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Abstract

Ten years follow-up investigation of intellectual development of 250 persons from Belarus exposed in utero
following the Chernobyl accident and a control group of 250 persons from non- and slightly contaminat-
ed regions has been conducted. Neuropsychiatry and psychological examinations were performed among
persons of both groups at the age of 6-7,10-12,and 15-16 years. Mean antenatal internal dose to thyroid
arising from the intake of 1311 among persons of exposed group is 390+550 mGy (maximal dose - 4100
mGy),in control group - 3565 mGy. Mean antenatal external dose among persons of exposed group is
10+13 mGy, maximal dose - 91 mGy. At the age of 6-7 years the persons in the exposed group had a mean
Full Scale IQ lower than the control group (89.6+10.2 vs 92.1+10.5,p=0.007). At the age of 10-12 years
there was no statistically significant difference between the two groups (94.3+10.4 vs 95.8+10.9,p=0.117).
Positive dynamics of intellectual development in persons of both groups has been observed up to age of
15-16years (98.7+10.2 n 99.5x10.5,p=0.171). No statistically significant correlation was found in exposed
group between individual thyroid dose as well as individual antenatal external dose and 1Q at the differ-
ent ages. In both groups we notice a positive moderate correlation between 1Q of persons and the educa-
tional level of their parents. We conclude that probably a significant role in the genesis of borderline intel-
lectual functioning and emotional disorders in the exposed group of persons was played by unfavorable
social-psychological and social-cultural factors.
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INTRODUCTION

Antenatal exposure of the thyroid gland to ioniz-
ing radiation is one of the factors that might unfa-
vorably influence on the intellectual development.
Radiation affecting of the thyroid gland leads to
involvement of other endocrine glands in the
pathological process through the thyroid-hypoph-
ysis-hypothalamus system (Lyaginskaya A.M. et
al.,1992).

Among the unfavorable psychosocial factors capa-
ble to affect the mental health of children there
are to be taken into account the effects of forced
relocation or adaptation to new conditions of liv-
ing in areas exposed after the contamination.
These factors lead to psycho-emotional stress in
parents,and affected family relations (Kolominsky
Ya.l.,Igumnov S.A.,1995).

Thus in estimating the influence of the Chernobyl
nuclear power plant accident on the psychological
development of persons,it is necessary to take into
account both ante- and postnatal irradiation,non-
radiation burdening exogenous and psychosocial
factors (Nyagu A.I. et al.,1996).

The present study was concerning the clinical-

BBEJIEHUNE

AnrenarasbHoe OOJIy4YeHHE IIUTOBUIHOI >KeJe3bl
(IIPK) sBasiercss pakTOpOM, CIIOCOGHBIM OKa3aTh He-
raTUBHOE BJIMSIHHE HA WMHTEJJIEKTYyalbHOE Pa3BHUTHE.
BoszneiictBue na K paauomsoronos iioga MOXKeT
SIBUTbCSI HAYAJIbHBIM 3BEHOM BOBJICUCHUS B TIATOJIOTH-
YeCKUIl Tpoliece U APYTUX SHIOKPHHHBIX JKeJsle3 depes
cucremy IJK-runodus-runorasamyc (Jlsruuckas
A.M. u coasnrt.,1992).

Cpeu HEGIArOMPUSTHBIX TICUXOCOIMUATBHBIX (DAKTOPOB,
CIIOCOOHBIX OKa3aTh BJUSHUE HA TICHXUYECKOE 3I0POBbE
JieTell, HeMb3sT He YYUThIBATh 3(QEKTbl BBIHYKIEHHOIM
MUTPAIlIA WM TIPUCHOCOOTEHNS K HOBBIM YCJOBHUSIM
JKU3HM Ha TOCTPA/IABIINX TEPPUTOPHUAX. ITH (PAKTOPbI
MPUBOJAAT K  TICHXO3MOIIMOHAJBHOMY  CTpeccy Y
poautesieit 1 HapyIIEeHNIO CeMeHHbIX B3aMMOOTHOIIEHUH
(Kostomuncknit S1.J1., Urymuos C.A.,1995).

IIpu omenxe Bausaust UepHOOBLIBCKOW aBapuu Ha
IICUXOJOTHUECKOe Pa3BUTHUE JIHI[, TIOABEPIUINXCS BO3-
JefiCTBHIO B AHTEHATAJbHOM IEPHOAE, HEOOXOAUMO
YUUTBIBATh HE TOJBKO AHTEHATAIbHOE U MOCTHATATD-
HOe OOJIyueHne W HepaJUalMoOHHbIE OTSTOMIAIOINE
dakropsl, HO U ncuxoconuasbhbie paxropbr (Hsry
A.V. u coasrt.,1996).
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psychological estimation if intellectual progress
in children exposed to antenatal exposure to ion-
izing radiation after the Chernobyl NPP accident.
Reconstruction of individual radiation doses of
antenatal exposure on thyroid and whole body
external irradiation was held under study conduc-
tion with application within further clinical-
dosimetry analysis.

OBJECTIVE OF THE STUDY
* prospective investigation of the intellectual
development at the age of 6-7 years till age 15-16
years among persons exposed in utero following
the Chernobyl accident;-

* comparative analysis of the data obtained as a
result of the clinical and psychological investiga-
tion and dosimetry data;

* investigation of the role of unfavorable social-
psychological and social-cultural factors stipulat-
ed by the Chernobyl accident and its consequences
in the genesis of the disturbances of intellectual
development of exposed children.

MATERIALS AND METHODS
Participants

The exposed group was of 250 persons, born
between May 1986 and February 1987. During
the Chernobyl accident their pregnant mothers
lived in the highly contaminated settlements
where "Cs soil deposition densities ranged from
5355 to 18,500 kBq-m®. The control group was
formed by random selection and consisted of 250
persons had been born between May 1986 and
February 1987. Their mothers had constantly
lived in settlements with low and mild contami-
nation (from 2 to 200 kBq-m? of ""Cs). The dis-
tribution of persons according to sex and the peri-
od of gestation at the time of the Chernobyl acci-
dent is given in table 1. Also there were no rel-
evant distinctions of social status of parents of
persons belonging to the exposed and control

group.

Hacrosmee mccireioBaane MOCBSIIEHO KJIMHUKO-TICHXO-
JIOTIYECKOHN OIleHKe WHTEIEKTYaJIbHOTO DAas3BUTHS Jie-
Tell, TOABEPIIINXCS AHTEHATATBHOMY OOJIyYEHWIO BCJIEM-
crBue aBapun Ha YepHoObLabckoit ADC. B xome mccie-
JIOBaHUS OCYIIECTBJIEHA PEKOHCTPYKIINS WH/MBU/TYAJIb-
HBIX /103 aHTeHaTaabHOro obuydyeHus 7K m anTeHa-
TAJbHOTO BHENTHETO OOJIyYeHNsT, KOTOPble ObLIN HCIIOJIb-
30BaHBI B XO/I¢ KJIMHUKO-O3MMETPIUECKOTO aHAII3A.

3AJAYU UCCJIEAOBAHUSA
* IMPOCTIEKTUBHOE WCCJEOBAHUE WHTEJJIEKTYAThHOTO
PA3BUTHSI JIHII, TOBEPTIINXCS AHTEHATAIBHOMY 00JIy-
YeHUIo B pe3yJibTaTe aBapun Ha UepHo6bLibekoit AJC,
B Bo3pacte oT 6-7 10 15-16 jer;

* CpaBHI/ITeJIbeIfI aHaJIn3 [JaHHbIX, MOJYYECHHDBIX B
X0/le KJIMHUKO-TICHXOJOTHYECKOTO WCCJEIOBAHUS, U
JIO3MMETPUIECKUX JTAHHBIX;

* oleHKa posin HeGJATONPUSITHBIX TCUXOJOTHYECKIX
U COIUANbHO-ZeMOTpaduiIecknX (HakTopoB, 06YCI0B-
JIEHHBIX YepHOOBIITBCKOM aBapuen n ee
MOCJTEICTBUSIME, B TIPOUCXOKAEHUN HAPYIIEHUN
UHTEJIEKTYAIHbHOTO PA3BUTUSL Y OOJYIEHHBIX JETeEl.

MATEPUAJIbI 1 METO/IbI
YyacTHHKH HcCcleI0BaHUS
OGayuennast rpymnma cocrostia u3 250  gmi,

POKIeHHBIX B Tepuon ¢ Mast 1986 mo deBpanb 1987
rojla OT Marepeil, KOTOpble Ha MOMEHT aBapuu Ha

YepHOOBIIBCKOM ADC MPOKUBAJH Ha
KOHTPOJIUPYEMbBIX TEPPUTOPUSX ¢ YPOBHEM
sarpssHennss mouB  'Cs  555-18500 wDbx-m?

KonTposbHas tpynma 6blia chopMUPOBaHA METOAOM
cay4aiiHOW BBIOOPKH U coctosiia u3 250 mereit,
POKIeHHBIX B Tepuon ¢ Mast 1986 mo deBpanb 1987
rofa. VX MaTepuw MOCTOSTHHO MPOKUBAJIH B paifoHax
C HU3KHM yPOBHEM DPaJIMOAKTHBHOTO 3arpssuenns (2-
200 xBbrk-M? mo 'WCs). Pacmpenenenne pgereii B
3aBUCUMOCTH OT TIOJIA W CPOKA TecTallud B MOMEHT
aBapun Ha YepHOOBLTbCKOW AIJC mpencTaBAeHO B
tabmuie 1. OTcyTcTBOBAM TakK:Ke JJOCTOBEPHbBIE
pasnuyus B CONMAJBHOM CTaTyce pOJAWTEJeH JeTen
00JIy4eHHOI ¥ KOHTPOJBHOU TPYIII.

TABLE 1

AGE AND SEX DISTRIBUTIONS OF PERSONS OF EXPOSED AND CONTROL GROUPS

TABJMLIA 1

PACTPELENEHVE JAL, OCHOBHOW M KOHTPOJILHOW IPYMN
MO MEPUOOAM TECTALMA M TIONY

Gestation Number of persons in Comparison between
period, exposed group control group groups, p
weeks male female total male female total in gender total

0-7 35 24 59 38 32 70 0.57 0.26
8-15 29 24 53 28 24 52 0.93 0.91
16-25 29 27 56 30 28 58 0.99 0.83
>25 33 49 82 32 38 70 0.50 0.24
Total 126 124 250 128 122 250 0.86 -
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Estimation of the period of gestation at the time
of the Chernobyl accident was based upon the
inferred first day of the last menstrual period
and has been calculated with the modified for-
mula of Schull et al. (1988). The mean dura-
tion of gestation was assumed as 280 days
(assayed since the last menstrual cycle onset).
The day of birth was obtained by interview with
the mothers of the persons. To obtain the age
after fertilization, 14 days have been subtracted
from the term of gestation at the time of the
Chernobyl accident.

Dosimetry

Thyroid doses from iodine intake were reconstructed
on the basis of results of ®'I activity direct measure-
ments in thyroid (if such data were available from
measurements held in mothers of children included
in the study),or from an “'I environmental transfer
model adapted to the local Belarusian conditions
(Drozdovitch V.V. et al.,1997). The regional-spe-
cific values were received for the following radio-eco-
logical parameters according to the respective local
conditions: (a) ratio between activities of "I and
%7Cs in ground deposition; (b) initial interception of
BT by vegetation; (c) elimination rate of ™I from
grass and milk due to airing and growth; and (d)
transfer factor for 1311 from grass to cow's milk.
Model was validated with the received results valid-
ity estimation for 292 settlements where average thy-
roid radiation doses calculated according to the
model were compared to the values of direct *'I
activity measurements in thyroid gland (Gavrilin
Yu.l. et al.,1999). For 95% of these settlements the
results of the radio-ecological model and the meas-
urements agree within a factor of 2.5 (Drozdovitch
V.V.,1999).

Thyroid doses for persons exposed in utero were
estimated from results of individual thyroid radi-
ation dose estimates for the mother, and from a
transfer coefficient from maternal radiation dose
to the fetal one with taking into account the peri-
od of gestation at the time of exposure (Zvonova
I.A., Balonov M.I.,1993). To estimate the indi-
vidual thyroid doses the following information
about the life-style of the mother during the
iodine period was obtained by personal interview:
(a) consumption rates of fresh milk and diary
products; (b) origin of consumed foodstuffs; (c)
cessation of consumption of locally produced
foodstuffs; (d) place of residence at the time of
accident; (e) migration during April-May 1986;
(f) stable iodine prophylaxis, etc. Antenatal
external doses from radionuclides deposited onto
ground were reconstructed also for persons of the
exposed and control group. Reconstruction has
been performed based on the values of dose rate
in uterus per unit of radionuclide deposition den-
sity (Jacob P. et al., 1988), radionuclide compo-
sition in fallout measured in different

Cpox recrammm B MOMEHT  UepHOOBLILCKOI
KaTacTpoMbl BBIYUCIASIIN 1O MOAUDUITTPOBAHHON
dopmyie, mpeamosxennoit W. Schull et al.  (1989),
myteM  Bblumtanus u3 280 cyrtox  (cpemmss
MPOJIOJKUTETBHOCTD  GEPEMEHHOCTH, M3MEPEHHAS CO
JIHS HACTYIJIEHUS TIOCJTEIHETO MEHCTPYaJbHOTO
MUKJa) Tepuoja BPEMEHNM MEXKJAy MOMEHTOM
Katactpodbl U JaToil poxkaeHust pebenka. M3 cpoka
6epeMEHHOCTH B MOMEHT aBapumu 3areM Bbrautanu 14
JHEH /I8 BHECEHWS TOTPABKU Ha BPEMS MEXKIY
HACTYILJICHWEM TOCJEIHETO MEHCTPYAJIbHOTO TMKJA U
OBYJISIIIAEN C OIJIOZIOTBOPEHHUEM SIHIIEKJIETKH.

Ho3umeTpus

Joser o6ayuenus K or mocrymrennst fioga ObLin
PEKOHCTPYHPOBAHBI HA OCHOBE PE3YJIBTATOB IPSIMBIX
namepennii ero akrusroctn B IIDK (ecsm atn namepenust
6bIJH/I IIPOBEAEHDI  1JIA MaTepefI JINI, BKJ/JIIOUECHHBIX B
UCCIE/IOBAHNE) WM WCTOJb3ysT Mofeab Teperoca ™' B
OKpYsKatolleil cpeie, aJalTUPOBAHHYIO K MECTHBIM
yenosusim (Drozdovitch V.V, et al.,1997). Pernonams-
HO-Crlenii(prrdecKie 3HaueHns] ObLIM MOJIYYeHbI [T
CTTETYTONIAX PAIUOIKOJOTUYECKUX TTAPAMETPOB MO/JICJIH:
1) ornowenue akrusnocreil *'I x *’Cs B BblaieHusx; 2)
(haxrop HawanmbHOrO yaep:xanus 'l pacTUTENTBHOCTBIO;
3) CKOPOCTb OYHCTKH pacTutenpHocTu ot ' ms-3a mpo-
IIECCOB  BBIBETpUBaHUS U pocta; 4) Koadduiment
nepexoma "' B mosioko xoposel. [l Bepudukarmn
MOJEJS ¥ OIEHKH JOCTOBEPHOCTH TOJIYYAEMBIX Pe-
3yJIbTaTOB /1T 292 HaceleHHbIX IYHKTOB TIPOBEIEHO
cpaBHeHMe cpefHux 103 o6mydenus 7K, paccunranabix
o Moaean, U OIEHEHHDbIX TI0 PE3yJJabTaTaM HPAMBIX
mamepennii aktmpHoctn T B IIDK. (Gavrilin Yu.l. et
al., 1999). [lnst 95% HaceseHHBIX TYHKTOB PE3YJIbTaTbl
pacu€ta 1O MoOAe/JHn ¢ TI0 TIIPAMBIM HU3MEPEHUAM
coryacyiorcss B mpenenax ¢axropa 2,5 (Drozdovitch,
V.V. 1998).

[lo3spr obayuenns IJK mus antenartagbHO 00JydeH-
HBIX JIAIT OIEHNBAJINCh Ha OCHOBE PE3YyJIbTATOB PEKOH-
CTPYKIIMU MHAWBUAYAJbHDBIX /103 Oéﬂy‘{eHI/IH JJII MaTe-
peit 1 K0a(pUIMEHTOB Mepexoa OT 03I OOIYICHIIT
7K martepu k no3e obayuerus K mmoga ¢ yaetom
cpoka GepemenHoctr B MoMeHT o6aydenust (Zvonova
I.A.,Balonov M.1.,1993). OnueHKy WHANBHIYATbHBIX
no3 obayuenust 11K mpoBogmim ma ocHoBaHuu IaH-
HBIX 00pa3a JKU3HU MaTepy B TeYEHUE WOMHOTO TIEPUO-
J1a, IOJTy9E€HHOI TTyTeM TEPCOHAIBHBIX OMPOCOB: 1) KO-
JIMYECTBO TIOTPEO/ISIEMOTO MOJIOKA M MOJIOYHBIX IIPO-
JYKTOB 2) WCTOYHUKH TOTPEGJISAEMBIX MPOAYKTOB; 3)
JlaTa MpeKpaiienus yrnorpebeHus: MPOLyKTOB TUTAHUS
MECTHOTO TIPOM3BOACTBA; 4) MECTO KUTEJbCTBA B MO-
MEHT aBapuW; 5) Tepee3fbl B TEUEHWE Aalpess-Mast
1986r.; 6) Hognas npoduaaktuka n ap. s ami oc-
HOBHOW M KOHTPOJBHON TPymHIl ObLTH TaKkKe PEKOH-
CTPYHMPOBAHBI AHTEHATAIbHBIE T03bI BHEITHETO 00Tyde-
HUA OT PAAUOHYKJIUIOB, BBIMABIINX Ha ITOBEPXHOCTD
IIOYBbI, C UCIIOJIb30BaHUEM 3HAYCHUN MOITHOCTU J03bI,
MOTJIOTIEHHOW MAaTePUHCKON MaTKO,Ha eNHNILY TLIOT-
nocru sarpssuenns (Jacob P. et al.,1988), coornorme-
HUI PAJVOHYKJIN/IOB B BbITIA/ICHUAX B Pa3HbIX PETUO-
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territories, and individual behavior of mothers
after the accident. The last one included: (a) res-
idence place at the time of accident; (b) migra-
tion within period since the accident till child-
birth; (¢) type of dwelling; (d) time spent out-
doors.

Psychological examination

The intellectual development of these persons was
examined by means of psychological testing using
the modified Wechsler Intelligence Scale for
Children - WISC-III-UK (Wechsler D., 1992).
We also applied clinical-psychological and social-
psychological methods: studying of microsocial
surrounding of persons and comparative analysis
conduction of the education level of their parents
(i.e. incomplete secondary, secondary, special sec-
ondary and higher education).

RESULTS AND DISCUSSION
Dosimetry

For 64 persons from the exposed group and for 72
persons from the control group a zero thyroid dose
from "I mother's intake was estimated. It is
mainly due to the fact that gestation age of the
fetus at the time of the accident was less than 10
weeks and there was no uptake of *'I by undevel-
oped thyroid. The mean internal thyroid doses
from "'l were estimated to be 390+550 and 35+65
mGy in exposed and control group respectively,
medians of distributions in both groups - 230 and
14 mGy respectively. In exposed group the max-
imal individual internal antenatal thyroid dose
was 4,100 mGy.

The mean doses from external exposure to fetus of
10+3 mGy and 0.2+0.4 mGy were estimated in
exposed and control group, accordingly. Medians
of external thyroid dose distribution in exposed
and control group were 6and 0.1 mGy respective-
ly. Among persons of the exposed group the max-
imal individual external antenatal thyroid dose
was 91 mGy.

IQ test results

At the age 6-7 years persons of the exposed group
had a lower mean full-scale Intelligence Quotient
(IQ) compared to the control group (89.6+10.2 vs.
92.1+10.5,p=0.007). We found that persons of the
exposed group had a relatively more cases of a low
average range of full-scale IQ (IQ=80-89) as com-
pared to the control group (92 persons (36.8%) vs.
66 persons (26.4%) in control group, P=0.012).
Clinically the children having low average level of
intellectual norm were characterized by moderate
disorders of cognitive processes, poor motivation to
school education and lack of intellectual prerequi-
sites (active attention, short-term memory, con-
structional functions,etc.). There were no statisti-

HaX ¥ JaHHBIX 06 o6pase KM3HU MaTEPH IMOCJTE aBa-
pun: 1) MeCTO JKHTENIbCTBA B MOMEHT aBapuu; 2) Ie-
pee3nbl B TeUYeHME MOCIEaBAPUIHOTO TIEPHOIa [0
poxaennst peGeHKa; 3) TUIl 3[aHUsA, B KOTOPOM TIPO-
KuBajga OepeMeHHas; 4) BpeMeHH, IIPOBEJEHHOM Ha
OTKPBITOM BO3[yXe.

IIcuxosornueckoe ucceaoBaHue

VHTe/IeKTyabHOE Pa3BUTHE OIEHUBAIN ITyTEM ITICHXO-
JIOTUYECKOTO TECTHPOBAHMS 10 a/IallTUPOBAHHON BEpCUM
[MIxampr Bekcsiepa asist m3MepeHWsT WHTEJJIEKTA JeTeil
(Wechsler Intelligence Scale for Children-WISC-III-
UK) (Wechsler D.,1992). Mcnoab30Baam TakKe K-
HUKO-TICUXOJIOTHYECKUE U COLHUAIbHO-TIICUXOJIOTHUECKUE
METO/IbI: HM3yYeHre MHKPOCOIHUANBHOTO OKPYKEHUS W1
CPaBHUTEJIbHBII aHaIn3 00Pa30BaTebHOTO YPOBHS POJIN-
Teseil (HE3aKOHUEHHOE CpejHee, CpejiHee, CpeiHee Clie-
IUAIbHOE, BBICIIEE 00PA30BaHuE).

PE3VJIbTATBI U OBCYKAEHUE
Ho3umerpus

[lna 64 pereil U3 OCHOBHOI IpylIbl U A1 72 pereil
13 KOHTPOJBHON TPYNIbI PEKOHCTPYUPOBAHA HYJIEBAs
no3a Baytpennero obayuenus 1K 1. Dto obycmo-
BJICHO,B OCHOBHOM, TeM (DaKTOM,ITO CPOK TeCTAI[N Ha
mMoMeHT aBapun Ha HAIC cocrasasan meHee 10 Hemennb
1 He OBLJIO TIOCTYTJICHUST PAJMOaKTHBHOTO iofa B He-
passutyio II[JK nnoma. Cpemnue 103b1 06sydeHUS
K ®'T B OCHOBHOI W KOHTPOJIBHOII TPYMIIAX COCTa-
BUJIH, COOTBETCTBeHHO, 390550 MIp u 35+65 mIp,me-
quanbl pactpepenenust - 230 u 14 mIp. Cpemm muin
OCHOBHOI1 TpyHaiibl MaKCHUMaJIbHadA WHAWBU/AYAJbHASA
npeHaragbHas no3a obaydenust K cocrasuna 4100
MmIp.

Cpenuue f03bl BHemrHero obsydennst na miog 10£13
MIp u 0,2+0,4 MI'p GbLTH OIIEHEHBI /ST JIUT] OCHOBHOM
U KOHTpOoJ/bHOI rpyni. Meaunana pacupezesenus 03
BHeTIHETO 06ayvenus coctapuaa 6u 0,1 mIp gas iy
OCHOBHOW ¥ KOHTpoJabHOW rpynn. Cpean Jui
OCHOBHOW TPYyNIbl MaKCUMaJbHAs WHIUBUIYATbHAS
aHTEHATaJbHAS /1032 BHEIIHETO OOJyYeHUs COCTAaBMJIA
91 mIp.

TecTbl HHTEJJIEKTYAJbHOTO Pa3BUTHU

B 6-7-setHeM Bo3pacte Jmia 0OJYyYEHHOI TPYTITbI UMe-
s GoJiee HUBKUIA cpeHuil oOmuid K03 DUIIMEHT UHTET-
aekryanpnoctn (IQ) B cpaBHEHMHM € KOHTPOJIEM
(89,6+10,2 m 92,1+10,5; p=0,007). BbIaBreno Takxke
OTHOCHTEJIbHOE TIPE0OIaIaHie CJAy4aeB "HIKHETO YPOB-
Hs1 uHTesekTyanbHoil Hopmbl” (1Q=80-89) B 06.1yueH-
HOW Tpymme,B cpaBHeHHN ¢ KoHTpobHoi (92 (36,8%) u
66 neteit (26,4%),coorBerctBenno; p=0,012). Kmummae-
CKU JIeTH C "HUXKHUM YPOBHEM HHTEJIJIEKTyaJbHOH HOp-
MbI" XapaKTepPH30BAINCh YMEPEHHON 3aJepiKKoil (op-
MUPOBAHUST TTO3HABATEIBHBIX TIPOIECCOB, HU3KUM YPOB-
HEM MOTHBAIMU K IIKOJBHOMY OOYYEHHIO M HEIOCTATOY-
HBIM YPOBHEM pa3BUTHUSI "TIPEJIOCHIIIOK WMHTEJJIeKTa"
(aKTMBHOrO BHUMAHWSI, KDATKOBPEMEHHOI TIaMSTH, KOH-

cally significant differences between mean IQs___crpykrusHoro npakcuca u T.1.). He BbiABIeHO cTaTH-
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of the exposed and control groups at the age 10-12
years (94.3+10.4 vs. 95.8+10.9, p=0.117), and at
the age 15-16 years (98.2+10.7 vs. 99.5%10.5,
p=0.171). Dynamics of IQ in persons of exposed
and control group from the age of 6-7 years till the
age of 15-16years are given in table 2.

CTUYECKY JIOCTOBEPHBIX pasJjnunii cpennx 1Q obayven-
HOIl W KOHTPOJbHOW Tpynn B Bozpacte 10-12 jer
(94,3+10,4 u 95,8+10,9; p=0,117) u B Bospacre 15-16
ner (98,2+10,7 u 99,5+10,5; p=0,171). Tunammka 1Q
Jit OO Ty9eHHON 1 KOHTPOJIBHOI TPYTIT B Bo3pacTe oT 6-
7 mo 15-16 jer npuBeseHa B tabsmiie 2.

TABLE 2
DYNAMICS OF INTELLECTUAL DEVELOPMENT IN PERSONS OF EXPOSED AND CONTROL GROUP
FROM THE AGE OF 64-7, 10-12 AND 15-16 YEARS
TABJTMLIA 2
IMHAMUKA YPOBHS IQ /ML, OCHOBHOWM M KOHTPOJTHOM TPYN
B BO3PACTE 6-7, 10-12 1 15-16 JIET
. . Persons of group at the age of
51(121; Scale Intelligence Quotient 6—7 vears 1012 years 1516 years®
N % N % N %
Exposed group
> 90 (average and high average range) 125 50.0 177 70.8 206 84.1
80-89 (low average range) 92 36.8 56 22.4 28 11.4
70-79 (borderline intellectual functioning) 27 10.8 11 4.4 6 2.5
< 69 (exceptionally low range) 6 2.4 6 2.4 5 2.0
Control group
> 90 (average and high average range) 158 63.2 193 77.2 195 81.5
80-89 (low average range) 66 26.4 42 16.8 37 15.5
70-79 (borderline intellectual functioning) 22 8.8 10 4.0 3 1.3
< 69 (exceptionally low range) 4 1.6 5 2.0 4 1.7

Note. *Due to migration at the age 15-16 years 5 persons had left the exposed group and 1 persons had left the control group.

Novmeuarme. *V13-30 murpaLm 5 yenosek NOKMHYMM OCHOBHYIO rpynny u 11

The distribution of 1Q among persons of the
exposed group for the gestational age at the time
of the Chernobyl accident is given in table 3. No
statistically significant differences in average 1Q
were found between subgroups.

THE DISTRIBUTION OF IQ AMONG TH

UENOBEK MOKMHYIIM KOHTPOTbHYIO rpyny.

Pacnpenenenne 1Q sui o6JydeHHON TPYMNIbl B
3aBUCUMOCTH OT CPOKa TecTallud Ha MOMEHT aBapuu
Ha UYepuoObuibckoit ADC mnpuBeaero B Tabuuie 3.
CrartucTuyeckn JOCTOBEPHBIX pasanyuii cpeguux 1Q
MEeK/y MOJATrpyIIaMi He HaGJII01aM0Ch.

TABLE 3
E PERSONS OF THE EXPOSED GROUP

IN RELATION TO THE GESTATIONAL AGE AT THE TIME OF THE CHERNOBYL ACCIDENT

TABJIMLIA 3

PACTPEOENEHVE IQ JIL, OCHOBHOW TPYMMbI
B 3ABMCMMOCTN OT CPOKA TECTALIMM HA MOMEHT ABAPUA HA YASC

Gestational age, weeks

Full scale IQ (mean £ SD)

N 6—7 years 10-12 years 15-16 years

0-7 59 87.1+12.1 91.8+13.0 95.8+13.0
8-15 53 89.6 £ 8.8 95.4+8.7 99.7+9.4
16-25 56 89.4+£9.8 94.0+9.9 98.1 +10.0
>25 82 91.5+9.5 95.5+9.6 99.1 +£10.0
Total 250 89.6 + 10.2 94.3+10.4 98.2+10.7

The distribution of average IQ among persons of the
exposed group in relation to the thyroid dose from "'
ranges is given in table 4. Subgroup of persons with
thyroid doses over 1,000 mGy had relatively lower
mean full-scale IQ compared to the entire exposed
group at the age 6-7 years (86.5+7.4 vs. 89.6+10.2,
p=0.162), at the age 10-12 years (90.0£7.9 vs.
94.3+10.4, p=0.066), and at the age 15-16 years
(94.1£9.4 vs. 98.2+10.7, p=0.091). No significant
correlation was also found in exposed group between
individual thyroid dose from *'I and IQ at the age of
6-7 years (r =-0.11; p>0.1),at the age of 10-12 years
(r = -0.21; p>0.1),and at the age of 15-16years (r =
-0.29; p>0.05) (figure 1).

Pacnipeiesiennie  WHTETEKTYabHBIX TIOKA3aTeJel JIUI
06JTy4eHHOI TPYyTIbI B 3aBUCUMOCTH OT YPOBHS JI03bI
anteraraibHoro oOmydenust 1K "1 npuBeneno B
tabmutie 4. 1Q Jmwir, 1036 AaHTEHATABHOTO OOTyYeHUST
K xoropbix mpesbimaior 1000 mIp, O6buiu  oTHO-
CHUTEJIBHO HIDKE, 9eM M0 OOJIyYeHHOI TPYIIIe B IE0M, B
Bospacre 6-7 ner (86,5+7,4 u 89,6+10,2; p=0,162), B
10-12 ner (90,0+7,9 u 94,3+10,4; p=0,066) u B 15-16
ner (94,1£9,4 u 98,2+10,7;, p=0,091). He BbraBreno
CTaTUCTUYECKN JOCTOBEPHOH KOPPEJSIINOHHON 3aBU-
CUMOCTH MEXAy WHIANBU/IYaJbHOH 0300 aHTe-
narasbaoro obsyuenus 1K “'1 u 1Q B Bo3pacre 6-7
ner (r=-0,11; p>0,1),10-12 ner (r=-0,21; p>0,1) u 15-
16 mer (r=-0,29; p>0,05) (pucynok 1).
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TABLE 4

THE DISTRIBUTION OF IQ AMONG THE PERSONS OF THE EXPOSED GROUP
IN RELATION TO THE THYROID DOSE RANGES

TABJMLIA 4

PACIPELENEHME IQ JIULL OCHOBHOW TPYMIbI B 3ABMCMOCTH
OT AO3bl AHTEHATAJIBHOTO OBJTYHEHNA LK

Thyroid dose range,

Full scale IQ (mean + SD)

mGy N 6—7 years 10-12 years 15-16 years
0 72 87.6+£10.9 92.2+11.5 98.3£11.9
10-299 63 91.7+8.3 96.7+7.2 100.7+8.9
300-599 62 89.18+9.7 93.9+10.6 98.949.9
600-999 32 90.8+10.8 95.3+10.5 98.4+£9.7
> 1000 21 86.5+7.4 90.0+7.9 94.149.4
Total 250 89.6+10.2 94.3+£104 98.2+10.7

FIGURE 1. DEPENDENCE OF FULL-SCALE IQ FROM INDIVIDUAL THYROID DOSES
FROM AT THE AGE OF 15-16 YEARS AMONG PERSONS OF EXPOSED GROUP

PUCYHOK 1. BABUCUMOCTb OBLLMX MHTESIIEKTYAJTbHBIX MOKASATENEM (IQ) B BO3PACTE 15-16 JIET M MHOMBMOYAJIBHOW OO3b
AHTEHATAJTBHOTO OBJTYYEHWS LK A1 AL, OCHOBHOW MPYMMb
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Antenatal thyroid dose from ™', mGy

The distribution of average IQ among the per-
sons of the exposed group in relation to the
external dose ranges is given in table 5. Sub-
group of persons with the highest external ante-
natal doses (over than 30 mGy) has relatively
lower mean full-scale IQ compared to the whole
exposed group at the age 6-7 years (85.5+6.3 vs.
89.6+10.2; p=0.185), at the age 10-12 years
(90.2+6.3vs. 94.3+10.4; p=0.199),and at the age
15-16 years (92.4+9.4 vs. 98.2+10.7; p=0.057).
At the same time, no statistically significant cor-
relation was found in exposed group between in-
dividual external antenatal dose and IQ at the
age of 6-7 years (r=-0.14),at the age of 10-12 ye-
ars (r=-0.13), and at the age of 15-16 years (r=-
0.19). Figure 2 shows dependence of full-scale
IQ from individual external antenatal doses at
the age of 15-16 years among persons of exposed

group.

Pacnpenenenune 1Q suip o6y4eHHOl rpynnel B 3a-
BHCHMOCTH OT YPOBHSI JI03bl aHTEHATAJbHOTO BHE-
NrHero o6JIydeHus rmoka3ano B tabauie 5. [loarpym-
na u3 11 jguir ¢ HanboJiee BBICOKUMHU JO3aMH aHTEHA-
TaapHOTO BHemHero obaydenust (Gosee 30 MIp) xa-
pakTepuszoBasach 6ojiee Hu3KuM 1Q B cpaBHEeHUH C
o6GJIyUeHHOW TPYyMNIoil B IeJoM B Bo3pacte 6-7 Jer
(85,5+6,31 89,6+10,2 coorBercrsenno; p=0,185),s
Bozpacte 10-12 mer (90,2+6,3 m 94,3+10,4;
p=0,199) u B Bo3pacte 15-16 mer (92,4+9,4 n
98,2+10,7; p=0,057). B To ke BpeMs:, CTATUCTHYE-
CKU 3HAYNUMOI KOPPEJSIUNA MEXKIY 103aMU BHEIIHE-
ro oOJIiy4eHHs Teja TJIOJA W TIOKA3aTeJsIMU WHTEJ-
JIEKTYyaJIbHOTO pa3BuTus B Bosdpacte 6-7 (r = -0,14),
10-12 (r = -0,13),u 15-16 1et (r = -0,20) BBIABJEHO
He 6bL0. PUCYHOK 2 MOKa3bIBaeT 3aBUCUMOCTb 06-
mero I1Q B Bo3zpacte 15-16 J1eT OT MHAMBUAYATHHOI
JI0O3bl AHTEHATAJHHOTO BHEIIHETO OOJyYeHUS s
JIUT, OOJTYYEHHON TPYIITIHI.
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TABLE 5

THE DISTRIBUTION OF IQ AMONG THE PERSONS OF THE EXPOSED GROUP
IN RELATION TO THE EXTERNAL ANTENATAL DOSE RANGES

TAB/MLIA 5

PACIMPELENEHVE IQ JL, OCHOBHOW PYMMbI B 3ABUCUMOCTU OT 0O3bl AHTEHATAJTBHOTO BHELLHETO OBJTYYEHMS

External dose range, N Full scale IQ (mean £+ SD)

mGy 6—7 years 10-12 years 15-16 years

<2.99 54 90.9+11.3 95.1+11.3 98.8+11.4
3.0-5.99 70 91.249.9 96.0+10.8 100.0£10.9

6.0-9.99 52 90.1+10.6 94.3+10.5 98.5+£10.2

10.0-29.99 63 87.019.4 92.249.5 96.749.9

>30.0 11 85.5+6.3 90.2+6.3 92.449.6

Total 250 89.6+10.2 94.3+10.4 98.2+10.7

FIGURE 2. DEPENDENCE OF FULL-SCALE IQ FROM INDIVIDUAL EXTERNAL ANTENATAL DOSES
AT THE AGE OF 15-16 YEARS AMONG PERSONS OF EXPOSED GROUP

PUCYHOK 2. 3ABUCMMOCTb OBLLUMX MHTENIEKTYAJIbHBIX MOKASATENEN (IQ) B BO3PACTE 15-16 JIET
W MHOVBULOYABHOW AO3bl AHTEHATASTbHOTO BHELLHETO OBJTYYEHNS A1 JAL, OCHOBHOW TPYMMbI
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Family study

In the exposed group we found a positive moder-
ate correlation between the IQ of persons and the
educational level of their parents - mothers
(r=0.50; p<0.01) and fathers (r=0.52; p<0.01). A
weaker correlation was found between the intel-
lectual level of persons of the control group and
the educational level of their parents - mothers
(r=0.41; p<0.05) and fathers (+=0.42; p<0.05).

CONCLUSIONS

1. The positive dynamics of intellectual develop-
ment in persons of exposed group has been
observed at the age from 6-7 till 15-16.

2. No statistically significant correlation was
found in exposed group between individual thy-
roid dose as well as individual antenatal external
dose and 1Q at the age of 6-7 years, 10-12 years,
and 15-16 years.

3. Disorders of intellectual development in the
exposed group of children were caused mainly by
unfavorable social-psychological and social-cultural
factors such as a low educational level of parents,
break of microsocial contacts and difficulties of
adaptation, which appeared in the wake of the evac-
uation and relocation from the contaminated areas.

I/Iccnenonalme ceMeitHoro OKPYKE€HUA

B o6aydennoit rpynime BbISIBUJIN OJOKHUTEIBHYIO
KOPPEJISIIMOHAYI0  B3auMOCBA3b [Q  sieteii  ocHOBHO
TPyImbl U 00pa30BaTEBHOTO YPOBHS WX POIUTENEH -
matepeii (r = 0,50; p<0,01 ) u otuos (r= 0,52; p<0,01).
Bonee wuskast koppessius OblTa BBISBJICHA MEXKITY
WHTEJIJIEKTYATbHBIM YPOBHEM JIHI] KOHTPOJLHOW TPYTIITHI
un  06pasoBaTebHBIM YPOBHEM ux pomurenei (s
Matepeii r = 0,41; p<0,01; g oruos r = 0,42; p<0,01).

BbIBO/IbI

1.uTe/ieKTyaabHoe pa3BUTHE JIUIL OO TyYeHHOU TPYIIIThI
B Bospacte or 6-7 g0 15-16 jier XapaKTepH30BaJIOCh
MOJIOKUTENTbHON JIMTHAMUKOIA.

2. B o6mydeHHOIT TpyIe He BBISBIEHO KOPPEJSIHOHHON
3aBUCHMOCTU MH/IMBUIYAJTBHBIX JI03 AHTEHATAJIBHOTO 00JTy-
vyenmst 1K u anrenaransHoro BHenrero o6ydenust u 1Q
B Bo3pacre 6-7 jer,10-12 et u 15-16 ner.

3. OCHOBHYIO pOJIb B TIPOUCXOXKICHUMW HAPYNICHUI
UHTEJJIEKTYAJbHOTO PAa3BUTHSI B OGJYUYEHHON TpyIIre
JleTeil urpann HeGJaronpusTHbIE TICUXOJOTHYECKHE U
conuanbHo-/ieMorpadudeckue (HakToOpbl, Takue Kak
HU3KNH 006pa3oBaTebHbIl  YPOBEHb POJUTEJEH,
jpedunur wHMOpMaIK, Pa3pbiB  MUKPOCOIUATHHBIX
KOHTAKTOB W TPYAHOCTH AaJANTallii, BO3HUKIINE B
MpoIlecce MEPECceNeHUsT U3 TMOCTPAAABIINX PAHOHOB.
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