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Abstract

This article discusses the results of cytogenetic examination of Chernobyl accident survivors. The author re-
searched the frequency of unstable aberrations which were eliminated in time, stable ones accumulated after
acute and chronic exposure in peripheral blood lymphocytes scored on conventional slides and with the help
of G-banding and FISH techniques. It revealed the high sensitivity of G-banding analysis for establishing a
whole spectrum of stable radioinduced cytogenetic markers. It was confirmed that in the case of occupational
contact with the sources of ionising radiation the frequency of chromosomal aberrations can serve as one of the
expositional tests for the evaluation of the harmful action of radiation exposure on human health. The ob-
tained data permit us to suppose the level of ionising radiation under which individual cytogenetic effects can
not be induced or may be induced but then be repaired.
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Cytogenetic research is a necessary component in
the medical control system for persons irradiated
as a result of nuclear accidents.

Such investigations have been carried out since the
end of the 60-s in practically all cases of accidental
irradiation of separate individuals as well as groups
of people, and directed to revealing specifity and
stage of chromosome abberation in peripheral
blood lymphocytes as a result of radiation expo-
sure. These data are used for biological indication
and orientational biological dosimetry of human
irradiation on the basis of cytogenetic criteria as
well as for prediction of possible delayed harmful
stochastic effects of radiation exposure.

The frequency of two categories of chromosome
type aberrations has been used in the cytogenetic
examination as a specific biomarker of human ra-
diation mutagen exposure:

— unstable (acentrics, dicentrics and centric rings)
scored as a rule on conventionally stained slides of
metaphase chromosomes;

HeoTbeMJIEMOH 9aCThIO CHCTEMBI MEIUITHHCKOT'O KOHT-
POJIST 32 TUIAMH, OOJIyICHHBIMU B PE3Y/IBTATE S/ICPHBIX
ABAPUH, SABJITIOTCS IIUTOT€HETUYCCKHEC MCCIIC/TOBAHMSL.

TaKue UCCIIEJOBAHUS BBITTOTHSIOT C KOHITA 60-X rO/IOB
MPAKTHYECKU ITPU BCEX CIYYASIX ABAPHUITHOTO OOTYICHUS
OT/IEJIHBIX JIUL] WJIW IPYIITJIIOACH, U HAIPABICHBI HA BbI-
SIBJIEHUE CNIEIU(PUKN M CTETIEHU MTOBPEXICHUI XPOMO-
COM B TUM(POIUTAX NEPUPEPUIECKON KPOBU B PE3YIIb-
TATE PAUAITMOHHOTO BO3IEUCTBUA. DTH TAHHBIE CITYKAT
OCHOBAHUEM KAK JIs1 OMOTIOTMYECKON MHANKAIIUN U OPU-
E€HTUPOBOYHON OMOJIOIMYECKOM JO3UMETPHUU OOITyIEHUS
4EeJIOBEKA M0 IIUTON€HETUYECKUM KPUTEPUSAM, TAK U JJIA
HPOrHO3UPOBAHUA OTIAJIEHHBIX HEOJIATOIIPUATHBIX CTO-
XACTUYECKUX 9(PPEKTOB OOIYUCHUS.

IIpn IpoBeEHNN TUTOTEHETUYECKUX UCCIEIOBAHUIT B
KA4ECTBE CIIELM(PHUIECKOIO OOMAPKEPA PAIUATUOHHO-
I'O BO3/ICHICTBHA HA YEJIOBEKA UCIIOJIb3YIOT YACTOTY ABYX
KaTEropu abeppanyii XpoMOCOMHOI'O THIIA:

— HECTAOWIBHBIX (AI[EHTPUKOB, IUIIEHTPUKOB, IIEHTPH-
YECKUX KOJIEIT), ONIPEAEIISIEMBIX , KAK ITPABUJIO, HA PYTHUH-
HO OKPAIIEHHBIX IPENAPATAX MEeTA(A3HBIX XPOMOCOM;
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— stable (complete and incomplete chromosome
translocations, inversions, insertions, deletions),
partly scored as abnormal monocentrics on con-
ventional slides and utterly determined under dif-
ferentially G-stained slides of metaphase chromo-
somes.

Due to the newest achievements in the field of mo-
lecular cytogenetics, starting from the beginning of
90-s, new technology for the finding of stable mark-
ers of human radiation exposure has been introdu-
ced — fluorescence in situ hybridisation with DNA
probes (FISH) — whole chromosome painting.

Cytogenetic analysis has been used for the evalua-
tion of different levels of human radiation expo-
sure including the action of so called “low doses”
which considered doses in the range of up to
500 mGy received as the result of acute, subacute or
chronic radiation exposure.

The value of cytogenetic analysis in case of chronic
radiation exposure of low intensity confirmed by
the results of numerous cytogenetical observations
of persons occupationally coming into contact with
radiation as well as groups of populations living in
the regions with an increased background level of
naturally occurring radiation.

One of the problems for an estimation of a mu-
tagenic action of low radiation doses is the rela-
tively low level of induced cytogenetic effects, in
comparison with the control, for the revealing of
which a huge amount of scored cells are needed to
analyse. This is really hard in case of examination of
selected individuals (even with the help of mod-
ern automatic chromosome analysis systems), but
possible in case of observation of human groups
with identical radiation exposure.

Since 1986 new groups of irradiated people for
whom cytogenetic control is quite essential have
appeared — Chernobyl nuclear power plant
(ChNPP) accident victims, the majority of whom
have been exposing to low radiation doses.

During the 12 years following the Chernobyl disas-
ter a lot of papers devoted to the results of cytoge-
netic examinations of Chernobyl accident victims
(especially, liquidators and population of contami-
nated by radionuclides regions) have been pub-
lished in different countries (Ukraine, Russia, Be-
lorussia, Estonia, Latvia, Germany, Italy, Great Brit-
ain, Netherlands, Austria, USA, Israel).

Since January 1987 we have been carried out cyto-
genetic monitoring of the highest priority Cher-
nobnyl accident survivor’s groups. Among them are
as follows:

1. Patients with verified acute radiation sickness
(ARS) (about 60 persons per year).

— CTaOWIbHBIX (CHMMETPHYHBIX XPOMOCOMHBIX TPAHC-
JIOKAITUI, THBEPCUU, IETIETUPOBAHHBIX XPOMOCOM ), 44C-
THYHO BBIABJIAEMBIX (B BUZIE AHOMAJIbHBIX MOHOLIEHTPH-
KOB) IIPU TPAJUIITMOHHOM AHAIIM3E U B IIOJTHOM OObeME
OIIpEAESIEMBIX Ha JUPPEPEHIIMAIBHO G-OKPAIICHHBIX
Ipenaparax MeTa@asHblX XPOMOCOM.

C Havana 90-X rofioB, 6;1aroiapst NOCAEAHNUM JOCTHKE-
HUAM B OOJIACTH MOJIEKYJIAPHOIM IIMTOTEHETUKH, I 00-
HAPYKEHUA CTAOMIBHBIX MAPKEPOB OOJIyIEHUA UCITOIIb-
3YIOT HOBEHUIIYIO TEXHOJIOTUIO — (DJIFOOPECIIEHTHYIO
TUOPUIN3AIUIO META(PAZHBIX XPOMOCOM YEJIOBEKA C
OHK-3onaamu (FISH, whole chromosome painting).

LUTOreHeTUYECKOE UCCIICOBAHNE UCTTOL3YIOT JIJIA OLICH-
KU CTENEHU OOIYYEHMS PA3HON UHTEHCUBHOCTH, B TOM
4HCJIe IIPU JEHCTBUY NOHUZHPYIOIIUX U3JTYYCHUM B TAK
HAa3bIBAEMbIX MAJIBIX 034X, KAKOBBIMU 11 YEJIOBEKA CUM-
TAIOT J03bIL O 500 MI'p, ITOJIydeHHbBIE BCJIEACTBUE OCTPO-
'O, IOJOCTPOrO JINOO XPOHUYECKOTO OOIIyUYEHUS.

DPPEKTUBHOCTD ITATOTCHETUYECKOT'O UCCIIC/IOBAHUS TIPU
XPOHUYECKOM PAJIMAITMOHHOM BO3JICHCTBUH MAJION MH-
TEHCHUBHOCTH JIOKA3aHA MHOTOYHCJIEHHBIMH OOCIEOBA-
HUSIMU TTPOPECCUOHUIBHBIX KOHTHUHICHTOB, KOHTAKTH-
PYIOIINX C PAIHAITHIOHHBIM (DAKTOPOM, U HACEJIEHUS, TTPO-
JKUBAIOMIETO B PAMIOHAX C MTOBBIIIEHHBIM €CTECTBEHHBIM
PAaUAIMOHHBIM (POHOM.

OHOM 13 TPOOIIEM, BOZHUKAIOIIUX IIPH OIIEHKE MyTAIr€H-
HOI'O JEUCTBYA U3JIYYCHHUN B MAJIBIX 033X, ABJIACTCS OTHO-
CUTEJIBHO HEBBICOKHUE, 10 CPABHEHHUIO C KOHTPOJIEM, YPOB-
HU UH/IYITAPOBAHHOI'O ITATOTCHETHYCCKOTO A(PMDEKTA, st
BBIIBJICHUSI KOTOPOI'O HEOOXOAUMO AHATU3UPOBATH OTPOM-
HBIE BBIOOPKH KIETOK, YTO TPYAHO BBITTOJIHHUMO ITPU OOCIIE-
JIOBAHUH OT/ICIIbHBIX MHIHUBU/IYYMOB (AK€ C UCIIOIb30BA-
HUEM COBPEMEHHBIX CUCTEM aBTOMATUYECKOI'O dHAIN3A
XPOMOCOM ), OFJHAKO BO3MOKHO IIPU OOCIICJOBAHNH I'PYIIIT
JIULL C WICHTHYHBIM PA/IMAIIMOHHBIM BO3JCHCTBUEM.

C 19806 I TOSIBHIINCh HOBBIE I'PYIIITHI OOy Y€ HHBIX JIFO/ICH,
NOJIJIEKAIINE [TUTOI€EHETUYECKOMY KOHTPOJIIO — MOCT-
PAJABIIIME BCJICACTBUEC ABAPHUU HA UepHOOBUILCKON ADC
(YADC), 3HAUUTENBHAA YACTh KOTOPBIX UCTIBITBIBAET ITO-
CTOSTHHOE JIEVICTBHE U3JIYYEHUN B MAJIBIX JO34X.

B Tedenue 12 jieT, IPOMEIIINX NOCIE YePpHOOBUILCKOH
KaTacTpodsbl, B CTpaHax ompkHero (YkpanHa, Poccus, Be-
Jlapychb, Ocronusd, Jlarsusa) u ganpHero (Iepmanus, Ura-
Just, Benmuko6puranus, Hunepnanbl, CHIA, I3panib) 3a-
PyO6EXKDBS OITyOITMKOBAHBI PE3YJIBIATHI IUTOI€HETHYECKO-
IO UCCIENOBAHNUA B OCHOBHOM JIMKBHIATOPOB, 4 TAKXKE
HACEJIEHNS, TPOKUBAIOIIETO HA 3arPA3HEHHBIX TEPPUTO-
PHSIX.

C ansaps 1987 1. MbI IPOBOJIUM LIMTOTCHETUYECKHE MC-
CJIEIOBAHMA y TPUOPUTETHBIX KOHTUHI€HTOB IOCTPAIAB-
IIUX BCJIECTBUE YepHOOBUIBCKOM aBapuu. K HUM OTHO-
CSITCSE:

1.TTanyeHTBl, y KOTOPBIX ObUId BEPU(MPHUIIIPOBAHA OCTPAS
syaeBast 6051e3Hb (OJIB) (0K0J0 60 YEITOBEK EKETO/THO).
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2. Liquidators mainly from 1986 (about 400 per-
sons during the whole period of observation).

3. Workers of the third and fourth blocks of ChNPP
including people working inside the “Shelter”
(around 250 individuals during 1991, 1994—-1997).

4. Some occupational groups (foresters and trac-
tor-drivers) not only living but working in areas
highly polluted with radinuclides (Polesskoe,
30 persons, 1991).

5. Over 400 children from:

— villages Bolshaya Chernigovka and Malaya
Chernigovka Zhitomir region (1989) located in a
zone of strict radiation control;

— village Pershotravneve (1990) and town Narodi-
chi (1991, 1995) Zhitomir region, village Vilcha
(1992) Kyiv region located in a zone of voluntary
resettlement;

— villages Vistupovichi (1990, 1991) Zhitomir re-
gion, town Polesskoe (1991, 1992) Kyiv region lo-
cated in a zone of obligatory resettlement;

— city Kyiv (1990), town Trostyanets (1991), city
Yagotin (1996) — conditionally control groups for
comparison.

6. Children (30 persons) evacuated in April, 1986
from Pripyat town and living in Kyiv (1995).

7. Group of residents from 5 villages situated to the
north-west (Iliency, Lubyanka) and south-east
(Opachichi, Kupovatoe, Gorodicshe) of the ChNPP
in 30-km exclusion zone (12 persons, 1995).

In almost all these groups (excep ARS—patients) ra-
diation exposure of low intensity was assumed (be-
low 250 mGy).

In all groups the frequency of unstable chromo-
some aberrations which eliminated with time and
stable ones which accumulated in case of chronic
exposure in human peripheral blood lymphocytes
have been researched mainly revealed on conven-
tional slides and partly with the help of G-banding
and FISH techniques.

In some liquidators, who according to official do-
cuments, were exposed to external y-irradiation in
doses up to 500 mGy, over several days or several
months in 1986, radioinduced cytogenetic effects
have remained even 10—12years after the accident —
due to stabilisation of residual frequency of di-
centrics and centric rings (at a level of 0.5—1 per
100 cellsin 30% people examined under 0.2 in cont-
rol), due to the elevated rate of the stable cytoge-
netic markers (in range 0.5-4.5 per 100 cells in 45%
individuals observed under 0.1 in control). In the
group of liquidators with stable lymphopenia the
frequency of abnormal monocentrics was in the

2. JINKBUZIATOPBI BOCHOBHOM 1986 T. (0K010 400 U4eoBeK
B TEYEHUE BCETO NIEPHO/IA HAOIIONECHUA).

3. COTPYIHUKH TPETHETO U YETBEPTOIrO OJI0KOB YADC, B
TOM YUCIE PAOOTHUKU OOBEKTA “YKPBITHE” (OKOIO 250 ye-
JoBeK BTedeHue 1991, 1994-1997 r).

4. HexoTopsble TPO(PECCUOHAIBHBIE IPYHIIBI (JIECHUKU,
MEXAHU3ATOPBI CETLCKOI'O XO3SIUCTBA), TPOKHUBAIOIINE U
PabOTAIONIHE B 30HAX MHTEHCHUBHOI'O 3AIPSA3HEHUS PA/IUO-
HyKugamu (rirt [Tonecckoe, 30 yenosex, 1991 1).

5.Bbonee 400 gerert u3 CiieAyIon X HACEJICHHBIX ITYHKTOB:

— ¢. Bosnpmasa u Manas YepHuroska JKUToMupcko ooJ1.
(1989 1) — paCIIOJIOKEHDI B 30HAX JKECTKOI'O PA/IMAIIUOH-
HOI'O KOHTPOJLS;

— c.Ilepmorpasuesoe (1990 1.) nnirr Hapognuam (1988—
1991, 1995 1) YKuroMupckoi o611, ¢. Buiibua (1992) Ku-
€BCKOU O0JI. — PACIIOJIOKEHBI B 30HAX JJOOPOBOJIBHOI'O
OTCEJICHUS,

— ¢. Beictynosuam JKutoMupckort oo (1990, 1991 rr),
nrt ITonecckoe Kuesckor 0611 (1991, 1992 1) — pacno-
JIO’KEHBI B 30HAX O0A34TEJIbHOI'O OTCEJIEHUS;

— 1. Kues (1990 1), irt Tpoctaner (1991 r), . Arotun
(1996 1) — yCJIIOBHO KOHTPOJIBHBIC TPYIIILI CPABHE-
HUSL

6. letu, 3BaKyrpoBaHHbIC U3 T. [IpursiTh Banpese 1986 u
nposkuBaronye B Kuese (30 uenosek, 1995, 1996 ).

7.Ipyriia “caMoCcesioB” U3 5 Cell, PACTIONOXKEHHBIX B CEBEPO-
3a11a1HOM (C. JmbrHIIbL, JIyOsIHKA) M IOr'0-BOCTOYHOM (C. Or1a-
unyy, Kynosaroe, Iopoauine) HanpasiaeHuax or YADC B
30-KHJIOMETPOBOI 30HE OTuysK/IeHUs (12 9enoBek, 19951).

YV GOJIBIIMHCTBA OOC/IEAOBAHHBIX (34 UCKIIOYECHUEM JIULI,
nepenecmux OJIB) npearnonaraim pagualioHHOE BO3-
JIEUCTBUE MAJIOH MHTEHCUBHOCTH — B /103€ /10 250 MI'p.

V Bcex 06CIIEJOBAHHBIX ONPEAEAIN YACTOTY KAK HECTA-
OWJIbHBIX XPOMOCOMHBIX 460€PaLiuii, SIIMMUHUPYIOIIMXCS
CO BPEMEHEM, TAK M AKKYMYJIUPYIOIINXCSA IIPH XPOHUYEC-
KOM OOJIYYEHUH CTAOMIbHBIX IIOBPEXICHHUI XPOMOCOM,
B OCHOBHOM BBISIBJISIEMBIX TPATUITHOHHBIM METO/IOM U BbI-
OOPOYHO — C HOMOUIBIO AU(pPEePEHIINATBHON G-OKpaC-
KU U FISH-TEXHUKU.

VY 4aCTH JIMKBUIATOPOB, KOTOPBIE COITIACHO JJOKYMEHTAM
1986 1. B T€Y4CHUE HECKOIBKUX JTHEH MITU MECSITIEB IOy IH-
JIX JTO3BI BHENTHETO Y-06i1ydeHus 10 500 MI'p, Jaxe uepes
10—12 nernociie aBapyun COXPAHACTCA PAAUOUHIYLIPO-
BAHHBIIN IIUTOI€HETUYECKUN 3(D(PEKT KAK 324 CUET CTAOU-
JIM3ALIMY OCTATOYHON YACTOTBI AULEHTPHUYECKUX U KOJIb-
LEBBIX XPOMOCOM (Ha ypoBHE 0,5—1 Ha 100 xieToky 30%
OOCIIEIOBAHHBIX, B KOHTPOJIE — 0,2), TAK U B PE3YIbTATE
COXPAaHEHMS MTOBBIIIEHHOM YaCTOTBI CTAOWIBHBIX I[TUTO-
TEHETUYECKHUX MAaPKEPOB (C UHIUBH/IY AJIbHBIM Pa30POCOM
0,5—4,5 Ha 100 KIETOK IIPUMEPHO Y 45% 0OC/ICJOBAHHBIX,
B KOHTpoie — 0,1). B rpymrie 1MKBHaTOpOB CO CTOMKOM
JIMM@PONIEHUEN AHOMAJIbHBIE MOHOLIEHTPHUKHU BBISABJISIIN C
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range 0.1-4.0 per 100 cells in 95% of persons. These
cytogenetic effects were revealed in delayed terms
after radiation exposure and did not show the posi-
tive correlation with official doses of irradiation.
This last can be connected with the individual pe-
culiarities of the elimination of unstable and possi-
bly stable chromosomal aberrations.

The comparison of the sensitivity of micronucleus
and chromosome aberration assays (following the
results of the examination of ChNPP third block
personnel) confirmed that in conditions of human
chronic irradiation by low doses the micronucleus
test reflected only the whole mutagenic burden and
couldn’t serve as a specific test for the evaluation of
radiation exposure. At the same time this test is
quite acceptable as it is less laborious for the revela-
tion of the latent genetic instability with the help
of the “challenge” mutagenic exposure 72 vitro.

In all examined children living in contaminated
territories not only was a significant increase in
comparison with a period before accident in the
mean frequency of aberrant metaphases, chromo-
some and chromatid type aberrations (including
more than 10-fold growth in the mean group level
of specific cytogenetic markers with essential in-
terindividual fluctuations) revealed, but the trend
to some elevation of the cytogenetic effects in time
(mainly due to the accumulation of stable chro-
mosome injuries under the preservation of the rela-
tively constant level of unstable ones).

Received data testified to the continuation of mu-
tagenic pressing on observed contingents and pos-
sibly to the predomination of induction over elimi-
nation of radioinduced chromosomal aberrations
under prolonged irradiation with a low dose rate.

10 children living in Polesskoye and Narodichi ex-
pressed 18 multiaberrant cells (having from 3to 11
radiodependent chromosome markers), including
3 so called “rogue” cells. The appearance of such
cells can reflect not only the intensity of human
radiation exposure, but bear testament to internal
local irradiation of stem cells by deposed osteotro-
pic radionuclides. The appearance of such multiab-
errant cells (especially the specific “rogue” cells) in
spite of the reason for their formation an unfavour-
able prognostic sign can be considered because of
its possible ethiological role in cancerogenesis in-
duction via protooncogenes activation.

In the exposed children’s groups the trend to posi-
tive correlation between the severity of induced
cytogenetic effects (especially in terms of summary
rate both unstable and stable markers of radiation
exposure) was revealed and the level of environ-
mental contamination with Cs isotopes.

In the group of children evacuated from Pripyat
town cytogenetic effect was also established even

4qacToToM 0,1-4 ra 100 MeTadas npumMepHO y 95% obciie-
JIOBaHHBIX. OOGHAPYKEHHBIN B OT/IAJICHHBIEC CDOKH LIUTO-
I'€HETUYECKUH 3(PPEKT HE KOPPEITUPOBAI C JOKYMEHTH-
POBAaHHBIMHU JJO3AMHU OOITYUEHUS, UTO, OUEBHTHO, CBI3AHO
C MH/IUBU/TyaJIBHBIMU OCOOCHHOCTSIMH JIMMUHAIIUN He-
CTaOUJIBHBIX U, BO3MOKHO, CTAOWIbHBIX XPOMOCOMHBIX
abeppariyr.

ITpy CpaBHEHUM YYBCTBUTEIBHOCTU MUKPOSAJIEPHOTO TE-
CTa U TECTA XPOMOCOMHBIX a0eppalivuil (Ha OCHOBAHHUU
JIAHHBIX OOCIEJOBAHUS COTPYAHUKOB TPETHETO OJIOKA
YADC) NOATBEPXKACHO, YTO B YCUIOBUAX XPOHHUYECKOTO
OOJTy4EHUS YETOBEKA B MAJIBIX 034X MUKPOSIEPHBII TECT
OTPaKAET OOIIYIO MyTAT€HHYIO HATPY3KY U HE SBJIACTCS
crieuprUIEeCKUM U1 OLIEHKH BO3ACHUCTBUA HOHU3UPYIO-
IUX U3JTydeHUI. [ToKazana MpUueMaeMOCTb UCIIOIb30Ba-
HU MUKPOSIJIEPHOTO TECTA KAK MCHEE TPYIOCMKOTO JIJIA
OIPENENEHNA CKPBITOH HECTAOMIBHOCTH T€HOMA C ITIOMO-
LIBIO TECTUPYIOLIET'O MyTAaI€HHOI'O BO3ACHUCTBUA 72 VIlTO.

V BceX OO6CIIEIOBAHHBIX JACTEH, MPOKUBAIOITNX HA 3arPsI3-
HEHHBIX TEPPUTOPUSIX, OOHAPYKIJIN HE TOJIBKO IOCTOBEP-
HOE, ITO0 CPABHEHUIO C JJOABAPUIHBIMU ITOKA3ATEISIMH, I10-
BBIIIICHUE CPETHETPYITIOBOI YACTOTHI XPOMOCOMHBIX 46€p-
panmit pazHOro TUIla (BKIo4as 6osnee yeM B 10 pa3 1moBbl-
IIEHUE YPOBHA CIIELM(PHUIECKUX MAPKEPOB OOJIYIEHUS TIO
TPYIIIAM B CDEAHEM C CYIIECTBEHHBIMH MEKHUH/IBU/TYAJIb-
HBIMU KOJIEOAHUSAMM ), HO U TEH/ICHITHIO K HEKOTOPOMY YCH-
JIEHUIO [TUTOTEHETUYECKOTO A(P(PEKTA C TEUEHUEM BDEMEHHU
(B OCHOBHOM 34 CYET HAKOIUIEHHSI CTAOWIbHBIX [TOBPEK/IC-
HHIA XPOMOCOM MPH COXPAHEHUH OTHOCHUTEIBHO MOCTO-
SIHHOT'O IIOBBIIIIEHHOI'O YPOBHS HECTAOWIBHBIX 40€PPALIIIA).

TToJTy4eHHBIE TAHHBIE CBUJCTEILCTBYIOT O TIPOIOJDKEHIN MY-
TAT€HHOT'O IPECCUHI'A HA OOCIICIOBAHHBIC KOHTUHICHTHI U,
BO3MOKHO, O TIPCOOIIATAHUN UHAYKITUU HAJl SITUMUAHAI -
€U PAIUOMHYLTMPOBAHHBIX XPOMOCOMHBIX A0€PPATIUH TPU
THOCTOSIHHOM OOIYYEHUH C HU3KOHM MOIITHOCTBIO JIO3BL

V¥ 10 gerer, npoxuBaomux B 1T ITonecckoe u Hapoau-
YU, BBIABJICHO 18 MylIBIMaOepPPaHTHBIX KIETOK (COIEPIKa-
UX OT 310 11 pasnmmyHbIX PaMO3aBUCUMBIX MAPKEPOB),
YTO OTPAXKAET HE TOJILKO MHTECHCUBHOCTD, HO U XapPaKTeP
MyTar€HHOI'O BO3JECHCTBUA U MOKET OBITh IIOKA3ATEIEM
JIOKQJIBHOTI'O OOJy4EHUS CTBOJIOBBIX I'€MOIO3TUYECKUX
KJICTOK 32 CYET BHYTPEHHEIO IOCTYIUICHUS OCTEOTPOII-
HBIX PA/IMOHYKIU/IOB. [TOsIB/IEHUE TAK HA3bIBACMbIX HATDY-
JKEHHBIX KJIETOK (BKIIOYAsA CIIEU(PUIECKUE rOgue KIET-
KH), HE3ABUCUMO OT IIPUYHHBI, CYUTAIOT HEGJIATOTIPUAT-
HBIM IIPOTHOCTUYECKUM ITPHU3HAKOM M3-34 UX BO3MOXK-
HO 9TUOJOTUYECKON POJIU B UHAYKITMH KAHIIEPOr'€HE3A
Jepes3 AKTUBALIHIO IIPOTOOHKOTEHOB.

ITpu 06CIETOBAHUN TOCTPAJABIINX IETEN OOHAPYKIIN
TEHJEHITHIO K [OJIOKUTEIBHOM KOPPEALINH CTENEHU BbI-
PAKEHHOCTH LIUTOTEHETUYECKOTO a(PPEKTA (OCOOEHHO
O CPEIHETPYIIIIOBOIM CYMMAPHOM YACTOTE HECTAOMIBHBIX
U CTAOWJIBHBIX MAPKEPOB OOIYYEHMA) U IUIOTHOCTHU 34-
I'PSI3HEHUS ITOYBBI U30TOITAMH 11E3MSL

V pgerer, 3BaKyHpOBAaHHBIX U3 [IpurraTy, faxe uyepes 9—
10 s1eT nocne aBapuu HAGIIOIAIN [TATOTCHETUYCCKUI A(D-
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9—-10years after the Chernobyl accident which con-
firmed the high sensitivity of children to the mu-
tagenic action of low radiation doses.

Inso called “control” children’s groups (from Trosty-
anets and Kyiv) cytogenetic effects times increased
by three times the background level estimated for
spontaneous chromosome mutagenesis in periph-
eral human lymphocytes 20—-30 years ago (2.7 and
1.19 aberrant cells correspondingly), but mainly due
to the chromatid type aberrations. Such a tendency;,
mainly characterised by influence of chemical and
biologycal mutagenes has been revealed by many sci-
entists over the world to be connected with the in-
creased pollution of the environment.

The results of cytogenetic investigation of occupa-
tional groups chronically exposing to ionising ra-
diation (tractor-drivers, foresters living and work-
ing on contaminated areas; personnel of the
ChNPP, including “Shelter”), showed the addition-
alinput of occupational mutagenic exposure to the
radioinduced cytogenetic effects. In foresters and
tractor-drivers the individual frequency of radio-
induced cytogenetic markers did not correlate posi-
tively with the activity of Cs isotopes in the human
body, but the mean group cytogenetic effects de-
pended on density of soil contamination by
Cs isotopes in the of places of residence.

From the example of the workers’ groups from
ChNPP the high sensitivity of the G-banding anal-
ysis for revealing the whole spectrum of stable ra-
dioinduced cytogenetic markers was established.

Ithasbeen confirmed that in the conditions of occupa-
tional contact with the sources of ionising irradiation
the frequency of chromosomal aberrations can serve as
one of the expositional tests for the evaluation of the
harmful action of radiation exposure on human health.

The staff of the “Shelter” was a nonuniform group
in terms of the induced cytogenetic effects — in
terms of integral cytogenetic criteria (1-9.5% aber-
rant cells) as well as the level of specific cytogenetic
markers of irradiation (0—-5.5 dicentrics and cen-
tric rings sum and 0—3.0 abnormal monocentrics
per 100 cells). In two persons from this group the
frequency of stable chromosome aberrations accu-
mulated over 10 years (established with the help of
FISH technique) more than 20 times exceeded the
age standard and was 29.2; 36.8 and 1.4 symmetric
translocations per 100 cells accordingly which cor-
responded to 7—8 Gy of chronic radiation y-expo-
sure.

In residents of the Chernobyl 30-km exclusion zone
the mean level of unstable chromosome aberrations
(0.25-0.38 per 100 cells) significantly increased their
control value and was the same in inhabitants from
different villages. The mean group (0.17-0.58 per
100 cells) and individual (0.5—-1.5 per 100 cells) fre-
quencies of stable chromosome aberrations under

(hEKT, ITO MOATBEPIKIAET BBICOKYIO YyBCTBUTEILHOCTD JIET-
CKOI'O OPI'4HU3M4 K MyTAr€HHOMY JIECTBHIO HOHHU3UPY-
IOIINX U3JTYYEHNH B MAJIBIX /I034X.

B Tak Ha3pIBa€MBIX KOHTPOJIBHBIX I'DYyINIAX geTe (U3
ort Tpocranen u . Kuesa) UTOreHETUIECKUI a(PPEKT B
3 pa3a BBIIIE CIOHTAHHOT'O YPOBHSA, yCTAHOBJIEHHOTO JIJIA
XPOMOCOMHOI'O MyTareHe3a B JIMM@OLNTAX neprudepu-
4ECKOI KpOBM 4enoseka 20—30 ser ToMy Hasag (2,7 u
1,19% abeppaHTHBIX KJIETOK COOTBETCTBEHHO), HO TIpE-
HUMYIIECTBEHHO 34 CUET A6€PPALNI XPOMATHJHOTO TUIIA,
XAPAKTEPHBIX IS ACHCTBHA XUMUYECKUX U OUOJIOTYeC-
KHX MyTareHoB. [Iol06HYIO TEHACHIIMIO OTMEYAIOT MHO-
THE IIUTOTCHETUKHY, CBI3BIBAS €€ C YXYALICHUEM OOIICH
3KOJOTUYECKON OOCTAHOBKL

ITpU LTUTOT€HETHYECKOM UCCIIEIOBAHHUN IMTPO(ECCUOHATB-
HBIX I'PYIIII, TTO/IBEPTAIONTIXCS XPOHUYECKOMY OOITyICHHIO
(MEXaHU3ATOPbI U PAOOTHHUKU JIECHUYECTB, TPOSKUBAIOITNE
U PabOTAIONINE HA 3aTPSIBHEHHBIX TEPPUTOPUSIX; COTPY/I-
HUKH YADC 1 06beKTa “YKPBITHUE”), OOHAPYKWIH JJOIIOJI-
HUTEIbHBIN BRI TPO(MECCUOHATBHOM KOMIIOHEHTHI B Pa-
JUOUHAYLIMPOBAHHBIN [TUTOICHETUYCCKUI 3(PPEKT. Y Me-
XAHU3ATOPOB U PAOOTHUKOB JIECHUUYECTB HE HAOIIOAIN
TIOJIOKUTEJIbHOM KOPPEALIMNA MHIUBHYAJIbHON YaCTOTDI
LUTOTEHETUYECKHUX MAPKEPOB OOIYYEHUA U AKTUBHOCTHU
M30TOIIOB 11€3H151 BOPraHU3ME, XOTS CPEHEIPYIIIIOBOI A(h-
(PEKT 3aBUCEJT OT INIOTHOCTHU 3aIPA3HEHUS IIOYBbBI PA/IUO-
HYK/IHAMU LIE3US B MECTAX TPOKUBAHUSL.

Ipy 06CneA0BAHNU I'PYIIILI PA6OTHUKOB YADC oTMEUEHA
BBICOKAA YYBCTBUTEIBHOCTD METO/A aHAIN3A JUMdepen-
LIMAJILHO OKPAIIEHHBIX XPOMOCOM VIS BBIIBJICHHS IIOJTHO-
'O CIIEKTPA CTAOWIBHBIX PAIMO34BUCUMBIX ITOKA3ATENIEL.

[ToATBEPKIAEHO, YTO B YCJIIOBUAX ITPOMECCUOHATIBHOTO
KOHTAKTa C UCTOYHHMKAMU MOHUSUPYIONUX H3TYIYCHUA
YaCTOTA XPOMOCOMHBIX 26€PPaLnil MOKET ObITh OJHUM
U3 3KCITO3UIIMOHHBIX TECTOB I OLICHKH ITOBPEK/IAIOIIC-
I'O JEUCTBHA MOHU3UPYIOIINX U3JIy4ECHUI HA YEJIOBCKA.

COTpYIHUKH OOBEKTA “YKPBITHE” OKA3ATIMCh BECbMa PA3HO-
POTHOM I'PYIIIIOH 1O CTENEHU BBIPAKEHHOCTH HH/YLINPO-
BAHHOTO ITUTOTCHETUYECKOIO 3(P(PEKTa — KAK IO UHTE-
TPaJIHBIM IUTOT€HETHYECKUM MTOKa3aTessiM (1-9,5% abep-
PAHTHBIX KIETOK), TAK U TIO YACTOTE PAIUOUHAYITHPOBAH-
HBIX [TATOICHETUYECKUX MAPKEPOB (0—5,5 TATTECHTPHYECKIX
U KOJIBLIEBBIX XPOMOCOM U 0—3 aHOMAIbHBIX MOHOLICHTPU-
KOB Ha 100 KIETOK). Y 2 OOCIEJOBAHHBIX U3 3TOU I'PYIIIILI
YACTOTA AKKYMY/IMPOBAHHBIX 34 10J1€T CTA0MIBHBIX XPOMO-
COMHBIX a0€PPALMI, YCTAHOBIEHHAS C TIOMOIILIO METOAA
FISH, 60s1ee yeM B 20 pa3 IPEBBIIIAIA BO3PACTHYIO HOPMY,
cocTasist 29,2; 36,8 11 1,4 CHMMETPUYHBIX TPAHCTIOKATIHE
Ha 100 KIETOK COOTBETCTBEHHO, YTO COOTBETCTBYET J03€
XPOHHYECKOI'O Y-00JIydeHs1 HOpsaKa 7—8 I'p.

V “camocenoB” u3 30-KUIOMETPOBOIT 30HBI OTUYK/ICHUS
CPEIHErPYIIIOBOM YPOBEHb HECTAOWIBHBIX A0€ppaIinil
xpomocoM (0,25—0,38 Ha 100 KIETOK) ITPEBBIIIAI X CITOH-
TAHHYIO YACTOTY U JIOCTOBEPHO HE OTJIMYAJICA Y JKUTEJICH
PAa3HBIX HACEJICHHBIX TYHKTOB. ITpy aHaIM3€ paBHOMED-
HO OKPAIIEHHBIX [IPENAPATOB XPOMOCOM TAKKE OTMEUE-
Ha TEH/ICHIINUA K BO3PACTAHHIO, IO CPABHEHUIO CO CIIOH-
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the conventional analysis also had trends to the
elevation over the spontaneous level, but exceeded
it by almost 7 times under the FISH analysis. These
data testify as to the accumulation of cytogenetic
effects in time under constant external and inter-
nal irradiation as to the high sensitivity of the FISH
method for the discovery of such an effect. In terms
of cytogenetic criteria mutagenic burden in this
group was comparable with the same in popula-
tions of the other contaminated areas of Ukraine
outside the exclusion zone (equal to zone of the
voluntary resettlement).

In all the exposed groups the trend to the eleva-
tion of chromatid type aberrations frequency both
individual (0.5—5.5 per 100 cells) and mean-group
(1.2-2.6 per 100 cells) over their spontaneous level
estimated two decades ago was established. It could
be as a result of the radioinduced genomic instabil-
ity and hence — the increased sensitivity to the ac-
tion of the other environmental mutagenes.

A special investigation of possible hidden chromo-
somal instability in the peripheral lymphocytes of
irradiated persons, with the help of “challenge” or
“testing” mutagenic exposure in vitro (both radia-
tion and chemical), has established the trend to
the appearance of the “adaptive response” in chil-
dren’s groups from contaminated areas and the ten-
dency to decrease of the chromosome resistance in
the groups of clean-up workers and ChNPP per-
sonnel with essential interindividual fluctuations.
Increased sensitivity of human chromosomes to
additional mutagenic exposure 2 vitro as a predis-
position to existing oncopathology is considered
nowadays.

The data obtained was in good concordance with
analogous data received by other scientists (Sevan-
kaev AV, Shevchenko V.A., Bochkov N.P., Maz-
nik N.A. et al.) concerning the cytogenetic effects in
somatic human cells on the model of chronic ex-
posure to Chernobyl accident factors.

All these results confirmed the fact that cytogenet-
ic analysis both in classic version (conventional
staining) and especially with G-banding and FISH
techniques can serve as sufficiently correct for the
evaluation of hereditary structures state of somatic
human cells in case of chronic radiation exposure
of low intensity which permit us to use it for
biomonitoring at the group’s level.

It has been established that even so called “low dos-
es” of ionising radiation (250 mGy) under long-
term exposure can be “double” owing to induction
of specific injuries of chromosome structure in the
human peripheral blood lymphocytes. Such inju-
ries are not only the biomarkers of human radia-
tion exposure but can lead to damage of the target
cells’ functions and hence can induce stochastic and
possibly some nonstochastic postirradiation ef-
fects.

TAHHBIM YPOBHEM, CpeiHErpynoBeix (0,17—-0,58 Ha 100
KJIETOK) ¥ MHAUBUAYIbHBIX (0,5—1,5 Ha 100 KIETOK) Jac-
TOT CTAOWIBHBIX MAPKEPOB OOIYUCHUS, IIPHU UCIIOJIB30-
BaHuU MeToza FISH — rmouTn B 7 pas. OTO CBUICTENBCTBY-
€T KaK O HAKOIUICHUHU LIUTOI'CHETUYECKOI'o a(PPeKTa CO
BPEMEHEM IIPU TOCTOSSHHOM BHEIIHEM U BHYTPEHHEM
OOJIy4EHUH, TAK M O BLICOKOU YyBCTBUTEILHOCTU METO/A
FISH m1 BBIABIEHUS TAKOrO a(PdeKTa. [To HUTOTeHETH-
YECKUM KPUTEPUAM MYTAI€HHAS HATPY3KA Y CAMOCEIOB
COTIOCTABHUMA C TAKOBOI Y JKUTEJIEN 3arPSA3HEHHBIX O0J1a-
crer YKPAauHBI 32 IIPEJEIAMU 30HbI OTUYXK/IEHNUA (30HA
JIOOPOBOJIBHOI'O OTCEJICHUS).

ITpaKTUYECKU BO BCEX I'PYIITAX TOCTPAAABIINX HAOIIONA-
JIM TEHJICHITUIO K BO3PACTAHUIO NHAUBUAYAIbHOU (0,5—
5,5 zHa 100 KIeToK) 1 cpeaHerpymioBort (1,2—2,6 va 100
KJIETOK) YACTOTBI A6€ppariuil XpOMATHIHOI'O THIIA, YTO
MOYKET OBITD PE3YIBIATOM PAIUOUHIAYLIUPOBAHHON HECTA-
OWJIBHOCTH T€HOMA U, CJIE/IOBATEIBLHO, TIOBBIITICHUS UYB-
CTBUTEJIbHOCTH KJIETOK K JICHCTBUIO IPYTUX MYTAT€HHbBIX
(paKTOpPOB.

IIpu crienaabHOM MCCIEAOBAHNN BO3ZMOKHOM CKPBITON
HECTAOMILHOCTH XPOMOCOM JIUM(POIIUTOB IepUdepu-
YECKOU KPOBHU Y OOIYUECHHBIX JIUL C [IOMOIIBIO TECTUPY-
IOLIETO MYTAI'€HHOI'O BO3ACUCTBUA (PAAHUALIMOHHOIO U
XHMMHYECKOI'0) in vitro Ha IPYHIIOBOM YPOBHE OOHAPY-
JKWIU TEHAEHIINIO K BOSHHUKHOBEHUIO TAK HA3bIBAEMOI'O
A AIITUBHOI'O OTBETA Y JETEH, IIPOKUBAIOIINX HA 3AIPA3-
HEHHBIX TEPPUTOPHAX, U K CHIWKEHHIO PE3UCTEHTHOCTH
XPOMOCOM Y JIMKBUJIATOPOB U PA6OTHUKOB YADC ¢ Cy-
IECTBEHHBIMU MH/IUBH/Iy A/TbHBIMU OTIIMYHAMM. [ TOBBIIIIE-
HUE Y4yBCTBUTEJIBHOCTH XPOMOCOM JIUM(POLIATOB K J10-
IIOJIHUTEIbBHONU MyTAI'€HHOM HATPY3KE 72 Vilro PACLICHU-
BAIOT B HACTOAIEE BPEMS KAK IIPEAPACIIOIOKEHHOCTD K
PA3BUTUIO OHKOIIATOJIOIUH.

[TosrygyeHHBIE HAMM PE3YJIBTATHI B 11€JIOM COITOCTABUMBI C
JIAHHBIMU JPYyIrux aBToOpoB (CeBaHbKaeB A.B., IlleBuecH-
KO BA, Boukos H.IT,, Maznuk H.A. 11 ip.), U3y4aBIIUX 111~
TOI'€HETHYECCKUE 3PPEKTHI B COMATUYECCKUX KIETKAX Ye-
JIOBEKA HA MOJEIN XPOHUYECKOI'O JACHUCTBUA (PAKTOPOB
YepHOOBUILCKOM aBAPUH.

TakuM 06pa3oM, IPOBEAECHUE IUTOTEHETUYECKOT'O MCCIIe-
JOBAHMS KAK B KJIACCUYECKOM BAPHAHTE, TAK M, OCOOEHHO,
MeTOoAaAMM JUPPEPEHIIUATBHON U (PIIOOPECIHIEHTHON
OKPACKHM META(PA3HBIX XPOMOCOM SBJISETCSA JOCTATOUYHO
KOPPEKTHBIM CITOCOOOM OLIEHKU COCTOSHUSA HACICACTBCH-
HBIX CTPYKTYP KJIETOK IIPU XPOHUYECKOM OOJTY4EHUH Ye-
JIOBEKA B MAJIBIX JJO34X, YTO MO3BOJIAET UCIIOIb30BATh €ETO
U1 OMOMOHUTOPHHIA HA TPYNIIOBOM YPOBHE.

TTOKa3aHO, YTO AAXKE MAJIBbIE JO3bI MFOHU3UPYIONTUX UBITY-
ueHut (250 MI'p) IpU JUTUTEIBHOM JICICTBUH MOT'YT ObITh
“YIBAUBAIONIUMU’ IO LIUTOT€HETUYECKUM KPHUTEPUSIM, MH-
JYLHPYS CHENU(PUIECKHE TTOBPEXKIEHUSI XPOMOCOM, KO-
TOPBIE ABJIAIOTCA HE TOJIBKO OMOMAPKEPAMU MYTAT€HHO-
I'o JIENCTBUA MOHU3UPYIOIMX HU3/Iy9CHUN HA YEJIOBEKA,
HO, IIPUBO/ISI K HAPYIIECHUIO (DYHKITMOHUPOBAHS KJICTOK-
MHIIIEHEH, MOTYT JICKATh B OCHOBE CTOXACTHYCCKIX 1, BO3-
MOKHO, HEKOTOPBIX HECTOXACTUYECKUX ITOCTPAIUAITHOH-
HBIX 3(PMEKTOB.
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Interindividual variability in the frequency of chro-
mosomal aberrations under identical conditions
of radiation exposure can serve as an indicator of
individual reactions to mutagenic action which
must be taken into consideration under the occu-
pational selection of persons for further work with
the radiation factor even under correct hygienic
standards.

At the same time the received data permit us to
suppose the existence of such levels of radiation
under which individual cytogenetic effects can not
be induced at all or can be induced but then can be
repaired or can be induced but cannot be revealed
even with the help of modern cytogenetic tech-
niques. So it is the main limitation for the individ-
ual evaluation of low doses radiation exposure.

The future direction the futher investigations
seems to be cytogenetical monitoring using not
only traditional, but the newest genetical meth-
ods which permit us to reveal specific injuries of
separate chromosomes (for example, in the sites
of oncogeneslocation) for the comparison of ini-
tial structures’ genomic damages with the direct
(oncopatology, teratology) and probably indi-
rect (non-specific somatic diseases) radiation ef-
fects.

Such investigations give us the opportunity to de-
termine the significance of human somatic cells
chromosomes’ injuries for the realisation of the de-
layed medical consequences of radiation exposure
and thus to elaborate the quantitative cytogenetic
criteria for the establishment of the risk groups.

MeXuHAMBATyaIbHASA BAPUAGEIBHOCTD YACTOTHI XPOMO-
COMHBIX a0€ppaLni, HAOI0AAEMAS IIPU WJICHTUYHbBIX
YCJIOBUAX OOTYYEHU, MOKET CJIYKMTD IIOKA3ATEIEM UH-
JUBUYAJIbHON PEAKTUBHOCTH OPraHU3Ma Ha JICHCTBUE
MyTareHHBIX (PAKTOPOB, YTO CIICYET YIUTHIBATD IIPU ITPO-
(PECCUOHAIBHOM OTOOPE JIUIL ISl PAOOTHI B YCIIOBUAX
XPOHHYECKOT'O OOTYIEHHA 1AKE ITPU COOIIIOJEHUH I'MTHE-
HHUYECKUX PEIVIAMEHTOB.

Bmecre ¢ Tem, Tosy4eHHbIE JAHHbBIE TTO3BOJISTIOT IPE/IIIONO-
SKUTD CYIIIECTBOBAHHE YPOBHE! OOJIYIEHHSI, HIDKE KOTOPBIX
ITUTOI'€HETHYECKHUE 3(PPEKTHI Y OTACIBHBIX HHIAUBU/IOBJIIOO
HE UHAYHUPYIOTCS, JIMO60 MHIYLIUPYIOTCS, HO MOI'YT OBbITh
PENapPHUPOBAHBL, MJIH JKE HE BBIABIIIIOTCSI UCIIONIb3YEMBIMH B
HACTOSIIIEE BPEMSI METO/IAMH, YTO U SIBJISICTCS IMMHUTUPYIO-
UM JUIST UTH/IUBUJIYAJIbHOU OLIEHKU CTEIEHU JIEUCTBUA
NOHHU3HPYIOHINX U3JTYYEHHI B MAJIBbIX JJO34X .

ITepcCrieKTUBHBIM HAIIPAB/ICHUEM JJAIbHCHIITHX UCCIICIOBA-
HUU NPEACTABIAECTCA [IUTOTCHETUYECKUY MOHUTOPHHT C
UCIIOJIb30BAHHEM HE TOJIBKO TPAAULIMOHHBIX, HO U HOBBIX
I€HETUYECKUX METOOB, [IO3BOJIAIOLINX, B YACTHOCTH, BbI-
ABJIATH CHELU(PUYIECKHE TTOBPEXKIEHUA OTAE/IBHBIX XPOMO-
COM (HAIIPUMEDP, B MECTAX JIOKAJIN3AITUH OHKOT'€HOB) JIJIA
COMOCTABJIEHHA OOHAPYKEHHBIX IEPBUYHBIX CTPYKTYPHBIX
TIOBPEXKICHUN I'€HOMA C NIPAMBIMH (OHKOIIATOJIOI WS, TE-
PATOr€HES) M HENPSIMBIMU (HECIICII(PUUECKUE HAPYIIICHYIS
COCTOSIHUSA 3[JOPOBbST) PAAHUAIMOHHBIMU d(P(PEKTAMU.

Takue nCCIe0BAaHNA TO3BOJIAT ONPEJEIUTD 3HAUYEHHE T10-
BPEK/ICHISI XPOMOCOMHOTO AITIAPATa COMATUYECKUX KIIC-
TOK YEJIOBEKA B PA3BUTHUU OT/IAJICHHBIX ME/TUITUHCKHX I10-
CJIEICTBUI OOJIYYEHUS U, B UTOI'E, Pa3paboTaTh KOJINYE-
CTBEHHBIC IIUTOT'CHETHYCCKHUE KPUTEPHUHU JIs1 BbI/ICJICHUS

I'PYIIIT PUCKA.
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