes in staticokinetic equilibrium were diagnosed in clean-up
workers with VeD of the 2r¢ degree. So, their CGI was equal to 5.420.5 a.1. — a body
rouon round o axs usng 3 stepplog test — 64345 dg.  deviation of wrdng
test— 12,7 3

Positional nystagmus was noted in a half of examined clean-up workers with VeD
o the 24 degree by background ENG tha was Jow.amplde horizontal nysagmus
changing by Nylen) in 25.0 % cases.
In other 25.0% the intensity and direction of positional llys(agmus ‘were inconstant in
ltiecen had postions ype 1 by Nyln).

i "

in clean-up workers with iagnosed VeD of the 3¢ degree: CGI made 6103 a.u., a

stepping test — 82,0151 deg,, a writing test — 15.5:1.1 deg. (those patients required
an outside assistance).

in clean-up workers with diagnosed VeD of the 4™ degree. Thus, the cephalography index
exceeded 6.5 a.u.,  body rotation around an own axis in stepping test was 115.542.3
deg,, the deviatlons in wriing test — 20.641.4 de. (ess were diffcult for performance
and such patients could not neither stand nor move without assistance).
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The indices of staticokinetic. iumn in clean-up workers with VeD of the four
degrees and those of control healthy persons are shown in Table 18.14.
Table 18.14

I
Dogre of vestbular dystunction | statc squlori, et oqulbra, deg.
caphogapty ndbx saiing Govaon]
53104

control 32004 270221
1 37408 40521 85:03
[ 54105 64335 12713
" 61105 821551 155411
W 65:05 1155:23 206414

in the background ENG the middle-amplitude nystagmus was diagnosed in the
‘majority of patients with VeD of the 31 degree (76.4% cases) and in the others was
Low-amplitude, horizontal or diagonal spontaneous nystagmus of the 11 and 11T grade
of manifestation.

More sigaificant mnifsision of symmetic o ssymmerc hypereflsis or
hyporeflexia, and also dissociated experimental reactions with the prolonged vesti-
inlemnear s vesEbullsegEye et e 7 ] IS~ FOONIIGED,
increased sweating, changes in pulse thytm, change in arterial pressure that proved
for stem, and cortical

che central
stimulations in VeD of the 3% degree (rotary stimulations were selectively conducted
sher thatofclric depending on 3 general condition).

pontaneous middle-orarge-amplitude hrizonalordiagonalnystagus of the It
grzde “was regisare on ans ENG reconing - veD of (e 44 degtes sl cases,

Sigubcai bpenielena of epatmal wijgns with s considerable dys-
thythmia, prolonged reversion, of the Il
conidross, hypersallvaton, disorders o puls chyihm, @ change In ateial pressure)
s fixed under experimentl (caloric) stimulation in VeD of the 4 degree, The rotary
stimulation was not conducted in connection with patient feel worseniny

All structures of central part of VD in the brain were significantly involved in
pathological process in VeD of the 4% degree.

analysis of results of vestibulometric researches in 325 clean-up workers
revealed that the degree of VeD signs was changed (0 growing spontaneous sympom.-
atology in the dynamics of post-accident years: by increasing disorders of staticokinetic
equilibrium, an appezrance and increased intensity of positional or spontaneous nystag-
mus, the qualitative and quanitative indices of experimental nystagmus in caloric as
well as in rotary stimulations.

‘The qualitative changes were manifested by progressive increase in dysthythmia
of experimental nystagmus, an appearance of toothed or bifurcated top of nystagmus,
mare frequent and more prolonged “mute* fields on ENG, the phenomena of nystagmus
reversion.
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‘The quantitative changes in experimental nystagmus were manifested by dimini-
shed frequency of nystagmus, increased middle angular rate of slowly phase of nys-

tagmus.
had

a clear tendency from clonic i i d th
she Ay posl-awde-\lal period
thAn increase in tonicity both spontaneous and experimental nystagrus was
observed as q expression in clean-up workers with the different degree of
VD manifstton I the dyrarmies of postaceidenal peiod, They weee e i all.
cleanup warkers, especilly in patiens with VeD of The 3% and 40 degrecs 0 e
small or greater grades
Sructnes 1 VeA (2 4]
‘The average statistic values of basic quantitative parameters of experimental nys-
tagmus at the different degrees of VD manifestation are shown in Table 18.15.
Tadle s
oncion o v ey o ot sl wm

T S
o=
m.m|“m o [l | 7
TEeTTReT G0
Frequency of nystagmus, Hz = i = A
T TR T T T YT
i 01T ois aom
st eis iz _an
P oeis i smis a0
phase of nystagmus, deg./s n 48312, 563419 66.721 <0.01
W Siesi grasi 7om
r—r——

s signifca, p<0.01.
The parmees of exprimental nystagms wee igificantly chan.ed into the

side of iy development in clean-up workers with the incr of VeD

anifesations 1 he ynamic of 18,25 yesr sxaminaion

decreased and the size of middle angular rate of SEN was increased in the culmination

s o potenorc oymagmu,

llysngmus o the side of ncly wes proving for developrent of gl cemsbsl
work-

oi the first, second and third decades. They

s at the remote paste -accidental peric

brain — dysclmllalory encephalopay that was conformed to other neurophysiologic
and BT cpmiaios 1.

obtained were confirmed with other actual clinical material by other re-
Wy
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We {7-9] established that the greatest VeD manifestations were observed in 57
persons of the group I with ARS of grade 1 and grade 2 at a primary examination in
1986-1987. Thus, in the group I-A VeD of the II grade was fixed in 26.7% cases, and
the I1 grade — in 74.3%, n the group I-B it was i 15.3% and 84.79% cases respectively.
It is necessary to note that considerable spontaneous disorders such as staticokinetic
disodersand spotancosnysagmisofthe ff and 11 grades were found i clear-up
workers Al Under functional stimul i of exper-

prolong
reactions and vesnbnlorvegemive eflexes of the 11 and IIT grade of manifestation, in-
cluding vestibulo-vascular ones were noted. At early period the VeD signs were at
decompensation stage in clean-up workers of the I group.

ce of te itatin phecomens in bk st (e, uder- sad
vermiceu, o o) s el bl s onial ey of VA
cal depariment ves hefeaure o clnicalcoure f VeD 1 am el postoceldencal

n 153 yers st e sccden the deges of Ve rifesaion vs dcrased
in clean-up workers of the I g
rogress of Ve renewed since 19941996 and during 19972000, Thus, the
percent of persons with VeD of the 21 and the 3 degrees was increased among 52 ex-
amined clean-up workers of the I group at the end of the second decade (2005-2006). In
particular, there were 27.3% with VeD of the 21 degree in the I-A group, and 25.1% —
in the I-B group, 72.7% — with VeD of the 3" degree in the I-A group, and 74.9% ca-
ses — in the I-B group. They were manifested by an increase in disorders of equilib-
rium up to 83.9% cases, spontaneous nystagmus — up to 77.9%, changes in qualitative
ad qumtatve pearstes of expintl eystagns —up o 7L, el of e £
degree was registered in 79.9% cases in 2008-2009 among
Anincrease in spontaneous vestbular symptnm:mlngy, he quallmllve and quani

the brain stem structures of VA and a growth o hypuunnve sydrome i he b, AL
a decrease in up t0 35.1% cases was fixed
it ca be obvionly xplained by 5 deoess 1 acuvity by the mcreos ofibiion
roceses) ofthe brin contcl Srcores, ncudin e cotcalsucrs of VA.
Among primary examined 120 clean-up workers of the If group the VeD manifes-
atons have bee aads regisered ot dose of 02 C.

In particular, VeD of the 1 degree was in 18.3% cases, VeD of the 20 degree.
21.6%, VeD of the 319 degree — in 7.5%, VeD of the 4% degree — in 5.0% cases in the
patients of the II-A group. At that time VeD of the 1% degree was in 11.6% cases, VeD of

204 dogree — in 17.5%, VeD of the 31 degree — in 10.8%, Ve of the 4% degree —
7.5% cases in the persons of the I1-B group. The degree of VeD manifestation was greater
B et of 115501 o Ko sl he grser e o IR

Anincrease of rked in
period. AT th en ofsecond ecade (2005-2006) VeD of the 14 degree s chserved n
1.8% cases of the 11-A group and in 0.9% — of the 1B group, VeD of the 21 degree —
in 35.5% of the I1-A group and e I1-B group, VeD of the 31 degree —
i 109% of the 1A group and i 119% of the 1B group, VD of he 4 cegree—

in
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7.5% of the I1-A and n 8.3% cases of the I1-B group. The same dependece of Yo
the IR doses was noted i fod
Uhe beginning ofthe ird decade afer an acedent (20052009 456% case with VD
of the 3% an regist
“The feature of VeD elinical course in clean-up workers of the IT group was char-
acterized by two phases of development. At the first phase VeD was mainly manifested
by dissoclated reactions, indicating disorders of correlation at brain stem, subcortical
and cortcal levels to the end of the first decade after
In the second decade and at th beglaning of e third decade fe an sclden (he
rders of satic
nal, and then spontaneous nystagmus, a
liati itative changes in

growl
e i el appurnlne ok posit
change i intensity, and al
expﬂlmmul nysl:gmns wee evesed,

s of the 1 group i the tage of subcompensation duing 2 23 years of e Tong-term
ing. This fact can
in 1986 1587 in 2008-2009, that gave the possibilty
sion of VA compensatory mechanisms developed in the process of phylogencsis.
148 persos ofthe I grop befoe the wark t e Chorobyl alenation zone
10 age in the persons
b ‘group. After leaving 30 ki zone a VeD frequency and degree were grater in
clearup workers o the 1 group than hose i the 1 group at idencical R doses
In partcular, VeD of the 31 and the 4" degrees with severe manifestations were
registered in 58.5% cases in 2008-2009 among 141 clean-up workers of the 111 group
in compaison wih the I group of cleaup workers where hey were fixd only in
43.8% c

v the oboined resulsof vesttulomety n clean-up workers in the dynamics
of postaccidomal peiod allowed concuding s ollows

+ VeD of different degree of manifestation had character of central vestibular syndrome
i he majoiy (in 976 a5 of cleanup workes exposed to different doses of ir-
radiation.

* VeD as a result of IR exposure is an after-ffect of CNS compensatory responses at
the level of brain stem and intermediate subcortical and cortical structures of VA in
the brain that have been already registered under the early clinical manifestations of
brain disorders.

+ The progress of VeD signs was manifested by growth of spontaneous symptoms,
namely: by appearance or strengthening of positional or spontancous nystagmus,
strengthening of static Kinetic disorders in clean-up workers in the dynamics of all
the studied post-accidental period.

« The pmgmssmg qulitative changes were manifested as stcengthening of dysthyth-

the Il s, and Guaniaiv omes e eveled 35 th chang In poramees
of spontancous and experimental nystagmus.
. icity manifested by
frequency and increase i SFN arised
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of forming the general brain phenomena in the progress of cerebrovascular diseases
at remote post-accidental period.
« The feature of VeD clinical course was predominance of the iritation phenomen in
brain stem and also in the intermediate subcortical and cortical structures of VA at an
ot ‘period, and a gradual progress of inhibitory processes in above-
med at the remote period.
pex ] i 1p workers of the Il group was charac-
ized by two phases o theendo h st decade
Sher mxgoemns A s cmfested hy disociton Tencions proving for impaired
correlation at the Intermediate subcortical a o levl. The development of
inhibitory processes was marked in the shovenamed stuctures of Ve ot the second
phase (the second decade and beginning of the third decade).
* e pecilicy of WDl soss 3 clean-up workers of the 11l group at the
‘period consisted in accelerating growth of pathological reactions both by the
{requenty and b te Geresof manifesadion compAring 1o te person o the I group
exposed to equal doses of IR
d above-mentioned manifestations of VeD and peculiarities of their clini-
cal course in clean-up workers exposed to different doses and duration of IR under
Tong-term monitoring in the dynamics of post-accidental period were used at medico
Sockl cxaminaton for Sudying el occupadonal dapabiliy and working capaciy
the decision of q as well s for realizing
and cortecting measures

VED MORBIDITY OF CLEAN-UP WORKERS

An analysis of per
of males’ drivers-cl and
e cantol roup of 102 drwersprofssionls without radiation exposute.

A distribution by experience and age was identical in both groups. The majority
of samined aciens 43 ) e the persons under 50.

‘The results of analysis are shown in Table 18.16.
T RS i i 1l e o i oo
arou, per

T Ty
St ot et ocion | o g g woers

ot o | pr 1000 o | st nonbr | o 1050 g

ol 3 ) B Taz

dystnction of | grade 0 0 21 280

dystncton of 1l grade 1 128 169 aw

dystncion of Il grade 7 ® K 1780

102 2

difference with conrl are significant p<0.05.
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VeD of the 1 degree control

VeD of the 2 and the 31 degrees — in the main group. Relative risk of VeD manifesta-

tions was 1.9-3.0 times greater in the main group than in the persons of control group.
‘Thus, it was established that degree of VeD morbidity in the drivers-clean-up

‘workers was sigificantly higher, than in non-irradiated drivers of control group, i.e.

the radiation factor was the most substantlal in VeD disease.

“The risks of primary VeD morbidity by the type of central vestibular syndrome in
Chornobyl NPP accident clean-up workers of 1986-1987 at the post-accidental period
wese studied by coort analysis and risk-analysis.

A cobort of 4017 persons was formed from the general amount of 6412 clean-up
workers of 1986-1987 registered in CER of RCRM submitted to vestibulometric exami-
nations in SI “0.5. Kolomiychenko Institute of Otolaryngology of National Academy

of Medical Sciences of Ukraine” in 1992-2001 [8]. The average dose of IR consisted
of 0.220+0.006 Gy. A distribution of examined patients by dose groups was realized by
Poisson. Middle age at a time of exposition was 38.35:0.22.

‘The cohort study was focused on primary vestibular pathol
on initial diagnosls identified 2t the first examination or at earlier stages of medical
examination the diagnosis was abser

‘The morbidity relative risks for all above-mentioned dose groups of recovery
operation workers 1986-1987 were analyzed in comparison with those of the internal
control grot

up.
Fig. 18.13 illustrates the relationship between the relative risk for vestibular dis-
functio et o dose Blbly bigher s for those exposed 0 doses 025
0.49 Gy (RR=3.43, CI 413, p<0.03), 1.0 Gy and over (RR=7.76, CI=4.18; 14.39,
P<0.05) were established.

for some nosologies in relation to radiation dose and age at the time of ex-
posre was analyzed; the risks for vestibular impairment was found to be much higher
in senior age groups. Relative risk for dose groups of 1.0 Gy and over as compared
1o internal control was 5.39 (2.03; 14.3), p<0.05 (age at exposure 30-39), 7.63 (2.56;
22.7), p<0.05 (age at exposure 40-49) and 16.3 (4.42; 60.16), p<0.05 (age at exposure
50-59) )

r syndrome (H-81.4, ICD-10) was prevalent among vestibular
mlym e uo] The relative risk here was reliably higher for those exposed
to doses 0.25-0.49 Gy, 1.0 Gy and

"
higher. 150

Analysis of some age groups ,
revealed the reliable increase inrisk 20
for central vestibular syndrome rela-
tive 10 radiation dose. It was ob- 7
served only for people aged 50-50 7

at the time of exposure (radiation

e 1.0 Gy and more) compared 0
with those exposed to doses below BN LI BN A Ik
0.05 Gy (RR=1087, DI=2.62; 45.1,
P0.09).

Fig 18,13 Relatianshlp between te rlatie ik for vestiular
disunction and the radaton dose.
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“The results of conducted researches prove for:
+ a significant increase in of VeD primary morbidity risks in clean-up workers of
1986-1987;
« risks of VeD disease were dase dependent in persons exposed t0 0.25-0.49 Gy and
1.0 Gy, and more;
+ risk of vestibular impairment depended on age at exposure higher risk was observed
i senior age groups, doses being equal.

VED MORBIDITY IN CLEAN-UP WORKERS; RESULTS
OF MATHEMATICAL MODELING OF RISKS

‘The task of this research
ity sk on the sze of IR dos, age and othe facorsin clean-up workers of 1986- 1967
by the method of mathematical modeling.

‘The distribution of examined clean-up ks cabor with e know, doseowd-
ing by age groups was normal at a time of irra

15 ety TGO Wa S § g, TS €SabIDe 4 e iy

taminton, or dagnuis ht s bsenta the revios sages o prophylaci medica
examination were taken into

T resos of suying rihs of VeD disease appearance were presented by the
methad of maihematical modeing, The mdel of muldplelgistic regression based on
the method of maximal used.

“The morelof mulile ogisic s regr!ss(an was as follows:

(189
where § - coefficients; Z - risk factors.

‘The analysis of VeD morbidity established that VeD primary morbidity began to
grow substantially in 6-7 years o ey et ik afer adiaton, n 85 yeas ik
reached a maximum, with temporal decrease and following incre

e s i s coservea i 1011 yeoced svemiee ek Bt
a primary morbidity began to decrease. The dynamics of morbidity depending on time
of stay under the risk reminds a parabola and was described by a formula:

¥=-0,005 X7~ 0,023 2 + 0,82¢~ 1,17 a8.10)
ime under a sk, years.

where ¥ — frequency of morbi

1t has been supposed, that the dynamics of relative risk can be described by an
exponential model. After a mathematical modeling the exponential model of relative
tisk of VeD development was obiained.

A central mong VeD in 97.0% ol
Sy e 2 CD-10) 1wt sablished that VD mor idity was under
effect of such factors as age at a time of exposure, dose of irradiation, a time of

nde the sk afer iroiaton The ormulof model for discse relative ik s below
presented:
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xp (B +B, -dose +B; -age +B; /1)

RR=. .
Trew (o +B; »m;ez-.;uﬁ,/n‘ a1y
where Rl lative risk; By, By, Bz P
isa egory, including this dase deslglli-

tion) is an ageat the moment of work a e Chomabyt 70ne £ — 1 a muber
of category including this term of stay under a risk (1 — it i 6 years after an
accident; 2-7 years and so on).

A direct dependence between the IR dose, age and relative risk of VeD appearance
was abserved.A relativ risk of VeD occurrence calculated with a mathematical model
at the IR dose (at the dose increase for every next dose group comparing to previous
ones) was 1.24 (confidence interval 1.01; 1.39); at an age at the time of irradiation (at
an age increase for every next age group comparing to previous ones) — 1.28 (1.04;
1.59). The risk was sigificant, p<0.05.

“The results of calculations indicated that with the increase of dose the isk of VeD
development was increased. A greater risk was observed in the older persons exposed,
smaller s I he younges ones.

A found conformity i interesting not only from sclentific but also from the practi-
cal point of view. It s necessary to underline that a reverse conformity was observed in
the majority of diseases regarding data of the risks dynamics depending on a IR dose
in different age groups, Le. the risk was prester o young age o

Since, as it was established, i, coefficient has a negative value, so primary
morbidity with increasing time of stay under a risk is at first increased with following
decrease. A elatve sk of VD development (i Ubous under axis) Is 0099 (0012
0.82), p<0.0:

Found conlormites have 3 A
difficult nonlinear character. Ob-
tained mathematical model of rela- 7 5
tive risk allowed to calculate the % 5
dynamics of VeD relative risk de- 7 1~ % %
pendmg on a IR cose for diffrent 25 Bochnm

&3

st ik afer TR, “ “
graphsare 12 =
shown in Fig. 18.14 05 7
‘The graphs in Fig 18_14 il- o0
lustrate a dose dependence of VeD 05 o
tisk (with Increasing dose loading o0 oie 0w on 12
of IR a relative risk is increased).
A risk becomes significant at the 275 {55
doses over 0.2 Gy. The dynamics
of relativ risk shown ingraph de- £, 814 et s Ve s e cnte
pending on time of stay UNder the s pasons st 1 50 e e
visk after an iradiaion (10 and 15 10388 19 Yeurs of iy s e ek s

EE
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years) had sigifical differences. A pronounced tendency of a decrease in relative risk

‘with increasing period of stay under a risk is noted at a remote post-accidental period.

These results agree with those obiained by P. A. Fedirko in 2002: the presence of “win-

dow for analysing radiation risks”, limited in time was established on the basis of risk

‘dynamic analysis of other age-dependent diseases

Ith: in VeD risk dependt ize doses can not
be diagnosed in 15 years after IR as testifies the graph in Fig. 18.14. The calculations
by model (3413), revealed that VeD primary morbicity will slowly decrease in 20 years
after a stay under  risk, and VeD morbidity due to cumulation of cases will be grow,
although in less measure.

“Thus, as a result of researches one can make following conclusions:

+ the relative risk of VeD primary morbidity for clean-up workers is desctibed by an
exponential model which takes into account the age at the time of imadiation, a dose
of irradiation, a time of stay under the risk after Irradiation;

» it significan dependencebeween 2 dus of adiaion, anage anda relative sk
of VeD appearance wi

*+ VeD primary morbidity e TR was nerease curing 1 years it following de

erease

+ as a result of mathematical modeling it has been established that the prognosis of
VeD primary morbidity will be slowly decreased at a period after 20 years of a stay
under the sk
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cneren 19 SOCIO—PSYCHOLOGICAL
STATUS OF THE POPULATION
LIVING ON RADIATION
CONTAMINATED TERRITORIES
IN THE REMOTE PERIOD
AFTER THE CHORNOBYL
CATASTROPHE

Asz et of he ooyl catasrpbe, o theafectd -
rmed with a set

adverse effects for the lfe of pnpulanun T Soraes s e mlog.ul sanitary and
hyglenic, economic and social fact

Dowpli the g selimme of proteciv mestres rlemtnyadi e rfiaen,
contaminated territories (RCT) and annual allocation of a portion of budget funds for
overcoming the humanitarian consequences, the highest death rate on the territory of
Ukraine is observed among the residents of the areas polluted with radionuclides. The
tise of incidence in all classes of diseases was recorded. The state of health of newly-
bom children s detriorating [2].

in ndlum-cllde o I e it A gt ik Tht e ofsmel.
radionuclide
Cremicimne o protection (3, 4]. As of today, e e ot o o 1mpnnam
are the issues of restoration of adequate life activities of the population in the zones of
‘guaranteed voluntary resetttement and ecologic control. The shortcomings of the legal
framework concerning the isues of social protection, medicaland peycogical ek
of the

changes \aking pace In o county;and nuenc e fomatonof th sene of ]
wellbeing, social actvities, and health [5, 6].

launched
1o 19911962 pofed out e ecaslty of ineeducion of pew sty s the RCT,
based or nto account the sta-
teof healm i Sstem,aades, and behavioral motivadon o the sufered popula-
tion [7,
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The study of ecological and socal problems o various regions allowed to dete-
mine that the i

ltself, sharply g the
medical and ecologica Inices, inreasing he level o socil tension, Invoking moral
and pychalogie) lscusiotamo esple I3, 101 il sdesanding ofthe excenc

of the soctal and ecological sicaton s in many respects redefined the disribution of
sty on he RCT!

as follows: socio-psychologica, sbcwpolnh:al. io-i 1

and medical.

‘Taking into account the above-mentioned, the aim of long-term stucies of the socio-
psychological monitoring is optimization of life quality of the population permanently
restding on he rdinion poluedteories, based on determination of the cause-and-

ns between the social, ecological and economic factors of the conditions
e and i i peychological sats.

Materials and methods of study. The object of study was the able-bodied popu-
lation residing in the zones of guaranteed voluntary resettlement (3" zone), increased
radio-ecological control (4 on), and conitonaly clen terores (CCT), The fol-
lowing methods were used in the process of study: standardized polls, test of Integral
index of social wellbeing. 11, o o sl ev:lnanon of fheinie of hes 121
“General Q) — 28" [13];

PSS, EXCE
eatures: reative and average velues: authentciy of paired varations according to the
Student eriterion (0); establishment of interaction of factors with the help of pair cor-
relation (), factorial and cluster analyses). Sampled aggregates were calculated in the
dynamics of studies of the years 1993-2010 based on the total population size in cach
pamnnlar zone. The estimated error of a sample made up 0.035-0.060.

i o the sudy. The conducted sindardzedsollogial plling o the pop:

lation msldmg n the radiation contaminated territories allowed to find out that ever
years after the accident the population of the 3% and 4™ zones irrespectively of gender,
age, and profession, belleves that among the 31 factors of health risks the most danger-
ous remain those connected with the presence of radio-nuclides in the air, wate, sofl,
food products and their effect on the organism. Such state of things is caused, first of
all as well as in the first years after the Chornobyl NPP catastrophe, by the absence of
comprehensive information on the radiological situation at the places of residence. The
mass mzdiﬂ sl e minsoues ofinformain, however, their number i signifi-
9.1). adequate,
and vared. Expert ricls e amos bsen,howevr he warencss of e probem s
wworkplaces has improved. Thus, one of the factors of the socio-psychological tension

at the RCT under consideration is, without doubt, the factor of information.

The inpossibiity of resolution of personl everydiy rbions contributes o
e su io-psychological tension in the suffered region. The main problems,
il Sicin 5 papIABen, of e ISAHTA contaminated trtoris e nancl
nected with the state of health and caused by the ecological situation at the
Pl o esidance. For s st prt o populaton . e regons ander coneldeaions
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in the current conditions, the top-
priority problem is the financial is-
sue, in particular, for Ovruch and
Korosten districts. Nominal wage
and pensions are gradually increas-
ing, but in the dollar equivalent, du-
ving the 1990-ies the wage fell 3,
times, and the pensions — 3.9 times
(Fig. 19.2). The share of employees
with the income lower than the sub-
sistence wage has decreased signifi-
cantly, however as much as 32.9%
of the RCT population stll remain
poor. The growth of prices for ser-

ber of families, who need subsidies,
and, as a result, the growth in the
volume of state subsidies

For the population of Tvankiy,
Vysnhurod and Ripky districts, he-
alth remains the primary issue.

‘The third place is occupied
by the ccological problem caused

Among population’s vitally lmpnr—
tant problems there is also the iss
of polial and ecenomic sination
in the country, the future of the re-
glon under consideration depends
on. Worth noting s the fact tha sig-
nificant portion of the respondents
of Ivankdy (25%), Vyshhorod (30%),
‘Chernihiv (33%), and Dubrovytsia
(26%) districts do not believe in
improvement of socio-economic
conditions of life, which affects the
psychological and physical wellbe-
ing of the population.

e integral mdu nl popu-
lations social wellbing,

ominal wage of emioy
il tetaies (RCT) and condionally clean
tertaies (CCT) n UAH

TE, o e e
(ISW) depending on the distrit o resident

p— W
T Ay 51.00 208
2 Cherniniv 5183 228
3 hankiv 4529 162
4 Vyshhorod 5398 118
5 Ouuch 5229 421
6 Korosten 53,24 186
7 Rokytne 5056 132
8 Dubrovytsie 4735 159
In general 5046 067,

o consderaion s wu.hm the regular range of the average level (from 45 10 55

points) (Table, 19.1). Among the districts under comparison we can point out Ivankiv

and Dubrovytsia districts.
with the highest figures.

lower indices of social wellbeing and Vyshhorod district
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In the most disadvantaged Ivankiv disric,th reduction of he level of the social
wellbeing was, first of all
and informational-and-cultural spheres. For the population of the three
Vshhorod, Owch) e ierces o hespees o of I

o s
g, o the most part, are the

sphere. was. Tevel of legal support in
protection of thei rghts and intrest. In Korosten, Rokytne, and Dubrovytsa disricts
the unfavorable sphere of living was socio-politcal. In Chenihiy district the IISW level
was formed by equally low levels of sufficiency in most of the spheres of living.

‘The general level of sacial wellbeing among the population of the RCT is credibly
lowwer compared to the population of the CCT (56.4620.67 and 63.7820.91 respectively).
“The share of the population with the high 1ISW level makes up 70.8% at the CCT and
mere 54.3% at the RCT. In the hierarchy of spheres with the negative influence on the
social wellbeing of the RCT population the first places are occupied by the socio-po-
litical, recreation-and-cultural, and soclal security spheres. Among the population of
the CCT, we can also observe the negative evaluation of the socio-political sphere and
the sphere of social security. The difference in the evaluation of the spheres of living
between the population of RCT and CCT lies in the highest dissatisfaction with the
recreation-and-cultural sphere among the RCT population, and with the professional
‘and labor sphere among the CCT population (Tabl. 19.2).

“The reduction of the social wellbeing level among women, compared to men,
is characteristic of all population groups, however the authentic correlation with the
respondents’ gender was found among the population of the 4" zone of the RCT
(¢ =-0.217 p<0.05). In the 3" zone of the RCT, there were two distinguished age groups
with low social comfort level: the pensioners aged over 60 and those who retired before
the pension age due 1 residence in the “Chornobyl-area” — aged 40-49. In villages
of the CCT, the lowest [1SW level was observed among young people aged 16-19 and

shic hodked eogle g 91-30)

Table 19.2, VI:‘Lma 'm;::hmw of social |||:" ,B'ﬁ'-: According to the data of pre-
‘among popul 's of radiati a vious sludles, the low indices in the
‘conditionally clean territaries (CCT) socio-political sphere have deter-
N Suffiency index” ‘mined s first place in the hierar-
Sk graw; cor chy of the negative spheres. The
Recreation-and-cultural 163 163 socio-political sphere is the base one
‘Sacial security 164 159 lor msnlmmn of many other vital
Socio-paltical s closely connected with
Proessional and labor 18 170 he pofessona and labor sphere
Material and ity (20 level) 1.8 175 The professional and labor sphere
169 161 determined by the needs for a “snh-
Interpersonal relations 199 177 able job” and “possibilities to have
Porsonal qualies 217 g7 aside job". The sufficiency of this.

normallonaland colural 180 72 Social sphere depends on the ger-
Material and utly (1 level) 210 194 der (r = -0311 p<0.0), where the
professional troubles are tradition-

ly men;

“inpoies, from 1 10.3;
ever
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satisfaction with ob (¢ =~0.291 p<0.05); onthe desire to change job (r=0.424 p<0.01);
01). In the evaluation of the

ve
snclal el and bt o directcomelaton wi e pelersofeconoic ad e
. At the same ti
ofsoclal aims can b traced low levl o socil wellbing is slgn cznlly deermined
brire dissatistaction with the professional-and-labor sphere of living, wm,
manifesed in isaisaction widh he b and deske 10 change i and 35 8 Fsil,
move to another locatio
Arsiding o pall data, around one quarter of populaton residing in inhabited lo-
calities of the RCTs were dissatisfied with current job, around 32.2-35.1% of the polled
Bl e e ocalies v o chane - Th levlof waes o pensons an e

person, lower,
oot Thus 42.7% in the village o Hadkowythi ] 3440 hevilagel Zachetin
1000; and only 2% of the popula-

tion dream of wages exceeding UAH 5000.
round 80% of respondents at RCTs as well s at CCTs believe the economic
situation in the country (o be the main obstacle for their economic activities. 32.2% in
the 4" zone and 27.1% of the population in the 3% zone believe that the status of the
terrtory that suffered from the consequences of the Chomobyl NPP catastrophe is an
essenial abstalefo development of th economy. Evry it golled peson ponted
s hasacef wecelisn aud  producers wilh koowldge concerning work n the

condmens of aistion contamin

the help of faccorial znaly&ls of the indices of social wellbeing, three groups
o socal e ‘were discovered, with the highest influcnce onto the formation of social
relbeio forseparte poplaion group (Tble 153 T 1< fcor — e shaes

nd mnsmml i abor phares, rmespecive of gonde and place of g
the

Tabie 193

o (%)
Coiun o g Garon

m\ s
iatoral, acreaioral and professonl-and-abor sgherss 250 300
‘Coulrywide legal and polilcal spheres), the sphare
i o s na iz
Sovil secuity 1365 126
‘The 21 factor contains the spheres of human living which are formed by the state
soclo-political system of the society and by the sphere of personal qualitis. The 31
factor is determined by the high level in the sphere of interpersonal relation:
n the study of social factors of the life <oniions of e population i in the
special condons of radiatin contanination sy s oot it
Sibective cvalutons of he radiaton sk an changes 1 the Iving conditons after

factars




538 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
‘Quarter of Cenry Aftermath

the catastrophe. The level of anxiety in connection with the radiological situation on
the territory of residence remains high among 30% of the respondents in the inhabited
localities of the RCT (Table 19.4). At the first place, a it was in the previous studies,
is the anxiety connected with their own state of health and children's state of health. At
the second place the highest is the share of people worried with the possibility of radio-
Iogical pollution of food stufs (49%) and o drinking water (20%). The data provided
indicates the high level of perception of the radation risk by the population, which has
remained in place since the first years after the accident and today it does not always.
correspond to the ob,m.ve data of the radiological stuation in the inhabited localities

ording

“Thus, ace
1o thestudies of the snitary and epidemiologica station,the levelof o nucldes o
drinking water for the past 10 years not exceed the allowed norm of 2

Table 19.4. Distribution of the population
nobyl disaster
Distibuon of the pputaion
%) on taoies
[ rasston contaminatad conatonaty clen
Aoty congerning the radioiogical gollulon of 00d progucts 450
water 198 270
oving to ancther location 53 20
‘Aniety in connection with the radiological situation EE) 264
o the terrtory of residence
‘Amxity connscted with thel own hoalth and childrens state %9 EE)
of health
Involuntary change of habitual way of Ifta 63 )
‘Aniety connected with tho absence of clear information 211 162
n the population's state of heaith
with he absence of clear nformation 208 189

on the stata of environment
In general, the level of perception of radiation rlsk 24 years e he Chormlyl
N2P ctasrapbe el bigh foe the papaatonI CT as well as on the
- From S0% (0 75% of the pouladon of all te ahabied ocaies eleve it
posibe hat heeheoth would b deeroraed de o emvironel polluin,in ar
el doe Chomobyl
B e s o e R T s o s b
{laly Cused by e cvens fies the caastrophe, The deformation of e Informaion
flow in the field of the Chornobyl catastrophe has changed the classical peculiarities
of Information perception by the consumer. Even 24 years after the catastrophe,
population holds no trust In the means of communication of the official authorites.
‘The trust is somewhat higher towards medical workers, foreign sources of information,
and scientists. The polling of 2009 showsthat the popuaton has e ighest rust evel
towards of international
mpondem e e oeet st e s Infernica pmvnded by the highest
state offi
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The level of percept i y i
of the population residing in the RCT. To generalize the results concerning the study of
behavior (lifestyle) the procedure of hierarchical cluster analysis was implemented with
the use of the average connection method. The analysis was based on the components of
beaty ifsyle (dearypaer, rork schedule, est schedule, performance of sanitary
concerning the
pmonmm of the main protective activities due to residence in radioactively polluted
territories (control of milk, meat, forest berries, mushrooms, vegetables for radioactive
come,resuctons iy consuning gane animals, mushrooms, and forest berries)
of experiment, three clusters have been distinguished, which es-
nnmlly differ from each other according to the peculiaritis of behavior (Table 19.5).
the most extensive is the “situational” cluster — 79.3%. This population
uratum bas no clearly-defined behavioral srategy, which may vary depending on the
changes i the dominatng (cor of nflance. They pordallyor ocaslonallykeep 0
e st rule of healthy Ifesyle, In €6 of necesy”,they cary ou the potec:
tive esares connacied wih el vesidence on T RCT it of their owh levl
of recogition of the hazards. However the value of health is of high importance for
this population category so in case of implementation of consistent educational and
informational strategy by the state agencics, their behavioral strategy can be alered
a more responsible one. The 2% cluster can be called “nihlistic” or “irresponsible”.
Hereperson's beavior completey rules out any ecommendations concernng helth
protection and is based on an open confrontation (10.4%). But the behavior
concesio heslh pm(eulnn 1 ot sy asedona prinelpleof confroniuion agont
everything involunt ice between the ding!m\n factors of lfe: poverty or
loss o halh, Ths 1 of people that needs immediate
Sesstance in Improving their e quality, and the later would induce posive changes
in their atitude towards health. The 39 cluster (10.3%) is completely contrasted to the
second one. This i the cluster of people “responsible” for their health and with a clearly
defined behavior strategy.
Table 195.
tertory and ther 1 rate

P, Gistrs 10 meanings o G arers
oo Stuators nhisic sporsie

Bohavior concerning health protection dhways;

Kouping 10 dietary pattrn 5

Kesping to labor and tont alway

aways;
Performance o sanitary-hygienic actites ' - do not observe alall_always

o il gyl sty sond een s oy s
Restitons incorsumption of gam

Sometime
ik sometimes Sonet aways
Ghcingof i, o
v, avays;
e of iR DI Cneimes over e

consumy
Cluster filing ate (in %) 793% 104% 103%
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‘Thus the behavior in everyday
life, connected with the peculiarities
of residence on the RCT is inadequate
10 the existing health isks. Most of the
‘population i not atall concerned about
the protective and prophylaxis mea-

population has 4 tendencies:

+ traditional for RCT — demanding

an increase in compensations from

the authorities due to living on a
Mazabdlis terthoeys

* moving o s “clen 3ne” fr perma-
nent
« Tving he et g despte the -
v diation and talks at
« living the usual way, nbservmg cer-
tain recommendations in connection
vith residence in his area (Fig. 19.3)

mong the population of all the

% inbabled oclle, wich have been

compared, the greatest hopes for fu-

o o e vith he increase
5 oyt b i ! sodal

fioey o e compensations. 45.8% of me pnpnlz'

£ bt carty W eter tion of the 34 zone of the RGT hope

5. 194, easons o mirton amen h oo of e for improvemen of ecologica situa

es 04 tion. Around 40% of the respondents
xesn‘lmg at the CCT and 30% at the RCT counted only on themselves, their activity and
ahlllly 10 adapt. Each third mpwdem ihought the improvements of rsolution o of geoeral
lhe ‘work of the local

B st of copon: et
‘About 21% of population of the 3 and Shout 26% of the 40 RCT zones alm
‘migrating to a different place. The main reasons of this for the population of the RCT
remain znxlely about harmful ecological conditions (47%; Fig, 19.4).
Stadying the social wellbeing and behavior of the population of the radiation
contaminated umlones s alowed to fnd out tht he cliaracteristc feaure s the
L adapive functions.
Research of testing “General
Health Questionnaire — 28" (GHQ) sno»mx that only 24 years after the Chornoby] ca-
tasirophe, he gencral GHOQ 28 index, which characeiss he ity of slight menal
index of
frrs pwulanon of the radiation contaminated territories in reality did not diffet from
the indices of conditionally clean areas (53.041.11 and 51.30.71) (Fig. 19.5).
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Among separate groups of the
population, the highest GHQ 28 indi-

observed among the divorced (62.25+
892) nd widowers (650045 38) on
RCT. On the CCT, wid
s high GHQ 28 index. Amun
age groups of RCT population e s a5 a7 190 01 200 205 e 200
highest index of GHQ 28 was in 40-49  —+ ACT —= CCT Jears
years group (59.0043,32). Fig, 195 Change ofpsychologial eath sccordng o Geners
Comparative analysis of Structu- - Heskh Quesoasare - 28 1 Gyanics amarg he popiaion
e of GHQ 28 indices according to the 1 it éetomeoted 5T 2o oy con
‘Somatization, anxiety, and social dys-
function scales for the year 2010 sho-
wed that the structure has not changed
‘compared with the years 2003, 2005
[14]: the index of somatization occu-
e e st lce, social dysfunction
— the second, anxieties — the third,
i Geneslon e~ e oucth P
196).

&smzaa:

In the dynamics according to
years, index of physical health of the somatization  social dysfuncton

RCT population according to self-eval-

uaon remains lowee tha tha of he 75 125 Auae dstas oyl bt s
population of the conditionally clean maun contaminated (RCT) and conditanaly clean (CST)
territories (Table 19.6), mitorles (W2m)

Teble 19.. Indices of health of population of

T Trdces o hath by yeurs
Tertoks [ s | vong [ 1o | 093 | 1095 | 1097 | voss | zoor | aoea | ooos | e
RCT 090 054 043 059 015 021 054 058 082 044 046
oCT 088 082 080 078 078 069 084 078 071 072 056
Ty -
i
Most of the respondents from the RCT (63%) noted that they have chronic dis-
sses, in particular, 93.1% of women and 52.6% of men. The main diseases were: car-
dio-vascular (29.9%), bones and joints (24.3%), respiratory organs (24,3%), digestive
organs (14.0%), nervous (12.1%) and endocrine (13.1%) systems. 52.1% of the RCT
population have chronic diseases, of which 55.6% were women and 45.6% were mm.
‘The main diseases also were: cardiovascular (23.5%), digestive organs (18.7%)
and joints (27.8%), nervous system (11.2%), respiratory organs (17.6%), endocrlne
‘system (9,6%).
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Thus e RCT) populalmn ot that ey bave g umber of chmmc diseases
cially con-
ceming women. T s of et dacoss I both groups onder 30y,
Rbout 76% of the populton o the radaion conaminated trtories consdered
their state of health will get worse in future because of the polluted environment. Among,
the population of the conditionally clean territories, 60% had the same opinion.
the reasons, which have a negative influence onto people’s health, the
respondents defined the following: general ecological situation in the region — 34.8-
42.7%; consequences of the Chomobyl catastrophe — 59.8-85.6%; poor quality of work
of medical institutions — 29.2-38.9%; unsatisfactory financial status — 29.3-30.5
poor nutrition and other
Factorial analysis using the method of main companents and factor inversion ac-
cording t0 the *varimax” method was performed (o find lhz sucual imerconcons
between the reasons of negative influence onto the RCT population’s health. The usage
of thi method alowed 1o isinguish hree main groups of i (Tale 197

Table 19.7. Factor matix of

ation's health
Facor onding
o Factos ; . m
T unstable poitical iuation In the couniry 06% 0157 0250
2 residence on the RCT 0.129 0765 0095
3 quality of food products 0112 0753 0398
4 quality of drinking water 0138 0807 0360
5 level of air puriy 0165 0551 0582
6 financialstatus of a famiy 0570 0541 0016
7 working condtions 0601 0318 0393
8 quality of esidential faci 0845 0046 0164
9 quality of dweling 0794 0122 o211
10 problems in communication 0654 0042 0407
11 harmtul habit 0467 0275 0450
12 heredity 0265 0217 0724
13 personalinaction n preserving one’s own health 0038 0048 0795
General informativeness of the factor 245 2064 1924
6533
‘The 1% factor - factors of negative influence onto the quality of life (residential

facilities, lypc “of dweling, working condidons, fnancal staus of the family)and also
unstable politial situation in the country and problems in communication have the main
Toad in the general dispersion of indices. Its general informativeniess is 25.45%.

“The 21 factor includes the negative indices of the ecological situation (quality
of drinking water, food, level of air purity) and the factor of residence on radiation
contaminated territories. This factor unites ecologically dangerous reasons and reflects
the opinion of 20.64% of the polled.
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‘The 3% factor can be named “realistc irresponsibility”, where personal inaction
in preserving one’s own health, heredity and harmful habits has the biggest factor load-
ing. However,this factor s the least informative and reflects the opinion of 19.24% of
the polled.

“To determine the features of solo-peychalogialand physcl st o ealth n he
ain goups of population (o, who remained on adidon contaminated eioies

and Ve never underions adioaciie nfaence, e procedure of cluster
anlyss was used. The analysl was bsed an e thre ol components of state of
health — physical, mental, and social. Experimentally, it was established that the best
auanity of clusters defined i hree. Accoring t the charactrisics of the poled n
clusters defined, the groups of y f ng
0 the indices of state of health, aims, and values

‘Tubl, 190 shows the dorinant fetres of the cluses dfined. The frst chsier
s the biggest — 63.6%. It includes people, who consider their state of health as “not
quite healthy” (60.3%) and “healthy” (39.7%). According to mental health testing,
ms i malnly includes respondents, who are “almost healthy” (75.0%) and with

ical forms” (25.0%). The social wellbeing is characterized as *high” (42.6%),
hove verage” 1%, and “averege (555 s possible (o state that this
s @ "trouble-free” stratum of the population.

Tavle 198,
nated tertores population

T T

)

ot
components w z

sl Realfy. not quls heathy o quit heathy_ il o quite healthy

mental aimost heatthy prenosotogical forms __olinically marked symptoms

social high average, below average _low, average

According to physical self-evaluation, the second cluster is formed by people
‘who are “not quite healthy” (51.7%) people, and also by a considerable part of the
“ill” (41.4%) and “seriously 0 (6.9%) According o the mental estues, peogle wih

“prenosological forms” (58.6%) and “almost healthy” (41.4%) prevail among those
polled. The social component of heath s represented with all. st o socal welleing.
but average and below average (86.1%) prevail. Thus, | features
ate moving towards the worse, Thi cluste was named “relavely unhesliy™ 1 s
formed by 27.1% of the polled.

The third cluster, the smallest one (9.3%), is characterized by
regards to all componenis of health. According to physical self-evaluat
mosily “not quite healthy” (70.0%) people, but the mental component s represerted
mostly with people with “clinically manifested symptoms”. The level of social wellbe-
ing is characterized as “average” and “low”.

‘Thus, on the RCT, three groups of victims have been defined, for which target
assistance methods and rehabilitation means should be adapted: the “trouble-free” — are
ety pmwde lhzmszlves and their families with all they need with their own efforts;

for
lhe 1" — are sble t0 urvive oy through soeal asssance.
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Conclusion

24 yeas ater he caasiophe o e Chornobyl NPP, the level of perception of
radiation risk remains high among the RCT population as well as the CCT popula-
o, 50.70% of the popion of al the nhabied lociies consder It posioe o
lose health due o environment pollution. The evaluations received are largely caused
by post-catastrophe events. Deformation of the information flow of the area affected
by the Chornobyl catastrophe has changed the classical peculiariies of information
pecception by the consumer and, as the resul, population do not trust the media of the
official authorides,

Studying the social component of living has allowed 1o identfy a low level of
adequacy in the three spheres of living. According to the factorial analyss, the financial,
recreational and cultural, and professional labour spheres carry the main loading i form-
ingthe socal welleing. The gnerl level of sucal welbeingofthe RCT population
is definitely lower in comparison with the CCT poy

Studying the life style of the population on m‘hanun conteminated teritories
has allowed to find out that its characteristic feature was the presence of depres-
e et and reducion of saclo-paychelogicl adaptive funcions. The laer was
uiggered by negative feelings caused by failures in everyday life, at work, social
despait. Depression acts both as the reason and consequence of the destructive social
experience and destructive social behaviour. The later is manifested in low preventive
activity (aimed at preserving one’s own life with account of residing on the RCT)
in everyday life

“The analysis of the RCT population lifestyle has allowed defining three behavioral
types: “situational”, “nihilistic”, and “responsible”. The behavior in everyday lfe, which
s related to peculiarties of living on the RCT, is inadequate to the existing risks for the
state of health, Most of the population absolutely neglect protective preventive actions
in their Ife, which i due (0 thlr i aim to furher v on the RCT.

“The reduction of health
of the affected population. Only e yms sice e Chamobylcastrophe the GHQ
28 general indicator, the depth
Indicat
the pﬂpulanon of the i mmmlmled areas, ineality does ot difer much from
those of to years, the Indices of
physical halth, according to sell—ev:.ln:uon vk Rer anlannn, remained lower in
comparison
ot s of heain (physcl, mental and socia allowed 1 define hee groups of
epult: “trouble-free”, “relatively healthy”, and "il".

al protection of victims from the consequences of the Chornobyl catastrophe
hould e B with sccount o the ifrences betwee the Ctegoie of czens a
fected by ionizing radiation, and combine the means of social protection with targeted
o individual soial asistonce (o evry vicm. Targted methods and rehablftaton
‘means should be applied to the defined groups of victims the “trouble-free” — are able
10 provide themselves and their families with all they need with their own etors: e
“relatively unhealthy” — a share Social assistance is needed for their self-suficiency;
the “ill” — are abe to Survive only through social assistance.
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cuoree 20 RADIATION RISKS
PERCEPTION

ince the Chomobyl accident 25 years passed, but the society

worrying on its consequences. There are many myths

and legends about the o o radiation, supported by rumors and publications in the

‘media. All this increases the individuals’ anxiety on his and his family health, that acts
as a stress factor, more harmful than a low-dose accidental expostre.

‘According to the Energy Strategy of Ukraine for 2030 [1] a construction of the
nuclear fuel cycle faciltes is planned including about 20 reactor units, uranium and zir-
Contm procasing i, e )- Constructon ofth nucear fel cycl objcts requres
station [2, 31, The
development of nuclear energy in Ukmne e may e prevented due to the unwillingness of
sciltics This, i Ukeaine
in.2007, 55.1% o ihe papulaon wore agant th bulingof ew nuclet power plats,
and only 23.1% of respondents agree on it (in 2005 — respectively 54.9% and 26.8%)
41, Aeroring t chickes carie ol I 2002-2006 L Bila -7, fnd vt 4%
0 69% of the population living er from fear,

s, houghtsond experiences n connecton ‘because of the Chormoky! acedent, Thas
51.5-55.6% of apparently healthy people feel fear, anxiety, irrtation, and insomnia.

research on radioanxiety of population living in areas of accidental
contamination started about 20 years ago [8, 9]. From 1993 to date from 70% t0 90% of
the population from contaminated areas indicate that radiation impact is “detrimental”
and “very harmful” t0 their health and the health of their loved ones. High popu
radioanxiety reduces the quality of life and level of health. To reduce it informational
‘work with the population is conducted and a number of instructive-methodical documents
R s dloped 3 el s pop«l.y scence publications (10, 11).

. The
population surveys In several counres on e atirude to nuclear energy Rave shown a
at nuclear power plants

(from 33% in Russia to 80% in the USA) [4].

‘The objective was to study people’s attitude towards various situations of radia-
tion exposure and to determine the basic level of knowledge about radiation risks. To
assess factors that influence the perception of radiation risk by population a survey
was conducted by questionnaire of secondary school pupils (16-18 years), students
and their parents in different regions of Ukraine, The project was initiated by a joint
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effort of O.Marzeev Institute of Hygiene and Medical Ecology and the Global Strategic
‘Center for Radiation Health Risk Control of the A-bomb Disease Institute of Nagasaki
University.
d contai
o on the ffecs ofthe Chomaby] acciden and the by operation o( nucleir power
plans, rodionctive contaminatonofterioresand food, nd he ques
condy

isks. The poll w lucted among young people and their p:renls i v regions
of lcaine (Zhytomt, Rivne, Kirovogend, Odess regions and Slavutych city). In each
i among , including young people

ly 861 ) while

parer ed
ot oy e (1,536 or 93% of respondents) have answered the questions.
the near future on the possibiliy of an accident in Ulaaine, similar in
scope to Chomobyl, happen,
— think that this event le and 11.5% —
vy sy, o fox st s bagper I e it 1 5% o pepondese,
the consequences of the Chomobyl accident are most relevant for
o reswndems called the most important be a “radioactive soil contamination”™
{3945 and 3563 of parentsan of sudens) and “possible negative effects on health
in the future” (34.0% and 31.2% of parents and students, respectively). Each of the
variants of “concern for the health of !armly e colnnce f Zoom ol B Tuhne

was <eencen frhe eakhof hmlly (27 5% ulzdnlls] Radioactive conamination of
food and water, according lents, is losing relevance for today. These factors
wre noted by 111% o a respandents.

70.5% of respondents (59.19% of students and 72.8% of parents) blieve thatinfor-
mallon about the real consequences of the Chomobyl accident is now hidden from the
ic. However, in Slavutych, where professionals resident in the field of nuclear and
adon saft,ine proporionof yauth who blieve Iy ransparency and impartiality of
T ot scelden s St oanly Mgher i ot eglons (Fg. 0.1,

‘The share of respondents in the
@ g g; surveyed regions, who fully approve

construction of new nuclear power

plantsis 7.3%; consider the construc-

tion possible 17.3%; consider it pos-

sible after public hearings — 24.4%,
undesirable — 33.2% and totally un-

. acceptable — 17.8%. The atitude
. of young peaple to the construction

of new reactors statistically signifi-

cantly differ accordmg o place of
residence (Fig.

In quns about the percep-
_ tion of risk, respondents were asked
5, L Pt i o ‘::2 ensy 10 evaluate each of the 11 risk fac-
Consequences ofhe Chornay ceident om o6 ublers 10rS for their own health and fam-
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1ly health (airplane flights, smoking,
AIDS, traffic acc

the water, intentional murders, radia-
tion accidents, alcohol intoxications,
radon in indoor air, fire, drugs) on a
5-point scale: (1) very safe, (2) light
tisk, (3) to some extent dangerous,
(4 is quite dangerous and (5) is very
dangerous. For each of the factors
the response rates were assessed (3),
(@) and (5). 79.5% of respondents

and alcohol intoxications (65.7%) re-
spondents considered less significant
isk factors, although these factors
possess leading places in the structure
of mortality in Ukraine as a result of
exemalcas

igh school and universi-
1y stodenc e sufcie sk e
mates significantly differ dependi
on place of residence for smoking,

®

e yme  E—
o= Mingars  paor

£ oz et b o e st g o
st Yo d o s ahou e prospect o

Fig. 204, Distrbuton of parents’ responses raing

zardnes
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AIDS (p<0,05), radiation accidents, radon in indoor air and drugs (p<0,01), while for
parents a statstical dd’ewnct ‘was found for flights, smoking, fres (p <0,05), radiation
accidents and radon in indoor air (p<0,01) (Fig. 20.3-20.4).

‘Summary
L. In the surveyed regions of Rosne ihe e of Mpﬂndlnls who believe abso-
7.8%, undesirable —
33.2%, possble after (b publc dbatesey 24.4%, posile 7 3% fully approve the
consrcton 3% of respodents.

0.5% of respondents (69.1% of students and 72.8% of parents) believe that
informion shot s ‘consequences of the Chornobyl accident s now hidden from
the public.

. Subjective assessments of the radiation accidents and hazards from radon in
indoor air are statistically significantly different for residents of the surveyed regions
(both youth and their parents), depending on location.
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amenn 21 MIEDICAL
CONSEQUENCES
OF THE CHORNOBYL
ACCIDENT IN EXPOSED
IN CHILDHOOD

A P mecedened ittion acse, when hudred of thousands
of children have been exposed not only to acut ks

remained to live under conditions of prolonged exposure to low doses of ionizing ra-
diation and other adverse factors of postaccidental period as a result of e Chomobyl
accident [1]. The number of children bom from irradiated persons is being increased
from year to year.

The researches of a number of authors proved that the worsening health of the
exposed pediatric population is one of the most adverse consequences of the Chomobyl
accident [2, 3].

espite the great efforts that were aimed to its preservation and rehabilitatio
among children who were exposed to radioiodine effect and other negative factors of
the Chornobyl accident, the decrease in share of practically healthy person from 27.5%
in 1986-1987 to 7.2% in 2005 was observed, as well as the increased number of chil-
dren with chronic diseases from 8.4% in 1986-1987, to the 77.8% in 2005. The most
unfavorable changes occured in children with thyroid exposure doses over 2.0 Gy.

An integral parameter that reflects al these adverse changes, is an increase in dis-
ease incidence and prevalence, as a metter of fact, for all main classes of disease [1].

causes of an increased somaic pathology remain controversial, and the role
o ionizing radiation — the contrary ones. Therefore it is important to establish the
characteistic responses of children’s body 10 the effect of radiation and non-tadiation
factors, accompanying the Chornobyl accident.

Childre, itradiated inutero, deserve a particula atention. I is known that high

ristic for an organism
stages. i o s it ‘group of people affected to reatest dzgm by radiation

jation,

of ontogenesis. It was shown that the fetal radiosensitivity was dependent on its age and
the period from the ninth to the fortieth day after conception was a critical one [4].
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‘The effect of fonizing radiation on the fetus can occurre by the direct influence
on its organs and tissues, and by the irradiation disturbances in the mother organism
and placenta. lrradiation at preimplar e is characterized by a high levels of
embryos death in utero and absense of radiation injury signs in live-born children. In
u= of imadiation dring organogenesis the antenatal death of embryos is reduced, but
hs and congenital defects are noted. Irradiation in the last
imester of pregnancy leads to an increased infant mortality at the first year of life,
especially in the first month after birth. Tn live-bone children, the consequences of in-
trauterine irradiation can be manifested as the congental defects, delayed mental and
physical development (5}, functional disorders of various organs and systems which are
found both in the first days after birth and in the subsequent years of life (6, 7, 8].

A low health index is also noted in children born after the accident from irradi-

ted persons. This contingent of children is characterized by a high disease incidence,
including every year decrease in the number of practically healthy ones, an increased
number of disabled people, and congenital malformations which occupy the first place
in the structure of infant mortality [3].

‘The pathophysiologic mechanisms of all these adverse developments are widely
discussed i th ltesature and there s 00 urambiguous Interpretaion. However, some
small"

ol
Tecesive mutatons of polygene wabily and DNA disoders af ety char
in the parnts gametc, esuing In bith of “physoogiealy handicagped ehlaten A A.
the organism level it can be manifested by a shortening of life expectancy, dec
in ressance o adverse environmenal coniions, an Increased sk of moliactonsl
diseases and also by the increased risk of spontaneous carcinogenesis as well as under
the influence of promoters [S]
increase of mutation frequency in DNA loci reflecting increased mutation
processes in the parent gametes was established by some authors during studies of
genetic peculiariies in the Belarusian families living in the contaminated areas [10].
‘The mutations de novo were revealed in the families of Chornobyl clean-up workers
‘who emigrated t0 Israel. The analysis included a genome fingerprints using PCR and
RAPD-PCR of children born before and after the accident in clean-up workers families,
and children of the control group. An appearance of new allelic variants was observed
‘among children born in the families of clean-up workers after the accident and that was
absent among children born before the accident and In the control group [11).
ithin the years elapsed after the Chornobyl acciden, children and adolescents,
expused t raditon factors, incuding thyrod exposure wih e adiisotopesand

i
is logically to assume nm e profound changes n ealh hat are found n e v
als iradiated in childhood, can not affec the health of their descendants, zs defined in
the report of the Unated Nation Scientific Committee to Assess the Effects of Ato
Radiation (UNSCEAR) for General Assembly (2001), and are one of the most top
‘problems of radiation medicine.

(¥ Stspanova)
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21.1 EARLY AND LATE CONSEQUENCES IN CHILDREN EVACUATED
FROM THE 30-KM ZONE AND RESIDENTS OF RADIATION
CCONTAMINATED AREAS

For the years elapsed after the Chorobyl accident, we have observed more than
45 thousand children. The thyroid gland dose ranged from 0.1 to 28.53 Sv, the dose of
total irradiation — from 10 (0 134 mSv. The obtained results allowed to determine the
symptom-complexes that are the most common for different terms of post-accidental
period, and desceb their clnicl manfestations [12)
The smdles aveshown hat the most ypical eactions of the cilden body i he
re as follows: respiratory syndrome (31.1%), hyperplasia of
Iymphold nssue (32.2%], pecular bematlogc sympiom complex, which was showed

ot sastcointestinal wact (9.4%); st torios o the cardiovascular system
(18.0%); “euthyroid hyperthyroxinemia® without clinical sigas of hyperthyroidism.

Children, who had been cvacuated from the “alienation area”, complained of
sensation of iretation i the throat and metallic taste in the mouth (55.79%), tussicula-
tion (31.1%), fatigue (50.1%), headache (39.3%), dizziness (27.8%), sleep disturbance
(18.0%) syncope (069, nausea and vomiing (8.0%), defecation disrders (69%)
Pharyox h hyperpl i i
i pesgherl lymph nodes (22.26), he lvr (3.0%) and the speen (3.2%) were noted
in part of these children. Tachycardia, respiratory arrhythmia, “endless tone” symgeoms
g e mziwumem of blood pressure were detected in 18.0% of childre

peripheral blo

3%), moderate neutrophilic leakocytosis (14.6%),
a (44%), lhmmbncympema (13.1%), thrombocytosis (1.5%). A left
count, and a relative Iymphocytosis (26.5%),
cosinophilia (17.6%). mmvxylnsn (s 8%), an Increased number of basophils (7.3%)
‘were revealed in 2-3 months after the accident in 17.6% of children. Enlarged neutro-
phils with hypersegmented nuclei were found in 92.6% of children among the cellular
elements of peripheral blood. 26.5% of neutrophils contained a toxicogenic. Fansion
Vacuolation of their cytoplasm was observed in 13.2% and of the nucleus — in 7.3%
of cases. The cells with pyknotic nucleus, basophilic “fringer” v:cuﬂllud Pl
predominated over Iymphocytes, The scliey bimcleted cels were noted. Arrophile
inclusions were reveal cytoplasm of 17.6% lymphocyes. Aclacymls of
thrombocytes, mimlton of e hyalomere and granulomere were obse:
the conglomerates were fou

TLymphocyte metabollsm was charactezed by 3 sharp activation of oxidation-re-
duction processe. The Jeels of ihe Kb ycle crayme andslycolyss, NADPH;- =l
of

nzym; . Lipi
mor Irensiely included i the process of energy formation. e
aciviy of Inosine-Smonophosphae dehydrogenase (IDH) — a cytochemical marker
of nucleic acid synthesis — was increased. Neutrophils in the acute “iodine” period
differed by a higher than normal content of peroxidase, lipids, glycogen, alkaline and
acid phosphatase. The levels of peroxidase and acid phosphatase were also elevated in
monocytes [12].
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Studies of superficial erythrocyte ar-
chitectonics by the method of scanning
electron microscopy testified that diskocytic
‘number was decreased (p<0.001) during the
sae period of iodine (62.523.18)% com-
controls (90.86+0.87)%. Content
O ranion: (77120.79% and preemotyie
(23.82:3.11)% forms was higher than in
mnlrols (4.2240.46) and (4.91:0.53)%,
0.001, respectively; erythrocytes with
Segenerave motificd (1.3640.11% and
pelcogla] (ASL.690% srcte of e
i e sppesed Elg2
Th of Iym s it
reltively smoot and villows reet was
decreased, but the number of cells with a
omple pa of stace sch e e, e
flics, deepening, i
of

i
that could be atributed
neither to smooth nor villous forms was
ineressed

n investigation of blood cell ulra-
sucune showet it o throcyte content
was mostly homogenous; the hemoglobin
containing granules and sequesters was
sometimes observed. Cells by the type of
cupola-shaped curved discs were noted, and
echinocytes were more seldom obtained.
Erythrocytes with a reduced volume and

vealed. These changes were combined Wik

the presence of loosening or compa

the surface of areas, erythrocytic e

were registered.The mumber oflymphocyies
inc-

with
tonal sty s incrssed (i, i 2).

guificant number of them had the
oiaarelcaen e vl s ‘complex form by invagina-
e, e ) acstmes. There . tion o the nuclear membrane. A formation
ook, Eacongaranme. ¢ 14500 of nuclear pockets, a nuclear membrane
divided into layers and an  rpanaion; o

perinuclear space were observed. A sigaificant number of ribosomes, s
lected in polysomes were located in the cytoplasm. The number of isann vared
from 2 t0 18 per a section, making an average of 6.5+0.57 that did not significantly
differ from the control indices: 5.0020.61 (p>0.05). However, mitochondial structure
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was sigificantly changed. So, mitochon-
dria have an orthodox form (93.80£3.01)%
and a condensed configuration (6.200.89)
in children of the control group, while a
number of the former was decreased up to
83.1742.34)%, p<0.05, and the latter was
increased up to (16.83£1.39)%, p<0.05
the main group. Giant mitochondria with
the light matrix and partial disorganization
of the cristae were revealed (Fig. 21.3).

‘The concentric membranes and os-
‘miophilic granules were more often found
in the cytoplasm. The reinforced forma-
tion of vesicles and clasmatosis were ob-
served.

umber of "active" forms with
mlcmfb«s and projections on the surface
e high

2 chidafes-

i o
Fg-21.9.Pergheral load ymphocyte

The.
content of gxamllts with mosaic granular
component of the cytoplasm was noted.
‘The signs of autaphagocytosis with the
presence of phagocytic vacuoles in the ar-
eas of cytoplasm were sometimes revealed
(Fig. 21.4).

Asignificant number of thrombocytes
had condensed matrix and vacuolized hy-
alomere [13].

‘The determination of the Iymphocyte

iy mass during the first month of post-
accidenal period, found that its magni-
tude was quite variable with fluctuations
from 19 to 110 pg, but the average values
(52.14%2.13) pg did not significantly dif-
fer from those of the control. At the same
time the concentre substances
.

Fragment of cel. Milochondria of condensed forms
a aruped at e o of e cl, oy resones,
2 Basonopamime » 14500

i

P<0.002, that shows the cell “swelling”, an
increase of water in its pac [13].

eyloplasn. Eecianogramme x 14 000

In 19871990 the presence of various functional disorders of many organs and

systems was the most typical for chil

dren evacuated from the 30-kr

ne (group 1)

as well as for children who were left to live at the radiation contaminated territories

(group 2) [12].

riod the fequency of complns o ncreasedfatgue (82.0%), weake

s pe
ness (71.79%), mitability
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(29.6%), gastrointestinal scomlort (528%) discomfa n he ear (26.45%),pn n
muscles
s ypeaiost, povand sle e -mcya.m-s, swulln& mottled skin, melmomguhl(on
disturbances, pulse and arterial pressure lat bl apmess, sy, Hypaklneis nd
tewerefourd in 70.5% of
ssymmeny o aciallnertion,dsoders o musce ton, ot of fingers ina Romberg.
posture, asymmetry of tendinous reflexes were noted in part of children.
unctional changes from the heart were observed in 40.0% of children. On
the ECG sinus tachyarrhythmia was registered in 32.0% of cases, bradyarrhythmia —
n 45,0%, moderate and pronounced metabolic disorders in the heart muscle — in
42.4%, and 3.8%, respectively. Data of theographic studies of regional hemodynamics
by signs of dystonia, the pr venous stasis, often with blood
semisphere asymmetry, a pronounced fendency o increased vascular tone, a decreased
pulse rate and a rate of arterial circulation in the extremity vessels. The decrease in
the stroke and minute volumes of blood, a significant frequency of hyporonic (22.3%)
and distonic (31.5%) reactions to loading, more intensive and less economic work of
vendlation apparatus, a reduction of some effective indices were established in “stable
condition” by assessing indices of central hemodynamics and extemnal respiration using

<0.05), total o Inquiy o work (by 22.6% p<D.01) the peros restoring i,
indices of
P st Toading were an uation of .
etative maintenance of the cardiovascular system activity in children of both
ma]ar ‘groups differed by the insuficient inclusion of the sympathoadrenal system dur-
ing physical exercises that can be attributed to the characteristic fealures of vegetative
e bl e,
reased frequency of dysadaptation states, that is demonsirated by the results
of zvalnaung stages of adaptation syndrome according to the changes in hemodynamic
indicesofth cooninae yeem was establhed  childre of bots main groups, com-
paring to controls. The optimal adaptation develaping only in a case of adequate func-
tional eserves of cardiovascular system in children of both main groups was registered
two times lesser than in controls (15.4% and 34.8%), p<0.02. The stage of resistance
was also determined more rarely (14.6%, 28.4% — In control), p<0.0L. By conas,
t

i o
contol), p<0.01 and the depletion (26.2%, 9.2% — in contraD), p<0 01.

A decrease in bronchial permeability mainly at the level of small bronchi, owing,
o bronchospasm was registered in 53.5% of children (in 18.9% — in control), p<0.01
(Fig. 21.5)

These devi ere combined with changes in some indices of non respiratory
lang funcions, uch a5 he reducion of respiratory moisture and erosol excretions
from respiratory organs, that was accompanied by falling conceniration of superficial
active substances from pulmonary surfactant, by a decvuse in phosphollids and toal
lipids i its content. The oxidative free ra
ofexpited ai (CEA) ws reveale, 16 evidence was th rseof ight sum n.mcs and
amplitude of instantly fash-initiated chemiluminescence of CEA (Fig. 21.6). The inhi-
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bition of antitrypsic CEA activity,
indicating decrease in the local
respiratory protection, Was estab-
lished.

“The stdy o the digestive
system showed that the changes
in children evacuated from the ali-
enation zone (the 1 group), as
wellas in the inhabltants of radia- i, 515, overal requenc o tatent an visle disortersof pf-
tion contaminated areas (the 20 onary ventaloy function Inchldren of observed groups
group), had a unidirectional char-
acter in the first post-accident ye- H————
ars (1987-1990). i s gt polons iy

Such functional changes as
biliary dyskinesia (82.4%), func-
tional disorders of the stomach

x5 of acid production
lequate response o physi-
Sogiel simulator (3.6%) vellox
esophagits (20.4%), duodeno-gas-

or ina

Fig.21.6.Dynanics o gh sum Indces ot inlated chemiuminesc-
Hiden

with decreased pancreatic exocrine
function (59.6%) had the greatest specific weight in the structure of revealed disorders.
The hroc pabiogial poceses m the gastrolntestinal ract of both children’ groups
were more ramly dapieal 15

Dys e o el pain were observed, in 43.6 and 65.4% cases,
nspeawely, s ot asthenic, and vegeative characte that were registered in
9% children prevailed in the clinical picture.
g el s of e ot sl iy ol
rve the prevailed catarthal (superficial) inflammation and hyperplastic character
ol changes Stbtrophy o( gastric mucosa was only found in 10.6%, and duodenur
not exceed the limits

o average popﬂlillw indices (10.8%).
At the same term of post-accidental peﬂodv the peculiarty of gasic acid forn-
2

physiological stmalator, was esiablish
Quaniatve hemogra idings s cnlldmn, el frm e X0on ome e

isorders was

e However,tey wereregsered withhigh equency i childen who re

mained to live in the zone of obligatory reseulement. Thus, neutrophils with hyper- or

hyposegmented nuclei were noted 1n 78.39% of children, with toxigenic and immature
1 16.0% and 8 1

12.0%, and in nuclevs — in 4.0%. The cell with pyknotic nuclel, basophilic “fimbria”

phocyte popt
were sometimes revealed. The level of metabolic processes in lymphocytes was reduced
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in comparison with the data of 1986, but was still significantly higher than conirol pa-
rameters. All the cytochemical indices remained elevated in neutrophils

i topology of veli it was estabishe
hat the number of discold shapes had further decrease and reached (8.13+2.6)%,
<0001 comparin t e dataof 1996, i the umbe o wansit (17,6641 0%,

001,
Erymmcyms with pathologic and dzgenerallva changed forms of the P

"o cllswith imermedise and ‘complex configurations of the surface relief were
mre often recorded among lymphocytes than in the control group [13].

Analysis showed that functional disorders were developed against a background
of the intensification of free-radical processes, dysproteinemia (36.9%), increased level
of aminotransferase (ALT-12.3%,

~8.0%), transient disturbanc-

epatic.
function (52.8%), disorders of he-

globulinemia. The great number
of children was determined into
ety e gy Peggate | tsk groups for developing pathol-

L - Lol o of e tyrad lan, and the

cuszauERaS

i, 217, Poetg a1 rous for deveopg he respiratory, the di-
ey ot e sy a1 s e e T

Thess ts begenralzog sl 1960-1950

For the period of 1991--1995 the transformation of functional disorders into chronic
somatic pathology was. oot [1). There was a significant decrease in
a number of healthy children and an increase of the number of children with chronic
somatic pathology among evacuated from the zo-km zone as well as children-residents
of the contaminated arcas in these years (Fig, 2]

The bassed rapoency of ECG dlsordm (m 68.29% of children in the I group,
and 63.3% chil 2 group)
recovery processes in e myuwdmm was established by assessing the cardiovascular
system activity.

Data of rheography examination were indicative of existing pronounced change
with a high frequency of the regional and centeal hemodynamics (27.4%), hypokinetic
type of organization. The functional reserves of blood circulation caused by decreased
blood flow, and also oxygen delivery 10 issues with developed hypoxic metabolic dis-
orders were remained decreased [14].

tected changes were indicative of a decrease in the cardiovascular system reac-
tivity and demonstrate the lack of sympatho-adrenal system inclusion under functional

dysadaptosis (in 90.7% of children in the 1% group and 83.7% — in the 20 group) was
a reflection of these processes at the organism level. The frequency of latent and visible
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disorders of ventilation pulmonary function, was reduced, but remained higher than in
controls, especially in children-residents of the contaminated areas.

As , the freq
declined in children of both observed groups, but the frequency of chronic pathological
processes was sharply increased. Thus, during the examination of children evacuated

from the ali g n 50.0%, chr
in 40.0%, chronic cholecystocholangitis — in 20.0%.
In children who continued to live in i I

‘were those of gasroduodenal zone in the structure of revealed patholog: chronic gas-
it was diagnosed in 66.8%, chronic duodenitis — in 50.0%, chronic esophagitis —
in 18.6% of children. Chronic cholecystocholangitis was detected In 50.6%, chronic
pancreatitis — in 3.9% of cases.

Evaluation of structural and functional properties of the hemopoletic clements
showed that the cells with hyper- or hyposegmented nuclei (in 30.2% of children of the
15 group and 63. inthe. »
trophils. The number i nd
was decreased. The highest activity of glycolysis enzymes and synthesis of nucleic acids
was remained with a tendency to decrease a the level of mitochondrial enzymes.

In 1996-2003 the level of children’s health continued to decline. The distribution
by groups of health in 2002 was as follows: anyone had the I group of health, the 11
group was established in 23.4%, the Ul — in 63.9%, the IV — in 12.7% among the
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from the 30-+
areas the 1 group of health was. del‘nwd 6%, mz 11— in 26.1%, the I11 — in 57.5%,
lhelV 10.1% (Fig. 21.8).

ildren egion) e
dmded into 2 subgroups according to dose (600 person in every one), with collective
doses in the subgroup 1 — 2.6 man-Sv and subgroup 2 — 9.4 man-Sv. Aslg ficantly

? 2

gher p piratory
times), dysmetabolic disorders (1.4 times) and hepatic tssue fibrosis (2.3 times), the
‘number of eosinophilias (1.7 times) and lymphocytosis (2.5 times) in the subgroup 2
of children with the collective dose of 9.4 person-Sv [1]. A relationship between the
expression of disorder indices in pulmonary ventilation capacity of children and the
‘contamination of soil with ©Cs was establlshed [15). A negative effect of the Chor-
obyl accident consequences on the immune system of children-residents in the con-
taminated areas was observed. The immune imbalance that undelies the formation of
many chronic diseases was registered in 56.9% of children in the dose subgroup 1t
82.5% of the subgroup 2. The more pronounced nhibition of metabolism, phagocytic
function, bactericidal activity of neutrophils was revealed in children who belonged to
the group with higher collective dose [1].
‘There was a wide range of fluctuations in the individual indices of humoral im-
munity in children of the two dose subgroups. However, children with higher collective

of the dose subgroup 1 (12.5%); in children of the dose subgroup 2- depression type of
immunological disorders (14.06%) (Fig. 21.9).

king into account the significant protective role of IgA regarding respiratory
mucous membranes, children and adolescents with low level of IgA, were considered
at high risk of respiratory diseases with an appearance of pulmonary pathology, which
steady Increase was observed in the dynamics of post-accidental period. A background
for this was 1 disorders of
nary surfactant system, an intensification of free radical processes and reducing factors
of local respiratory protection, that are continued to be detected in children-residents
el contaminated territories by 18 years of age.

erning the indices of peripheral blood, an analysis of longitudinal study re-

i ofs lage cohort o chldeen showed that he level of hemoglobin, erythrocytes

o ioa o o o e

& ” o
Tt doss Too 20 s Th st doss T 2nd dose
sogop sutgrp

F.219, o,
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leuk the 197Cs density in

areas (Fig. 21.10) [16],
think that a significant decrease in these indices in 1996 was caused by the
withdrawal of meastres connected with limited use of local food production.
Cytogenetic studies showed an increased frequency of chromosomal aberrations.
in lymphocytes of peripheral blood and dependence of cytogenetic effect on radiation
dose of the child (Fig. 2.
A spec(al attendon was locused o the evaluation of the dgestive sysom in e
first of all 19°Cs,
e e s o e oo of dzgesuve rac d the parenchymal organs (he
liver, the pancreas), their long-term intaking into the organism in combination with de-
formation of food rations could be one of the leading causes of steady growth in indices
of gasoinesinal disases
Inde icant increase in the incidence and prevalence of digestive system
diseases in children-residents of the contaminated areas and children of the Ukraine
PR 5 G ed TV et 15-20 .
However, basing on the com-
Ve snalpls (s thown et 4
children living under conditions of § 5]

chronic intake of radionuclides into

the body through the food chains, had

more expressive increase of the in-

cidence and prevalence of digestive

diseases. A significant increase of di- 0 1) P

gestive disease indices in children- o purusos oguoney e ol fagmns
s

areas was noled at the (nd of the first i 28108 el ik o a
Jear. Beginning from the second five i 2111 A relatioaship btueen of the tegaency
Jears afee the Chomoby scidene,  Seias ourtes 't Nod g




562 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
a Quarcer of Century Aftermath

their level was significandy bigherthan that of Ukrsne pedinic population on the

whole. it 2110,
Sustalnable increase in the ncidence and prevalence of digestive diseases n

Hlima ek o e oitadid areas, which rates are still considerably higher

than those of the Ukraine in general, indicates the negative effect of chronic intake of

radionuclides into the bod by food chains.

Dynamic clinical ob-

=4 O kane servations showed that pa-
- ooy thology of digestive system
- In 2001-2003, was mostly
- 1 connected (66.20%) with in-
s . volving several zones of the

digestive tract to pathologi-
s cal process. Chronic gast-

roduodenitis was a leading
form. The hypertrophic path-
ological changes were pre-
vailed in adolescents evacu-
ated from the 30-km zonc, significant frequency of erosions, hemorthagic lesions and
symptoms of gastro-esophagal reflux were observed too. In adnlescen winhabiants of
e conTvNED s, B slgaiNiet frequansy o sibathey ns
©2.5% i 26.4% respectivel) was reveaiod The bypuplatc 9 3%, fropt
changes (8.3%) were less often appear

“The deterioration of the parameers characterizing structure of the hepatic paren-
chyma, especially after the abolition of measures limiting use of local food production
was observe

o
wrows w0 w6 mo B0 e

ntaninated areas and chBden's gopuation f Ukralne

rch of respiratory function did not show significant differences in frequency

o bronchlzl disorders and non respiratory pulmonary functions in children evacuated

the area of “alienation” of the Chornobyl NPP compared with controls in this period.

uowmr, children who lived under conditions of chronic intake of radionuclides into

the body, had the disorders of ventilatory pulmonary capacity, a decreased pulmonzry

surfactant production and increased intensity of free radical processes in the lungs that
was preserved by 18 years of age [14]

‘Thus, the resuls of many year observations suggest that the effect of radiation
and non-radiation factors caused the sharp deterioration of health in the children popu-
lation with a significant reduction of practically healthy persons in the population and
increase in the number of children with chronic somatic diseases that are characterized
by prolonged, relapsing course with relative resistance to therapy. The most unfavor-
able changes wete seen in children with the irradiated thyroid gland in a dose over 200
€Gy. It was established that the most typical were functional disorders of other organs.
and systems with following transformation into chronic pathological processes in early
terms after the accident. This was due to the activation of free-radical processes, an
imbalance of pro- and antioxidants in the system, suppression of energy metabolism

iy P : 8

with a prevaled humoral link over that of mediator, disorder of immune homeostasis
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and suppression of nonspecific protective factors of the organism, an amplification of
mutation process in the somatic cells. Adverse changes in the health were kept in the
majority of exposed children throughout al the period of childhood and they enter bur-
dened with multiple chronic diseases into the reproductive age that cannot be safe for
the health of their descendants.

(¥e. Stepanova, 1. Kolpakov, V. Kondrashov, V. Vdovenko)

242 GENETIGAND SOMATIC EFFECTS OF INTRAUTERINE
IRRADIATIH

In our study the evaluation of prenatal irradiation was carried out in the contingent
consisted of 1144 children including three groups: the 1 group — children born from
pregnant women at the time of the accident, who were evacuated from Pripyat; the 2%
group — children born from pregnant women at the time of the accident and left o live
in the zones 2 and the 3 of radioactive contamination; the 3 group — conirol group —
children born in 1986 and lived in the radiation non-contaminated environment

Geaaioal age hat cnsiedof -7 weeksa h ime of e accident had 4 3%
of the 1% children group and 10.3% — the 21 group, 8-15 weeks, 9.0% and 2
16-25 weeks — 41.5% and 25.9% over 25 weeks — 44.3% and 34.8%, mspr:nvely
(Fig. 21.13).

Dose loading of fetal thyroid in the 1 and the 2% groups did not significantly
differ and ranged from 0.0 to 335.0 <Gy. Depending on the average thyroid doses of
the fetus were: up to 8 weeks — 0.0; from 8 (o 15 weeks — 31.14 Gy, from 16 (0 25
weeks — 84.49 cGy, more than 25 weeks — 62.30 cGy. The total equivalent radiation
doses of the fetal thymus and the red bone marrow were 10.0-376.0 mSv in 1* group,
4.2-35.9 mSv and 4.7-52.0 Sy, in 2% group, respectively. In children of 21 group
total equivalent radiation doses of the thymus and the red bone marrow accumulated
befor 2004 were 14.1-8L7 mSv and 105.72.1 S, repecively

e health status of children was evaluated on the basis of complex examination,
the health group was established according to these results (17)

“The parents” interview with the elucidation of their health status, pealiiie

of accupaional activy, the pesence of bad habis, obstec and gynecological his-

tory, pecullarites of pregnancy and %
childbirth in the mother, analyses of % T g o oo™ =
the medical records of children and ¢ 1 m e apmp
pa [
detecting antenatal risk factors. ¥
To evaluate the possible mu- 2

tagenic and teatogenic effects of
the environmental factors, Inclu-
ding radiation, not only the fre-

quency of congenital defects of de- L b B, S
velopment (CDD) and watch Phe- g 51 3. pstbuton of chden adated i tro by gesat.
notypes that can be eliminated in  ffa ge st he tine of the Ghrnat acient
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the antenatal period were used, but also small abnormalities (SA) — small but persistent
disorders of morphogenesis appearing at the early stages of intrauterine development
and being not a subject of selection {18,

‘The protocol designed for accounting SA was included 225 clearly distinguished
sugna of dysmbryogems.s grouped on the basis of anatomic localization. According
from the 1144 children in the

haslc and mnnvl groups were determinet
Children of basic groups did not differ from e controls by antenatal risk factors.
(excluding occupational father harmfulness; Table 21.1).

Ta 2.1, Froqueney of -
v [ rom | #ven | o omoizmn

Occupational father hazard 19.2° 34 8

Gad v of prants w8 s 251

Theprsanceof achoni somatcdisese:

the tather 192 178 194

~ inthe mother 22 192 25
Late primaparas 123 134 104
Repeated women in child bith older than 35 years 185 192 201
Burden obstelric anamnesis 185 %9 %4
‘Complications of pregnancy course 49 404 411
‘Gomplications during chidbirth 574 596 617
Radiaton factor 1000 1000 -

gfcanc of ifererce i he coniel 700 (1<005)

However, their effect on the fetus in combination with radiation factor has contrib-
uted to more frequent formation of morphogenetic variants that were characterized by
the presence of multiple small anomalies comparing to the control group. The number
of such children in the 1% group as well as in the 2 group was significantly higher
than in the controls (Tabie 21.2),

Table 212
tes (%)

‘Number of 54 [ Gowt | Gup Control group
Absent 00 [ 179
Single (1-5) 568" 618 02
Mulple >6 82" 36" 119

“igifcance o iference with e contol group (p<0.05)

A number of SA pe child i the 1 group was 559202, n the 2° group —
5132032 In contl group — 2952016, p0.001.

‘most significant differences ;4 tservd n the group with locomator SA,

where thel average number in children ot 1% and 2% groups two times exeaded the

control indices (1.43:0.10; 1.22:0.0; 0.64£0.06. p<0.001 respectively).
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'nn presence of a diretcomcltion between the mumber of SA n hildand eal

dose of 3

age of fe\al development t the et oo the effect ol rzdmlon factor (Fig, 2 14)
s, the largest number of SA was registered in persons exposed to radiation in

hetems from 2 10 & wesksof e ¢ development (Rox 01, p<0.0001)

So, the smaller fetal gestational age was while exposed to radiation factor and the
ighe dose of this exposure, the greater number of SA was revealed i the child.

found a 5,4 tim
expﬂs«l in utero and living in the area of Novozybkivsky distrct (Bryans rogion,
Russia) (19].

An increased incidence of congenital malformations observed by Lazyuk G. et
al. (20} and stigmata of dysembriogenesis (or than 15 imes much in comparison
with the cunlm!s) ot by Lebedes T-. In the Belarus chidre afe the Chormobyl
eml

‘Teking s
the limits of variability of every isolated gene, lhe gmw(h 0[ mumloml lnadmg due to
the environmental radioactive contamination is accompani the signs of genome
instability leading to changes in morphogenetic l:luncleﬂsﬂts that were observed in
children irradiated during fetal development.
For analysis of radiation

mag-
es a classical method of con-

‘colouring is widely el (22)
H

e

snamesmza

ges, therefore the methods of
{ifferenial G-colouring (G-
inding) and in situ fluores-

B i )
2 e
m“ hybridization of met

o214,
et o sposne
probes (FISH), which have e
high separate resolution (23] A tarton s e
are widely used. "

differential G-banding of chro-
mosomes making possible to
teceive early mitotic chromo-
somes with a high degree of
segmentation (550-1500 in
the haploid set) and 10 deter-
‘mine their structurel damages
with the dentification of break
points at the level of segments
‘and subsegments.
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Cytogenetic indices of children in the control group (Fig. 21.15) were in corre-
spondence o he data of modem lteratue regacing spontancous evels of chromosomal

of spommuns pegesl it last 10 years that may be connected with the
deterioration of ent vental conditions [24].

hver i e s e CHomeiy) Qe o Toase 1 e ey ot
structural chromosomal abnormalities (9.071.34 per 100 cells, in the control group —
2.47:0.28, p<0.01) with a prevalence of stable injuries (5.64:0.94 per 100 cells in
control — 0.4320.19, p<0.05) and the preferred localization of breaks in the 1,3, 5,7,
11, 13, 17 chromosomes was noted in children who were suffered as a result of acute
intrauterine irradiation (the 19 group). The most stable-type of aberrations was presented
by deletions (4.18+0.71 per 100 cells, in controls — 0.37:0.19, p<0.05) with  pre-
cemseeeof el e T gaslocalons o nversios that were egsteed wih
120.16 and
752015 per 100 cols, respecively). Unstable dlmmusumal i (143035
e 100 cell in contol — 04720.13,pe0.05) were resented by acentric fragments
(0664018 per 100 cels, dicenic 06120, pr 100 5 cllsy and in chromasomes
(0.16:0. e per 100 cells)

‘The frequency of chromosomal aberrations in children of the 2% group was on
the average 7.6342.92 per 100 cells, significantly exceeding the indices of control
(2.4720.28 per 100 cells), p<0.05. There was an increase of stable (4.23+1.06 per
100 cells, in control — 0.4320.19, p<0.05) and unstable (1.75:0.25 per 100 cels, in
o) — 474015, 1<,05)chipnanal et iowssed damage o1, 4
5,9, 17, 22 chromosomes. Deletions (3. per 100 cells), mostly terminal, the
anlocaon 0403014 per 100 csl) and the inverson (0.3820.06 per 100 cels) were

aberrations

were pm.med by asentc ragment (LID019 per 100 el dicntics (0462009
per 100 cells) and ring chromosomes (0.2020.

‘The number of chromatid type aberrations did not it i
o he 19 (200105 pr 100 cellyand 24 group (1652020 per 100 cells) rom conol
data (1.57+0.28 per 100 cells), p>0.05 (Fig. 21.15).

‘Chromosome breaks were mainly localized in euchromatin areas where 90% of
all the injuries were registered.

“The frequency of chromosomal sbestlo deginted o she dase 5 L
marroy fetal developr
Tadindon dose cquivalon. and the foal red bone marrow and the rumber of botbr
cells (Ro=0.51, p<0.02), chromosome type aberrations (Ro=0.53, p<0.01), the number
of tanslocations (Ro=0.60, p<0.003) and deletions (Ro=0.60, p<0.003) took place In
children born to women evacuated from Pripyat (the 1% group; Fig. 21.16).

i iatic the red bone

002), .72, p<0.0003),
stable (Ro=0.64, p<0.003) ond e (Roco.55 p<0.01) damage of chromosome ap-
paratus were found in children experienced prolonged exposure to radiation s a factor
during fetal development as well as in the subsequent years of ife (the 2% group).
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hroma- s
1id type aberrations did not  #————————————————
depend on loading dose to ] ———_=—=—
the red bone marrow. " PR

It
increased level of chromo- 'y | = =
somal aberrations in lympho- ¢ |
cytes of children iving at the
contaminated areas can be

y
a direct hit o radiation quan-
tum/ionizing particle in the
nucleus of lymphocyte that
circulates in the vascular bed;
the radiation-induced chromosomal instability; intaking into the peripheral blood of a
cerain partof e sberane cels deived from Iadited bemopoiesic precrsos [25).
the

Mut
sod frmaton of gt instabilty phenomenon that causes a difernt disorders o
body vital functions, limiting its adaptive capacities, promote the emergence of multi-
factorisl pthology ad incress herisk o carcinogenesi.
of the most sensitive systems of the body to ionizing radiation is the immune
system, Aecodiog 1o severa] snies the changes in functioning different snhpopula-
tions of immun cells nted in th mature body under aditon dose 001-0.05 Gy and
1'Gy per ear 1 the theshold for th development of non siochastic ofets
126, 271
Taking it sccount that ftl clls and suesare  carciroed by he er
sensitivit
oo ot et e system i postuatal peradof unmgems(s ke il
WG b
present the s indacing congenital dscrders of he immune sysem

dnrlng et deel pment ed. This mecha-
s s the ybasedon the mal comparative immune
I i effect of the harmful factors. In

e e indced detoc of the mmne system are realized by embryo-
genetic homeostasis reactions to change in growth porentialites of cell embryo caused
by exposure of harmful agents. According to the proposed theory, these homeostasis
resctions eceive he paradoxicl diection — agalnt th fll vlue evelopmentofte
mune system, that lead to I defective maturation. The proposed mechanism for the
vt i explios the widely known phenomenon of “generl” vulnerability of the new
organism lmmune system t0 a significant number of perinatal risk factors [28].
One of such adverse factors s lonizing radiation, that affects al the mechanisms
regulating body and causing substantial morphofunctional disorders, especially if its
effect s in the criical priods of development.

prerequi-
sieto distotthe steucture of morphogenic dovelopment th incompatibly of rowth
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d formation of various organs and systems in time, including the immune system.
Effect of ionizing radiation on the fetus leads to defective maturation, the deferioration
of the immune system teaching and the decreased stress stabilly, that s considered as
a system dysontogenetic abnormal immune response (28, 29].

‘The results of studies showed that an exposure of the central organs of fetal im-
munogenesis was resulted in postaatal disorders of immune homeostasis. At preschool
age the changes in immune status were of an unidirectional nature and were expressed
by a moderate suppression of T~cell immunity link, an imbalance of immunoregula-

subpopulations and dysimunoglobulinemia under acute exposure of central organs
o fodl immunogenesis in doses ranging from 10,0 mSv to 376.0 mSv, as well as the
prolonged action of ionizing radiation.

An improverent o immunologic test,such s, the use of monaclonal antibodies,
tha by ussince 1994, a

of re b

D8"-ratio mainly by reducing
CDB*lymphocyte subsets at primary school age (1994-1995 years) in children of both
‘main groups. Thete was a clear imbalance of the humoral link, that i characterized by
the decreased levels of IgA and IgG, and the increased concentration of IgM.

A functional state of the immune system in children of both main grou
ot b Fih 4aabY OF the ndies, anh o ool oF s Eocuaian
data sigificantly exceeded the data of children i control group.

Among variety of immunological abrormalities, we identified three basic types:
activated, depressive and undifferentiated types. The first type is characterized by a
decrease in CDB", an increased of D16 and CD22*~cells, immunoregulation index,
increased levels of I¢G and IgM, and it was clinically manifested by allergic syndrome.
‘The second type differed by a decrease in CD3", CD4", CDI6", CD22"~cell number, the
decteased level of13G and IgM, and had clinicl igasof infctious immunodeficency
syndrome. The di ical parameters
clinical picture were vt o type.

te age of 7 years the frequency of depressive and activated types of im-
‘munologic disorders consisted of 26.53% and 23.81% in children of the 1 group and
29.41% and 24.71% — in children of the 21 group. Their clincal realization in the form
of infectious and allergic immune deficiency syndrome was observed in 15.65% and
10.88% children of the 1% group, and in 12.35% and 11.76% children of the 2% group
respectively and was not dependent on the type of immunogenesis organs exposure.

Since 1996, the tendency to improve the immune status was determined in children
of the 13 group. In 19992004 the majority of immunological parameters and parameters
of neutrophil functional activity were approached to the data of children In control .
‘The frequency of immunological disorders by depressive type decreased up t0 17.01%,
ctvaion—1p o 16.30% s clincally define foms of nenuclogica msunmncy

in the form of an infectious syndrome was up 10 8.16%, allergi
T However, the functional reserves of n:nlmphlls remained reduced.

The

under adverse environmental conditions, and up to 2004 were received the thymus and
the red bone marrow radiation doses 10.5-72.1 mSv and 14.1-81.7 mSv, respectively.
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The nnmnnnloglcil isorders and clincaly defined syndromes of immune deficiency
. An inhibition of the functional
metabolic netrophil actvity was Kept it morepronounced educion of the p
reserves than in children of the 1% g

A sgnifican elationhip becween e bealhlve,the equivalent rdiaion dose
of the thymus, the red bone marrow and the immunological parameters with mn.l(lple
corelation coefficients 0.74-0.84 was demonstrated. The most pronounced adver
Changes in the helth satus were Ghserved n chidren exposedat h sary sages of
fetal development (Fig, 21.17).

‘An analyss of children’s healh level in the main and control groups depending
e mmbe o SA sboved hat practcly beality cnes (e 1 g of bl vere
s a rule the children of control group without SA (73,

Chlisenth il sigats of dyumb.yugem.s ‘had 1 ot

und e 1% gro-

w up nd 55.5% of the 24 group.
Diseases of the gastrointestinal
tract, of the respiratory organs,
of the cardiovascular system, and
the allergic reactions were pre-
vailed in the structure of chron-
ic pathology, that is the greater
part of the pathology presented
by illifscoriel. distases dhat

y, and any
mugenc facor o change
the frequency of this pathology
manifestation. A moderate cor-

P
chronic diseases in children and
dose of total X
P<0.03) was established [30]. Fig 2117 The quaa o chidren wih chrolc pathoogy n
“The thyroid exposure du- tal period, \ding on gestational age.
ring fetal dmlopmem signifi-
cantly affected the health of chil-
dren. It was shown that chronic

more frequen-
tly occurred after irradiation of
the fetal thyroid in a dose over
0.36 Gy, and in a doses over
Loy s gty

N EEEE

all the children (Fig, 21.18) (8].
rmadiaton of the el thy- e owas | omin 3
10id up t0 16 Week EESANON [ gy @ e O Gty

(e dose 031G 0md 1, 111 et ot i e st i
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velopment more frequenty than in
controls, and after 16 weeks (mean
dose 0.85 Gy) the pathological for-
e of pubery ves oy -

ted (Fig. 21.19, 21.20) [8].

An increase of thyroid size was
also more often observed in children
with intrauterine exposure
weeks of gestation (Fig. 21.21).

An estimation of the thyroid
echostructure in children exposed in
utero showed that the frequency of
detecting linear fibrosls elements in
all the observation terms exceeded
the control data. If the dose of the
fetal thyroid exceeded over 0.76 Gy
in children, the disorders of its echo-
structure were significantly more of-
ten revealed than in a dose up t0 0.36
Gy, as a result of the elements of
Jinear fibrosis (Fig. 21.22),

“Thus, the results of our studies
indicate that in children exposed to
lonzig edlnion uring e
development, formed the phenom-
enon of genome instability, that

characterized by morphogenetic vari-
ants with muluvle small anomalies of
development,the i

of chromosomal sberrtions i the
somatic cells, the decrease in body
dptaon porailles 1 e cion
of adverse factors, an

Fig.21
it g e e o e

cezzzzema.

s T amia o ome

82122 Frauns of derars o et
chidren with s Inadiation a hereat dos

increase of the incidence of multi-
factorial diseases. It has been estab-
lished that a part of children with
chronic diseases was increased more
rapidly among children expased in
utero. The course of his process was
more intense in children exposed
early gestation periods. Proved that
‘The deterioration of health, physical
development of phenotypes with mul-
tiple minor abnormalies, Increasing
number of chromosomal aberration
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in somatic cells, functional disorder of the immune system and changes in the thyrold
i are associated i ing fetal develop-

ment.
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21.3 PRENATAL IRRADIATION
OF THE BRAIN

retardation, Intel-
lectual quatient (1) decmas!, poor schoo performance, microcephal, and eizars have
revesled in Hitoshima and Nagasaki A-bombing survivors exposed to radiaton in
prenatal at 815" and 15-25 ges - The latest re-appraisal
ofthe dosimetry data showed the 0.06-0.31 Gy dose theshold of a el eaon
after exposure at week 815 and 0.26-0.87 Gy at week 16-25 res ly [1]. Despite
Schizophren cases murber increased n prenaly exposed o rdin percns o
had survived after the Nagasaki A-bombing the issue of an atomic radiation role in
this excess remains open [2). In the meantime schizophrenia risk excess upon prenatal
diagnostic X-ray has been found in the Jerusalem cohort (3],

‘According to the ICRP Publication 84 (2000) 1 Sv prenatal rradiation at 2 gesta-
tion week 8-15 s believed resulting in the IQ decrease for 30 points. Every 100 mSv
of prenatal exposure of an embiyo or a fetus leads to respective 1Q lowering for o
more than 3 poinis. Severe mental retardation excess is estimated as 0.4 per 1 Sv at a
gestation week 8-15 and 10 a less extent at a week 16-25.

‘Therefore the proven human radioneuroembryological effects are: 1) cognitive
defici . the dose-related intllectual decline down to the severe mental retardaton
level, 3) seizures.
whes the iadiation occurred. Other potential radioneuroembryological effects (e,
schlmphremi) require further research.

renatl beain damage problem afte the Chormob catastrophe is uterly debat-
Sl The et ks At 1 table 21.3. It is clear form the table that
cercbral effects had been found almost in all the studies, whereas thir radiation ofigin

Issue. At that e Jepanese and total

radiological expers yl NPP accident is impr
the internal prenatal h(adhnon by the ridloanlve fodine in the last case. The UN
byl ‘brain among.

the four priority neuropsychiatric issues of the Chornobyl heriay

he World Healh Organization i 1995-1995 exceuted the Plot Project Brafn
‘Damage in Utero» within framework of the «lnternational Programme on the Health
Bifecof he Chomobyl Accidents (IPHECA). Analysis of the data recelved in Belaros
Republic, Russian Federation and Ukraine indicated the following: 1) mild cognitive
retardation in .mnanﬂy irradiated children exceeds the respective value among the
control groups; 2)
{acdente I cuee it e 3) prevalence rate of the borderline neuropsy-
chic disorders in parents of the irradiated in o children was bgher than i conrol
However IPHECA was featured by several s limitations where an absence of
individual dosimetry was the leading one. Selecnon of the exposed and non-exposed
study subjects was bases only on the value of soil radioactive contamination intensity
at a place of residence irespectlve t0 the individual radiation dose. Therefore an iden-
tification of prenatal imadiation role after the Chonobyl catastrophe in the genesis of
neuropsychiatric effects in those children remained impossible.
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Table 21.3.
vors of the Chornoby disaster

o et | ot

Sty
nemational Programme on the Health Eifects o the Ghormabyl

Accidant (PHECA), World Healt Organization (WHO), 1992-1995 " ?
Uiraine (tyagu et al, 1992-2004) e .
Belarus Rapublic (gumnov et a, 1994-2010) ot -
Russian Federation (Yermolina e al, 1994-1998) - .
USA-Ukraine (Bromet o a1, 1998-2010) N -
Atomic Radat

(UNSCEAR), 2000. * -
Fronch-Gorman Intativefor Chornobyl (FGH, 1998-2004 " .
Issas (Bar Joseph et al. 2004) + -
N Forum, 2006 . ?

ine (Loganovsky et al. 2005-2011) - .
P (Huizink et ., 2007, 2008) o -
Sueden (Almond et ., 2007) - B
Norway (Helervang et al., 2009-2011) e N

1. Nyagu and collaborators (1992-2004) had paid high enough attention o the
issue of prenatal brain damage as a result of the Chornobyl NPP accident. Their inidal
reports featured the overestimated incidence of the mental retardation in prenatally
irradiated children (up to 77%). It was assumed that thyroid radiation dose in utero
exceeding 0.3 Gy is a risk factor of neuropsychiatric effects. Further upon the inter-
national psychometric methodology application the incidence increase of mild mental
tetardation, borderline and low 1Q, emotional and behavioral disorders was found.

Both it tht he number decrase of chldren with bgh 1Q was reveled among tre
irradiated in utero. The dystunction of pi
the 0.3 Gy e u.ymm dose nmdmnnn in utero was cnmdmd as one illuznl

In cnndnsmn e neumpsychumc ahorders among ¢ pnnalally md.md clildren

from interference of the pre- and postnatal factors against the present radiation proid
in a developing brain [4]. The intellectual development disharmony due to the verbal
1Q lowering, higher incidence of the electroencephalogram (EEG) low-amplitude and
pllepifom patens with a left-hemisphere lteralization of the dysfunction, EEG delta-
and increase along,with alpha- and theta-power decline [S], ncidence increase
S8 parormol e o mentl disorders, somatoform autonomous dysfunction,
|eg bl emotionally-behavioral disorders
al period after the Chornobyl catastrophe.

“The prenatal brain damage is Comidersd eihiclogically heterogencous [6]

and sociocultural factors are the principal sources of mental disorders in prenatally irra-
diated children. The excessive incidence of the specific speech and emotional disorders.
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both with lowered general 1Q scare and increased frequency of a borderline IQ cases
‘among the exposed in utero habitants of the Belarus Republic were attributed 1o the
impact of only the social and psychological factors. At that no associations had been
found between the prenatal irradiation and decreased IQ as well as with mental health
deterioration in children [7). This stand was entirely supported by the UNSCEAR Report
2000 Annex J experts. They had arrived at a decision that the unfavorable socio-psy~
clologlcal and ociafitul ficrs b  lening ol n heorglscn of bcdalce
intellectual the prenatally

in Blars Republc
hyroid doses n utero >1 Gy) was lower vs. ll exposed children. The conclusion was
eached n the at few yesdnt nennohyslogica deviations in prenstaly imated
children in the Belarus Republic had mended and all those persons are not different
from the non-exposed control according to EEG data (8.

In the meantime the data were published on intellectual development retardation
unde the thyroid doses 0.5 Gy and more wpon Iadiaion n o and exposure up o
15 years of life [9]. More functional
(CNS), borderline IQ and abnormal EEG explained by the adaion ond perchiogial
factors especially at g
Higher disorders, hg!
development and menta rtardtion had been revealed in children iradiated i utero.
‘The mentioned phenomena they have associated with just a prenatal exposure [10].

As a result of the prospective American-Ukrainian research and the survey of
emigrant o Iracl 0 any i of  copnilve defict were foun hrough the spplied

den expoed toprenatal radiaon fterthe Chomobyl NPP accident [11)
The atenton defcs peracivty isorder (ADHD) was revealed ntead (12 N
orthy tht evacusted mothrsof the prenaially xposed chlden epored he ey
disorders in their children 4 times more often, however no any difference from control
‘was found according to the results of the applied neurapsychological tests and school
ptiieied st Almaik it that they have arrived at the conclusion that
91 anxiety” or mothers’ isk perception was of a decisive role in general and
et vealth st ot i

d have assayed neither verbal intellect
nor other functions of the dominant hemisphere (left one in right-handed persons).

‘The opinion have been offered thatthe results of “Western” studies indicate to 1o
cerebral disorders in prenatally rmadiated persons, whereas “local” research data point
ot 1o the cogaitve Gsoder xcees I them, Neverhles the UN Chormabyl Foram
experts after all have atuributed the effects of a developing brain o the key neuropsy-
et ymchl of e Chihg NP e

et et prenatal irradiation was conducted in Ukraine within French-German
Initative for Chomobyl (FGI). The 154 children were examined that were born since
April 26, 1986 till February 26, 2007 to mothers evacuated from Pripyat town to Kiev
City. The 143 their classmates were involved as a control group members. All pediat-
Tic subjects were examined by means of the Wechsler Intelligence Scale for Children
(WISC), Achenbach, and Rutier A(2) tests application. The verbal abilities and mental
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Tabe 1.
Vr ot ¢ oo dastr
Sy ottt | Faon o

Wrmatoral Programms on th Hoall EVects of e Gromabyl
Accident (PHECA), World Hoalth Organizaton (WH), 1952-1995 * ’
Uicing (Nyagu ot a, 1992-2004) - .
Bearus Repubic (gumnov et al, 1994-2010) ot —
ussian Fedaration (Yool e al, 1994-1998) - B
USA-Ukcain (Bromet o ., 1998-2010) + -
Unied Nation Scientfic Gommitss on Efets of Ao Radiation
(UNSCEAR), 200 £ -

ench-Garman Iniative for Chormobyl (FG), 1998-2004 " B
Isael(ar Joseph ot o 2004) : -
UN Ghormaby Forum, 2006 N ]
Ukaine (Loganovsky ot 2, 2006-2011) - .
Finland (Huizink o al. 2007, 2008) “ -
Sweden (Amond et a1 2007) " B
Norway (Heierang et 3, 2009-2011) “ .

‘AL Nyagu and collaborators (1992-2004) had paid bigh enough attent
issue of prenatal brain damage as a result of the Chornobyl NPP accident. Their initial
reports featured the overestimated incidence of the mental reiardation in prenatally
iadiated children (up to 77%). It was assumed that thyroid radiation dose in utero

exceeding 0.3 Gy is a risk factor of neuropsychiatric effects. Further upon the inter-
national psychometric methodology application the incidence increase of mild mental
retardation, bordetline and low 1Q, emotional and behavioral disorders was found.
Both with that the number decrease of children with high 1Q was revealed among the
imdiated in utero The radistion-induced dysuncion of pituitary-thyroid system after
the 03 Gy and more thyroid dose

ways o dren
In conclusion the nuumpsychnamc dorders among the prenatally imadiated children
asa rebral structure and resul
from interference of the pre- and postnatal factors against the present radiation effects
ina developmg rain (4, The inolecua development dshafmony due o the veral
1Q lowering ighe ncdence of the electroencephalogram (EEG) v campltude ond
wit

the paroxysmal and organic mental dlsm-devs, ‘Somatoform autonomous dysfuncton,
psycnolog-al development abnormalities, both with emotionally-behavioral disorders
were revealed in children irradiated in prenatal period after the Chornobyl catastrophe.
The prental bren damage s considered ethialogically heterogenzous (6]
maov

and sociocutural {actors are the principal sources of mental disordersin prenatally itz
diated children. The excessive incidence of the specific speech and emotional disorders
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“The described above data stand together also wih the resuls of a school perfor-
‘mance survey in prenatally exposed persons in Sweden given the radiation contamina-
tion levels after the Chornobyl NPP accident. The school performance occurred

most complete database on 562,637 Swedish citizens born in 1983-1988). The poorest
educational achievements were in persons exposed at week 8-25 upon conception and
born in Swedish regions with most heavy radioactive fallout. Prenatal iradiation there-
fore alters the cogitive abilities at a level considered before as a safe one [16].
were statistcally lower general and verbal 1Q both with more pronour

intellectul disharmony (*asymmetry”) ce o th veral 1Q dectese n childen rena-
tally exposed after
group) (see table. 21.4). Given the excluded moderate, severe and very severe teaditional
risk factors it became clear that in prenatally exposed children the named factors are

fect on a decrease of general and verbal 1Q, as well as have no impact on an
intellectul disharmony (“asymmetry”) due to the verbal IQ decrease [17).

Table 21.4. Inteligence (WISC) of the examined children

Pranataly rsdated Comparian graup
e el I N

Complets 10 (<SD), points 1225165 27 <0006 1191109
Varbal IQ (M £SD), points 1056:136 42 <001 11581143
o 1 LOHEREE N NS 09 5005 1196:94
10 <asymmetry=

(non-verbal 10— verbal 10) (Ms5D) M4z 30 0008 3skad

f children is h by the com-
bioed el e Ao et system disease if any in a child, economi-
cal factors, traditional risk factors, parental educational level (of a father especially),
mother’s somatic and mental health as well as by prenatal irradi stress factors
of the Chomoby] catastrophe. The prenatal radiation contribution o the child's intel-
ligence is In average 11% (p=0.03). At that the contribution of thyroid radiation dose
in utero is the highest at the second critical period of cerebrogenesis i.¢. week 16-25
at the time of the accident and amounts 20% in the complete Q (p=0.04) and 24% in
the vertal one (=014

El

s of the 1Q disharmony (“asymmetry”) when non-verbal IQ — verbal IQis
>25 pnlms R disharmony goes worth in a statistically reliable dependence on embryo

7=0029;see figure 2123, 5 well s on 2 gestation weeca e time o he oty
NPP accident (since week 12: 027). In prenatally exposed children suffering
but more vmnwnced " stshamors (>zs ol the doe-fec TRy b

n these cases
the embryo amd fel acion doses nd 5 of » ar somestion ot (954213
mSv; range: 46.6-102.3 mSy; =0.97; p<0.001). The power of a relationship between the
nelgencedisharmony and  gestation ek the e ofthe Chmotyt NPPacident
g0es stronger 00 8; p=0.035). The relation of an IQ disharmony in
e hidren on  thyroid o sy e surveyed t00 (871.34330.2 mSv;
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ey« 222,015l range: 421.3-1281.1 mSv =
DL p~0.05) [17].
T . “The intelligence disharmony
" due to verbal 1Q decrease can be
] consi the radionearoembry-

2
T

ological effect of a prenatal ra-
diation after the nuclear reactor
accident. The mentioned effect is

asonpy s

b s surveyed in case of an exposure at

v week 8 of gestation and later with

e w 5 fetal and thyroid doses in utero
S, v 0885 exceeding 20 mSv and 300 mSv

Fig 2123, teligene disharnony elatonsi wih respectively, and in the terms of

entryo and
o s (B 38) o lrn rnataly spsed 0 adiaon exposure since ek 16
i ey (pon-vetbal 10 Vet 1) yweek 25 with doses >10 mSv
and >200 mSv correspondingly.

in the lefc
beta-acivity amplificaion with aeralizatin t the dominant hemisphere as wel s ab-
socmalies of  normal ssymmetey f visual evoked patentials nd the venespotenal
the neurophysiological markers of  prenata radiation. The relatively
peri under the
huclear reactor accident followed hy an intensive enviconmental relesse of radicactive
1

‘The incidence of the organic mental s, psychological development onomt
ties, paroxysmal states (headache, m(gnmev and epilepriform syndromes), somatoform
autonomous dysfunction, childhood behavioral and emotional disorders was higher in
children and adolescents prenatally irradiated after the Chormobyl NPP accident.
‘The IQ disharmony undergoes an exacerbation along with gestation term that
e expline withhe thyrd g sl mpsication, Specific ears.
e with

eitase o st
ks corebogenesis: periu. iocks 1% 11,35 e e o SO parions of

NP ascidu, giom thomalailely o Tekl o s delng

period of cerebrogenesis (i.¢. gestation weeks 8-15), there were no alterations in neu-
e m\grauon "ol sse i sucha pero s small ad tyrd meabol s a1+
Llevel. I doses in radiation doses
are correspondingly negligible too. At the next critical period of cerebrogenesis (L.
gestation weeks 16-25) the activation of cellular differentiation and intensification of

‘main

limbic structures both with its pathways is completing as well as cerebral asymmetry

and hemisphere dominance appear (ICRP 49). The increase of thyroid mass with thyroid

metabolism intensification leads to an in utero thyroid radiation dose increase and em-
per “That i ical peri
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genesis (i.e. gestation weeks 16-25) %
the specific “overlap” of cerebro- 10

can explain the revealed radioneuro-

ryological effect of 1Q dishar-
mony. They ought to consider that
despite the radiosensitivity of a de-

©
@
n
®
0
o
0
»

0

Sstssesssege

fetal prenatal radiation doses on the 15 7 § RIS RE I AN BB
contrary increase then resulting in an Gestaon ek
i at thelter terms

of gestaion Le. weeks 26+ [17]. s oA

Our nitial publications sug- i3 2124, Comestora gt o rltios -
s h prevlence of uncions 40 et o e b e o
disarders of the dominant left hemi munmwwﬂmmmwhnlx
sphere and especaly o s corico- et labah ety et e b raicve
limbic strucures in children irradi- 12091
ated in utero after the Chornobyl NPP accident (5], Later we have concluded that there
was an abnormal development of the dominant hemisphere after the prenatal exposure
due to the Chomobyl catastrophe. More neuropsychiatric disorders, neurological signs
of a left hemisphere involvement, decreased indices of the complete and verbal IQ, the
1Q disharmony due to the verbal IQ decrease, disorganized EEG patterns, excess of the
EEG delta- and beta-power lateralized to the left pronto-t lemWﬁI zone along with theta-
‘and alpha-power depression and the nterhemis of information process-

prenatal irradiation and routine risk factors are the sources of those effects. The received
results should be considered within of a current concern hypothesis on schlmphmn as
a cerebral development disorder [17]

Publication in radioneuroembryology field proves the hypothesis of a possible
association of premeal erpsiae and excessive sehizophrena risk i  furher lie.

ment disorder (1, 15). Such experimental data have aleady received the clio Acal epi.
demiological xknuwledgzmml through inter alia schizophrenia risk increase after the
prenatal diagnostic X-ray in the Jerusalem cohort.

Results of the Norwegian research are especially relevant for an unbiased under-

ing of the consequences of mnaul brain exposure after the Chormobyl catastrophe
especially in the context of schizophrenia risk. The prenatally irradiated adolescents in
Notway bave the decessd nlces o v operational memory, verbal learning and
memory, information processi and executive function vs. non-exposed herd
maes. Tt must be emphasized that study results of the Norwegian authors provide new
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and substantial support o our data on a selective damage o the dominant hemisphere
after the prenatal exposure due to the Chornobyl NPP accident [20].

‘Thus, the radiation damage of human mhryn o fetus can therefore be presented
with a cognitive deficit and other neuropsy ic disorders. And these previously
unrecogaiued neoropsyehatc siecs can bt snpulmn by the relatively short-term
effect of radioactive fallout levels of which previously had been considered safe. The
neuropsychlatric monitoring of people prenatally iradiated or exposed within frst years
of life after the Chomoby catastrophe is surely required. These survivors remain under

excess of neuropsychiatric disorders including schizophrenia.
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21.4 CHILDREN BORN TO EXPOSED PARENTS

‘The consequences of the Chomobyl accident tragically affected the fortunes of
‘millions of people and will affect the health status of subsequent generations,

‘The statistic data of MPH and the SRU indicate the adverse changes in the health
it of childrena he age of 0-14, bonto rdiaion exposed ndividuals (1,2 and 3
groups of primary registration).

According to these dm, there is a significant increase of disease incidence and
primary registration)
as well as in child populaton of the Ulcaine s th ot 20 yers (Fg. 21.25)
ver, the increase of these parameters in children of the 44 group of primary
egitaion occured more Fapdly thgm i peditc population of the Ukraine (Ta-

ble 21.5). ill remain in the near o the prog-
nosic ratin.

and child pogutation of

verige rowt

o chidian
ncigence 72107 X 084:173 7008823
Provalence of diseases 2174202 858:200° 1554142 630157

sharp increase of registering certain classes of diseases in affected children
regarding child population as a whole in 2007 comparing to 1992 payed attention. For
example, endocrine diseases were increased 11.61 times, diseases of the osseomuscular
‘system — 5.34, the digestive system diseases — 5.00, mental and behavioral disorders —
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Fig. 2125,
well 2 chldron o the Ukrine

383, diseases of circulatory system —
(Table 21.6).

Tablo 216,
ol the alstaton per 1000
o o e e | A )
Sorme ectons and parasic Gseasss TWo &4 107
Neoplasms 24 73 3w
Diseases of lood and blaod.forming argans G1  ®s 131
24 28 1161
8 ms 3m
w8 w0 109
Diseases of tho circulatory systom 52 50 a7
Diseases of the respiatory organs. 16 10700 120
Disease of the cigesive organs 80 2001 50
Diseases of th skin and subcutaneaus tisus w7 w@s 1w
Diseases of ths osseomuscular systom #5108 sm
Diseaso ofths wrogental system 0 54 360
Congental defects 9 276 163
it diseases 13540 19780 130

The results of conducted studies indicate that the processes of adaptation to the.
environment, were going i
beginning from the neonatal period. A numerous group of children who were often ill
have been already formed at the first year of life. This group consisted of 49.2-58.7%.
children at the age under 6-7 years. The Immune status of children born to radiation

hanges
parameters beyond the physiological variabiliy (75.0-45.7%, i the control 24.2-18.6%),
that i the basis for the formation of chronic somatic pathology.
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Ashortening of specific wel
ght in practically healthy children
was shown (from 24.1% in 1992
10 5.8% in 2008). A number of

increased (from 21.1% in 1992 to
78.2% in 2008), and the index of
pathological lesions consisted of
5.7 in 2008 (Fig. 21.26).
Children, born to parents
who took part in the liquidation
of the Chomobyl accident con-
220 he e wn ot
zquences I 1966, e QT sy o st il sy
< pa o
4™ group nf ‘primary registration

because d bom
Who were expose o adiation in chidhood, s the ot signifcan: changes i heslh
status were just recorded in the,

(. Stpanova, V. Viovenk, 1. Kolpakov, V. Kondrashov)

215 GENETIC EFFECTS OF CHILDREN BORN
TO THE CLEAN-UP WORKERS OF

One of the most complex and controversial problems associated with the action of

descendans. No the conclusive data regarding the increase of congenial defect rate in
children born to exposed persons as a result of atomic. Somks n lostina and Nogaski

obuained in accordance with the rescarches of the Chnmobyl contingents. The absence
of genetlc effects i the first generation of exposed parent descendants was indicated in
some works (2] The oppsieresuts were abtaind by ot auihors (3, 41

13,136 children born to those persons who took part in the liquidation
o e i Chornobylaccdent ! consequencs i 1965, i he SR, cluin 1,190 cidren
registered with con fects (90.6 per 1000). Thei requency was observed
i b o e st post-accidentyeas, Begianing from e g tha hs been
passed after stopping father contact with radiation factor, the number of children with
congenital defects was reduced (Fig. 21.27).

‘The defects of the osteomuscular system took the first place; the second place was.
occupied by the heart and the vessels diseases; the third — by diseases of the urogenital
system; the forth ar — by diseases of the digestive tract and neural tube in the
structure of the congenital defecs [5].

nable definition of genetic effects in children whose fathers were
participated in the liquidation of the Chornobyl catastrophe, 788 children from 394
families who had a mother, a father and two children, one of which was conceived and
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‘born before the accident, the second

3 i T iterion of family selection for the
B | main group was the fact of ioniz-
ta07 158 1909 19w 1991 19 1953 1394 195 1998 1657 vew  ing radiation effect on the father in
the dose range from 100 to 1000

e s o of ot Chomoot TSV 25 & result of his partiipation
acldent 1988, in the Jiquidation of the Chornobyl
ccident consequences. The control

group consisted of 97 families where parents and i were o exposed t radla-

The established distribution of health groups among siblings of main group was
as follows: 13.8% children have the first group of health, 50.8% — the second, and
35.4% — the third, among siblings of the control group these indices were: 15.5%,
57.7% and 26.8%. and among probands — 17.5%, 52.6% and 29.9%. Tha
bom before the father's partcipation in clean-up works, did not differ from children of
conuol grop by the level of health.

A bor at d
]xnod i the families of cleancup workers had worse healh fnices than thir p
brothers and sistes (5bings), bor to pre-accidentl peiod and cildren of concol
group. Specific weight of probands with chronic somatic pathology was
in he main group, and a combiation of hee or more forms of Iymphupmhkmwe
pathology (57.3%, in siblings — 23.8%) was more often registet
The lowest health level was observed in children who were o n 1967-1988 —

the number of practically healthy children did not exceed 1.8% and 1.5% among them,
and the number of children with chronic somatic pathology consisted of 92.8% and
67.2%, respectively. In contrast, a number of practically healthy children among sib-
lings and probands of control group was not dependent on a year of birth and ranged
between 13.6-20.8%.

Tae21
{aniles o th Chomoby! acsdenlconsequences
Gy o | Y T Sbing: [rowes |5
Tisessesofbood and blod foring organs and
some isordrs nvohing the mmune mechanism

[ 44 131 <005

[ Diseasos of the circuiatory system 44 155 <005

X Diseases of respiratory organs. U7 468 <005

X Diseases of the digestve system 26 461 <005

X Dissses of he osteomuscular system and con- 485 788 <005
nective issue

xw Diseases of the urogenit 109 199 <005
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diseases of hemopoletic, %
cardiovascular, respiratory, diges- %
tive and osteomuscular systems g
and diseases of the connective tis-
sue, the urogenital system were
‘more frequently found among the 20
probands of the main group than

shlings (Take 217). Shisor powesol Shwgsor ool
' fahor exposure be- OO sy magsy RG]

fore pmbmd conception increases DA% oo @ Mutphraes Oty
the risk of development and real. P 21.25. Distiution of chidren I abserved roups by the
ization of multifactorial diseases in "™ PeseE
child. The lowest health indices were noted in children, conceived in the nearest term
e the stoppin [thersconct with e radini fco
‘The clinical at

e e i of B R et G il S o
dwzlnpmam in children (Fig. 21.28) [12].

Application of mathematical tools, based on the method of accounting group
arguments [7, 8] gave an opportunity to choose the whole complex of classforming fe-
atures that were characteristic for children born at the post-accidental period in families
of the Chornoby] accident clean-up workers, and allow to distinguish them among all
the examined patients. With instrumental and software complex for solving numerical
assessment of phenotype it was revealed that the morphogeneic variants were
terized by the pmem of multiple dysembriogenesis stigmata in majority of siblings,
anﬂ 54.. 1ses, their number included at least five of SA with the next complex
atures: an mmand extensibility of the skin, teleangiectasias, an increased joint mo-
osture, flat foot, dysplasia of the heart connective tissue struc-

lities nl the gastrointestinal tract and anomalies in the development of
cup-pelvic kidney system.

‘Among siblings of main group, and siblings and probands of control groups such
phenotype was noted no less than in 13.5%. 1. e. four times less often than in children
bom t0 exposed parents. The probability of corect recognition was 0.8030 [5]. It can
be ﬁsnmed llm the so- ulled adaptophenotype was formed in children born to ested

parent
e complexe of te sigs at the diffrent eves of phem(yplc polymorphism [91

Asitis known, dysplasia of the connective tissue is the consequence of its disor-
der in embryonic development and postnatal periods as a result of genetically modified
fibrillogenesis in extracellular matrix, leading to homeostasis disorder at the tissue and
organism levels in the form of various morphofunctional disorders i the visceral and
Tocomotor organs with progredient course [10]. In our opinion, a higher frequency of
small” comective tssue dysplasia i probands of the main group i a relecon of
his p

Complnsnn of ctogensicanlyss s showed tht he ey of chromo-
higher (4.1

e it o ot oo
P<0.01, mainly due to increased d:mages P e eomosime type — (3.19:003)%
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and as aexo 01)%, p<0.01, while chromatid aberrations were recorded with the same

(0.96:0.13)% and (0.93:0.14)%, p>0.05. An appearence of the stable
s damage was more often noted in probands than in siblings (2.83:0.03)%
and (1.690.04)%, p<0.05, respectively. A wide range of different types of cylogenzﬂc
abnormalities was observed in children of both groups, but the frequency of proband
deletions (1.88£0.03) wasmghenhanmlmslbllngs

— P<0.05.
‘2 number of aberrations detected in the proband and his father (d=0.620) [11].

Molecularand genetc sudes using sategy of multilocus DNA-fingerprinting,
allowed to reveale the appearance o probands, that were ot observed
i either parents, nor slblmgs orn before he athr parcipaton in quidatin of the
Choragy scient conseqences (12

‘Comparative analysis of individual RAPD-PCR fingerprints and inter-SSR-PCR o
DNA matrices in the descendants allowed (o reveal an increased (5.6 nmes] varhhlll(y
children born at

period in the families of clean-up workers [12).

Analysis of new band frequency depending on the time that has passed since
slnppmg father's contact with radiation factor before proband conception and father’s
radiation doses, showed that this dependence was nonlinear and can be escribed by a
‘model of such form

=it [bg - exp(-ay * 1) - exp(-a - D) - exp(-s - D - 0] )
whrey— the umber of ew bands; ¢ — e hat has pased since he cessallon of
the father's contact with radiation factor before proband conception (months); D
of father’s imadation, sSv.; coefficients have the lnllnwlng ‘meanings: by=5.1167: o
= 0.0460895, 9, = 0.00001
“The coeficent determining R was 0.8435, F-staisics — 106574,
This, he resuls o genamic dactyoscapy ndcate that fer's adiadon n the

msv o
incese inmuion requencyof mcrosatele DNA am poml tothe pnsubll-
ity of wransmission into. somati
m. s ot did not e»mde poreis,so the majoriy of muttions
arriers. Howeve, it s

if the number of mutations was increased in one part of the genome as a ot e
this to some extent can reflect the changes in the whole genetic apparatus.

Radiation disorders induced in the parental germline cells can be detected a dif-
ferent stages of descendant ontogenesis. In postnatal ontogeness the “small” mutations
ihatare in eteraygous sate, cause the destailzation of herediry sirucures, Maybe

“physioloical inferiority” and

o (xpnsed parent descendants [13]. The presence of multiple dysmorphias, organ dys-
plasias. increased frequency of chromosomal aberrations and mutations of microsatelite
DA fraction can be the consequence of genome hereditary instability in the descendants
of exposed individuals. Al this contributes to the disorder of adaptation processes o
Tiving conditi i i factorial
pathology, and reduced health level in children born to exposed parents [3, 141.

(k. Stepanova, 0. Skvarska)
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21.6 HEALTH STATUS IN FIRST-GENERATION DESCENDANTS
OF PERSONS, EXPOSED IN CHILDHOOD AS A RESULT
OF THE CHORNOBYL ACCIDENT

Forhe years tha werepassd sncethe Chornoby ctastrophe, mldm and ado-

radioisotopes, and other i the Chomobyl r:zuslmphe. have reached
the reproductive age and became parents themselves. The resulis of many researchers
Sugacst the profound changes n the Bl sats of tis victm contingent, hit can be
affected on the health of their newbom

The examinaton of cidren bor o th, parents evacuated from Prypiat city and
30-km zone of ool the 1 grow) in hidhood; the children-nabians of the

and the es of radioactive contamination whose parents were children at the
{ime of the accidont, wee lved and are sl living in these populated areas (the 2
group). The thyroid doses of parents in the 1% group of children were ranged from 0.40
10270 Gy, total imadiaton doses - from 8.4 0 2713 mSv; and from 0.11 0 7.66

sy, from 4.29 to 44,70 mSv, respectively in the 20 group. The control group consisted
oF e o . i e of similar age, that were not related t0 the affected
contingents.

Childen of borh main geoups were charactoized by the low levels of bealh, a
number of|
with a complex examination e o of pathological lesions eached 330

Physical development, which is one of the main criteria characterizing health
status was disharmoniously different in 62.40-62.58% of children. The frequency of
barmonlous disoders n physcl development wa lcrssed owing 1o children ith

body mass defcit elativ o the growh i the 1 group, and addmonilly dueto the
incrased mumber o chldren with growth deﬁclenq/ in the 204

Nearly  quate (24.6%) f the chldren-residots n radiaion contaminated
had dysharmony of the physica development conected with a backlog of bioogical
age from passport (Fig. 21.29) [15].

me features of the phenotype in the main groups of children were revealed by
clinicl and gentic sudis. An ncrase n a mumber of small anomalis on average
per one child in the main groups
compared with controls (in the 1

4.2340.10) atiracted the attention.
An increased frequency of mor-
phogenetic variants with multiple
dysmnrpmas among children of

groups, including SA of the
muscnlnskelelal system, the con-

analysis of revealed small anoma-  Fig, 2129, istributin of chidren I the man groups by ndices
lies [16]. of growth
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‘The significant differences of the functional state in the respiratory system were
found anly i childen-esidens of the contaminaed aess comparing o conrl. The
increased frequency of deviations from e pormal ndices o broncial paency y, caused
by bronchial hyperreactivity was noted. A frequency of bronchial penescivy (oal
irequency of visible and latent bmncnnspasm) excoeded thel contro ndices 2. s
(40.0% and 18.3%. respectively), p=<

“The research of non respiratory pul.mumly funcion shown that a decrease in spe-
i increase intention of
(51 in the condencate of expird st (GEA). & decteasd conten of total lipids (TL)
in CEA, the tendency to the phospholipid (PL) decrease, were evidence of the super-
icial-active substance content in CEA pulmonary surfactant. The index of nonspecific
respiratory protection — CEA antitryptic activity (ATA), had the tendency to declining
telative index of the control group in the children of the 2% group and was equal to
(4,6620.69) TU/ml and (5.39:0.78) TU/ml. p>0.05, respectively (Table 21.8) [17).

Table 21.8. Indices
o clehond

s [ oevoor | weroos | crmiomy
e s 75 s "
‘Frequency of bronchial hyperreactivity,% 275 400" 212
SPM. mki1 297435 27.3226° 346124
GEA Sih, mhim 02055 7016048 6054081
TL, mkg/ml 3.08:0.61 2792044 4172053
PL, mkg/ml 0.396+0.077  0.303 £0.052 0.434£0.056.
ATA\U/mI 522101 4.66 2069 530 £0.78
S of CEA. imp. 500119144 5296427012° 30657645223

“sgnfcas differnces o conrols, <05
e pronounced changes in CEA initited chemiluminescence that were indices
of the nensfcaton of pulmonay fee radcal proceses ad been revealed in the
chidren esidens of th rdiosctive conaminted terores, Thus, the light sum in-
Gex of CEA Inioed chemilaminescence (5) significandy (173 tines) exceeded
index of conel groun, p<0.05. An activation of body free radical processes was also
established according to light sum of initiated chemituminescence of blood serum —
(126,535+16,018) imp, in controls — (79,322410,145) imp., p<0.05.
A e ad

f both main groups. i

‘youngg

sem o environmental conditions was satisfactory in the elder school age. However,
‘was ensured with the inadequate processes of vegetative regulation of the heart rate,

ity due to humoral channel of regulation under isignficant pariciaton of the

was confirmed by rtsulls of modeling proloned functional loading, that e
dominance of veget ant for ensuring activity with the lack of sympathoadrenal
system connection, pristay asympalbolumnt in the majority of children [18).
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“The changes in the hep-
atobiliary system were char-
acterized by high frequency
of distonic and dyskinetic
echosymptoms in the biliary
tract, the presence of the gall
bladder deformities in chil-
dren of both main groups. A
prevalence of pancreatic reac-
tive disorders and parenchy- s

mal dysmzlaboll( processes W ongay O iy
was observ Fig 2130 Frequens
‘miotics of g;sm;duodenal d- ey e plyuisigical

mages in the children-inhabit-

ants of mucosal
changes nwmg o increased frequency of P awophic ersive, ulceratve and
red in childhood

from Prypiat and the 30-km Chomoby o
he nmdnmnuml Changes n e kmmune sus were egiteed In ehildren of
lecrease in the relative number of CD3*S6* — lymphocytes, an
imbalance of rmunoregulatoy subpopuaion,the decreased el of gh, 3
in the number of phagocyies and more higher frequency o deviations of individuat
parameters beyond the limits of physiological varhllons (Fig. 21.30). These changes
were more pronounced in children of the 2 gro
"o ekt th hypothsis o the probable comnecon becween the presence of child's
tespiratory pathology of immunodeficiency states and the factors of endogenous and
data of family history and tive factors affect-
ing the parents before child birth, including the dose of total radiation and thyroid dose
loaing the corltionanayss s coreltoncoeficiens of Spien and Pearson
was performed, and also the coefficient of relative risk was calculated.
1t was established that the formation of multfactorial palhulogy in children bon
factors, the leading
of which ar rden heredity, un{avorable mic-soclal envronmént, numetous med:
cal and biological risk factors of mother and father, some pathological conditions of
the child in the infant term, certain features of early child age. A significant correlation
between the thyroid dose of mother, a dose of total iradiation of mother and/or father
and the development of immunodeficiency states in their children was established. The
content of 17Cs in the child body has negative influence on the functional status of
broncho-pulmonary system, that caused the increased risk of chronic nonspecific pul-
monary diseases [19].
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CHAPTER 22 THY'ROID AND REPRODUCTIVE
SYSTEM IN CHILDREN EXPOSED
TO IONIZING RADIATION AFTER
THE CHORNOBYL NPP ACCIDENT
AND IN OFFSPRING OF EXPOSED
PARENTS

he highest doses of radiation after thyroid exposure to radioac-
tive fodine in 1986 occurred in pediatric population of several
regions of Ukraine including in particuler the Popia and Chomcty cis aud some
0-km zone tory.
an eniire specium of s sotapes wh vaious alf e periods was a principal dose
source there. Dose range was rather wide in survivors; there were no dose enough for
thyroid destruction [1]. Any radiation doses however are recognized as hazardous from
sad mankind evidence in this field [2].

Nowadays hundred thousand of children reside under low radiation dose impact
upon the episode of exposure from radioactive fodine after the Chornobyl NPP accident,
Al that makes an unfavorable impact on the regulation of mataton proceses I+
child and on the onset and course of some diseases conseque

Hightisk groups of radiaion effecs rom radioiodine s exposnre 0 thyroid and
other endocrine glands are therefore persons who had received high thyroid radiation
doses in childhood or prenatally, as the named life periods are critical for the function
blishing of hypothalamic-pititary-thyroid regulatory system.
dren been exposed to the short-lving isotopes of radioactive fodine within first
round-the-clock after the accident are the supreme-risk group for thyroid disease.

15 possess an important place within growing morbidity of the
Chornobyl NPP accident survivors. Those disorders are represented by thyroid and
other endocrine organ radiatlon effects, both with abnormalities that define, follow
o compensate the appeared functional and structural disorders of several organs and
systems.

From the evidence of studies of health consequences of past massive population
exposure from radioactive iodine in particular the thyroid cancer, nodular goiter and
hypotbyroidism were an expected thyroid disease [3].
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22.1 IMMEDIATE EFFECTS OF THE CHORNOBYL
NPP ACCIDENT

Pathways of thyroid disease in children survived from the impact of radioactive
fodine aftr the Chomobyl catastrophe are (o some extent represented by an abnomal
regulation from ple. Thyid

it o Bccion: hal
‘mus-hypophysis-thyroid [4]. Tonizing radiation can lmpacl on both direct and reversed
links in this system i.¢. on pathways tropic hormone — target gland, peripheral gland
| endocring ing peripheral function (51, Func-
tion of this complex is critcal for the adequate response of organism on all is el
of lmegnnon and extent of adaptation-protective reactions. That's why it is logical to

e the radiation exposu

Prenatal peciod and ey postal ane are tecogized 25 citical frames of onto-
genesis ration depends
on species-specific peculiarities of a final enablishing of hypothalamic-pitaary-hy-
roid system function in systemic regulation [6]. Thyroid exposute in an early postnatal
period is followed by a transient hyperfunction ot evenally can transtorm o the
hypofunction [4].

other effects of pediatric exp the Chor-
nobyl NPP accident can also be the result of thyrold autoimmunity [7]

“Thyrold parenchyma i slowly proliferating and radiation effects therefore can
oceur a long time later upon the irradiation.

Benign and malignant neoplasm can be expected as the effects of 0.1-15 Gy radia-
tion dose range exposure. Higher doses can lead to structural abnormalitis of thyroid
resulting in chronic autoimmune disease and hypothyroidism [8]. Hyperthyroxinemia

” o e e

Towed by of normal TSH-thyroxin the ey rdiscn
response 1o radiation within first year in children survives after the accident
year of year and a half the serum thyroxin content had become normal and emined
S0 further (8].

‘Abrormal serum TSH concentration not compliant with the feedback circuit de-
pendencies ndctes 1o other besides mymd pathways of accident factors impact on

g
survivors the o pedlamt evacuees from the 30-km zone 7-8 months
upon evacuation were interpreted as an abnormal regulation within hypothalamic-pitu-
iary-thyroid system. Later on the average TSH values were not different from normal
s g 1A hyperthyroxinemia [8].
yroxinemia was typicel mainly for the persons having the lhymld g

Lion doses 2 Gy and more. Average values of thyroxinemia then became norma to
S0 there was a thyrold system hyperfunction within first years upon he sccient
can be regarded on the one lmld o mamn i eneral siress reaction 1o the accident

other as an effect iodine leading to phase deviations in
thyrotd function. It means imition (ollawed by a functional depression. That Is why
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S0, no significant increase of thyroid dysfunction or any evident thyroid disease
‘except thyroid cancer incidence 15 years upon the Chornobyl NPP accident was found
in survived children L. evacuees from the exclusion zone or dwellers of contaminated
territories been 0-3 years old at the time of accident. It is most prabably stipulated by
the age pecliarities o children L.e. despite radioactive fodine induce thyroid structu
abnomnaites the age-related tisue prolieraion provides norma gland fnction. The
structural state and function of thyroid and thyrocytes as elementary units was uneven
resulting in different radiation doses and polymorphous pattern of radiation injury.
“Thos the remote effects of radiation related to thyroid dysfunction and hypothyroid-
sm in particular are expected to onset along with growth and maturation of a child o
adolescent.

22.3 SOMATOSEXUAL DEVELOPMENT IN PEDIATRIC
SURVIVORS OF THE CHORNOBYL NPP ACCIDENT

re o radioactive fodine in a child can lead not only to thyroid disease but

also to abnormal rates of physical and sexual development, Fetal growth in prenatal
period is genetically determined. After birth and up t0 a pubertal period the human
Browh isunder ontol o thyroid bormones,growth hommone and suln, Aftr puberty
onset the role of meationed hormones decreases whereas body appears under
the increasing control of sex hormones that accelerate bone differentiation much more
than linear growth

isorders of hypothalamic-pituitary-gonadal system can lead to pronounces -
normalities of reproductive system. Ionizing radiation effects the cerebral structure
including hypothalams responsie for sexual differentiation of  fotal brain. Clinical
presentationof ansbnoral sexual dewlopment occurs s a e np

ar damage by ionizing radiation can substantial

of pubeny Radiion reistance increases along with cllulardiferenditon. Themlon

con e to et of spﬂmzmznld quany witin 1 year, et i their ncvvery
occurs. are injured
the camplee sty occurs soon [11], Tertital (Leydig) cels proccing ancrogens
are resistant (0 radiation and remain morphologically unchanged even under exposure
0 radiation with cumlative does of S0 Gy [17), Expermenal sudie have shown
however slowly re tissues (gonadal ones in particular) are stll susceptible to
Tadiaion impact bt manfestation of espective abrormalities appears delayed in time
due to a specific biological issues [18].

Puberty in gils 0 the athr extent s deined by ovarian funtion providin femi-

al development can be linked mnu than gonadl injury 0 dysn.num of central regula-
tion of rticularly of by regulation [19].

s clinically evident um slow physical development in adolescents closely cor-
relates with pubertal retardatior
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Environmental deterioration can lead to endocrine disorders including the hypo-
thalamic-pituitary-gonadal system that Is capable to make an impact on both physical
sexual development of a child and his health in a whole [20].
refore an abnormal thyroid function induced by radiation can lead o disorders
of s seral deveoprmen.

was held 15 years NP
accidet Iy 4500 hiren 2416 years old exposed to incorporated radioactive iodine,
namely 1400 evacuees from the 30-km exclusion zone, 940 dwellers of Kyly region,
1200 residents of Rivne region, and 960 native residents of Kyl cly.

Normal physical development In pediatric survivors of the Chnmobyl accident
depending on a study subgroup was within range 63.1-85% of subjecs, shot staure
s found n 2.5-6.6%, suoman .29, nanism — in 0.2-1.2%, high stat-
ure — in 49-19.5%, subglganism — in 26-12.2%, and ggandis — n 0.6 54%
of cases (Tlhle 228).

roportion of p velopment (%) In chikdren evacuated trom the exclusion zone,
et o Rt Chenn K m and Kiev cly a5 a compare group

caegotes Ko iy

h 778
Gigantism (>3 o) 154
Subgigantism (>2 o) 122
High stature (>1 o) 195
Normal range (+1 o) 31
36

Short stature (<1 o)
Subnanism (<2 o)
o)

Increased incidence of a short stature was found in children residing on the con-
taminated territories vs. evacuees that was stipulated by a derimental impact of fodine
deficiency which consequences are most evident in childhood because of a dietary
peculiariies, both with some other unfavorable environmental factors. Increased inci-
dence of a high stature in the 30-klometer zone evacuees and Kyiv city population was
surveyed In 1990 and in 2000-2003. Incidence of growth retardation remaled o
stable. Acceleration ph from the 30-km
exclusion zone and amoog Kylv chy residns can b explaned, besides adindon by
whenzacon,chemic) exposare

urvey of a sexual nmlupm« in evacuees from the exclusion zone having

nonwoxic gole,nodun

Jar golter had uvnlrd ety deiations I 44%6 of themn, Nomely avaran-mensrul

cycle abnormalities were diagnosed in 12% of girls, pubertal gynecomastia in its tum
was found In 14.1% of boys.

ar volume decrease was found at a testicular ulrasound examination in about

one-third of boys having thyrold disease and pubertal gynecomastia, abnormal testicular

location Le. stable or unstable inguinal retention was revealed in about 4% of them. Ab-

ts

normal s igh
of epididymidis were found in 17.4% of boys having evident thyroid disease.
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Analysis of puberty rate indices had b« ol e of el s
in93% of gils evacute rom the 304 one, eardation was oudn 6.3, sccles
o cass. Normal I s clcated I 96% of boys, etardtion —
i md 50 acceleration was found.

yiv region residents the pubertal maturation index was normal in 99.4% of
gils it serasion ot o o 6% of cases. Normal index was calculated in 97.3%
and retardation — in 2.7% of

Normal index of pnbeml aturation was esimated i 87.7% long with rearda-
tion or acceleration in 2.3% of Kylv city dwellers.

Pelvic ultrasound in girls 15-17 years oM evataed from the 300 2one -
cated a slight decrease of uterine and ovar jons vs. normal values. Irregular
ovarian echostructure was found at that, namzly i mierfolhutar avary n 18.4%

and dense capsule — in 9.4% of girls. Such abnormalities were typical in high-stature
girls suffering pubertal-juvenile dyspituitarism (Table 22.9).

Table 229,
inthe age up to 3 years olg

o - [ mamowy | etowy
Y0P [l [ won | e | tean | wen | tan | view |
Evacunes from y
Bl 10T g2 0107:007 AU 15209 52T RS2 WAL

Kiev province y y .
Wt S0831579 41461649 2038:622 32174514 1583313 31715809 17.0055.05

Kiev ity popula-
tion

60.0045.67 39404410 BAT0372 3290331 18162217 3436346 17.72:206

Similar research of intecnal genitalia in Kyiv city and Kyiv region female children
also showed a slight decrease of uterine and ovarian size vs. normal values. liregular
tchoslmcmm was found in 12.4% and 15.2%, dense capsule — in 6.4% and 8.1%
respectively.

s having
swucure am small size in 9.7% Pyt iy,
was found between the 30-k , Kyiv

region and Kylv el
ter pubertal pt ified

1oid disease, Namely there I an incress of puberal dlnnczphalk syndmme incidence

represented by obesity grade I, multiple stretch marks (striae cutis distensae), ovar-

Tan mensrua)cyel apnormalliesn i, and puberal gyoccomasi n bays.

Study results coincide with data from scientific publications on the point that
hypothalamic-pituitary-gonadal dysfunction through gonad size decrease, increased
incidence of hypoechotic structures and “microfollicular” ovary is peculiar for children
evacuated from the Choraobyl NP exclusion zone.

Biological age is 1o the most extent correlating with maturation parameters of
a child/adolescent (body length, growth rate, sexual development). Identification of
a biological (otherwise “bone”) age by means of hand X-ray is the most recognized
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ooroach i cliocal peanics, Ve of sppruac i dodles 2 it el rellecs
Physical st and prsonl body ype fes

the growth age e
children from the 30-k
(Table 22.10).
Tablo 2210, Inces o bioloical ©
renatal peiod and age p o 3 years
- Eacves rom e 5 omatr o e
d Py >
Growth age ndex (GA) 5750015
Ossication index (01) 0820017
con 0%2:001

Signfcant inergroup dference (p<0.05)

Calculation of the ossification index (OI) in children having thyroid exposed and

non-exposed 0 ioising raaon L. evacuees from the 30-km zone and Kyivcityresi-

Significant

intergroup difference of OI however indicates to more grade of skeletal maturation in
persons having exposed thyroid vs. those not exposed t0 ionizing radiation,

ZATHE THYROID AND THE SEXUAL MATVBATION JN CHILIREN
RN FROM PERSONS BEING CHILDREN THEMSEI
AT THE TIME OF CHORNOBYL NPP ACCIDENT

Survey of chidren bom to persons beng children themselves t e i of Chr.

rd child

that pi nd
pothalamic.pita dal levels, Allthat results -
. Therefore

and possibly in thyroid disease and disorders of somatic-sexual development.
possess a ey pi o

homobyl accid in whom incidence of
‘numbers 45.3% vs. 28.6% in childre +exposed parents. Therefore
of parents exposed to radioactive oineor s refoscive sowen sspectaly n
childhood are the risk group of both thyroid disease and disorders of somato-sexual
development
Trcidence of body mass exces and obesly I such children s 24%, Disoders
of carbohydrate metabolism Le. glucose intolerance and type 2 diabetes mellitus are
pathogenetically stipulated just by insulinresistance being the factor of numerous sys
temic metabolic disorders a5 a some kind of “vicious circle” fundamental for metabol
syndrome X.
Pubeal dencphaic syniome was o1 756% o s, gocse xcern-
ce— in 61.1%, obeslty grade I — in 28.79%, grade 1l — in 45.4%,
grade IV — in 3.7% of children respectively. Thyroid disease namely o
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goiter grade la was diagnosed in 44.4%, grade b — in 25%, chronic thyroiditis — in
11,1% of them. Risk group of chronic thyroiditis numbered 20,4% of children. Abnormal
vrian-menstil cyce wes dagnosd in 16.6% of girs, puberl gynecomastia — n
324% of boys resy

Dysfunction of hypnmz]amk pituitary-gonadal system was found as the obesity
grade I-1V, multple stretch marks (striae cutis distensae) on chest, shoulder, a
and hip skin, asymmetry of the arterial blood pressure up to 15 mm Hg. There were
‘complaints on increased appetite (about 50% of cases), fatigue (42%), memory deterio-
ration (22.5%), headache (44.4%), hairloss (11.2%).

‘Thyroid function tests indicated the abnormal (increased) TSH levels in 17.5%
of cases numbering in average 5.12:1.6 mU/L, free thyroxin concentration was at that
malie. 126042 ol 0 v
as identified in hat can b

pensatory pathways in a pubertal period.
Deviation of the sexual development rates is a reflection of abnormal hypotha-
lamic regulation of pituitary gonadotropic function, particularly of changed normal
ratio between luteinizing and follicle stimulating hormones specially in children and
e pubertal hh ) abnormalit

rta

lead to ovarian sclerocystosis with consecutive reproductive disorders.
‘The held studies in children having disorders of carbohydrate and lipid metabo-

Vs dagrosed trough th assay of C-peptide, immune-saciive insulin, and leptin had

shown the i o 3080 ol shem.

pathogenetically stipulated by flnrmeren being a causative factor of a range of

systemic metabolic disorders.Inobesity it s ollowed by th letnresisance. Moreover

obesity in children kg

of hyperleptinemia (Table S 1).

Table 22.11. Serum conlnt of Immune-reactive Insull, C-peptde, legtn and glucose depending o0

obesly grade In children bom from persons exposed o lonizing radiation n a chidhood after the
‘CHNPP accident (Wem)
o
s G b 251
Tmmune-Teactve nsuim, pmoiL 148245 123558 197261
C-peptide, plL 10086:3072 121845458  185415378.0"
Loptin pyL. 142646 196588 242:94°
“Sigifcat iergoup 1 8 2,1 & diffcence (7<0.05)
Compare of the d d

sion that there is a discrepancy in 18.2% of obeslly grade I cases, in 15.5% of grade I,
and in 20.3% of grade 1L In our opinion the matter s that rates of insulin and C-peptide
degradation upon split-up of proinsulin molecule are to 3 much extent variable under
the impact of ionizing radiation o after that.

wal maturation index calculated according to Tanner’s scale. In 88.4% of girls
it was within normal range, 7% of them suffered a pubertal retardation, 4.6% were
peculiar with acceleration.




608 HEALTH EFFECTS OF THE CHORNOBYL ACCIDENT —
 Quarter of Century Aftermath

Abnormal hypothalamic regulation of pituitary gonadotropic function, namely
Changes in 3 norma rato of tcniing and follce scimulating hormones can be con-

including an anovulatory cycles were most lm]llnnl.ly found in girls. Possibly it can be
explained by a relative hyperestrogenemia due to an amplified conversion of androgens

estrogens in adipocytes, serum progesterone decrease and abnormal secretion of lu-
teinizing hormone. Such events lead to ovarian sclerocystosis followed by reproductive
disorders later (Table 22.12).

o ki s o PP st (Mem)

7 s Estadil | Testostoan

b o i oumy) | umy | poml) | eml)
Chiiron having abesiy with M 0626014 1148021 185614 0438016
insulicesistance and leptire- — F 1924012
Children having obesity witn S L E
naither insulinresistance nor F o 3821018 4962021
Ieplinresistance

FSH (P00

“sgfcan wr < sgnifcan
airts; signfant merroup dfrence o esoserons (P05 1 b
terine and ovarian size decrease was found by means of ultrasound of inernal
genitalia In respectively 25.9% and 16.6% of girls 12-14 years old been bor from
peron exposed o foniing rdiation n  hidhood afe the Chorobyl NPP accide.
ble as a ovary in 14.8% of
cass and dense capsule i 9.3% of girls. Extent of revealed structurlal sveim :hnar-
mlies s ot enough (o concludeof disase oset,bu s n r consi
uch cases a3 a sk goup of polycysic ovary syndrome. Iregula echosrucare hrough
e “microfolculat ovary pattetn was more often in the high-stawure girls suffering
pubertal diencephalic syndrome,

Conclusion

d dis-
e exepthyrld cancer e cident 15 yers e e Chormobyl NEP accdent or
hildren who were 0-3 years old at that time. Obviously it s related to age peculiarities
ofhe chidren. Exposare & o radicactive iodine certanly leads (0 strucural thyrod ab-
normalites, but the a
a rather long time. Taking into account e and experience of the past radiation
scidens nd evens iz nypumymmssm can be expected in young pediatric survivors
within dozens of years
Minimal et period of thyroid cancer onset is about 5 years, whereas thyroid
cancer risk may per P (0 50 years.
‘The revealed discrepancies in a chronic thyroidits incidence in children evacu-
ated from the exclusion zone, living in Rivne, Chemihiv, Kyiv regions and Kyiv city
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almnu probably related to an impact of radiation on the background of iodine de-

Reciaton afer the Chomobyl NPP aciden Induces the dyshormona piitary-
thyroid disoders amly the atentthyrid dysfuncto, Tough the pathway
such a dysfunction leads to jucing a thyroid perp
that can ultimately result e i growth.

sical development of children after the thyroid exposure to radioactive fodine.
15 not sgnificanty diferen fom novmal range nices.

Formation of a peak bone mass s accelerated in children exposed to high thyroid
radiation doses. Concept of a radiation impact on matutation processes is worth an at-
teion s dhe e gingcanbe e consequencehere.

Results of ultrasound examination of gonads indicates o the trend of decreased
and increased incidence of micetaliculr ovatan suctre in vacuated
testicular structure
(vasnlr dlso, vl tickeming small epididymal cysts), both with an abnormal

ation i.e. stable or unstable inguinal retention in 4% of evacuated boys having an
evden iyt esse. The et s nicnve o an et foncion of he

hypolhallml uiary-gonadal system.
radiation in a child-

hood afer the Chomobyl NPP acc-d«u had revealed some disorders of the central and
peripheral pathways of hormonal regulation being clinically evident as obesiy, insu-
linresistance, leptincesistance, abnormal thyroid metabolism, disorders of a menstrual
cycle establishing at a background of some decrease of ovarian size and their irregular
echostructure all resulting in the dysfunctional disorders being risk factors of female
and male inferulity.

ovarian
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cunersn 23 (GENETIC MONITORING
OF CONGENITAL
MALFORMATIONS
AND THE INHERITED
PATHOLOGY

frer Chomobyl NP accident some authors reported on the in-

sed number of cases of birth defects in regions of Ukraine
with radiationnuclide contamination. At the same time, some scientists are inclined
o el o o it ncense of i elecs frcmeney e el
pathology takes place both on radiationuclide contaminated and uncontami r
itories of Ukraine [1]. It is known that alterations in the genetic health of pnpulillon
are condidoned by both direct radiation nfluence and complex of facors of chemical,

lnpul in :m..m; of birth defects.

Anaually up to 13 thousand children are born with innate and inherited pathology
In Ukraine. s frequency is about 30 per 1000 born alive, the risk of it origin increased
1.3 times for the last decades. Genetic diseases stably occupy the second place in the
et o lofas il apellng e thedet of Mlaaiy of ublic Bl of

h i ol
of factors, which can present a threat for the gene pool elpopnhnon “wib simaantous
realization of measures, aimed to diminish genetic load for next generations takes an
important place in researches in Ukraine.

In an ideal situation the genetic monitoring of birth defects (BD) must have the
detailed and high-quality information about BD, which occured not only in live-born
but al liborn, as well i ducted af

the revealing of development defect in foetus. The account of all cases can consider-
ably change the indices of birth defects [2]. In addition, the genetic monltoring includes

regions of the CIS. Different methods for the estimation of frequency of this pathology
such us statistical data of health protection agencies, current registration with diagnos-
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tics of “model forms”, retrospective methods with the analysis of documentation of
ety Bophals, . wece e by esemcbect. The e, of BO fesuency I
these inves rstipng vad wide enough and varied from 4.2 1o 55 per 1000

(1000 wb) [2-4]

i o, ascilltes in wide limits: from 15:1000 b to above 50:1000. Probably,
not only geography of
o s el of sacil envionment, evelopmentofscier,system ofhelth pm(xl.hn
and, in parti
BD goes phmy e Japan in spte of permanent urbanizaton, senescence of
population and decline of birth-rate. 1t is explained largely by development and realiza-
o, f s gt pesonln, e st o i aenalie T feguiney of
BD for new-bom children as the average presents as 16-20 per 1000 wb according to
the data of the European researchers from France, Spain, Hungary, and Poland, although
its expected frequency would be considerably higher — 60:1000 [5-7].

General prevalence of BD in new-bom demonsirats the e nal differences in
D 183000 —Jn Tl L2-132000 —fo Lk, 2 71000 — I Sl mnl
11,5:1000— I lained
by the different level of ion in me et s Tty w01

Mariupol, where emlnglczl siuation spproches to caastrophic (5, 91

Since 2002, a joint Ukrainian-American research program “Prevention of birth
defects” started in the regions of Ukraine, which suffered from the action of factors of
the Chomoby] catastrophe. Extraordinarily high frequency of birth defects was shown
‘convincingly for children, whose mothers lived on teritory with chronic influence of
Lo st it Lafgedrale ebsieienof e o f folleact] e
also conducted in relation to the neural tube defects in new-born

Ma«mak and met hods

ports of regional centres of medical statistics and medical-genetic centres
(form o, a5y, apried by te ke it My f il et o Ukilie
from 16.06.1993, No 141) were anal
Snistics of Ukrdine were wsd for demmlmng e et of e o T registers,
created according to interational standards in district medical-genetic consultations
served as basic materials.

Frequencies of birth defects [10] were estimated in Kyiv, Zhytomyr, Chernihiv,
Volhynia and Rivne reglnns o, i gl sl f Wil €y
district of
was condeted by g the dats from he RCRM, Sae Commitee for Seaistes of
Ukraine, Governmental portal and data of iterature [11-17).

phaly, spina bifida, encephalocele, hydrocra-

‘hypoplasi ﬂleltﬁhﬂl\,.,- 3

nium,
o p lvage
ot o i hypnspadus, epispadi, extophy . winry badder, S
redcton defecs,daphogrmatcele, rphalocee, gt wers e
avironmental influence was estimated by the dose for setlements calculated in
dosimetic possporizaton of Ueain [12)and nalyst ofchemical contaminaion
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23.1 THE BIRTH DEFECTS FREQUENCY ANALYSIS
IN REGIONS OF UKRAINE

Volhynia region. Frequency of birth defects was analysed for the period from
1997 1o 2006 using statistcal materals of regional medlcnl»gumuc consulfation (Fig.
23.1). The oscillation requency in re
rom 3313 0 4603 pr 1000 new-bom () s prsente on
a gradual increase of frequency of these pathology in region within 1997
peaks of increases in 1999 and in .
2004 (45.50 and 46.03 cases per i r
1000 /b respectively). In 2005,
2 tendency of diminishing of BD
frequency among new-bom (33,13
per 1000 ) was registersed. In
ency of pathology grew
1037.32 per 1000 wh again.
V\ﬁlhin the investigated pe- 1
. the BD frequency in region i Hl
cm.smmmy (152 times) exce- | i
ftequency of BD in e s e o st sz s s 20 0 g e
""""" "’;’é B L . 201 B et equency I e oyl roin
e of Urne 258 ot 177
times.

gram. There was
-2006 with

fa e | 1] [ [

xensa
-

Dynamic of BD frequency
iy el brind
gion from 2004 to 2006 revealed
a wide differences (Fig. 23.2) with
the lowest indices in Turijsky dis-
trict (20,09 per 1000 b) and with §i
the maximal level in Kovelsky dis- 3 E

trict (56.61 per 1000 w/b). §

E=iEl

sszesEE, 2

‘o from three radiation
‘contaminated districts, Lubeshiv-

HE
|

sky, j Manevyt-  pig 23
sky are situated in north-eastern the Valyna regi
part of region, where the ecological situation is unfavorable as a resul of e
contamination. Frequency of BD in these districts did not differ from frequency of Bl
in other tertoles of regon (Tabe 23.1)

should be noted that the indices of these pilholuglts in the radiologically con-
wolled disics considerably exceed the midirequency of BD on Ukraine. In addition,
megascopic hequency o B i ohes disrcs of e ca be predefined by the high
level of chemical contamination. Therefore, frequencies of BD in districts with the
high level of chemical contamination, and also in ones, where the combined influence
of factors of radiation and chemical nature takes place, were analized. The results of
analysis are presented in the Table 23.2.
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Table 23.1

i dosts

‘Fadialon contaminatad GSuics, 10l

Ludeshivsiy

1657 55

3130

5555 954

58

Kamin-Kashyrsky

7
8
a3

I

10121

2080
673

BB 0007 1169

am

10325
12,756

a3

51

9851

78

318

Region, total

The data hereinabove explaned that midfre-
quency of BD in Volhynia region was very high and
considerably exceeded average indices in Ukraine
(38.7 vs 26.0 per 1000 b respectively) for period
of 1997-2006. The analysis of frequency of BD at

strcts showed, that this index was higher i the
A logically controlled districts in comparison with

in chemically contaminated districts of region (46.09
and 30.42 per 1000 /b respectively). Frequency of
BD in districts, where the combined influence of
radiation and chemical factors took place, exceeded
such observed on radiation contaminated territory
withou chemical contamination. The high level of BD
frequency in Ratnivsky district (50.16 per 1000 b),
can be conditioned by the unknown ecological fac-
tors influence.

Chern ion. Erequency of binth defects
in Cherniv egion wis anaysed fo perod from
1997 to 2006 using statistical materials of regional
medical-genetic consultation. The data presented in
Table 233 and o Fig 233 demonsrte he increne
of BD frequency among new-born in hiv
region for period 1997-2001. In 2001, b cmsa(
birth of children with birth defects per 1000

took place, 1.66more than in 1997. A gradual Ldecine
of frequency of these pathologies to 21.9 cases per
1000 new-born was registered from 2002 through
2006. The obtained data were based on the average
indices of values of the investigated pathologies for
the whole region.

%

enss

3

3

5
10
5

-

i

[ 1999 208 Fogin"

Vears
Fig.23.3. Frequency o birthdefets fa e Chealiv regon. -
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T2z
T
Sk [ Tobor]
District of radiological Manevytsky 2437 79
e

i i O o IS &
level of chemical contami- Kovelsky 3,886 220 56.61
e Loty 5 oot
Novovolynsk city 55 3272
Rozhyscheasky 63 4523
Gorochivsky 80 3517
Lokachynsky 36 5035
Districts with the high il 188 41
level of radiation and Kamin-Kashyrsky 133 4561
chemical contamination _Lubeshivsky 55 3319
G s oa £ s0i2
Volodymyr-Volynsky 51 2439
Gty 5 pors
Lutsky 67 3061
Lubomylsky 39 2532
‘Starovyzhivsky kil 30.01
Ty u 000
Shatsky 2 38.02
sy I So16
o Vo g X S0

Table 23.3. Frequency of birh defects In the Chernihiv reglon

Years
[ o7 T 008 T 1000 T 2000 T ooor | zo0e J 2003 | avos T 205 T zo0e
11035 10442 9562 8957 0818 8451 8,084 8853 8922 8828
10646 10369 9522 8,909 8567 8415 8449 BB13 8546 8791
6 60 48 44 3% 34 4 R
Diedto7thday 51 43 40 32 M 25 18 12 B —
Have BD" 275 320 354 200 313 300 246 225 219 193
Froquency of BD ’ ’
anong newbom 140 192 127 131 128 128 135 130 140 145
Amount of 8D
per 1000 births
*BD birh defects

2490 3160 37.25 3900 4130 3550 2830 2550 2450 21.90

D from 2003 to 2006 of region
find possible mgmﬁal differences in their distribution and relation to ecology. Data by
districts are presented in the Table 23.5. Generalized data of BD frequency are shown
it Tabe 236 nd Fig. 234,
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Table 235, 2005.
s | Wowbors ol B | rewmo it s
Charmbivsky 08 W0 P
2 Bachmatehsky %7 6 162t
3 Borowtsky 979 £ 064
4 Boraiansky 56 2 270
5 Vaynsky 21 13 088
6 Gorodniansky 658 2 1824
7 Hehniansky 585 0 109
8 Korletsky 1311 1® 1220
9 Koropsky 7 281
10 Koriokovsky 52 E 3151
1 Kulyhovsky 36 " %25
12 Mensky %3 2% 258
13 N, Sharsky 1,006 19 1889
14 Nahynsky 3765 112 2075
15 Nosivsky 918 3 w13
16 Prylusiey 3362 9t 210
17 Ripkynsky a0 2 5405
i nivsky 575 7 1217
19 Taahjsky 30 4 1053
20 Schorsky 559 2 3578
21 sosnytsky a 9 1887
2 srinansky 23 3 1408
Data presented show a wi- %
de difference on frequency of 5
ED 1 ey et s o w
mvesnnrzd od. -
T lean ey of BD 0
for this period was registered 20
x.. Tolaljeusy disrct 10.53 4

r 1000 n/b), and the highest o DL
e was in Rlpkynsky district E gg § gg;gggg §§ H
(54.05 per 1000 w/b). Such lev- g $%2
el was not the conszqnenu of =
some sharp increase in one of
the investigated years, it stably
remained high enough during
2 two times exceeded the averge level for region. In 2005, this
index increased to 64.8 per 1000 b, that was also the highest index among all districts
for investigated period.

Fig. 234, Frequency of birh defects n the distcts o he Cherabiv
an average for 2003-2006.
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‘The frequency of BD was compared among the urban population having usually
higher indices [19], and other population of district in the Chemihivsky and Prylutsky
districts (Table 23.6), as the Chernihiv and Pryluky are industrial foci bringing the
most for regions’ atmospheric air contamination (31.2% and 10.3% of all extrass in
amospheric air respectively)

Tabe 235
dsics
o da
e e mmm—m
oo 1
208 Sosoito 101 7 Th—
it defects per 1000 3898 12,08 um 2140 1648 |935
Towbam P ) )
2004 Shsoite 7 16 2
bt per1000 3124 1043  27.31 3200 18.18 2651
new-born 2958 656 3614 510 336 846
2005 e % 8 0 13 17
il per1000 3110 1220 2767 2549 5058 3546
oo 3M7_ 9 ae% w2
2008 w2 3 % 6 6 2
i per 1000 2445 860 2290 3433 17.54 2123
newbarn 7 2% 1403 1980 137 3
365 56

ute
208 s psnow 099 1108 2782 2814 2551 270

Higher frequencies of BD both in Chernihiv and in Pryluky than for other popula
tion in the districts are shown in the Table 23.6. In Chernihiv city it exceeded 2.8 time
the level of other population of district and 1.7 times the mean value for region.

In Pryluky on the average for period of 2003-2006 the frequency of BD also wa
‘more than for other population of district, though ot so large, as in the Chernihiv.

 the same time, the dynamics of frequency of BD among new-born in Pryluk

istrict
by the sharp increase of B frequency in the Prylutsky district in 2005 year, that wa
equal to 50.59 per 1000 wb. In other years, the frequency of BD among new-bom
by approsimatly 2 imes xcestedthis index: among new bore i u\e  dle
n the example of the Chernihivsky

o mqnmcy a1 B amang new.bom In ciies which were isrict foc vor mgﬁ
than among other population of these districs, the high level of BD frequency in
Prylutsky district (except for Pryluky) in 2005 year and extraordinarily high level of tf
pathology in Ripkynsky district specify that for this there were other etlologic reasol
than the difference of industrial contamination between city and rural locality.

“The contaminaion by radiation 2 oneof possbe acors o BD requency incry
was not the same in different districs of Chernihiv region. The disticts which hers
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ralation conraniant = 3 el of Ghoaoky) NEP accdent aeshued n wesiern
lar sito-
ation Is about dmnlal co«l.amhullm To find the Dosuble influence of these facors
on frequency o in the
ud:mloﬂmlly oo ot cvmpznwn s et di.
‘There are seven radioecologically controlled districts in the Chemi
Pesponed dsict n estem part ofreglo inclde Ripkyusy, Chelival, Koze-
R, e i, i N SRS, e, Kk,
Snmylsky disti
Even sty Lot frequency of BD among new-bom on the average on all

disrct of region (26.97 patients per 1000 1) is shown in the Table 23.7.

Table 23.7. inated
Chemitiv region
Tetores How-bom unber B gt
shsoits | par too0 o

Radiaion conamnated Gstict, meluding: 761 3 %2

~ westem disticts 15751 ) a7

- north-sastem distrits 3010 & 2180
Uncontamineted districts 16019 2 %97
Rogion n fotal 34780 925 251

‘Although in the passported ditricts in western part of the region, which are situ-
ated closer to the epicentre of Chomobyl NNP, frequency of BD (27.17 per 1000 nb)
was higher than in uncontaminated districts (26,97 per 1000 1/b) and for the region as 2
‘whole (26.6 per 1000 wb). Exactly in this part s situated Ripkynsky district which have
thehighest heqnency of BD for region. Frequency of BD in the Chenihivsky district

exceeds average indices for region. The lower than average for region index of
rrequency B took plce ony in Kozeesky st

120 selement of Rplynaly dict 71 were wilh kv level oo,

o copamiion Tot s ciaeof 78 wors o T8 KB/ to 370 kBq/m?
for period of 2003-2006 only in the district center Ripky, levels from 37 kwml
185 kBy/m? Y8 VUl B30 selemens, vl el 37 KBam? — in all other
passported inhabited loc:
In the cnummsuy disrict there were 128 sexdements, of which 44 were wily

for period 2003-2006 was in only one village Malijky, levels from 37 ksq/mz to
85 kBq/m? were characteristic to 19 settlements and levels below 37 kBq/m? were
found in all other passported setdlemes
the level of 19C:
absent, At indices were higher in di
with hlgher BD lrequency (Chemibiveky and Ripkynskytha in Korelotaky disrit,
where BD frequency was less than avarage for the region.
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There are technical unsatisfactory depositories with radiation contaminated wastes
in Riplnsey itic which follows the special xuenncn.

Ithough during 20012006, a general tendenc;  contamination di-
mlmshmg was observed, but exactly Ripkynsky and chmnmvsuy districts were most
radiation contaminated according to data of the dosimetric passportization system In
1992 and 1996, Thus, it is possible to assume, that influence of radiationgenic factor
on frequency of BID carries was not linear, but had complicated character and prolonged
ol cn recuency of B e expeagences.

the certain type i not observed for BD.

Howeven i th distrcs of Bachrmach, wpere  erdcal suaton was with containa:
tion of st eoures frequency of BD was below than average for regions. Dnly in
those district
e sl watr ware, the increased frequency of B was marked. Especially i touched
districts, where combination of chemical and radiation contamination was present

“The data hereinahove explaned a tendency to the increase of frequency of birth
defects among new-born in region from 24.9 to 41.3 case per 1000 b for period from
1997 1 2001, aod from 2002 where asthe gradua dmiishing o frequncy of BD
among new-born to 219 cases per 1000. There was a permanent increase of infan:
mortality rate as a result of birth defects (lntlnded abarions by madical asoc) o
1897 to 2006 in region. The higher frequency of BD among new-born in cities which
are distict foci (and also industrial foci of region) in comparison with new-born in rural
Seutlements of district was shown districts of the Chernihivsky and Prylutsky distrcts.

Considerable districis’ differences in ditribution of BD frequency (from 10.53 1o
54,05 cases per 1000 n/b) within period from 2003 to 2006 was found in the Chernihiy
region. It was shown that frequency of BD in the radiologically controlled districts of
the Chernihiv region (iaking into account midfrequency for period from 2003 to 2006)
did not differ from frequency of these pathologies i the districts of region, which were
not subjects of radiological control. Frequency of BD exceeded the mean values of these
patholoies for region in districts with increased level of chemical contamination (in
Schorsky this index is equal 35.78, in Ripkynsky — 54.0, in Koriukivsky — 3L5,
Chernihiv city — 310, in Varvynsky — 30.9), but direct dependence between the certain
type of contamination and frequency of BD was not found. At the same time, the high
frequencies of BD in districts mbination of high levels of chemical and radiation
contamination (54.0 for Ripkynsky and 31.5 for Koriukivsky) were show

region. Frequency of birth defects in Rivne region was analysed fo

from 1967 10 3005 osing sl il of veglra) s genmlc consuladon
The average indices of BD frequency oscillaed from 31.7 to 50.2 p For

rom 1997 1o 2001 he requency o thse pathologis n region was appros-

of 26.4-33.8 per 1000 wb), however with

n Ukraine (26.0). From 2002 to 2004 there was

a considerable increase of BD (ﬂql\ency in region, the increase peak took place on

2004 (50.2 patients per 1000 n/b). In next years there was a tendency to diminishing

o' frequency of binh defects among it (77 850 5id 367 per 100 nb), but

igher
for period from 1997 t0 2001 (20] (Fig. 23.5).
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It is important to notice that every year frequency of BD in the Rivne region
oty scanad 1 gy oD It Ulion 5 04 investigated period.

for region 1. index in
Ukraine (367 and 200} per 1000 /b mpecnvzly) for period 1997-2006. But in 2004
‘year it exceeded the mean value of frequency of B in Ukraine 1.93 times.

ed 1o find out
possibe regional differences (Table 23.8).
Table 235,
mmmmmmmmm 206
519
Voot b W s s we e 10 4
hansky 200 154 525 503 543 418 565 443 619
Dubensky 344 255 518 403 40 00 U0 208 29
Dubrowytsky 728 774 405 ST S8 664 863 650 67
Demyd 8 57 319 S514 4.1 758 1000 247 409
Zrtchnensky 663 22 12 68 68 W1 #6183 22
Ziounivsky 174 54 198 181 173 a1 25 456 17
Koretsky 216 43 49 275 W4 348 40 184 176
Kostopiisky 262 28 114 15 14 196 257 135 130
Myasky 179 04 38 U3 154 515 456 443 29
ostrozky 1 70 @3 754 MO T4 637 0 33
Radywyivsky 746 3 602 N4 100 1265 184 w21 T4
Rivnensky 81 199 267 433 205 107 283 87
Rokytnivsky 66 79 185 67 46 177 133 62 176
Samivsky 655 03 36 481 30 3T 79 43 3N
Bivnecity 503 451 440 293 958 21 272 270 505
Avide difference of BD fre- ¢,
quency in every separate district gy
The least frequency of BD took %
place in Rokytnivsky district, most 4
frequency of BD was in Dubro- % (1] =
vytsky district. Frequency of BD 20411 N
was less than middle one for re- 1o |
jonin Koretsky, )
Kostopilsky disticts. The higher 17 1 o0 2y 2 2o v 0 20 2w s

than middle for region levels of

BD frequency were observed in  Fi. 235. Frequency of bithdetcts I the iv reion
Goschansky, Bereznivsky, Samiv-

sky districts and in Rivoe cty. BD frequency in

a middle for region level 1.7-1.82 times. It comes into the special notice that even in
districts, where BD frequency was less than middie index for legnou’ however, remained
at higher level compared to the Ukraine as a whole [6, 18].
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lysed for 10
yeas rom 15 poaT 2004, The highest frequency of BD was registered n 1995 v
Sl to 3.5 per 1000 b, the lovst on wa reistered in 2004 nd was equal
per 1000 . The fact hat the B frequency declined at the end of 2004 can i
iagnostics of birth def
ofrdloscologicl stuaion with decreasin of passport doses.

Table 23.9. Indices of birth reg
T Ghion ndicns (o 1000) 0
ol it bt doects_| 1005 2004 | _200¢
Barysnveky 24% 5 28 1
2. Biotserkivsky 4378 o7 153 19
3. Boguslavsky 32% 52 161 B
4 Boryspilsky 6620 140 211 %
5. Borodiansky 4086 7 171 5
6. ky 12652 667 527 28
7. Vasylivsky 6637 7 419 15
8 dsh 3981 25 76 10
9. Volodarsky 2217 0 307 "
10, Zguivsky 1497 2 174 19
1. Wankivsky 2379 n 307 16
12 Kagarytsky 2942 “ 136 2
13, K-Suiatoshynsky 8350 45 533 4
. Makarivsky 3115 12 360 a
15, Myronivsky 353 8 23 16
16 Obukivsky 5125 136 25 8
17, Perejastav-Khmelnytsky 5242 194 370 2%
18 Polisky 79 9 540 18
19 Rokytniansky 3403 58 170 16
2. Skyrsky 3268 5 162 2
21 Stavyschensky 2480 3 138 10
2. Toraschansky 2903 121 418 ”
28 Tetjivsky 4160 105 252 2
2. Faslivsky 6563 254 386 1
25 Yahotynsky 4064 " 362 18
26 Bilotserkivsky 17804 512 288 3
2. chpin 5310 56 105 “
2. cBorezan 1748 “ 252 "
29, cRahyschiv 495 13 %3 0
30.__cSlavutych 1466 5 389 )

‘The results of analysis of BD frequency in the Kyiv region on districts xepam;ly,
presented in the Table 23.9, indicate that these indices oscillate greatly and d
a concrete district. The highest frequency of BD was observed in Wshgemdsky dlmm
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and was equal 71.8 per 1000 wb. At
the same tme fequncy of BD in
city was almost 7 times less

B

es per 1000 wb in Bilotserkivsky,
Boguslavsky, Borodiansky, Kagar-
lytsky, Rokytniansky, Skvyrsky and

Stavyschensky disticts. Most prev-
alence of birth anomalies was ob-
served in Brovarsky, Vasylkivsky,
K, i and Poli

geg
caSAIRERE p
i

H ez

i
§

2

g taminted regions for an years

Stich range of divergences can be explained by efficiency of £ prenaal dagoosis
of birth defects and in time induced abortions in the cases of BD presence in foetus,
and by different genetic education degree of neonatologists and obstetricians-gynac
ologts, qlullﬁcanun of geneiciss, or unfavrabe ecologial state of evirormen,
in the population
m..mu;em, which overcame by a medl(al geueuc help. In addition, not more than 50%
of children with BD were revealed according to the documents of maternity hospitals.

In the Kyiv region the midfrequency of BD was equal to 30 cases per 1000 wb
and vas comparable o the level in Ukrsine,and als i European populations 21].

v regic
against me ba:kgmund of dosimetric passportization nz]
Table 23.10. Frequency of birlh defects In the Kylv region (1:1000)

_ P
e el o o o, 8 0 1
55 — 051 N 95

s By b
nams | et wne | ST ane

sotects
oy 5 Bilotserkivsky 153 Bogusavsky — 16.1
Vyshgorodsky 716 B«ndursky 171

Wankivsky 307 527
Makarivsky 36,0 Vuyihvmy 419
Taraschansky 416 Kagaryisky 186
K-Sviatoshynsky  53;
Myronivsky. 23
uchivsky %,
Rokymiansky 170
Skoyrsky. 162

Stawyschensky 138
Fastivsky 388

“per 1000 newborn
A tendency to increased BD frequency in more intensively contaminated districts
was revealed.
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Zhytomyr region. Data resulted in analysing the indices of BD frequency in the
Zhytomyr region (Table 23.11) indicate mean frequency of BD in region which was
equal to 215 case per 1000 wb within 10 years from 1995 to 2004. The highest fre-
quency of BD was registered in 1995 and was equal to 25.9, the lowest one was equal
10 17.7 in 2004

Table 23.11. Frequency of birh defects aod In the Zhylomyr reglon.

Years | Bom ate (sbs)_| Bor allve with it datecs (abs) | _Froquen 1000)
996 T6.170 o7 F3]
1997 15071 323 214
1998 w72 0 214
1999 17 %2 22
2000 114915 22 188
2001 11010 29 208
2002 11,282 21 196
2003 11609 217 186
2004 12072 21 17

of Bl in the Zhytomy region
confim ance agai the absence of Influence of radiaion contamination of the eriory
1 this index. It Is known that the Zhytomyr region considerably exceeds Kyiv region
on the amount of settlements which were subjects of the dosimetric passport system.
For example in the Zhytomyr region there were 60 settlements, which corresponded the
dose nerval 1-5 m per yea, bt in e Kyiv el there were nly 3 sch e
ments in 2004 y

An nalyas of the Zhyomye reglon disics separately waspox conducted,

Discussion

each of four investigated regions districts were divided as; much chemically
contaminated, much radiation contaminated, conditionally clean and much chemically
and radiation contaminated 10 analyse the BD frequencies and to compare these indices
with the ecological state (Table 23.12.).

It was found, that high BD frequencies as 45.2-56.6 per 1000 b in the Volhynia
region (at a midfrequency 38.7), 23.6-85.9 per 1000 wh in Rivne (st a midfrequency
36.7), 26.5-52.7 per 1000 /b In Kyiv (at a midfrequency 3.0 per 1000 nb), 30.9-
358 er 1000 b in Cherihiv (a1 8 midrequency 266 er 1000 ) were bsccved
mainly in much chemically contaminated disticts for all investigated

he least frequencies of BD were registered mainly in condionally cean dis-
tricts. In most cases, frequency of BD does not exceed middle indices for regions in
th adologisly conzoleddisic. However, fequency of BD was high and exceeds
‘mean values for regions in districts with the combined influer

o s i o i s 52 e o el s

conlonaly clean istricts such ss Rativsky (Volhya teglon), Ostorky (Rivne
region), Nosivsky (Chernihivsky region) frequencies of BD exceeded
for regions (50.2; 47.2; 38.1 respectively). Although on average for all conditonally




Chapter 23. Genetic monitoring of congenital malformations...

625

clean districts frequency of BD was low.
(in other districts it oscillated from 10.5 il
25.7 per 1000 b, that was less than for all
Ukraine). It can indicate difference from the
investigated etiologic factors, which influ-
ence on B level in these district. It is not
eliminated, that such situation also can be
conditioned by the insuficient public au-
institution’s terrtory contamination
monitoring level and insufficient official
and scienific sources” information.
or Kyiv region, the highest BD
frequency was observed in a much chemi-
cally and radiation contaminated Vyshgoro-
dsky district and was equal 71.6 per 1000
b for investigation period. In the Cherni-
hiv region (in accordance (o the general
tendencies of BD frequency distribution
in differently contaminated districts) the
highest BD fr as observed in ra-
i conted lpkylydiois
was equal 54.0 per 1000 wb. Although in
Tadeion conamnted Semenivsky district
frequency of BD was less than middle for
region and was equal 12.2 per 1000 wh. Here
it should be noted that in spite of the simi-
lar level of radiation contamination in these
districts (according to the passport doses)
setdements with the level of soil
contamination by 1¥'Cs from 185 KB/
till 370 kBg/m? in Ripkynsky, unlike Se-
menivsky district for investigated period.
Generalized results of analysis
‘Summarizing the results of analysis of
the investigated districts” ecological state it
should be noted that regions take place as
follows: Kylv > Zytomyr>Rivne > Chemic
hiv > Volhynia in accordance to
tertitory, which s the subject of mdwloglcal
control. However distribution of passported
setdlements by dose intervals In these re-

Table 23.12. Comparison of BO requency with
the ecological stae of reglons

£i

sssgnggss 888=2=

gions is irregular. rang
by another character: Rivne > Volhynia >
Kyiv > Chernihiv in accordance to the level

7 mens cheie, oomiation — e
maw contam means condiconaly clan
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o adiaton cotamination,and Kyl > Vlkynia > Rvne > Chemit inacordnce o
the level of chemical contamination. The data hereinabove explaned the higher level of
radiation conﬁmlmunn in the Rivne and Volhynia regions, which resulted to the birth
defects of children exposed to its action in the prenatal period. The highest frequencies
GBI i the Vol and Rivm regions are showh in Fg. 236.

Conclusions

requency h Ukeaine,
hich St ntnce of e Chnmnbyl NP accident factors, exceeds the
average indices in Europe (26.6-36.7 and 23.6-32.3 respectively per 1000 rvb).

‘The analysis of BD frequencies in the investigated regions indicates the con-
siderable differences of hese indices and gives possibility (0 range regions on a chart
Volhynia > Rivne > Kyly > Chernihiv >Zhytomyr.

. The lowest levl of frequency of BID, which is observed in the Zhytoms region
indicates not their better ecological state, but the imperfect search of innate pathology
in obstetric and medical-genetic centres.

4. The level of oscillation of BD frequency and inberited pathology for 10 years

in different regions does not allow to estimate the increase of this index due to the mu-

agetc ar seaigenlcacton of kg e el S difsénce.con
be contined b diffrent exaciess o egsain,

Erequency of B In he Volhyni relon exceeds a mean vaue on Ukraie
(3&7w\' 1000 n/b and 26.0 per 1000 b respectively) and has divergences on districts;
the greatest level of this index was appeared in chemically-contaminated distrcts and
arcived at 56.6 per 1000 wb; in distrcts with the combined influence of radiation and
chemical contaminations it arrived at 45.6 L looo s

the ecological state
ofsepraie dic of regon were Exposed: 0 oin e oo seglin whh the hi
level of chemical and radiation contamination there is the greatest frequency of lnnate

pathology — 54.0 against 29.7 for region; in Volhynia it was 56.6 in a e dsalct with
chemical contamination, 45.8 in Lutsk city and 50.2 in a conditionally clean district
against 38.7 for region; in Rivne it was 85.9 in a chemically contaminated district, 67.5
in a district with the combined action of radiation and chemicall contamination against
36.7 per 1000 b for region.

7. Tevel o innate and
i population
£ additional factors, £ popul ~
advision and prenatal diagnostics with the modern methods usage s necessive.
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anerss 24 PECULIARITIES OF THE
INFLUENCE OF HIGH
AND LOW DOSES OF
IONIZING RADIATION ON
TOOTH HARD TISSUES

Inmzmg radiation was remaining the most significant environmen-

factors, causing severe impacts on human health on the vast
territory of Ukraine for 25

A T L P T 8 S Lt N

(R, the way to i
for correction of radiation exposure negative effects.

‘Low doses of ionizing radiation act as an alarm signl [1). Medical and biclogical
‘consequences of their impact will be sigaificanly different from high doses effects [2,
31 Raalon mject o o e, kg miners compoent: ] specily i
structur ime bas not lost
ity esie s vemodelog uoceise ) i b oAt e lact Ao
radiation stress which causes premature aging is one of the effects of ionizing radiation
on human. These processes lead to disruption of compensatory ability of bone tissue
and, consequently, reduce its functionality and its ability to restore [4]

After the catastrophe of the nuclear plant in Chornobyl it was observed, hat per-
0 oK A Ve i s W il e it o iyl

erosion and mamel scissuras. The main mnlogy e ol worsening s omie

carious changes occurred, although they were not directly related to Irradial
Monitoring. o( dental halth of mote than 1500 dwellrs of rai conaminaed
inhl

contingent compared with control. Medical examination of people from conteminated
territories demonstrated high level of hyperesthesia of hard dental tissues (around 63%
of all patients), increase of enamel abrasion (the first and the second degrees) for 36%
of ez patlem,wo-arous el et g siapel el p) o 47
of exsmine gatens (5. Sy f meshaniss of pariogong! SURiSEs (01 carions
diseases and parodontal changes in dental ussues] provoked by ionizing radiation) is
an actual problem for last years.
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The task of this Investigai f osteoporosis pr
in solid teeth tissues of persons exposed to low and high doses of ionizing radiation
during the clean-up works i the Chornobyl zone,

The objects of study were clean-up workers of the Chomobyl NPP accident,
‘exposed to external radiation doses in the range of 0.5-1.0 cGy — 26 persons of low
dose group (LDG) and 18 people, exposed to doses in the range of 6-22 cGy (high dose.
group, HDG). All of them were under medical examination of RCRM with assessment
of teeth index, depth of dental tissues damage and the corelation between caries and
non-caries lesions during medical observation. Teeth were extracted according to medi-
cal recommendations from patients of HDG (15) and LDG (8

‘The potentials of infrared spectroscopy were used as a fingerprinting tool in dis-
ease diagnosis.

Sampl:s and experimental technique.

red (IR) absorption spectroscopy has been applied to investigate tooth tissues
(enamel cement, dentin, alveolar). It must be emphasized that only patients without the
were investigated. people
who had no been exposed (0 radinon (cotol group. CG)were nvesigted o
repare samples for infrared spectroscopy analysis it was necessary to dry
e, bt et o s o s absorption spectrum in the invesigied
spectal rgion. Teeth were washe by disiled watr and drid n dying charber at
60°C S hours. e hennl dent, cemet and st wers st dovn
by damona tetl
ten 0.2 g of tooth tissue powder was mixed with 50 pl of vaseline oil and put
in cuvette of KBr. All spectra we ted by one-beam infrared spectrometer KS-31
with accumulation (10 accumulations have been applied) of spectra to increase ratio
signal to noise.

Spectral measurement has been fulfilled at low vacuum camera (10! Pa) to
minimize spectral components due to atmospheric CO, and H,O in ambient air. An
ait exhaust pump has been used. The infrared intensity transmitted by the cuvette
conaining the sampe (1) an that i by empty cuvete (1) were measured
the 500-3000 em* spectral range with resolution of 2-4 cm-L. Spectral resolution
depended on diffracton grate (sumber of rain roove per mim) for cach spectl
interval. Absorption intensity 1,(v) which is approximately proportional to the sample

absorption was ined

1-1/1) o
where v s waveaumber n cm-L, of investgated samples.

a quantitative analysis, the 1,(v) spectra wete fitted using a standard procedure
which describes the 1,(v) spectrum as a sum of Lorentzian components [6].
iagnosis of structural changes of hard tissue
ofteeth using inraved spectroscopy
rganic malri of dental tissues are formed by ollsgen which s cocrallng
the calcification of bone and crystallization of af ‘bones [7]. Collagen is rich of
glycine, proline, and hydroxyproline [8]. Collagen is presented by amide groups of pro-
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teins — (CONH,). The amide absorption bands are well evident at 1660 cm-! (Amide
C=0 stretching vibration), 1540-1550 cr~! (Amide 1T — C=H demormation), and
‘weak band can be detected at 1240 cm~! (Amide 11l — C-N, C-N-H stretching vibra-
tion) [6].

Mineral component of bone and dental tissues causes the presence in the IR spec-
tra bands assigned to carbonates (CO,2-) 830, 1430, 1460 cm and orthophosphates
(PO,*) 610, 1030, 1050, 1080 cm™! (7). ro)- mmhadra.l ion has four fundamental

delomaﬂoﬂs thrice. Typical bands for nmmpmysphil.e anions are (cml):
— ; 840-910; 220-
1370; mo—w 2350-2400; 2750-3:
— '350-580; 700-500; 860-813; 940-1010; 1040-1170; 1210-1400;
1001750, muso 02600-3250;
PO, — 410-480; 510-670; 930-990; 975-1140.

formed by two tetrahedric PO, fons to form m,’- on. Ao b |yph:al for
the bond P-O-P appear at 700740, $20-940 and 960-980 c
Discussion
HDG and L

tal abrasion, rected.
Dystrophic (qomcares) changesofteth were pical for patens of HDG. Enamel and
cement were easily split and fragile.
‘The most common pathologies for patients of HDG were pathological tooth
wear and severity-I1l (around 78%), wedge-shaped defects constituted around 71% of
namel erosi Fig. 24.1. Cari

were secondary in naure and mostly souring course of non-carious lesions of teeth
(Fig. 24.2).
ost common pathologies for patients of LDG, 63% of examined patients,
yere non-arous diseses, Dt ypereiesa sod inflamimtons were charceisti
lation,
observed in e i 265 ad sreion

of
5 o xmmioea people. lnmaﬂng of caries palhologv and aftereffects of caries

Fig. 242,
mage of hard dentaltesues.
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e observed n dhese patents 5 wel (g 249 Cares, oo ling, emoval (CFR)
index showed the following values: C — 2.08:0.22, .54, R — 3.2620.36,
i th it amec of 14.14:0,67 (p<0.05).

on teeth has i tissues

changes in case of high and low doses,
Enamel, dentin and cementum are complex bioinorganic materials which fo-
m thehard componcn o teeth Tooth enamel (Fi, 24.6) I the hardet xnd the most
sins about of cnamel

directly contacts i o liguid.

12,05% — Carg (POJG005

od 1o low  Fig, 241, Chemical ompasion of cnamel

IR spectra of dental enamel taken from examined people consist of strong bands
which belong to phosphate group and very wezk bands in Amide region (Fig. 24.5).
Absorption bands typical of Cay(PO,), have been observed at 950-970 and 1030-1080
cm in the IR spectra of enamel belonging to people of HDG (Fig. 24.5). These spectra
showed increasing of the area of the band typical of anion CO%- (at 880 cm) up to
9.740.4 (a.1.), in comparison with the area value of 8.4:0.4 (a.u.) for patients of CG.
The changes in the phosphate-carbonate ratio lead to the enamel strength decreasing.
‘A comparison of enamel infrared absorption spectra typical of LDG and CG sho-
wed only some changes in organic spectral region (Fig. 24.6 and Fig. 24.7).
“The absorption bands at 750 and

2 710 em! arise from P-O-P bond, the
o bands at 880 and 1430 c are typical
2 of COz?- fon, and the band at 540-
ot 570 et belongs to Ca-O bond.

os For the patieats of LDG the ra-
o # tio between mineral components of
o ,  dental enamel was presented like 140

bk a.. for phosphate and 8.95 a.u. for

0 s sio e 110 150 150 140 10 16 7% carbonate compounds, that was around
Fig. 245, nared specta of he denal enamel ke rom the 89,40 W% and 5.60 WL.%, respec-
Bt o3 e o ¢ ot Ak (ively, Onganic componen of 100t

s 1 e AR (1 i oo :
Coespond o e uries -1 e 2 o o105 = o1 armel belonging to people of LDG
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sponded (o 8.8 a.u. (5.0 W% of total
enamel’s content).

Qualitative changes in enamel tak-
en from exposed patients demonstrated
appearance of the band at 1238 cmrl,
typcal of Amide NI C-VH -N bond).
Area of I band was around
of 2.7 a.u. (23% of organic matrix).
Area of the Amide I bands at 1539 and
1547 ™! was around 5.3 a.u. (46% of
organic mat).

wide band of carbonyl bond
-0 has been decstedat.

belonged to Amide 1. Area of this o
‘was around 3.3 a.u., which corresponded
10 29% of organic matrix content. High
doses of radiation also provoked changes
in the Amide I and Amide I atio caused
by C-O bond tears. Amount of Amide [
and Amide II were the main characteris-
tics of organic matrix therefore their ra
was important characteristics of dental

ue. The ratio of the area of Amide
groups

‘This result demonstrates that N-N
bends e ypcelofentnel of HOG.
i and cementum differ from
ok I

Fig 245,
ot the persons of LDG. Absssa s consponds 1o wave
numbers m»-u, o s of otinates — sbsorpon n 3b
st s

247, et

ssaan they loo
bone. Diversities of mml dentin and
cementum are provided by nature of the
tissues’ embryogenesis.

% -
CoulPo 08 50,

i

MoC0, MoSD,
GolP0 D03 P
G (PO, Moy
20604 31

spectal reion of orgalc maix

«um{mn ) ks ois oot o vav -

mbers e, absote
i i awsorpionin

20% — organic matts (co-
agen ofthe 1 1ype)
12% - water
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ename} almost does qot contain

organic matrix.
N Analysis of Infrared spectra
o0 e typical of dentin (Fig, 24.10) and
e 0 8 7 90 0
i 2410 s e o g skn cementum (€lg, 24.L1)taken from
o e 3 and

o peogie of o peaple exposed to high doses of
ok i Wave naos G ordinte s ionizing radiation showed three
s bands of vibrations typical of ion
POLZ ymmeic vlence vib:
tion at 970 cm! asymmetric va-
Jeneeone at 1035-1080 s and
el efomsion vxaon
a1 605-610 ges of in-
fared absorpion bands provoked
by external radiation have been
out for dentin and cemen-

g
§
£

e ypical of insluble phosphaes
- = 0 101070 s 0 9.140.4 a. in com-

Fig 2411 nared specrum of ceen takar o prions of o parison il the ara of those
frowd W;r:'f:::m;‘,’;;:;‘ acee" bands of 11.00.5 a.. for control
gr0up (p<0.05). The ratio between
solble and sl phosphites
H,PO, /PO, increased and was of 0.06£0.0L a.u. (for CG the ratio was of 0.
.01 a.u.), p<0.05. Intense absorption bands typical of the soluble phosphates (hke
ymopbcspte) appeed i e spectral range 1070-1150 cm-"
of absorption band at 800-300 cnY, typical ot o anion €O i
1050400, in area of tharband
of 97504 a1, for conrl group, p<0.05. Significant ncreasing (p<0.005) of organic
component content of cementum and dentin taken from people of HDG has been reg-
istered. Increasing of Amide I band area 10 7.5£0.3 a.u. i comparson with AT 1
band area of 8.6£0.2 a.u. for CG) and Amide Il band area t0 9.4:0.2 a.u. (for control
‘group the area was 8.6:£0.2 a.u.) have been shown. Changes in the ratio between protein
compneris havebeen observed:
1S amice1 was equal to 0.810.05 for exposed patients and 0.61:0.04 for
p!npk from control group [9].
Infrared spectra of dentin belonglng (0 peopl of LDG corsited of bands lymcil
vibrations: alen
metica valerce vibratons a 1040 . (Fig. 24.12) and deformation vmnnam S

nd
770 and 880 cm-tfor dentin belonging to exposed patients. Intensities of P-O-P bond
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bands in dentin spectra of HDG were higher
then those in enamel of HDG. It demonsirated
high amount of pyrophosphate (H;P,0,7~ in
imadiated dentin. The appearance of the more
soluble phosphate forms (with solubility of 1.8
..mvu Jeos o climaton of these souble
ol s
by ercelolo s and sl Low
iies o g asayon bt D e e
1430 cm* showed lower content of carbon-
ate ions, CO;2, in dentin in comparison with
enamel for all groups.
the bands’ area values sho-

inorganic matrix), and the area of carbonate
fons bands was around 13,35 a.u. (4% of inor- 12
ganic matrix).

‘Organic matrix of dentin was represented
by three bands typical for amides (Fig. 24.13).
Total area of these bands was around of 79 &.u.
(25% of dentin). Weak band of Amide Il at
1238 cm-1 arised from N-H deformation vibra-
tion and had area of 3.4 a.u. (4.3% of organic

B . b, which s sl . 5
bands at 1539 and 1547 cm-? with the
of 22,65 a.u. and of 6.65 a.u. respmmly, e w ww ww
the total acea of Amide II bands was of 29.3 IS T “"’

i i 2413 e secn of
.. (37% of dentin organic ) T e b A Mt il o
»

has area of 46.6 .. (59% of the total content of dentin organic marix). Besides the

mentioned amide bands another band at 1300 cm~! was detected, corresponding to CH,

ond. The area of this band was around of 1.5 a.u. (2% of dentin organic matrix). Ratio
between different amides showed the following results:

Shmide 11/ Samide

Samide 1t/ Sasice 11 =3.41/29.

Sk 1/ Same n =46.6129.31 = 159,

Obtined resuls demonsated dominance of C = 0 bond which s typical of cl-

Iagen coil. o C= N-C = N/ N-N — bond to organic matrix was mush

lobr s comsnionof € - 0 b
Infrared spectrum of cementum taken from people of LDG s presented in
Fig. 24.14. Mineral matrix of cementum was characterized by three types of orthophos-
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10 e

Fig. 24.14. nrared spectrum of cement belongig to
B o1 LOG 1 e range 50-1120 .

o 0w o 1w
o romter !
i, 2415 et spcnn of cmnt bl
10 peopie of GOG: nthe range o 1200-1650 o

phate’s vibrations: totally symmetrical va-
lence vibrations at 970 cm! and asym-

trical valence vibrations at 1040 cm-t
(Fig. 24.14). Deformation of phosphate
ion vibrations appear at 540-580 and 605~
615 e,

Area of absorption band at 820~
850 cn-! is lower than area of the same
bl of de: T s e = Al

in the structure of the phosphate
:rysul eavsed by exemal toiaon.Cor.
bonate-ion band at 880 cm-" was stronger
than the n dentin. For patients exposed
10 low doses of extemal radiation area
of phosphate and carbonate bans was of
208 a.u. (64% of inorganic matrix of ce-
mentum) and 14.8 a.u. (4.6% of inorganic
‘matrix of cementum), respectively.

‘Area of bands typical for organic
mautx of comerum e equl 10 2964
9 of the total cementum tissue).
Aot absorption band at 1241 cm-!
arosed from Amide II (C = N/ N-N bond)
was around 6.98 a.u. (7% of organic ma-
trix). Areas of the absorption bands at
1537 and 1562 cm-! belonged to Amide
I8 (C = N bond) were around 14.08 and
11.48 a.
these areas was 2556 a.0. 8% of e
organic matrix of cementum). Area of
absorption band at 1641 cm! arosed oo

Amide 1 (C = O bond) was around 51.7 a.u. (51.9% of organic matrix). This value of the

band area was the same as for dentin and did not depend on absorbed radiation doses. Be-

e th merioed miev’ beda ek bnds ypicl o oy oo 130-1308 cnrl,

asymmetric valence v of C-0-C bond at 1200-1275 cm-!, pendular osci)

o of Cit,y bond at 1250 e andsymmet vlence vibrationsof ‘N0 bond were
in Infrared spectra of cementum taken from patients of LDG.

Thes bkt were unlly arctn] elemens of protein, in this case pmbibly
paracollagen procinsand glycosaminoglycans. The total area of these bands was 6.
23 (5.59% of organc mtr of cementum).

“The ratio between Amide bands areas indicated protein components increase:

Samice 1/ Shmigen = 6.98 / 25,56 = 0.27,
Samiden / Snide1 = 6.98/ 5170 = 0.14,
Sumide1/ Samigen = S1.70 /25,56 = 2.02.
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‘The obtained results showed that late effect of ionizing radiation on dental tssues
deended on exposed dose. For patent rom HDG non-<atous denal dieses dom-
nated. Focpulgmy from L pi
instea Different radiati

rebuilding.
‘The results of spectral analysis of teeth taken from people of HDG showed de-
crease of hydroxyapatite crystal perfection. Pathological changes in phosphates were
caused by basic i uch as

dental

‘within the dental inorganic matrix.
ow doses of external radiation provoked insignificant decreasing of hydroxyapa-
tite bands’ intensities (p>0.5) and therefore elimination of Ca2* (as for carious process)
took place [12]. High doses of external radiation activated in cementum pathological
with changes I hattering and

the relative increasing of organic matrix content in the tissue. Additional absorption band
belonging to soluble pyrophosphates P-O-P bond and C-O bond appears at 1170-1306
- in infrared spectra of cementum taken from patients of LDG.

At the same time changes in intensity of Amide I and Amide I, split of Amide
Thand e msnm ot some bonds reskage and e bonds”formtion in olzgen
. These -aded to changes in organic matrix architectonics. In spite of

me ‘et dmnges Caused by low doses madiaion the rado between the proven
omponents of enamel, dentin and cementu, and the ratio between the organic and
i ively he control

group. e
‘cementum provoked by high and T e o s e

‘Thus, the e of e and spectral studies have shown different influence of
high and low doses of external radiation on dental uissues. Whil high doses provol

o doses
of leemal o impaced mouth caviy ad acvte adknogesic onl patology.

i e parogien prwipsi
tion touched upon all dental tissue and
obviously all bone system of irradiated
people. We detected an increase of
the COy?- content (imbalance between
phosphate-carbonate phase levels) in
enamel, dentin, cement and alveolar
for persons exposed to high doses of
radiation. This disorder had an effect
on the denal maui strenglh High
doses of radiation

compostion changes: more soldble
phosphate forms were
accumulated in the mineral part of the

e mxu&lﬂmhnhnw_
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teeth, and afterwards they were washed out by intracellular liquids. As a result of this
process, the content of mineral i i
and e, On the oer han,low dosesof
in the mineral part of all tooth ts

‘Changes of the organic compostion of denin, cment and alveolar were noted for
ot high and low radiaton doses. Th aleration of colagen caused by high doses of
aditon o evdent n the decrese of the Amide | conten. The slting of i Amid
11 absorption band and the appearance of the Amide I were observed at low doses of
Rebuilding o the collagen matrix can be explained by the changes frpe’id
acids by radiation (proline and oxyproline), which are parts of collagen.
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APTERWORD

his book is arriving twenty.five after Chornobyl and continues a
line of stufies and. d.

Among them are the Report of the UN Chomobyl Forum (2005) and its recommenda-.
tions to the governments that have induced a lot of neglection in the suffered countries.

‘The 2006 UNSCEAR repart has a synopsis on the epidemiological studies of radiation
‘and cancer (Annex A), epidemiological evaluation of cardiovascular disease and other
non-tumour diseases alter radiation exposure (Annex B). The report has provided an
international evaluarion of a new data explaining the difference between an amount of
radiation dose and effect by such eniities as non-targeted and delayed effects of expo-
sute 10 ionizing radiation (Annex C), and effects on the immune system (Annex D). Of
special interest is the 2008 Report focusing on effects due to fonizing radiation. The
important message of the Commitce is il egard o balh efessof Chncty.

there have effects
and thei catmen, an of (e lon term o rediation i m‘lmes due 10 irradiation of
e ki i e e eye, With respect 10 the incdence of siochasic efects ther

EAR

UN
e challenged pmxlsm.g understanding derived from the studies of other exposed
groups, such as the survivors of the atomic bombings in Japan and other studies of
radiation exposed populations.

The experimental research in parallel to Chornobyl studies, funded by the b

Low Dose Radiation Research Program has provided new information suggesting tha
baslc radaion paradigns may need re-evlustion (Brook, Couch, 2007).
tious program was focused on biological mechanisms involved in response to low doses
ofboh low an Hgh LET adiaton at dosesbelo 0 1Gy. A linear type of doseiec
response was demonstzated for molecular changes induction while a non-linearity was
typical for response and repair reactions.

‘The ongoing in Chornoby] studies of the Jast period bridge the existing and new
‘experience on the health effects with knowledge obtained at experiments. The fact that
the object of research s a human has its scientific strength and its limitations. Studies
on cohorts of the acut radiation syndrome survivors, emergency and clean-up workers,
evacuces and exposed in childhood have provided informati aluble fr th sci-
entific understanding of radiation effects and for radiation protection as well. From the
ber hand,radiaion effecs inhumans have 0 be sepratedfrom a s et sl e

of a non-radiation origin. Th
health effects due to ionizing radiation is based mainly on an epidemiology approach,
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and there exists a gap in identifying the specific markers of a radiation-induced disease
as well as of biological markers of radiation exposure effective at the late period.

‘The main causes of late deaths are cancers and cardiovascular diseases. An intriguing
point is an absence of differences between the general mortally rates in ARS cases
confirmed and non-confirmed by the 1989 expertise and higher cancer mortality rates.
at the last sub-group. The research on the mechanisms of late effects in ARS survi-
vors s in process. It Is s necesry to expand research of long-term effects of the acute
radiation sickness ta} o account the organ doses, and also o support survivors”
Tollowp, and medical core. This wil provid an unaue possbily 1 undersand the
biological relationship between cancer and non-cancer diseases and lonizing radiation.
Biological specimens from the ARS survivors and possibly their offspring should be
collected and stored for future research using the appropriate technologies of cell im-
mortlization etc.
tudies in Chornoby] clean-up workers (“liquidators”) have been directed to get
data on the health effects at low dose. This cohort is the biggest cohort of exposed at
Tow dose range 1o its size (approximately 600,000) and collective dose and should be
most informative, with great statisical power, or the study of cancer and non-cancer
effects in adults at exposure. The biggest part of this cohort is represented by clean-
up workers from Ukraine with mean doses of 17 mSv exceeding the doses in Russian
clean-up workers by 1.5-fold and Belorussian — by factor of 2. The Ukrainian cohort
is characterized also by a high percentage of a first year of recovery workers including
those of the early emergency period. Subsequently, a higher is proportion of clean-up
. 3 Yy oot §
ever,all clean-up workers cohorts have an important limitation due to the insufficient
individual dosimetry of the first most important period.

d
implemented affer the accident. It was not possible to provide biological dosimetry ©©
dllemrucliia gl Ui o e Ceomcanee abenzlmn! test, FISH
T show val\uhlluy at doses above 250 mS. That ls why i Spcotamnires e
the combined estimates of staff routes and tasks inside the radiation zone, and radiation
fleds e intoduced fr reospecve dosimery ‘The U.S.-Ukrainian cawract study
and the RADRUE ples of suc-
cessful Of course, the value of

pproach decreases with time and stil there is an urgent need in development of new
biological marker assays.

Several results important for radiation epidemiology were obtained in clean-up
workers cohort. An increased risk of radiation-induced leukemia among Chornobyl
clean-up workers has been established during last 5 years in the U.S. NCI- RCRM and
the IARC intemational studies. Risk levels for the first 15-years after the exposure are
similar to those previously noted following the nuclear bombing in Japan. Contradic-
tory to the findings in the A-bomb survivors, the studies conducted on Russian, Baltic
and Ukeainian clean-up workers suggest a substantial increase in radiation risks of the
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the professional exposure studies. The ongoing research in Ukraine is aimed to obtain
‘pdated information an the risks of the CLL at a longer time period.
i leukemia ft

new information. The changes in bone marrow mictoenvironment, surface phenotype
chingesae desrbedaccompinid by o of gente mterial n myclid ekemi,
nd decreased prcentageofth beavy immunoglobulinchais reatangemerts i CLL.

ogy, immunclogy mmplex with ts clinical Features
time trends of
et Chomabyl onst are ot sl o hose In A_homb suvivas. Up-t-dae the
studies have failed to the moment to encircle a specific radiogenic type of leukemia,
‘however part of the pathological changes could be explained by the radiogenic effects
of the early period.

Radinlon ik of thyroid cance n aduls ae th sufec of discussion. The book
contains last update on the elevated thyroid cancer risks in Ukrainian clean-up workers;
however information on dose-effect dependency is not available yet. Some information
on the increased radiation tisks of thyroid cancer arrived from the 2010 IARC study on
Belarusian, Baltic and Russian clean-up workers, who were exposed to lodine radioiso-
g s el s, Ron isks for each of these factors have to be studied

reased incidence of thyroid cancer among persons exposed (o 131-T in
aa..m.m o been s repried in Ukcine and Bolarus and neus furberresearch,
the incidence of r some
types oty among the clean-up workers the incidence is increased. neressod
tisks of radiation workers
exposed in 19861987 as well the females, inhabi
aress, According 0 the experence of A-bomb survivors uudy, the excess of radiation
lasts for a different
type and possibly dose s exposure. Therefore, radiation risks of solid cancers in such
groups as clean-up workers and evacuees have to be further studied and evaluated.

Evidence from epidemiological studies suggests an increase in the incidence of
cataracts among clean-up workers exposed at lower doses starting from 250-300 mSv.
Sallthee st ncecainyshout the ochasic o deteminatic e o radiogenic
cataracts. Results of the studies indicating the contributive role of irr
caly dovelopment of selle caracs and macula degeneraton have o be e

Recent advance in analysis of low-dose effects in human immune cells has greatly
‘expanded our knowledge on the effects due to fonizing radiation. Follow-up studies of
‘more than 160,000 humans exposed after Chomobyl and clarification of dose-effect
dependencies were in need to overcome the uncertainties and dualism of estimates due
to the action of confounding factors — psychoemotional stress, chemicals etc. demon.
tcted by he UNSCEAR-2006 and the EGH (2005) repors. The ealy an lte changes

of el subsesa diferet sags of ifferentiad, profferave aciviy and, later, the
molecular effects clean-up id e
o doses, inclading » speial {ollow-up §roupof the ARS suvivore. The tay repored
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NP, scientists and fireman, drivers, desactivators, foresters etc., who are exposed o a
pouracied low-dos rdiaen, The st i s group i pmsemed by construc-
tion workers of the new safe continement upan the Chornobyl “Shelrer’

et et o sl of sl s ot Chomobyl NPP and the
exclusion zone as well as of children inhabiting in Slavutych i such books as “ChNPP,
“Shelter”, Slavutych: health effects 10 years later” (1996), “Chornobyl: the Exclusion
zone” (2001), “Health effects of the accident at the Chornobyl nuclear power plant”
(2007). Making the estimates of the radiation risks it's also important to encounter the
confounders like working and social conditions, the duration of work experience in the
Zone, as well as the degree of contamination by hazardous chemicas at the industrial
sk, Dalag 19911964 » grehénsiyesumy of radaie kvelinlc smsssiant o

e I o) exston e, kg eomdlilon i sl of e
it uas pmnrmd by the Instiute of Medical Ecology a and the Insttute
of Labour M Based on the radiation-ecological aton i he exchion sone
the staf have been dentified a risk, especialy those working outdoors, and subjected
1o additional risk of penetration of radionuclides and chemicals in the body (the alpha-
beta emitters and heavy metals) through inhalation of dust. Such crtical groups include
the operators of heavy construction machinery, heavy vehicle drivers, welders, drillrs,
concrete workers and saif working on dosimetry and decontaminaion
f heav,
ment (bulldozers, excavator, oaders, scrapers, ) was focused on the work poins o
the disposal of radioactive waste, as well s the destruction of worn-out and cleaning the
Ayl 51 hivcigl. Addtonaly o s ptuens vl of
mplex

(ol vibraion, dllsl s As a control roup served dosimeriss .nd o
professionals working on
atreference poins ranged from 060 1.4 mRVh,In the hyglenic evaluation of pirnd
sites in environmenal samples, except forchemical substances (heavy meal, nirogen
iR, cabb s, e, ko slEias e Qe Gk, 19,
90sy, 233py, 9Py, 0Py, measuring the parameters of microclimate, noise and vibra-
tion levels (overall and local) in the workplaces. The dust samples have been taken to
determine the level of specifc actviy of 'Cs, Conditons of survey o profesionals
i

heterogeneous body phzmom Physiological sudies of persons surveyed and control
‘groups were performed before and after working for 2-3 days at the beginning, middle
and end two weeks of the watch.

maia pollutant of air at the Exclusion zone is the dust factor. The highest
concentration of suspended solids was determined in the field excavaions in the heavy

mpnech g s Sntct seosl concemrmlonof gy el anblens
air study points did not exceed sanitary norms. The content of 137Cs, %05y, 2

b 1 te ai of the surveyed producton aees was recorded a tree o more (nld
below the acceptable values for the B category staff. The contamination of surface soil
at the Chomobyl exclusion zone was characterized by a mosaic and heterogeneity of
heavy metals and radionuclides contamination. However, analysis of results showed
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'mGy. The highest risks were demonsirated in patients with thyrold doses exceeding 2
Gy. This evidence needs further support.

Among the guml ‘population exposed to fallout from the Chornobyl accident,
an increased
visk of thyroid cancer. Since 4-5.years alte the accident, & dramaic inerease of thy-

roid cancer rates has been demonstrated among exposed as children to radionuclides
of iodine, iy odineL51. The UN Chomobyl Forum has reprted nthree sffered
‘countries more than 5,000 thyroid cancer cases in exposed as children. According to
he e from the Vomssreno Tt of Endocrinology and Metabolism
61049 thyroid cance patients exposed a ag of 0-10 years underwentsurgery dring
2008. Among them 74.1% at the moment of accident were at age group of 0-14
years. The relation between the increase in thyroid cancer incidence in those exposed
as children and adolescents at the time of the accident and absorbed dose in the thyroid
gland has been clearly demonstrated. The increased incidence continues to occur and
further changes are likel
Childhood leukemia was one of the most important expected health effects of
Chornobyl. Over the past 25 years the Incidence increase of leukemia among those ex-
posed in childhood has not been identified. The reports on an increase in the incidence
of leukemia in Ukrainian children exposed in utero are few, do not coincide with sta-
tistics from the other countries and need thoroughtu alidaton, In general popiton
exposed to Chomobyl fallout
demonsratd tll nowadays a deectable Increase. Our reader il have the possbiity
{0 estimate fgures of sold cancermorbiciy t he specific pars of this book. To our

hip

has (o be proven and iCs not a time to make final dec
Sl there is oy v ey bl consequencesofthe sccden o dae,
n the future
hich merits caefu, well desged stdies of variows helth swcomes. O special po-
tenial importance is a cohort of ofspring of clean-up workers so tha transgenerational
effctscan b e, A faily sty perfored oy by the RCRM and the Instue
of Labor ent of immune
function changes. Preliminary ry dat o e study in Narodichi district by the
RCRM an the Universiy of Souh Caoln ls demanscat a nceas o nof-um
diseases rates in a progeny of exposed. Of importance for studies of radioiodine influ-
ence on cancers other than thyrold and non-cancer effects are the UkrAm and BelAm

cohorts enumerating 25,000 exposed as children with established doses on thyrold.
The Chomabyl accident reslted in widespred radiosctive contamination of

Tow

the probl
dms or nammn in coml)umlm with other man-made environment and industrial en-
vironment. the area which
has undergone the most pvwﬂ[nl radiouctive contamination, and where 3 subsianial
staff number works by a shift method. Staff groups include personnel of the Chomnobyl
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7o relationship of soil contamination with heavy metals and radionuclides, indicat-
ing the differences of their entry sources. The highest concentrations of heavy metals,
particularly lead and zinc were determined along the bighways. This suggests that in
this case, the main source of heavy metals in the soil was the leaded gasoline and mo-
tor vehicles. I all the surveyed indusrial sectors of the exclusion zone a maximum
content of heavy metals in soll exceeded background values for ths region from 1.5 to
7.9t At ome sy ol he i concenatos of e oeals were lo
higher than background values (tead, nickel, zinc). At the virgin lands of the 30
the rcioucldes have been il locaid i the uppes ayer of ol I areas here
found. At the
e et sccvaton he activity of 2Py, 9Py, 240y was m:ovded in
the range of 2.1 0 4.0 Bkg, which does not preclude its penetration into the resy
oy ysem with e dust
“The resuls of studies on the hygienic characteistcs of working conditions of
operators of heavy vehicles and drivers of heavy vehicles demonsirate that by the se-
verty of impact factors o production of non-radiaion nture in the most unfavorable
conditions were . The intensity of the ded on the type
of machinery, their technical preparedness for work in et ot i type of
work performed. From the data presented in the table that the working conditions at
the bulldozers were characterized by excess noise on the remote control of 3-20 dB.
Levels were higher for overall vibration for 5-12 dB, local — 2-5 dB. Dustiness of air
as the working area was the highest in-cab tractors, exceeding the MPC by 3-12 times,
and in some samples of samples — up to 17 times. In some cases, in the working area
of bulldozers the petroleum hydracarbons and carbon monoxide were noticed at an
increased levels (1.5-2.0 times).
The content o dust n e s cab ks and s excesdd el fom 20
100 the cabins of excavators and screpers the dust levels were close to normal
values A dapesed st composiin e Kl e it bt s e s
e 10% from 10 bout 70% and from 5 . The
S

air d
tion of 0.033 Bq/l Given that at 6-hour shift venilation vnlume i human is about 9 m,
and in the working area there is up to 70% of dust paticles, with the most deeply pen-
etration ability into the respiratory tract, the dust factor can substantally increase the
effective dose in employees.

of

the staff workin at the Chornoby! exclusion zone. Such stage has sarted in 2003 when
the recruitment of the personnel was started for construction works in the conversi

o e Choenobyl “Shelte™ i & raoecologicay sfe abect. Siragles of rcion
protection have been elaborated with the experience of studies of health effects after
Chornobyl and implementation of the medical and biophysical control system of the
work activities on the Shelter Implementation Plan (SIP) for the period of 2004-2009
have demnstte s eficecy, A sultanil st o i wascollcted n he ches

fose and

hi
iology and radiation protection.

tosystom lvels. i
data and transform it to a knowledge for use in rads
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The scale of Chornobyl and its consequences to health and environment have
accumulated most of the research and practical health care workforce and resources.
The tasks for radiation biology, medicine and protection are not limited to Chorniobyl,
Nuclear energy sector in Ukraine includes 50,000 occupationally exposed workers of
the 15 power and rescarch units, uumum ines and radioactive waste and spent fuel
songes medicine. Additonal

roups include population of the mm surmounding the other e secor objects.
o of the s
No centralized health registry for nuclear workers is supported in Ukraine, but there ex-
st local data sources hat could be used for the G of such system. The individual

data exist on the local levels of the medical-sanitary departments and the dosimetry

shops of the. nu:lear obiects Regional registries wllh individual data are supported for

radiologists. ncludes local mgmry
but lacking

information on the professional radiation exposure status. A registry with the exendes
health and dosimetry data including doses of external imadiation and transuranium
elements incorporation is supported by the RCRM for staff of the “Shelter” object.
Aggregated information is available for the Ministry of Health Care and Energoatom
companyfrom the loca saitca eprs

for nuclear
workers and population o e 205 of conol 1nsie the governmen and te local au-
thorites of Ukraine. The task of establishment of the national dose registry in Ukraine
is formulated in a namber of legislative acts (State Laws, Decrees of the Cabinet of
Ministers, radiation safety regulations), however, de facto this work was not initiated
5o far due 1o lack of budgetary funding, The existing experience French and other in-
temational registries as well = of he Sate ey of exposed fter Chamobyl, the
Cli

for Radiston Medicne from i prospecive ollow-up stales could helpfo pracical
implementation of such united

Quarter of century ater Chornoby! i not only the time to spews copars ka
spewn pasbpacsizars wevi, Several projects including the EU ARCH present analysis
and strategies of future research. The priorities in the field of radiation cancers risks

include:
(2) o assess if there is a risk of thyroid cancer in those who were adults at exposure,
and first of all clean-up workers and evacuees of the first period with the maximal
release of radioiodine and other short-living isotopes incorporating 1o the thyroid.
Last studies show the possibility of thyroid dose reconstruction from radioiodine

incorporation;

(b) for thyroid cancer in those exposed in childhood the change i risk with time since
exposure, the role of dietary iodine and the role of inherited factors and other sub-
sidiary tasks have 10 be evaluated;

(9 padton ks of 3 nomCLL leukemia show a tendency to decrease. The studies

to be concentrated on CLL, lymphomas and multiple myelor
@ st cance sdics wih the priority to female liquidators and females from the
ighly contaminated territories;




	HE-000
	HE-001
	HE-002
	HE-003
	HE-004
	HE-005
	HE-006
	HE-007
	HE-008
	HE-009
	HE-010
	HE-011
	HE-012
	HE-013
	HE-014
	HE-015
	HE-016
	HE-017
	HE-018
	HE-019
	HE-020
	HE-021
	HE-022
	HE-023
	HE-024
	HE-025
	HE-026
	HE-027
	HE-028
	HE-029
	HE-030
	HE-031
	HE-032
	HE-033
	HE-034
	HE-035
	HE-036
	HE-037
	HE-038
	HE-039
	HE-040
	HE-041
	HE-042
	HE-043
	HE-044
	HE-045
	HE-046
	HE-047
	HE-048
	HE-049
	HE-050
	HE-051
	HE-052
	HE-053
	HE-054
	HE-055
	HE-056
	HE-057
	HE-058
	HE-059
	HE-060
	HE-061
	HE-062
	HE-063
	HE-064
	HE-065
	HE-066
	HE-067
	HE-068
	HE-069
	HE-070
	HE-071
	HE-072
	HE-073
	HE-074
	HE-075
	HE-076
	HE-077
	HE-078
	HE-079
	HE-080
	HE-081
	HE-082
	HE-083
	HE-084
	HE-085
	HE-086
	HE-087
	HE-088
	HE-089
	HE-090
	HE-091
	HE-092
	HE-093
	HE-094
	HE-095
	HE-096
	HE-097
	HE-098
	HE-099
	HE-100
	HE-101
	HE-102
	HE-103
	HE-104
	HE-105
	HE-106
	HE-107
	HE-108
	HE-109
	HE-110
	HE-111
	HE-112
	HE-113
	HE-114
	HE-115
	HE-116
	HE-117
	HE-118
	HE-119
	HE-120
	HE-121
	HE-122
	HE-123
	HE-124
	HE-125
	HE-126
	HE-127
	HE-128
	HE-129
	HE-130
	HE-131
	HE-132
	HE-133
	HE-134
	HE-135
	HE-136
	HE-137
	HE-138
	HE-139
	HE-140
	HE-141
	HE-142
	HE-143
	HE-144
	HE-145
	HE-146
	HE-147
	HE-148
	HE-149
	HE-150
	HE-151
	HE-152
	HE-153
	HE-154
	HE-155
	HE-156
	HE-157
	HE-158
	HE-159
	HE-160
	HE-161
	HE-162
	HE-163
	HE-164
	HE-165
	HE-166
	HE-167
	HE-168
	HE-169
	HE-170
	HE-171
	HE-172
	HE-173
	HE-174
	HE-175
	HE-176
	HE-177
	HE-178
	HE-179
	HE-180
	HE-181
	HE-182
	HE-183
	HE-184
	HE-185
	HE-186
	HE-187
	HE-188
	HE-189
	HE-190
	HE-191
	HE-192
	HE-193
	HE-194
	HE-195
	HE-196
	HE-197
	HE-198
	HE-199
	HE-200
	HE-201
	HE-202
	HE-203
	HE-204
	HE-205
	HE-206
	HE-207
	HE-208
	HE-209
	HE-210
	HE-211
	HE-212
	HE-213
	HE-214
	HE-215
	HE-216
	HE-217
	HE-218
	HE-219
	HE-220
	HE-221
	HE-222
	HE-223
	HE-224
	HE-225
	HE-226
	HE-227
	HE-228
	HE-229
	HE-230
	HE-231
	HE-232
	HE-233
	HE-234
	HE-235
	HE-236
	HE-237
	HE-238
	HE-239
	HE-240
	HE-241
	HE-242
	HE-243
	HE-244
	HE-245
	HE-246
	HE-247
	HE-248
	HE-249
	HE-250
	HE-251
	HE-252
	HE-253
	HE-254
	HE-255
	HE-256
	HE-257
	HE-258
	HE-259
	HE-260
	HE-261
	HE-262
	HE-263
	HE-264
	HE-265
	HE-266
	HE-267
	HE-268
	HE-269
	HE-270
	HE-271
	HE-272
	HE-273
	HE-274
	HE-275
	HE-276
	HE-277
	HE-278
	HE-279
	HE-280
	HE-281
	HE-282
	HE-283
	HE-284
	HE-285
	HE-286
	HE-287
	HE-288
	HE-289
	HE-290
	HE-291
	HE-292
	HE-293
	HE-294
	HE-295
	HE-296
	HE-297
	HE-298
	HE-299
	HE-300
	HE-301
	HE-302
	HE-303
	HE-304
	HE-305
	HE-306
	HE-307
	HE-308
	HE-309
	HE-310
	HE-311
	HE-312
	HE-313
	HE-314
	HE-315
	HE-316
	HE-317
	HE-318
	HE-319
	HE-320
	HE-321
	HE-322
	HE-323
	HE-324
	HE-325
	HE-326
	HE-327
	HE-328
	HE-329
	HE-330
	HE-331
	HE-332
	HE-333
	HE-334
	HE-335
	HE-336
	HE-337
	HE-338
	HE-339
	HE-340
	HE-341
	HE-342
	HE-343
	HE-344
	HE-345
	HE-346
	HE-347
	HE-348
	HE-349
	HE-350
	HE-351
	HE-352
	HE-353
	HE-354
	HE-355
	HE-356
	HE-357
	HE-358
	HE-359
	HE-360
	HE-361
	HE-362
	HE-363
	HE-364
	HE-365
	HE-366
	HE-367
	HE-368
	HE-369
	HE-370
	HE-371
	HE-372
	HE-373
	HE-374
	HE-375
	HE-376
	HE-377
	HE-378
	HE-379
	HE-380
	HE-381
	HE-382
	HE-383
	HE-384
	HE-385
	HE-386
	HE-387
	HE-388
	HE-389
	HE-390
	HE-391
	HE-392
	HE-393
	HE-394
	HE-395
	HE-396
	HE-397
	HE-398
	HE-399
	HE-400
	HE-401
	HE-402
	HE-403
	HE-404
	HE-405
	HE-406
	HE-407
	HE-408
	HE-409
	HE-410
	HE-411
	HE-412
	HE-413
	HE-414
	HE-415
	HE-416
	HE-417
	HE-418
	HE-419
	HE-420
	HE-421
	HE-422
	HE-423
	HE-424
	HE-425
	HE-426
	HE-427
	HE-428
	HE-429
	HE-430
	HE-431
	HE-432
	HE-433
	HE-434
	HE-435
	HE-436
	HE-437
	HE-438
	HE-439
	HE-440
	HE-441
	HE-442
	HE-443
	HE-444
	HE-445
	HE-446
	HE-447
	HE-448
	HE-449
	HE-450
	HE-451
	HE-452
	HE-453
	HE-454
	HE-455
	HE-456
	HE-457
	HE-458
	HE-459
	HE-460
	HE-461
	HE-462
	HE-463
	HE-464
	HE-465
	HE-466
	HE-467
	HE-468
	HE-469
	HE-470
	HE-471
	HE-472
	HE-473
	HE-474
	HE-475
	HE-476
	HE-477
	HE-478
	HE-479
	HE-480
	HE-481
	HE-482
	HE-483
	HE-484
	HE-485
	HE-486
	HE-487
	HE-488
	HE-489
	HE-490
	HE-491
	HE-492
	HE-493
	HE-494
	HE-495
	HE-496
	HE-497
	HE-498
	HE-499
	HE-500
	HE-501
	HE-502
	HE-503
	HE-504
	HE-505
	HE-506
	HE-507
	HE-508
	HE-509
	HE-510
	HE-511
	HE-512
	HE-513
	HE-514
	HE-515
	HE-516
	HE-517
	HE-518
	HE-519
	HE-520
	HE-521
	HE-522
	HE-523
	HE-524
	HE-525
	HE-526
	HE-527
	HE-528
	HE-529
	HE-530
	HE-531
	HE-532
	HE-533
	HE-534
	HE-535
	HE-536
	HE-537
	HE-538
	HE-539
	HE-540
	HE-541
	HE-542
	HE-543
	HE-544
	HE-545
	HE-546
	HE-547
	HE-548
	HE-549
	HE-550
	HE-551
	HE-552
	HE-553
	HE-554
	HE-555
	HE-556
	HE-557
	HE-558
	HE-559
	HE-560
	HE-561
	HE-562
	HE-563
	HE-564
	HE-565
	HE-566
	HE-567
	HE-568
	HE-569
	HE-570
	HE-571
	HE-572
	HE-573
	HE-574
	HE-575
	HE-576
	HE-577
	HE-578
	HE-579
	HE-580
	HE-581
	HE-582
	HE-583
	HE-584
	HE-585
	HE-586
	HE-587
	HE-588
	HE-589
	HE-590
	HE-591
	HE-592
	HE-593
	HE-594
	HE-595
	HE-596
	HE-597
	HE-598
	HE-599
	HE-600
	HE-601
	HE-602
	HE-603
	HE-604
	HE-605
	HE-606
	HE-607
	HE-608
	HE-609
	HE-610
	HE-611
	HE-612
	HE-613
	HE-614
	HE-615
	HE-616
	HE-617
	HE-618
	HE-619
	HE-620
	HE-621
	HE-622
	HE-623
	HE-624
	HE-625
	HE-626
	HE-627
	HE-628
	HE-629
	HE-630
	HE-631
	HE-632
	HE-633
	HE-634
	HE-635
	HE-636
	HE-637
	HE-638
	HE-639
	HE-640
	HE-641
	HE-642
	HE-643
	HE-644
	HE-645
	HE-646
	HE-647

