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Abstract

The birth incidence of Down's syndrome (DS) was analyzed for the period of 1981-2001 in the Republic
of Belarus. It was revealed no clear-cut long-term effects of radiation exposure of the population due to
the Chernobyl accident. The analysis of monthly incidence showed a DS cluster in January 1987. The
time of appearance and the spatial distribution of Down's syndrome among children born in January 1987
assume an association with the exposure due to passage of radioactive clouds. Interference of known mod-
ifying factors (contribution of prenatal diagnosis,changes in maternal age distribution and registration
completeness) were excluded. Insufficient dosimetric information, relatively low occurrence of the dis-
order,lack of information on proband's families,and contradictory epidemiological results in Europe pre-
vent from unambiguous conclusions.
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dose effects.

INRODUCTION

Failure of chromosomal disjunction in meiosis,as a
possible genetic consequence of exposure to ioniz-
ing radiation, was firstly demonstrated in 1922 on
Drosophila Melanogaster at high doses of radia-
tion exposure (Mavor J.W., 1922). However, the
review of numerous experimental and epidemio-
logical studies has failed to make univocal conclu-
sions concerning the supposed association (Verger
P.,1997; Dean G. et al.,2000).

Down's syndrome (DS), defined by Czeizel as an
indicator of germinal numerical chromosomal
mutations (WHO, 1989),is the most suitable dis-
order for studying possible damage of meiotic
chromosomal disjunction due to exposure to ioniz-
ing radiation in humans. DS is the most common
human chromosomal disorder with an incidence at
birth varying between 1 and 2 per 1,000 newborns
(Nicolaidis P. et al.,1998). Most DS cases (94-
95%) result from an extra chromosome 21 (free
regular trisomies),3to 5% of patients have translo-
cation of chromosome 21 and 1 to 2% of them have
mosaic  karyotype (Bochkov N.P., 2001;
Antonarakis S.E.,1993). Up to 90 % of DS cases
are the result of chromosomal non-disjunction in
meiotic division of the oocyte (Nicolaidis P.,
Petersen M.B.,1998). Thus,if one would attribute
an increase in DS incidence to environmental fac-
tors impact, then it will first of all indicate the

BBEJAEHUNE

Hapyuienune pacxoaeHUsT XpOMOCOM B Meiio3e, Kak
O/IMH 13 BO3MOXKHBIX reHeTndeckux addexroB paaua-
1nH, Mokasano emé B 1922 roay mpu GOJBIMAX 103aX
o6ayuenuss Drosophila Melanogaster (Mavor J.W.,
1922). Oanaxo 0630p MHOTOYMC/IEHHDBIX SKCIIEPHMEH-
TAJbHBIX U AMHUJEMUOJOIMYECKIX PAGOT HE MO3BOJIMI
c/IesIaTh OJIHO3HAYHBIX BBIBOJIOB O HAJIMYMK TIPE/IOa-
raemoii 3aBucumoctu (Verger P., 1997; Dean G. et
al.,2000).

Haun6osee yao6HbIM 00BEKTOM M3yUeHUs] BO3MOKHO-
ro HAPYIUIEHHS] MEeOTHYECKOTO PACXOKIEHUST XPOMO-
COM Y 4YeJIOBEKA B CBSI3M C PAJAUALUOHHBIM 00JIyde-
nuem apasgerca cungapom dayma (CJI), onpemenén-
uerit Ceizel kKax WHAWKATOP YHCJIOBBIX abepparuit
xpomocoM B ramerax (BO3,1989). CJI - camas ua-
crasi opMa XPOMOCOMHOIl MATOJIOTUU y YeJOBEKA
(1-2 cayuas na 1000 nosopoxzaennbix) (Nicolaidis
P. et al.,1998). Ilomapiiomee GOJBIIMHCTBO CJIy-
yaes CJI (94-95%) o6yc/ioB/IeHbl HaJMYMEM JOII0JI-
nurenpnoil 21 xpomocombl (cBoGojHAs peryJisgpHas
tpucomuass Gopma), y 3-5% NAIMEHTOB MMEETCs ee
TpaHcJIoKamus, a 1-2% UMeT MO3audyHbId KapuOTHUII
(Boukos H.II., 2001; Antonarakis S.E., 1993). [lo
90% cayuyaes CJI 06ycJIOBJEHO HEPACXOXKICHUEM
XPOMOCOM B IIpouecce Meitosa aiinekaerku (Nicolai-
dis P.,Petersen M.B.,1998). Takum o6pasom, ec/iu
poct yactotbl C/l cBg3bIBaTh C zelicTBUEM (PAKTOPOB
BHEINHEN CpeJibl, TO 3TO, IIPEXKE BCEro, 6yJIeT CBUe-
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damage of chromosomal disjunction process in
oogenesis.

Within French-German initiative, the DS incidence
was analyzed in the Republic of Belarus for an
extensive time period with the purpose to research
possible negative effects of the Chernobyl Nuclear
Power Plant accident. The analysis of an annual
incidence in the whole Republic and in its separate
regions with various "Cs soil contamination levels
(Lazjuk, G. et al, 2003), as the major analogous
studies being performed in Europe, has showed no
visible long-term effect of the Chernobyl accident.
The aim of this study was to analyze DS monthly
incidence for the whole surveyed period as well as
interpret observed clusters.

SUBJECTS AND METHODS

Down's syndrome and other congenital malfor-
mations (CM) are being monitored by the
Belarus National Registry (BNR), which has
functioned in the Republic since 1979. Multiple
overlapping sources of ascertainment secure a
rather high quality and completeness of collect-
ed data.

All cases of livebirth and stillbirth being clini-
cally diagnosed with DS in neonatal period are to
be registered. After prenatal diagnostics intro-
duction in 1992 the cases of pregnancy termina-
tions for DS were started being included into the
registration. The researchers of the Belarus
Institute for Hereditary Diseases who regularly
review the archives of obstetrical institutions and
pathology departments of the Republic control
the ascertainment completeness. Over 50% of DS
cases are cytogenetically confirmed. More
detailed information about the Registry function
and the survey methodology of CM registration
completeness is presented in the article G. Lazjuk
et al. (2003).

The analysis of DS ascertainment completeness in
Belarus,as compared with the published data, was
performed with use of BIISMA (birth index indi-
rectly standardized for maternal age) proposed by
A.D. Carothers (1995). Age-adjusted risk rates
for DS livebirths proposed by the same author
(Carothers A.D. et al.,1999) were taken as ref-
erence figures.

The DS incidence in the Republic Belarus was
analyzed for the period of 1981-2001. Annual in-
cidences being standardized for maternal age we-
re calculated. According to literature data, ap-
proximately 30% of prenatally revealed DS cases
would be spontaneously aborted without thera-
peutic abortion (Hook E.B. et al.,1989). Since
spontaneously aborted cases are not registered in
the BNR,the weighting factor of 0.7 was used for
pregnancy terminations. The data on absolute
number of live births and stillbirths and on the di-
stribution of newborns in various regions of

o8

TEJbCTBOBATH O HAPYIIEHUU TPOIECCA PACXOKICHUS
XPOMOCOM B OOTEHE3E.

B pamkax @panko-I'epMaHCKOW  WHHUIIMATUBBI
MPOBEJICH aHAJIN3 MHOTOJIETHEH JUHAMWKUA YacTOTBHI
Cl B Pecny6imke bBemapych Ha mTpeaMer TOUCKA
BO3MOKHOTO HETATUBHOTO BJUSHUSA YepHOOBLILCKOI
kartactpodbl.  AHaMM3  TOAWYHBIX  YacTOT B
pecriy6JiiKe B I€JOM W OTAEJbHBIX €€ 00JacTsaX ¢
pa3an4yHbIM ypoBHeM 3arpas3Henuss mnouB 137Cs
(Lazjuk, G. et al, 2003), kak u GOJBIIUHCTBO
AQHAJIOTUYHBIX paboT, TPOBe/IcHHBIX B EBporie, mokaszast
OTCYTCTBHUE BW/IUMBIX JIOJTOBPEMEHHBIX 3dderTon
aBapuH. enpio  HacTosIEero  MCCJAEOBAHUS
MOCTY>KIJI aHAJINu3 MeCSYHON AmHaMuKN yactoTbl C/[
3a BEeChb AHAJU3UPYEMDBIA TEPWOJ W WHTEPIIPETAIIHS
HAGI0/ITAEMBIX TTUKOB.

OBBEKT U METO/Ibl

Monutopunr C/I B pecry6inke, HApSAy € JIAPyTAMHU
BPOKAEHHBIME TTopoKamu passutus (BIIP),Benércs B
pamkax besopycckoro Hammonanbaoro Peructpa
(BHP), dyuxunonupytomero ¢ 1979 r. [locrarouto
BBICOKOE KA4eCTBO M TOJHOTA COOUPAEMBIX CBEICHUI
00yCJIOBJICHBI HAJUYNEM HECKOJbKUX TIePEKPBIBATO-
MIUXCS ICTOYHUKOB WHQOpMAaIum.

Perucrparum nojie;xaT Bce KUBOPOKIEHHBIE W Mep-
TBOPOJK/IEHHBIE, KOTOPBIM B HEOHATAJbHOM TIEPHOJIE
BbIcTaBjeH KanmHndeckuii muario3 CJI. B cBssu ¢
BHE/IpEHNEM TIpeHaTaJbHON auarHocTumkm ¢ 1992 r.
HavaJsiach perucrtpanus niaoa0B ¢ CJl, mpepBaHHBIX TIO
TeHeTUYECKUM ToKa3aHustM. IloJHOTa perucrpanuu
KOHTPOJIUPYETCS COTPYAHUKAMU WHCTUTYTAa HaCJEI-
CTBEHHBIX W BPOXKAEHHBIX 3a00JIEBAHWIT B IPOIECCE
PETYJISIPHBIX TIPOCMOTPOB  apXWBOB  POJOBCIIOMOTA-
TEJbHBIX VYPEKAECHUN W TIPO3EKTYP PecimyOJnuK.
Cseimie 50 % caydaeB CJl MMEOT UTOTEHETHYECKOE
noareepxkaenne. Iloapo6uas wadopmalus o padore
perucTpa W METO/IUKA TIPOBE/EHUS WCCJIEIOBAHMS
nosiHOTE yuéra BIIP mpusenena B paore G. Lazjuk
et al. (2003).

Anam3 nomaoter peructpanun CJ/I B Benapycu B
CPaBHEHUH C OMyGIMKOBAaHHBIMU JAHHBIME TTPOBOINI-
ca ¢ ucnonp3oBanueM mapamerpa BIISMA (birth in-
dex indirectly standardized for maternal age), npena-
aoxkernnom A.D. Carothers (1995). B kauectBe sra-
JIOHA BO3PACTHBIX PUCKOB B3STHI JAHHbBIE 110 CJyYassM
sxuBopoxkaenust ¢ C/I, mpe/ioKeHHble TEM JKe aBTO-
pom (Carothers A.D. et al.,1999).

Uccnenosanne pacnpocrpanénnoctn CJI B Bemapycn
npoBenero 3a nepuoz 1981-2001 rr. PaccuntniBanmch
TOJINYHBIE YACTOTHI, CTAH/IAPTU30BAHHBIE TI0 BO3PACTY
Matepu. CoOTJIACHO JaHHBIM JUTEPATYPbl TPUOJIU3H-
tesibHO 30% MpeHaTaJbHO BbIABJIEHHBIX ciaydaeB CJI
6e3 MeIUIMHCKOTO TPEepbIBaHUs aGOPTHPOBAJIUCH ObI
cnontanno (Hook E.B. et al., 1989). T.x. ciayuan
CTIOHTaHHBIX a6OpTOB He peructpupyorcs B BHP, ps
MPEPBAHHBIX TIIOJOB PUMEHSJICS MOMPABOYHBIX KO-
scppurment 0,7. CBenmenust 06  abCOJTIOTHOM KOJHAYE-
CTBE JKUBO- U MEPTBOPOKIEHHBIX, a TAKXKe O pacipe-
JIeJICHUA HOBOPOJKJEHHBIX 10 BO3PACTy Marepu B
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the country according to maternal age are obtai-
ned from the Ministry of Statistics of Belarus.

Introduction of the prenatal diagnostics makes
great impact on the statistics changing indices of
monthly incidence. Because of that, the analysis
was limited by the period prior to prenatal diag-
nosis (1981 to 1992). Only annual data on new-
borns' distribution according to maternal age are
available in the Republic of Belarus, so crude
monthly incidence indices were calculated. To es-
timate the significance of monthly incidence chan-
ges the ratio of the observed number of DS cases
to the expected one was determined. The expected
number was calculated at assuming that the ma-
ternal age distribution for each month was the sa-
me as for the corresponding year. Age-adjusted
risk rates calculated for the whole period (1981-
1992) were used to estimate the expected number
of DS cases. The method, proposed by M.J.
Gardner and D.G. Altman (1989), was used to
evaluate the 95% confidence interval.

Since almost no ultrasound examination of fetus-

es was performed in the Republic of Belarus
before early 90s,the quality of the gestational age
estimates was rather low. To determine the birth
time of children suffering DS and being con-
ceived within the particular time periods we have
constructed a special model using reliable data
from the BNR on gestational ages of 54 children
with DS and the data of A.J. Wilcox et al.
(2000) on the ovulation time within the men-
strual cycle.

The spatial distribution of DS children who had
formed the outstanding cluster is shown on the
Belarus map of according to the place of mother's
residence alongside with the Cs soil contamina-
tion and air mass passage contaminated with
radionucleides within the first days after the acci-
dent.

RESULTS

The information on 3017 DS cases was collected
by BNR for the period of 1981-2001. The survey
of the registration completeness showed that no
more than 15% of CM cases being subject to reg-
istration in local maternity units were missing in
the BNR (Lazjuk G. et al, 2003). Moreover, to
evaluate the ascertainment quality of DS cases in
the Republic of Belarus the BIISMA index was
calculated for the whole country and its separate
regions with taking into account livebirth cases
of mothers aged 15-49. The obtained results
showed a quite high level of DS cases ascertain-
ment in the Republic of Belarus with only slight
deviations and some better results for Minsk city,
Minsk and Gomel oblasts (table 1).

Pa3IMYHBIX 06JIACTSX PECHyOJNKH TOJIy4eHBl B Mu-
nucrepcrse Crarucruxku benapycu.

Breapenue 1peHaTa bHON AMATHOCTHKU B 3HAYNTE/IH-
HOII CTENEHN BJAMSAET HA MOKA3aTeJH MECSYHBIX YaCTOT,
B CBS3M C Y€M UX aHA/IN3 OTPAaHUYEH TEPHOIOM,KOT/Ia
eé Braa orcyrcrBoBaa (1981-1992 rr.). B Beaapycu
CTATHCTHKA PACIPEICJCHIS HOBOPOK/ICHHBIX MO BO3-
pacTy Marepm BeAETCS TOJBKO C TOAMYHBIM MHTEPBA-
JIOM, TIO9TOMY PaCCUMTBIBAINCH HECTAHIaPTU3NPOBAH-
HbIE MECSYHBIE 4aCTOTBI. [/ OLEHKH J0CTOBEPHOCTH
C/IBUTOB B MECSYHOIT IMHAMUKE OTIPE/IEIAIOCH OTHOIIE-
Hue HaboaeMoro Kosmuectsa ciaydaes CJI k oxua-
eMOMY, PACCUMTAHHOMY C YYETOM JOIYIIECHNUS, YTO BO3-
PACTHON coCTaB Matepeii /sl KaKI0ro KOHKPETHOTO
MeCsIIa, He OTJMYAETCS OT 3HAYCHUH TOJTyYEHHBIX /IS
COOTBETCTBYIOIIEr0 rofa. Jlas pacuera 0XKnIaeMOro
uncna CJ/I IpUMEHAIMCh BO3PACTHBIE PUCKHU, PACCUH-
TanHble 19 Beero mepuoga (1981-1992 rr.). 95% no-
BEPUTEJIBHBI MHTEPBAJ ONPEACSICS € UCTOJb30Ba-
HIeM MeToauKu peatokenuoit M.J. Gardner u D.G.
Altman (1989).

B cBasu ¢ tem,uto 1o Havasma 90-x roxoB Y 3U miomos
B peciy6JKe TPAKTHYECKN HE MPOBOIUJINCDH, KAYECTBO
oTpesie/IeHNsT TECTAIMOHHOTO CPOKa OBLJIO IOCTATOYHO
HU3KUM. 715 onpesie/ieHnst BDEMEH! POXKJCHUS JleTeit
¢ C/I,3auaTpixX B ONpeeTEHHBIX TPOMEXXYTOK BPEMEHH,
MBI MTOCTPONJIN CTIETNAJTBHY IO MO/IEJb c
MCTIOJTb30BAHUEM JIOCTOBEPHBIX CBeJIeHUT 0
recraiiuoHHoM cpoke 54 nereit ¢ C/] w3 BHP u panubix
A.J. Wilcox et al. (2000) o BpeMeHH HaCTyILIEHUS
OBYJISIIIUU B TIPOIIECCE MPOXOKICHUS MEHCTPYATbHOTO
ITUKJIA.

Ha xapre bemapycm oro6pakeHO TeppHUTOpHATIbHOE
pacnpenenenue aereit ¢ C/I, popmupyronmx wanbosee
BBIDAKEHHBIN KJIACTEeP, B COOTBETCTBHM C MECTOM
IPOSKUBAHMS MaTepH; a TaKKe IJIOTHOCTb 3arpsSI3HEHIST
nouBbl Cs W TpPaeKTOPHH MABWXEHUS BO3YIIHBIX
Macc, 3arpsi3HEHHBIX PAANOHYKJIWIaMHU, B TeUeHHE
MEPBBIX JIHEH TIOc/Ie aBapui.

PE3YJbTATbI

3a nepuon 1981-2001 rr. 8 BHP co6pana wHbopmarmst
o 3017 cayuaax C/I. MWccaenoBanue IOJHOTbI yuéra
nokasasio,uro B BHP orcyrctByer #e Gosee 15 % ciyda-
eB BIIP mopmexamux perucrparmm B perHOHAIBHBIX PO-
foBenioMoraresbibix  yupesxaennsx  (Lazjuk G. et al,
2003). Kpome TOro, /sl ONEHKHM KavecTBa PErMCTPAIH
Cl B benapycu npoBezien pacuer nokasaresnss BIISMA
JUTS PeCIyOJIMKA B TIEJIOM W OTHEJIbHBIX eé obJacTeil ¢
YUYETOM CJIyYaeB SKUBOPOK/ECHHS B BO3PACTHOM JIMAIIa30He
poxxenuty 15-49 mer. IlosydeHHble pe3yJbTaThl JIEMOH-
CTPHUPYIOT JIOCTATOYHO BBICOKHII YPOBEHb PETUCTPAIN
Cll B pecry6auke, Tpd 3TOM HAGIOAIOTCS  JIWIITH
HE3HAYNTEJbHBIE PA3JIUUKsd, C HECKOJbKO JIYYITHMI
nokazaresssMu 1o T.MuHCcKy, MuaCckoit 1 T'omembckoit
o6nacrsim (tabmma 1).
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TABLE 1
COMPLETENESS OF DS CASES ASCERTAINMENT IN DIFFERENT AREAS
OF REPUBLIC OF BELARUS
TABIALIA 1
MONHOTA PETUCTPALMM CA, B PA3SIMYHBIX PETOHAX PECMTYB/IMKM BENAPYCh

Area E (0] BIISMA* SE*
Whole Republic 2167 1900 0.88 0.02
Gomel oblast 362 346 0.96 0.05
Minsk oblast 324 310 0.96 0.05
Minsk-city 362 346 0.96 0.05
Vitebsk oblast 287 242 0.84 0.05
Grodno oblast 242 186 0.77 0.06
Mogilev oblast 270 202 0.75 0.05
Brest oblast 320 244 0.76 0.05

Notes. E - expected number of liveborn DS cases to be born in the period of 1981 to 1992 according fo the maternal age distribution and age adjo-
cent risk rates proposed by AD. Carothers et al. (1999); O - observed number of liveborn DS coses; BISMA (birth index indirectly standardized for
maternal age) = O/E; SE - standard error; * - calculated according to A.D. Carothers (1995).

onmeuarms. E - oxupoemoe umcno xusopoxaentsix ¢ Cll, 3a neprop 1981-1992 rr., ucxops M3 BO3PACTHOMO pacnpeaerneHns PosxeHL, 1
BO3PACTHbIX PUCKOB MpeaoxeHHsix A.D. Carothers et dl. (1999); O - Habnioacemoe uwcno xusopoxaenHsix ¢ Cll; BISMA - = O/E; SE -
CTOHAOPTHAS OLWMOKG; * - paccumTeiBamcs cornacHo A.D. Carothers (1995).

Figure 1 shows annual DS incidence values
standardized for maternal age in the Republic of
Belarus. The use of weighting factor 0.7 for
fetuses aborted for medical-genetic reasons
showed annual incidence increase only of 0.04%o.
in the period after the Chernobyl accident. The
analysis of monthly incidence revealed the
greatest peak for the whole period in January
1987 (figure 2). Less prominent increase was
observed in May 1990. In January 1987, the
observed number of DS cases exceeded the
expected one in all regions of the Republic still
the increase was found significant only in Gomel
and Minsk oblasts with maximal figures for
Gomel (table 2).

Ha pucynxe 1 mpexcrasiennt roguunblie yactotel C/L B
Benapycu, crangapru3oBanabie MO0 BO3PACTy MAaTEpH.
Ecim wcnosnb3oBarh momnpaBouHbliit kKoadduiment 0,7
Mt aGOPTHPOBAHHBIX TI0  MEAMKO-TEHETHYECKUM
MMOKA3aHUSM IJIOZIOB,  TIPUPOCT 4acToT B
MOCTYEPHOGBLIbCKHUIT mepuos coctaBu juib 0,04%0 B
rof.  AHajiu3  MeCJYHOH  AMHAMHMKHM  BBISBUJI
MaKCHMaJIbHBIH THK 32 BECb aHAJU3UPYEMbIH T1epuoj
BpemMern B sauBape 1987 1. (pucynoxk 2). Menee
BbIpaKEHHOE yBesanueHne Habonanoch B Mae 1990 r.
B auBape 1987 r. na6mogaemoe yncaa C/l mpeBbicHIo
OKHZaeMoe BO BCeX O0O0JAaCTIX PeciyOauKH, OJHAKO
ypPOBEHb  JIOCTOBEPHOCTH  JOCTUTHYT TOJBKO B
Tomenbckoit 1 MuHCKOM 06JaCTIX ¢ MAaKCHMATbHBIMU
3HaveHnsAMH 1o Tomenbckoit o6mactn (Tabamma 2).

FIGURE 1. ANNUAL PREVALENCE AT BIRTH OF DS CASES IN REPUBLIC OF BELARUS
STANDARDIZED FOR MATERNAL AGE (1:1000) (N=3017)

PUCYHOK 1. TOAMUHBIE YACTOTbI CAI, B BENAPYCH, CTAHOAPTM3OBAHHbIE
MO BO3PACTY MATEPU (11000) (N=3017)

[T ] t ; $ f T - = - - - 5 5 - ; + i

19y]- 1847 19 (9§ 18RO 191 1990 I TR T8RS 1RE  TRRT 1% 10R 1R 1]
[

=Ce=ice ey O BEmt A A0 TP R R TUHUE 1D TEFHTIF FCERT Do FER 1
(AN caves of D9, mclndisg shorteses for pastc readond )

== DL T DS EIES TOIpEsHDDe K@ faanies 0.7

| (LT wimn; wieshiing Tichod 0.7)

== TECS i (0 Tk, SogeFlpiRiHHLRE: D6 TElcTIFSCRIm N e sl

| (Exchidng abaortsd Ttuses Tor genetic ressoens)

[=Ilrmniitnaii Ty {Lawar tomd}

60



Zatsepin et. al. /International Journal of Radiation Medicine 2004, 6(1-4): 57-71

FIGURE 2. CRUDE MONTHLY PREVALENCE AT BIRTH OF DS CASES IN REPUBLIC
OF BELARUS FOR 1981-1992 (N=1941; 1:1000)

PUCYHOK 2. MECAYHAS AMHAMUKA YACTOTbI C[I, B BENTAPYCK 3A 19811992 (N=1961; 1:1000)
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TABLE 2
SPATIAL DISTRIBUTION OF DS CHILDREN BORN IN JANUARY 1987
TABINLIA 2
TEPPUTOPUMANBHOE PACTIPEAENEHVE AETEM C C[, POOMBLUMXCS B SHBAPE 1987
Incidence at
Area Jamll’;‘:yh(l’moo) o | E | OFE 95% CT*
1987 1981-1992
Whole Republic 2.5 1.0 31 13.9 2.2 1.5-3.2
Gomel oblast 3.6 1.1 8 2.6 3.1 1.4-6.2
Minsk oblast 3.1 1.1 6 2.2 2.8 1.0-6.0
Minsk-city 2.7 1.1 6 2.6 2.3 0.9-5.1
Vitebsk oblast 2.2 1.0 4 1.8 2.2 0.6-5.7
Grodno oblast 1.7 0.9 3 1.6 1.9 0.2-4.6
Mogilev oblast 1.2 0.9 2 1.5 1.3 0.2-4.9
Brest oblast 1.0 0.9 2 1.8 1.1 0.1-4.0

Notes. O - observed number of DS cases; E - expected number of DS cases according to the assumed maternal age distribution in January 1987;

95% Cl - 95% confidence interval computed with the Poisson low for rare events; * - calculated according to M.J. Gardner and D.G. Altman (1989).

Tommeuarms. O - nabnionoemoe kommuecteo cnyyaes Cl; E - oxmnaemoe konmuectso cnyuoes Cll vcxons M3 npeanonaraemoro 8o3pactHoro

pacnpenenerms poxermu, Ha siHeape 1987; 95% Cl - neBsHOCTO NsiTi MPOLIEHTHBIA JOBEPUTENbHBIA MHTEPBAN, POCCUMTAHHBIA A5 PACNPEnesieHms

Myaccona; * - paccumtsiBanmes cornacHo M.J. Gardner & D.G. Altman (1989).

In January 1987 a slight decrease in the average
age of mothers who gave birth to DS children,
was observed in the Republic (27.5 years as
compared to 28.9 years for the whole period of
1981-1992). The decrease was especially promi-
nent in Gomel oblast (23.1 years), where no
case was registered in the group of mothers of
35 years old and older (figures 3,4). However,
the sample size is insufficient to reveal signifi-
cant differences.

B sauBape 1987 1. B pecny6biuke HaOJI01a0Ch
HEKOTOPOE CHIIKEHUE CPEHEr0 BO3PACTa >KEHIIUH,
pomuBmmx gereii ¢ CJI (27,5 jer mo cpaBHEHHIO C
28,9 smer - gna Bcero mepmoga 1981-1992 rr.).
Oco6eHHO 3TO XapakTepHO /st [oMeabcKoil obaacti
(23,1 roma), Tme He ObLIO 3apETUCTPHPOBAHO HIH
OJIHOTO CJiydyasi B TPYIIEe POKEHUI] 35 JIeT W CcTapiie
(pucynkn 3,4). Opnako Majblii 00bEM BBIGOPOK He
MO3BOJISIET TOBOPUTH O JOCTOBEPHOM CHUIKEHUU
BO3pacra MarepH.
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FIGURE 3. AVERAGE AGE OF MOTHERS WHO GAVE BRTH TO DOWNS SYNDROME CHILDREN IN THE WHOLE REPUBLIC, IN GOMEL AND
MINSK OBLASTS AND
IN MINSK CITY (N=1754; 319; 275; 346, RESPECTIVELY)

PUCYHOK 3. CPEOH/MA BO3PACT MATEPM, POMBLLEM PEBEHKA C CL:
B LIESIOM MO PECTYBJWKE, B TOMENBCKOWM 1 MMHCKOW OBJIACTSIX
M B . MMHCKE (N=1754, 319, 275 1 346 COOTBETCTBEHHO)
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FIGURE 4. PERCENTAGE OF MOTHERS AGED 35 YEARS OLD AND OLDER WHO GAVE BRTH TO DOWN'S SYNDROME CHILDREN IN
WHOLE REPUBLIC, IN GOMEL AND MINSK OBLASTS
AND IN MINSK CITY (N=429; 79; 59; 94, RESPECTIVELY)

PUCYHOK 4. MPOLIEHT MATEPEA 35 NET U CTAPLLE, POOMBLLMX PEBEHKA C C[: B LIEJIOM MO PECMYB/IVKE,
B FOMESTbCKOW 1M MMHCKOWM OBTACTSX U B T.MUHCKE
(N=429, 79, 59 1 94 COOTBETCTBEHHO)
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Since radiation exposure of population was the
greatest within the first post-Chernobyl days,
the developed model was used to reconstruct the
distribution of DS children, conceived for April
26-29, 1986 in respect to their birth dates.
According to the obtained results 76% of those
children were expected to be born in January
1987 with greatest probability of their birth in
the mid of January (figure 5).

[Tockoapky HamboJsee WHTEHCUBHOE pPaJUallIOHHOE
o6JIy4eHne HaceJeHUs NMPOUCXOAMJO B TEpBbIE IHU
nocje aBapuu, pazpaboTaHHas MoJeJab  ObLIa
UCITOJTb30BAHA [IJIST TTIOCTPOEHUSI PacIpe/ieieHne JeTeit
¢ C/l o pare poskjieHwus, 3a4aTbiX B TeueHue 26-29
arpesig 1986 r. CorslacHO MOJIy4eHHBIM Pe3yJibTaTaM
76% Takux Jereil MOJIKHBI ObLIA POJUTBCS B STHBApPE
1987 r. ¢ MaKCUMyMOM BEpOSITHOCTH, IIPUXO/ISTIAMCST
Ha cepeauny suBaps (pPUCYHOK 5).

FGURE 5. PROBABILITY OF BIRTH FOR DS CHILDREN CONCEIVED IN PERIOD
OF THE HIGHEST EXPOSE DOSE RATE (APRIL 26-29, 1987)

PUCYHOK 5. BEPOSTHOCTb POXIEHWS PEBEHKA C CL, 3AYATOTO B MEPMO[, HAVMBOJIEE XXECTKOTO PALMALIMOHHOTO
OBJTYHEHMA (26-29 ATPENA 1987 T)
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The spatial distribution of DS cases in chil-
dren, born in January 1987 follows well the
radioactive clouds passage within the first post-
accident days, but without an evidence of asso-
ciation with "Cs soil contamination level (fig-
ure 6).

Teppuropuanbaoe pacnpexnenenne gereir ¢ C/I,
poxaénHpix B sgHBape 1987 r1., wéTko TOBTOpPSET
TPAEKTOPHIO ABIDKEHUS PAJNOAKTHBHBIX O00JAKOB B
TE€UYCHUE TIEPBbIX HOCJIGaBaprIHbIX I[Hefl, pm 3TOM
cBA3b € ypoBHeM 3arpasHenus 1ouBbl  137Cs
orcyrctByer (pucyHok 6).

FIGURE 6. SPATIAL DISTRBUTION OF DS CHILDREN BORN IN REPUBLIC
OF BELARUS IN JANUARY 1987 AND DIFFERENT FACTORS OF RADIATION POLLUTION
THROUGHOUT THE REPUBLIC

PUCYHOK 6. TEPPUTOPUATIBHOE PACTIPEQENEHME CITYYAEB CMHOPOMA OAYHA, POXOEHHBIX B SHBAPE 1987 T. 1 PA3/INYHBIX
(DAKTOPOB PAOMALMOHHOTO OBJTYYEHMS HACENEHMA PECTYBSIMKU BENTAPYCh
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Notes. ¥'Cs soil contamination is reproduced from the Maop of radiation environment of the territory of Belarus on January 1992. (Geodesy Committee

at the Council of Ministers of Republic of Belarus, Minsk, 1992). The direction of cir mass contaminated with radionuclides is reproduced from maps

sited in the article by M. Yu. Orlov et dl. (1996).

TMommeuarms. MnotHocTs 3arpsiHenns noussl *’Cs BocnpousseneHa ¢ KapTsl popmoumorHoi obctaHoekm Ha Tepputopin PecryGnmkm benapycs Ha

steapb 1992 1. (Komuret no reopesnm npu cosete muHmctpos Pecrybrmkm benapycs, Murck, 1992 r.). Hanposnerie asiskerms BO3AyLUHbIX MOCC

3QrPA3HEHHBIX PAAMOHYKIIMAGMU BOCMpOM3BEAEHO C KapT, npmeeaertbix B ctatbe MIO. Opnosa ¢ coast. (1996).
y

DISCUSSION

The study of annual incidence dynamics has
showed no observable long-term effects of the
nuclear disaster resulted from the Chernobyl acci-
dent regarding the birth risk for a child with DS
in the Republic of Belarus. The obtained results
conform to those of our previous investigations
(Lazjuk, G. et al, 2003) and similar studies of
other authors (Ericson A., Kallen B., 1994;
Harjulehto-Mervaala T. et al., 1992). The
observed peak of DS cases in January 1987 draws
a particular attention when taking into account
the similar cluster registered in the same period in
West Berlin (Sperling K., et al.,1994).

OBCYKAEHUE

N3ydenwe nWHAMUKKA TOJAMYHBIX YaCTOT HE TOKa3a-
JI0 JOoATOCPOYHBIX 3(pderToB UepHOOBIIBCKOH Ka-
TacTpodbl B OTHOMIEHWH PUCKA POKAEHUS peGEHKa
¢ CI B benapycu. IlomydenHble pe3yabTaThl CO-
rJIacyloTCS C JAaHHBIMU HAIIWX MPEJBIIYNIUX UCCe-
nosannii (Lazjuk G. et al.,2003) u aHaJOrmyHbIX
pa6or apyrux asropoB (Ericson A., Kallen B.,
1994; Harjulehto-Mervaala T. et al.,1992). OG-
Hapy’XeHHbIH B sHBape 1987 1. nuk poxjaeHus je-
teit ¢ C/I BbI3bIBaeT 0COOBI MHTEPEC, MIPUHUMAs BO
BHUMAaHNE HAJNYHE CXOJHOTO KJacTepa B TOT Ke
nepuoj Bpemenu B 3amagnom Bepaune (Sperling
K. et al.,1994).
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There are three main factors that can alter the DS
incidence: introduction of prenatal diagnostics,
changes in maternal age distribution, and the
effect of particular attention resulting in better
ascertainment (Carothers A.D. et al., 1999).
Moreover, one should consider probable appear-
ance of stochastic clusters (Dean G. et al.,
2000).

Prenatal diagnosis contributed nothing to the
origin of the observed January peak, since it
became a regular procedure in Belarus only in
the early 90s (figure 1). Since the birth date but
not the date of registration in BNR was used for
the analysis, temporal distribution of DS cases
was dependent only on the conception date and
natural deviations in pregnancy duration.

The altered maternal age distribution cannot be a
reason for the observed cluster. A decrease in the
average age of mothers who gave birth to DS chil-
dren in January 1987 and being recorded in Gomel
oblast,is consistent with the results from the study
of anthropometric indices of children born in 1986
and 1987, which was performed within the frame-
work of the French-German initiative. During the
study, first months of 1987,it was observed a slight
decrease in the average maternal age in severely
contaminated areas of Gomel oblast (*’Cs contam-
ination of 555kBq,/m? and over).

The improvement of DS cases ascertainment is
plausible within the first post-Chernobyl period.
However,a rather high level of DS ascertainment
in Belarus excludes considerable impact of the
mentioned factor on incidence rates. Moreover, it
is quite reasonable to expect a "screening effect”
just at the end of 1986,but its duration would not
be likely to be limited to one month only.

We can not completely exclude the probability of
that of January 1987 peak of DS cases was a sto-
chastic cluster, though there are theoretical
grounds explaining the peak appearance in the
view of radiation biology considerations.
Experimental studies on mammalian species
showed the presence of a radiosensitive stage
(diakinesis) in the ovum maturation process,
which directly precedes ovulation and concep-
tion,when relatively low radiation exposure doses
(10-50 ¢Gy) can cause both structural and numer-
ical chromosomal aberrations (Evans H.J. et al.,
1986; Tease C., Fisher G.,1986; Tease C.,1982a).
At this phase, the rate of chromosomal anomalies
induced by ionizing radiation exposure is several
times higher then that during dictyatene, that is
the longest stage of oogenesis (Tease C., 1985),
which starts shortly before the birth and ends
some hours before ovulation. At the diakinesis
stage dose dependence curve of chromosomal non-
disjunction phenomenon presumably seems to be
linear and is not age-dependent in females (Tease

NmetoTcss Tpu oCHOBHBIE (aKTOPa, CIOCOOCTBYIONTHE
n3MeHeHnsiIM B amHamuke dyactoT C/l: BHempenme
MpeHaTaIbHON AMATHOCTUKY, N3MEHEHNST BO3PACTHOTO
pacrpezeseHuss PoKeHUIl, 3P@PEKT MOBBIMIEHHOTO
BHUMAHUSI W KaK CJE€JACTBUE, YJIydIlEeHUE TOJTHOTHI
yuéta (Carothers A.D. et al,1999). Kpome Toro,
CJIeyeT  OTMETUTh  BO3MOYKHOCTb  MOSIBJIEHUSI
croxactmuecknx kaacrepos (Dean G. et al.,2000).

[IpenaranpHas AWArHOCTUKA HE MPUYACTHA K TOSBJIE-
HUTO STHBAPCKOTO TIMKA,MOCKOJIbKY B Besapycn oHa BHe-
JlpeHa B MEIMIIMHCKYIO TTPAKTUKYy TOJBbKO B Havamie 90-
x ropoB (pucynok 1). Tak Kak npu aHaJaM3e WMCIOJb-
30BaJIach JlaTa POKIeHUS peOEHKA,a HE JIaTa ero peru-
crparuu B BHP, pactipenenenne aereit ¢ CJI Bo Bpeme-
HU 3aBHCEJIO0 TOJBKO OT JIAThl 3a4aTHsl U €CTECTBEHHOM
JIEBUAIAN TIPOIOJKUTETBHOCTH GEPEMEHHOCTH.

N3mMeHenre BO3PaCTHOTO COCTaBa POKEHUI[ HE MOXKET
ObITh TPUYMHON BBISABJIEHHOTO mmKa. CHUXKeHUe
cpeHero Bo3pacta mMatepeil poauBIInX B stHBape 1987
r. agereit ¢ C/I,ormeuentnoe B I'oMmenabckoil o6/acTi,
COTJIacyeTcsl € pe3yJbTaTaMi aHTPOIMOMETPHUYECKUX
uccjaeoBaHU  HOBOpOXAeHHBIX  1986-87  rr.,
npoBe/leHHBIX B pamMiax @panko-IepmaHckoi
WHUIMATHBBI. B 3TOM wuccienoBannm B Haumbosee
3arpsAsHEHHBIX  permoHax lomenbckoit o6Gmactum (¢
ILIOTHOCTBIO 3arpasuennsa 'YCs 555kBk /mM? u Gosee)
B mepBbie Mecsmbl 1987 . HAGII0AATOCH HEKOTOPOE
CHIDKEHHE CPEIHETO BO3PACTa POKEHHUII.

B mepsbiit mepmog mocsie aBapum  HE UCKIIOYEHO
BpeMeHHOe yJyulnenue KadecrBa perucrpauuu  CJI.
OfHAKO, JOCTATOYHO BBICOKHMIT YPOBEHb ITTOJHOTHI YU€Ta
C/l B benapycu nckmovaeT BO3MOKHOCTb 3HAUUTETBHOTO
BJVSHUS JaHHOTO (DeHOMeHa Ha [JUHAMHIKY 4YacToT.
Kpome Toro, "acpdekT BHIMAHHS" JIOTHIHO OXKUIATD yiKe
B koHile 1986 T.,X0TS ero mpoao/LKUTETbHOCTD HE MOTJIa
OTPAHITINTECS I OJTHAM MECSIIEM.

Hetb3st 0[JHO3HAYHO MCKJIIOYUTH BEPOSITHOCTDH TOTO,YTO
BbIsIBJIeHHDBIN B ssHBape 1987 1. muk poxaenns C/l saB-
JISIETCST CTOXACTHYECKUM KJIACTEPOM, OJJHAKO B HACTOSI-
mee BpPEMsT MMEITCS TEOPETHYECKHe TIPEITOCHLIKH,
0ObSCHSIOIINE TOSIBJIEHHS JAHHOTO MUKA C TTO3MI[HH
pajuobuoioru. B skcrepuMenTaibHbIX paboTax Io-
Ka3aHO,4YTO Y MJIEKOIUTAOIINX B TIPOIECCE CO3PEBAHUS
SIATIEKJIETKU CYIIECTBYET PAJMOYyBCTBUTEIbHAS CTAUST
(amaxkuHes), HEMOCPEACTBEHHO NPEAIIECTBYIONIAs OBY-
JISIIIAU U OTLJIOJIOTBOPEHHIO, KOT/IA OTHOCHTEIBHO MAJIbIe
no3br ob6myuenust (10-50 ¢I'p) cnocoGHBI BBI3BATH Kak
CTPYKTYPHBIE, TAK M YHUCJIOBbIE abeppaliii XPOMOCOM
(Evans H.J. et al.,1986; Tease C.,Fisher G.,1986; Te-
ase C.,1982a). Ha sT0ll cTagny YacToTa paJHalliOHHO-
UHAYIUPYEMbIX abeppaiiii XpoMOCOM B HECKOJIBKO
pas BBIIIE, Y€M B CaMyI0 MIPOJIOJLKUTENbHYIO (hasy oore-
nesza - muxrnoreny (Tease C., 1985), naunHarontyocs
HE3a/I0JIT0 JI0 POKIECHUS U 3aKaHUMBAIOIIYIOCS 32 Hec-
KOJIbKO YacoB JI0 OByJsImMd. Ha cragnu JAuaknHesa
JI030Bast KPUBasi HEPACXOKIECHUST XPOMOCOM TIPE/III0JIO-
KMTEJTBHO MMEET JIMHEHHYI0 (bOPMy M HE 3aBUCUT OT
Bospacta camku (Tease C., 1982b; Hansmann
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C.,1982b; Hansmann I. et al.,1982). It is note-
worthy that spontaneous rate of aneuploidy in
human is more than an order higher than that in
mice (Sperling K.,1984), evidencing high predis-
position in human to abnormal chromosomal dis-
junction in meiosis,which is possibly due to high-
er sensitivity to environmental factors impact.
Because of that the direct extrapolation of dose
dependence resulting from the experimental stud-
ies on animals, might result in underestimation of
the ionizing radiation exposure risks for human.

Molecular mechanisms resulting in chromosomal
non-disjunction due to radiation exposure being
at that insufficiently studied most possibly are
the following: structural chromosomal aberra-
tions (induction of chromosome and chromatid
exchanges or breaks in the centromere area) as
well as damage of the spindle structure (Tease C.,
1985). Peculiarity of processes in oocytes during
the stage of post-dictyatene (chromatin condensa-
tion, disruption of nuclear membrane, the forma-
tion of spindle and systems responsible for chro-
mosomal attachment and movement along the
tubuline filaments) might be responsible for
increased radiosensitivity in aneuploidy induc-
tion.

Unfortunately, the information on the doses of
the first post-Chernobyl period is insufficient in
Belarus. It is supposed that within the first five
days there was a sharp increase of exposure dose
rate (EDR) in most of contaminated areas of the
former USSR with subsequent constant fall of
the values (Orlov M.Yu. et al.,1996). Within
the first post-accident days,the wind was mainly
blowing to North-West direction (figure 6). The
first radioactive cloud had crossed the territory of
Gomel oblast and the south area of Minsk oblast
and reached Minsk-city as early as April 27
(Orlov M.Yu. et al.,1996). In the subsequent
days the wind changed its direction and the fall-
outs of April,27 were transported to the Eastern
direction with a loop through Gomel and Minsk
oblasts. According to the data of the Belarus
State Committee of Hydrometeorology the maxi-
mal EDR on April 28,1986 reached 2mRh /h in
Gomel and 0.5mRh /h in Minsk, which exceeded
the pre-Chernobyl level (of about 0.01mRh,/h)
200 and 50 times, respectively.

The map (figure 6) shows DS location according
to mothers' residence place for children born in
January 1987. The spatial distribution well coin-
cides with the radioactive cloud passage within the
first post-accident days and no obvious association
with Cs soil contamination was noted.

Precise dates on probands' conception cannot be
defined because of the inaccuracy of gestational
age estimations; however,the time of peak appear-
ance fully coincides with theoretical calculations
and suits the hypothesis about very high

I. et al.,1982). Cremyer OTMETUTH,UTO CIIOHTAHHAS Ya-
CTOTa aHEYIIOW/INN Yy 4esIoBeKa Gosiee 4eM Ha TTOPSIOK
BBIIIE,TIO cpaBHenuio ¢ Mbimbio (Sperling K.,1984),4ro
CBUJIETEJIBCTBYET O BBIPAYKEHHON MOABEPIKEHHOCTH Ta-
METOTEHE3a YeOBeKa K HAPYIIEHHIO PACXOKACHHUS XPO-
MOCOM B M€ii03€,BO3MOKHO, n3-3a 60Jiee BBICOKON dyB-
CTBHUTEJIBHOCTH K BO3JEHCTBUAM (DaKTOPOB BHEIIHEN
cpeapl. 1109TOMYy mpsMasi 9KCTPANOMSIMS A030BOH 3a-
BUCHMOCTH, TIOJTyYEHHON Ha 9KCIMEPUMEHTANBHBIX KH-
BOTHBIX, MOKET TIPUBECTH K 3aHMKEHUIO PHCKa 00JTyde-
HUS 4eJIOBEKA.

MonekynspHble  MEeXaHWU3MbI, [PHUBOASNINE K
HEepacXOXJICHNIO XPOMOCOM TIPH O6JYyYeHNN, N3yIeHbI
HespoctarouHo. Ilpexamosnaraercs,4To MU MOTYT OBITDH
CTPYKTYDHBIE TIOBPEXIEHUsT XPOMOcOM (MHIYKIUst
XPOMOCOMHBIX ¥  XPOMATUJIHBIX OOMEHOB WJIH
noBpexaeHue 00JacTH  [EHPOMEPBI), a  TaKiKe
HapyleHne cTpykTypsl Beperena jesennst (Tease C.,
1985). Cruenudukra NPOLECCOB, TMPOTEKAIONMUX B
OOIUTE Ha CTAAUSX MOCTAUKTHOTEHbI (KOHIEHCAIHSI
XpOMaTHHa, AeTeHepanus sAepHOil 060J0YKH, TOCTPO-
eHre BepeTeHa JeJeHWs W CHCTEM, OTBETCTBEHHBIX 3a
IpPUKPEIJIeHNe W IepeMeleHHe XPOMOCOM  TI0
TyOyJUHOBBIM HUTSAM) MOKET OBbITb NPUYUHOI
MOBBINIIEHHON PaJMOYyBCTBUTENBHOCTH B OTHONIEHUN
WHAYKIIUW aHEeYTJIOU NN,

K coxanenmo, B benrapycu oTcyTcTByeT MCUepIbIBao-
nasi uHGOpMAIUS O JTO30BbIX HArpy3kax B TI€pPBBIi
nepuo nocJe aBapun. CUUTAETCS,YTO B TEUYEHUE TIep-
BBIX TISTH J{HEH B GOJIBITMHCTBE 3arpPsS3HEHHBIX PETHO-
HOB ObiBiiero CCCP Habmofanoch pe3roe yBeaude-
HHUe MOILIHOCTH 9KCIIO3UIMOHHOK 10361 (MOD/I) ¢ mo-
CTOSTHHBIM CHVKEHWEM JAHHOTO MOKAa3aTess B TOCJse-
ayiomem  (Orlov M.Yu. et al.,1996). Ha nporske-
HUW TIEPBBIX CYTOK IMOCJE aBapuy MpeobJajaio ceBe-
po-3anajHoe Hampasaenue Berpa (pucynok 6). Ilep-
BOE PAJMOAKTUBHOE OO0JAKO JOCTUTJIO T. MUHCKA,
poiist yepe3 TeppuTopuio I'oMeTbCcKol 1 10KHON Ya-
ctn Munckoii o6mactu, ysxe 27 anpeas (Orlov M.Yu.
et al.,1996). B nocaeayomue AHM HApPaBJIEHUE Be-
Tpa U3MEHUJIOCh U BBIOPOCHI, UMEBIIIHE MECTO 27 arpe-
JISI, COBEPIUB TIETJII0 Yepe3 ['oMesabckyo 1 MUHCKYIO
00J1aCTh, HANIPaBUJNCh B BOCTOYHOM HAIPaBJICHUH.
Cornacno gansabiM I'mapomera Besmapycm 28 ampess
1986 r. B r. T'omese MakcuMasibHble 3HaYeHUsT MO /]
noctursam 2 MP /4,a B r. Muncke - 0,5 MP /4, uto
MPEBBIIAN0 J0-4ePHOOBLIbCKHN ypoBenb (oxoao 0,01
MP /4) B 200 u 50 pa3,COOTBETCTBEHHO.

Ha xapre (pucynox 6) mnamnecennr caydam CJI,
poxknéunpie B guBape 1987 r., ¢ yuétom Mecta mpo-
JKUBaHUST Marepu. VX TeppuUTOpHaJbHOE pacipe-
JleJieHne YETKO MOBTOPSIET TPAEKTOPHIO PATHOAKTUBHBIX
00/IaKOB TIEPBBIX [HEH IIOCJE aBapyu, IPH ITOM HET
BBIPAJKEHHON CBSI3M ¢ 3arpsisHeHueM mousbl 7 Cs.

[lata 3auaTs mpo6aHIOB HEe MOXeT OBITh YCTAHOBJIECHA
M3-32 HETOYHOCTEH TIpM TOCTAHOBKE TEeCTAI[IOHHOTO
CpOKa, BMeCTe C TeM, BpeMsl TOSIBJIeHHS MHKa
TIOJTHOCTBIO COBIIA/IAET € TEOPETHYECKUMH pacueTaMy 1
COTJIacyeTcsl ¢ THUIOTe30H O HAJIWYNH BBICOKOI
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TABLE 3
CHERNOBYL RELEASE OF SHORT-LIVED RADIONUCLIDES
AS COMPARED WITH*'Cs 1 *Sr (UNSCEAR, 2000)
TABIMLIA 3
YEPHOBbBITECKIM BBIBPOC KOPOTKOXXMBYLLMX PAOMOHYKIMOOB
B CPABHEHMM ¢ ®'Cs M *°Sr (UNSCEAR, 2000)
Radionuclide Ts Activities released (410 Bq)
| 20.8 hours 1000-2500
| 2.3 hours ~1000
B2Te 3.26 days ~1000
By 8.04 days 1200-1700
137cs 30.0 years ~80
Sr 29.1 years ~10

sensitivity of human chromosomes disjunction to
damage induced by ionizing radiation in the peri-
od immediately before the conception (figure 5).

The results of epidemiological investigations in
the field of searching effects of human radiation
exposure on DS incidence, are contradictory
(Verger P.,1997). We should first note, that
studies of the A-bombing consequences in
Hiroshima and Nagasaki and medical exposure
impact (Schull W.J.,1995; Awa A.A. et al.,1987;
Rose K.S.B., 1990; Alberman, E. et al., 1972;
Uchida I.A., 1985) cannot be basic for studying
the effects described in this paper. Short period of
radiation exposure in those studies makes it prac-
tically impossible to analyze specifically groups of
mothers exposed some hours before conception.
Moreover, the Japanese studies, performed many
years after the A-bomb explosion, could not cover
the total number of children conceived immedi-
ately after the exposure. Rather small analyzed
sample sizes,usual retrospective collection of data,
incomplete ascertainment and other methodical
difficulties presented in the studies of the conse-
quences for residents of the areas with high level
of background radiation seem to be the most prob-
able reasons for contradictory results (Shuman
L.M., Gullen W.H., 1970; Kochupillai N. et al.,
1976; High Background Radiation Research
Group, 1980; Jaikrishan G. et al., 1999, Cheriyan
V.D. et al.,1999).

The study of low exposure dose effects within the
first period after the accident requires high ascer-
tainment completeness of DS cases or a rather
large sample size. Moreover, it is essential to
account possible demographic changes, since
numerous studies performed in various European
countries have demonstrated apparent changes in
reproductive behaviour of the residents within the
first year after the Chernobyl accident (Little J.,
1993; Schoetzau A. et al.,1994). The analysis of
an average maternal age in severely contaminated
areas of Belarus has showed its decrease for the
first months of 1987. A slight reduction of con-
ception number among the women aged 35 years

YYBCTBUTEJDHOCTU K PAJUAIAOHHOMY TOBPEXIECHUIO
PACXOKAEHUS XPOMOCOM — 4YeJOBEKa B  MEPHOJ
He3a104T0 10 3auatns (PUCYHOK 5).

Pe3ynbraThl anngeMuOIOrnIecKux paboT, UCCIeI0BaB-
MUX BJIUSHUE PAJUANMOHHOTO OOJydYeHUsT HACEJEHIUS
na yvacrory C/I, mocratouno nporusopeunsbl (Verger
P.,1997). Ilpexae Bcero, CleAyeT OTMETHTD, 9YTO WC-
CJIeTOBAaHUS TOCJAEACTBUI GOMOAPANPOBKI XWPOCHMbI
n Haracaku, a Ttakxe MeIUIIMHCKOTO OGJydeHUST
(Schull W.J., 1995; Awa A.A. et al., 1987; Rose
K.S.B.,1990; Alberman,E. et al.,1972; Uchida I.A.,
1985) He MoryT cayskuth 6azoi auas usydenus s dex-
TOB, TIOKA3aHHBIX B JaHHO# paborte. KparkoBpemen-
HOCTb IIeproia 0OTyUeHrs] B 9THX UCCJIEIOBAHUSX [Ie-
JIAIOT MPAKTUYECKN HEBO3MOKHBIM U3YYEHUE TPYIITIbI
Matepeii, 00Iy4EHHBIX 32 HECKOJbKO YacOB [0 3ava-
tusg. Kpome TOrO, SIMOHCKWE PaGOThI, MPOBEIEHHDIE
CIyCTsI TOCTATOYHO MPOIOIKUTETHHBIN TTPOMEKYTOK
BpEMEHU IOCJIe B3PbIBA, HE MOTJIU OXBATUTH BCEX [I€-
Tell, 3a4aThIX HEMOCPEJACTBEHHO IMOCAe OOJydeHus.
OTHOCHTETPHO MaJiblii 00BEM aHATU3UPYEMBIX BBIOO-
POK, KaK TPaBUJIO, PETPOCIEKTUBHBIN XapakTep c6opa
JAHHBIX, 3HAYUTEIbHDBIN HEJOYUYET U MPOYUE METO/H-
YecKue TPYIHOCTH B paboTax 1o udydenuio apdexTon
OPOKUBAHNS B PETHOHAX C MOBBIIEHHBIM YDPOBHEM
donoBOIT pagmaru - Hanbosee BEPOSATHBIC MPUYHHDI
npotuBopednBbix pesyabratos (Shuman L.M.,Gullen
W.H., 1970; Kochupillai N. et al., 1976; High
Background Radiation Research Group, 1980; Jai-
krishan G. et al.,1999, Cheriyan V.D. et al.,1999).

[lns BopIsiBJIeHUST 3 PeKTOB O0IyUeHNUST B MAJbBIX JO-
3aX, UMeBIINX MECTO B HepBbIﬁ mmepuoa I1mocJie aBa-
pun, Tpe6yeTcst BBICOKUN yPOBEHDb PETUCTPAIUU CJIY-
vaeB C/] win mocrarouno 60JbIinoit 06bEM BBIGOPKH.
ITomumo 9TOTO, BaKHO YYUTbIBATH BO3MOJKHOCTD M3~
MeHeHUul JeMorpaduiecknx IokKasaresieid, T.K. pe-
3yJbTAThl UCCJEOBAHUN, TPOBEEHHBIX B PA3JMYHbBIX
CTpaHaX EBpOHbI, TIOKa3aJin HaJan4due BbIPpAaKE€HHDbIX
N3MEHEHNI B PENpPOAYKTUBHOM MOBEJEHUN HaceJe-
HUA B mepBblil rog mocae asapum (Little J., 1993;
Schoetzau A. et al.,1994). MccrenoBanue cpegHero
BO3pacTa pOKeHUI] B HanGojiee 3arpsisHEHHBIX PETUO-
Hax Pecny6mmku Benapycu mokasaio ero CHUKEHUN
B TeueHue nepBbIX MecsieB 1987 r. B IlIBerun Ha-
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old and older with the last menstrual period being
in April 1987 (conception at the end of April to
early May) was visible in Sweden (Kallen, B.,
1989) (figure 2). The reveled changes might be
the result of fear of mothers who already had chil-
dren at the time of the accident,to conceive bear a
child because of the disaster.

The doses in population of the Republic of Belarus
are the highest among the countries where month-
ly DS incidence was analyzed. Meanwhile exten-
sive database with rather high DS registration
completeness was collected in the Republic for the
surveyed period. There was no visible decrease in
birthrate in Republic of Belarus recorded in the
first months of 1987; however, we cannot exclude
some bias in the distribution of mothers towards
younger age in the contaminated areas.

Only one group of researchers revealed the simi-
lar peak in January 1987 in Western Berlin
(Sperling K. et al., 1994) and less prominent
effect using the data received at cytogenetic lab-
oratories of various areas of Western Germany
(Sperling K. et al., 1991). Rather high ascer-
tainment completeness in West Berlin was a pos-
sible reason for availability to record such a short
incidence increase in a rather small sample size
(12 cases to 2-3 expected). Low doses to ioniz-
ing radiation and no positive results in other
studies gave grounds for criticism in several
papers (Burkart W. et al.,1997; Boice J., Linet
M., 1994).

The study of monthly DS incidence in Bavaria
(Schoetzau A. et al., 1994) and the data of
International EUROCAT system (De Wals P. et
al., 1988) did not confirm the obtained results,
however certain underascertainment of DS cases
decreases sensitivity of the performed analyses.
This primarily may have applied to fetuses from
pregnancies terminated after prenatal diagnosis
(Little J., 1993), since such cases were missed in
Bavaria sample and were not registered in some
EUROCAT centers (Dolk H., Nichols R., 1999).
Moreover, most countries participating in EURO-
CAT being located very far from the Chernobyl
NPP and had received rather low radiation expo-
sure doses. Researchers from Finland have also
revealed no peak in January 1987, but no data to
evaluate DS ascertainment completeness are pub-
lished (Harjulehto-Mervaala T. et al., 1992).
The authors consider their sample size to be rather
small and the negative result (6 cases to 8 expect-
ed) being "inconclusive as such”. The analysis of
the data from Hungarian registry (Czeizel A.,
1989) has showed only a slightly increased DS
incidence in January-March 1987, compatible with
natural deviations. According to the authors' cal-
culation the under ascertainment within the con-
cerned period is 25%. Negative results of the stud-
ies performed on small samples (Witowski R.,
Korner H., 1987; Haeusler M.C.H. et al., 1992;

0J110/1aJI0OCh HEKOTOPOE CHIWJKEeHHE 3a4aTuil Ccpeju
JKEHIIMH B BO3PACTHON rpyrmie 35 JieT W cTapiie, y
KOTOPBIX TMOCJECAHWH MEHCTPYAJbHBIN UK TPUXO-
quica Ha amnpenb 1986 r. (3avatme KoHer ampens -
nayamno mast) (Kallen B.,1989) (pucynok 2). Bprss-
JIEHHBIE CJIBUTU MOTYT OBITb PE3YJIbTATOM OTKa3a OT
JIETOPOSK/IEHUS CPE/IN JKEHIIUH, IMEBIITUX JIETeil K MO-
MEHTY aBapuu.

N3 Bcex cTpaH, B KOTOPBIX MPOBOJWJCS aHATH3 Me-
csiunpix yactor CJl, nHacenenune Pecrybmukn Benapy-
CU TOJYYWJIO HamboJiee BBICOKUE 03Bl OOGJyUEHUS.
[Tpu sTOM 32 aHAJIU3WPYEMDIl TIEPUO BPEMEHH B pec-
my6JnKe HAKOTLIEH GOJIbIION MaTepuaJ M UMeJ MECTO
nocratouHo Beicokuit yuét C/l. B pecrny6iuke He Ha-
6JTI0IAIOCh  3aMETHOTO  CHIDKEHHSI POKIAEMOCTH B
mepBbie Mecsabl 1987 T.,01HAKO HE UCKIIOYEHO HAJIN-
e HEKOTOPOTO CMEIIEHUsT BO3PACTHOTO pacipe/ieie-
HusT 6oJiee MOJIOABIX POKEHUI[ B 3arps3HEHHBIX
00JIaCTSIX.

Tonbko omHa Tpymma wuccaenoBaTesell BBISBUJIA
aHajormyHbiii MK B sHBape 1987 1. B 3anagHoM
Bepaune (Sperling K. et al., 1994) u wmenee
BBIpaKEHHDBIN 9(h(HEKT TIO JAHHBIM ITUTOTEHETHYECKUX
nma6oparopuii pasymunbix perumonos MPT (Sperling
K. et al.,1991). VYposenb perncrpanun B 3amagHoM
Bepaure 6blT  AOCTATOYHO BBICOKHM, YTO MOTJIO
MO3BOJIUTD  3aPETUCTPUPOBATL  CTOJH  KPAaTKO-
BPEMEHHOE YBEJWYCHHE HA OTHOCUTEJbHO HEGOJBIIOM
marepuane (12 mabmogeHmii K 2-3 0XKUJAEMBIM).
Masple 03B W OTCYTCTBHE  AHAJOTUYHBIX
pe3yJabTaToB B JAPYTUX paboTax MHOTOKPATHO
cayskum nosogom i kputuku (Burkart W, et al.,
1997; Boice J., Linet M.,1994).

Uccnenoannst mecsiynont auHamukn CJI B Basapum
(Schoetzau A. et al.,1994),a Takke B paMKaxX Mex-
aynapojnoii cucrembl EUROCAT (De Wals P. et al.,
1988) He TOATBEPAMIM TIOJYYEHHBIE PE3YJIBTATHI, OfI-
Hako onpenenéunbiii negoyuér C/I cHuxaer yyBCTBU-
TEJBbHOCTh MPOBEAEHHOTO aHa N3a. JTO, IPEXe Bee-
r0O, Kacaercsl ILIO/IOB, TIPEPBAHHBIX 10 TEHETUYECKIM
nokasanuam (Little J., 1993), .x. Takme caydam or-
CYTCTBOBaJM B baBapckoil BBIOOPKE U HE PETUCTPUPO-
Basmch B Hekotopbix nearpax EUROCAT (Dolk H.,
Nichols R.,1999). Kpome Toro, 60JIbIIMHCTBO CTpaH,
Bxogsmux B cucremy EUROCAT rtepputopuaibHO
3HauuTesbHo yhaaéuunl or HAIDC u nosyuyenuble B
CBSI3W C aBapueil 103bl ObLTM KpaiiHe HU3KuMu. OWH-
CKHe aBTOPBI TaKXKe He BBIIBUJN NMHKA B stHBape 1987
T.,0HAKO CBEJCHUS, HeOOXOUMbIE JIJISI OIEHKH TI0JI-
norer yuéta CJ[ B ny6imkanun ne npusoaarcs (Har-
julehto-Mervaala T. et al.,1992). ITo MHeHHMIO caMuX
aBTOPOB, UX BBIGOPKA JJOCTATOYHO MaJia,a HETaTHBHBIN
pesyaprar (6 mHabmonenuii K 8 oxkugaeMpiM) - HeyGe-
JUTENbHBIN. AHamm3 AaHHBIX BeHrepckoro permcrpa
(Czeizel A., 1989) mnoxasaa JHIIb He3HAYUTEJIbHOE
yBesmyenne vactotel C/[ B stHBape-mapre 1987 .,
VKJIQIBIBAIONIEECST B MPEIEN bl €CTECTBEHHBIX KOJeba-
HUIl, TP 3TOM HEJOYYET B WHTEPECYIONUIl TEePUo/I
BpPEMEHM, COTJIACHO PACYETAM ABTOPOB, COCTABHI 25%.
OrpurateibHble PE3yJabTaThl padoT, TPOBEJCHHBIX Ha
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Stoll C. et al.,1990) cannot serve as arguments
against an effect of radioactive fallout,since small
size of analyzed samples restrains the possibility of
detecting short-term modifications in DS inci-
dence.

Thus, many of the studies with negative results
probably had a considerable level of under ascer-
tainment for DS or suffered from small sample
size. Besides that,no direct indication on mater-
nal age standardization of monthly DS incidence
could be found in most of discussed studies, that
was very important at taking into account possi-
ble changes in maternal age distribution due to
modification in reproductive behavior of
European population within the first months
after the accident. All the above-mentioned ele-
ments might prevented the effect detecting,espe-
cially at low exposure doses in Western Europe.

There are studies where monthly incidence was not
analyzed, but the association with the residence in
the areas with various ""Cs soil contamination lev-
els or with exposure doses within various post-
Chernobyl periods were searched. The authors
from Sweden have showed an increased risk for
DS childbirth in contaminated areas in 1987
(Ericson A.,Kallen B.,1994),but the similar study
performed in Finland does not confirm the results
(Harjulehto-Mervaala T. et al., 1992). No
increased risk for DS childbirth, resulting from
internal and total dose, is observed in Norway
among children conceived within May 1986- April
1989 (Lie R.T. et al.,1992).

Thus, in general negative results of the most epi-
demiological studies,which were devoted to analy-
sis of effects of exposure to ionizing radiation after
the Chernobyl nuclear power plant accident on DS
incidence prevent obtaining unambiguous interpre-
tation of the presented results, especially at taking
into account possible appearance of stochastic DS
clusters. It is necessary to perform further extra
investigations of the observed cluster,which would
include identification of cytogenetic variants and
parental origin of the additional chromosome 21 as
well as collection of detailed ecological anamnesis
for all currently traceable DS cases related to the
cluster appearance.

CONCLUSIONS

1. Ascertainment completeness of Down's syn-
drome is rather high in all areas of the Republic
of Belarus.

2. In January 1987,significant cluster of DS cases
was registered in Belarus.

3. Maternal age as a well-known risk factor and
introduction of prenatal diagnostics were not the
causes of the revealed cluster.

ne6ompmom Marepuane (Witowski R., Korner H.,
1987; Haeusler M.C.H. et al.,1992; Stoll C. et al.,
1990) He MOTYT CIYKUTh BECKHM apTyMEHTOM B TOJIb-
3y otcyrctBus adderra oO0aydYeHHS, T.K. MAaJbIit
00BbEM aHATM3UPYEMbIX BBIOOPOK HE MO3BOJISET PETH-
CTPUPOBaTh KPATKOBPEMEHHBIE CABUTU B JIMHAMHKE
yacror C/I.

Takum o6pazoM, BO MHOTHX HCCJEJOBAHUSAX,
MOKA3aBIINX OTPUIATEJIbHDIH Pe3yJabTaT, BO3MOXKHO,
uMes MecTo 3HauurteabHbiit Hemoyuér C/I, nmb6o
AHAJN3UPOBATICH OTHOCHUTEJTbHO HeOOTbIINE
BBIGOPKH. Kpome TOTO, B GOJBIIMHCTBE YKA3aHHBIX
paboT  OTCYTCTBOBAJWM  YETKWE  CBEIEHUS O
crangaptusanun Mecsyabix dactor CJI mo Bo3pacty
MaTepu, 4To uMeeT OGOJbIIOe 3HAYEHUE, YUUTHIBAS
BO3MOJKHBIE CIBUTH B BO3PACTHOM paclpeeJieHun
POKEHUI[ BCJEJCTBUE W3MEHEHWH PEmpOAYKTHBHOTO
MOBEJICHUST HacesJeHuss EBPONbI B IEpPBbIE MECSIIBI
nocJsie aBapuu. Bcé 3TO MOrJIo MOMeIarh BBISBUTD
Has3BaHHBIE 3((EKTbI, 0OCOGEHHO  YUNTBIBAs MaJible
J103bI 06Ty4YeHust B 3amannoit Epore.

Nmerorcst psii paboT, B KOTOPbIX aHAJIN3 MECSYHON
JIMHAMUAKA HE TIPOBOJUJICS, OJJTHAKO M3YydYaach CBS3b C
OPOKMBAHMEM B 30HAX C Pa3JUYHBIM  yPOBHEM
3arpsisHeHust Mo4BBI 'Cs WM ¢ J030i MOHU3UPYIOIIETO
00JlydeHUsT B Ppa3JIMYHbIe TIEPUOABI TIOCJE AaBapui.
PaGora 1mBeickux aBTOPOB TIOKa3aJjia MOBbBIIIEHNE PUCKA
poxxaenust pe6énka ¢ C/l B 3arpsisuéHnbix 3oHax B 1987
r. (Ericson A., Kallen B., 1994), ognako aHaJOruyHoe
uccjesoBanue, TmpoBeseHHoe B DUHASHAWM, He
noaTBepauao st pesysbrarel (Harjulehto-Mervaala T.
et al., 1992). He BbIABIEHO YBENMYEHHS PHUCKA
poxkaennst aereii ¢ C/I,3agarsix B mepuon ¢ Mast 1986 .
no ampenb 1989 r., B 3aBucMMOCTH OT BHYTPEHHEH u
cymmapnoit 1o3er 8 Hopsernn (Lie R.T. et al.,1992).

Takum o6Gpa3oM, B 11€JOM HETAaTUBHBINH pe3yJabTar
OOJIBIIMHCTBA  JMHUJIEMUOJIOTUYECKUX  paboT, 10
n3y4deHNo 3(p@eKToB YepHOOBLIBCKOTO OOJIyUeHNsT Ha
yactory poxaenus pgereir ¢ CJ/I, He mo3BOsIsET
O/IHO3HAYHO  HMHTEPIIPETUPOBATb  IPEJCTABIEHHbBIE
pe3yJIbTaTbl, OCOOEHHO YYHUTBIBasi BO3MOKHOCTH IO-
apiaenns croxactnmdecknx mmroB CJl. Heob6xoanmo
MpOBe/IeHNe JIOTIOJIHUTENBHOTO HMCCJEIOBAHUST  BbI-
syieHHoro kJjacrepa CJ/I, BKIIOYAIONIETO OIpe/ieieHne
IUTOTEHETUYECKOH  (POPMBI, POAMTENBCKOTO  TPO-
UCXOKIEHUS] IOMOJHUTEJbHON 21-0ff XpOMOCOMBI, a
Takyke c60p MOAPOOHOTO IKOJIOTUIECKOTO aHAMHE3A JIJIsST
BCEX JIOCTYNMHBIX B Hactosiiiee Bpems ciaydaeB C/I,
UMEIOIINX OTHOLIEHNE K TOSIBJIEHUIO MIOKA3aHHOIO ITHKA.

BbIBO/Ibl
1. Perucrpammu cungpoma [layHa mMeeT AOCTATOYHO
BBICOKUII YDOBEHb BO BCEX PETHOHAX PECIyOJIUKN

Bemapycs.

2. B gmBape 1987 r. B Besapycu 3apeructpmpoBan
BBIDKEHHDBIN K poxxaeHns gereir ¢ C/I.

3. OGrensBecTHbI (haKTOp pUCKA, BO3PACT MaTepH,n
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4. The time of cluster appearance and geographi-
cal distribution of DS cases in children born in
January 1987 assume an association with radia-
tion exposure due to radioactive cloud passage
rather then "Cs soil contamination.

5. Therevealed cluster was theoretically confirmed
with experimental studies.

6. Rather low occurrence of studied disorder, lack
of reliable information on dosimetry, absence of
detailed information about the families of the
affected probands (data on maternal or paternal
trisomies origin, migration, etc.) and contradictory
epidemiological studies data in Europe make it dif-
ficult to interpret the obtained results unambigu-
ously.
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