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Abstract

One of the grave consequences of the Chernobyl accident was the in utero irradiation of children. It was the-
refore important to study possible effects of prenatal irradiation resulted from the Chernobyl accident on neuro-
mental health of the in utero irradiated children. A cohort of 154 children born between April 26,1986 and
February 26",1987 to mothers who had been evacuated from Prypiat to Kiev,and 143 classmates from Kiev
were examined. The Wechsler Intelligence Scale for Children (WISC),the Achenbach and Rutter A(2) tests
were used for the children. School performance was also assessed. Mothers were examined with the verbal subs-
cale of the Wechsler Adults Intelligence Scale (WAIS), the Zung Self-Rating Depression Scale (SDS), PTSD
scales (Impact of Events Scale and Irritability, Depression, Anxiety Scales) and the General Health Question-
naire (GHQ-28). Neuropsychiatric diseases were diagnosed according to ICD-10. Individual dose reconstruc-
tion of the children exposed in utero was carried out considering internal and external exposure. The ICRP
Publication-88 was applied for calculation of effective fetal, brain and thyroid internal doses for children of
both groups. The mean effective fetal equivalent doses (M=SD) in the exposed group is 65.4+33.9 mSv and
in the control group 1.2+0.3mSv. Prenatal equivalent brain doses were 19.2+11.3 mSv and 0.8=0.2 mSv for
the exposed and control groups, respectively. Thyroid doses in utero were 760.4+631.8.1 mSv and 44.5+43.3
mSv for the exposed and control groups,correspondingly. There were 20 children from Pripyat town (13.2%)
who had been exposed in utero in total doses >100 mSv and there were 52 children from Pripyat town (33.8%)
who had been exposed in utero to thyroid doses >1 Sv. The prenatally exposed children show significantly
more diseases of the nervous system and mental disorders. Significant differences on intelligence and emotio-
nal and behavioral disorders of exposed children in comparison to the control group were revealed. Exposed
children showed lower full-scale IQ due to lower verbal 1Q and therefore, an increased frequency of perfor-
mance /verbal intelligence discrepancies. The exposed and evacuated mothers did not show differences in ver-
bal abilities, but they have experienced much more real stress events and have more depression, PTSD, somato-
form disorders, anxiety /insomnia, and social dysfunction than the control mothers from Kiev city. There is a
correlation between mothers' mental health deterioration with a decrease of full scale IQ and performance 1Q
in children. Verbal 1Q,however,does not correlate with mothers' mental health. Consequently,IQ discrepan-
cies decrease in proportion to mothers' mental health of mothers and neuropsychiatric disorders in children.
Among mothers of the exposed group of children with the neuropsychiatric disorders there are much more de-
pression and somatization,as well as mental disorders. There is no direct dependence of the mentioned effects
on radiation doses received in utero. However,when IQ discrepancies of the prenatally irradiated children ex-
ceeded 25 points,there appears to be a correlation with the fetal dose.

Keywords: Chernobyl accident, brain damage in utero, dosimetry, psychometry, neuropsychiatric and
psychological disorders.

INTRODUCTION BBEJIEHUNE

Considerable strides have been made in the recent  3a nocseanne roapr 6bLIM JOCTUTHYTHI 3HAYUTE IbHbIE
past in the knowledge and understanding of theef-  ycnexu B BOnpocax msyuenus u nonnmanus sgpdex-
fects of ionizing radiation on the developing brain  TtoB Bo3zmeiicTBUA WMOHM3MpYyIOUIEll paanauy Ha pas-
(ICRPPublication 49,1986). Studies on individu-  susatommuiicst mosr (ICRP Publication 49,1986). Uc-
als who survived the atomic bombing of Hiroshi-  cnegosanus i, o61yuennbix in utero B pesynbra-
ma and Nagasaki and were exposed in utero  Te atomuoii Gom6apaupoBkn B Xupocume n Haracakw,
confirm the vulnerability of the developing fetal — noarsepamn BbICOKYIO YS3BUMOCTH pasBUBAIOMIErOC
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brain to radiation injury. Severe mental retarda-
tion, lowering of intelligence quotient (IQ) and
worsening of school performance,or the occurren-
ce of microcephalia and seizures, especially after
exposure at 8-15 and 16-25 weeks after fertiliza-
tion were revealed (ICRP Publication 49, 1986;
Shull W.J,1995; Otake M., Shull W.J,1998). A
recent reanalysis of the dosimetry data indicated
that a dose threshold for mental retardation deve-
lopment after intrauterine irradiation at gestation
terms of 8-15 weeks is 0.06-0.31 Gy and gestation
terms of 16-25 weeks - 0.28-0.87 Gy (Otake et al,
1996). Extrapolation of the Japanese data to the
situation after the Chernobyl nuclear power plant
accident is limited, however. The Chernobyl acci-
dent caused significantly lower fetal doses, but
high doses on the fetal thyroid by the incorpora-
tion of radioiodine. Analysis of study results in
the three countries has shown the following
(Souchkevitch, G.N., Tsyb, A.F. (Eds.), 1996):
mild mental retardation frequency and occurrence
of behavioral and emotional disorders of the chil-
dren exposed in utero are higher as comparing
with a control group, whereas the borderline ner-
vous and psychological disorders are more frequent
among the exposed mothers than among controls.

The recent studies results are interpreted in three
different points of view: 1) absence of any neuro-
psychiatric effects in prenatally exposed children
following the Chernobyl nuclear power plant acci-
dent (Bromet E.J. et al.,1998,2000); 2) non-radi-
ation (psychosocial) effects availability (Igumnov
S.,1996; Kolominsky Y.,et al. 1999); and 3) an
complex impact of radiation and non-radiation fac-
tors (Bazyltchik S.V. et al.,2003; Gayduk F.M. et
al., 1994; Ermolina L.A. et al., 1996, Nyagu A.l.,
1998, 2002). It was shown also through the held
studies results that serum level of pituitary thy-
roid-stimulating hormone (TSH) grows in parallel
with an increase in fetal thyroid radiation dose va-
lue with the 0.3 Sv radiation dose threshold (Nyagu
Al et al.,1992). These authors considered the ra-
diation-induced malfunction of the pituitary-thy-
roid system as an important biological mechanism
in genesis of neuromental disorders.

The presented study was aimed at defining possi-
ble correlation of mental health disorders of chil-
dren exposed in utero with an irradiation dose as
well as evaluation of other accidental factors in
the etiology of revealed neuropsychiatric disor-
ders.  Following tasks were envisaged: recon-
struction of individual doses for prenatally irradi-
ated children and of a comparison group, psycho-
metric characterization of the prenatally irradia-
ted children and the comparison group, assessment
of prevalence of neuropsychiatric disorders accor-
ding to ICD-10 and especially the establishment
of the intelligence quotient in the children irradi-
ated in utero and the comparison group.

MO3Ta TJI0/Ia TIPYW PAAUAIIMOHHOM TOPaKeHWH. Dblin
BBISIBJICHBI TSKEJask YMCTBEHHAsl OTCTAJIOCTh, CHUKe-
nue Koapdunuenta unreanexryaabaocta (1Q) u chu-
JKEHUE YCIEBAEMOCTH B IMKOJIE, a TaKXKe CJIydal MH-
Kportedajsnu u cyIopor, ocO6eHHO Mpu 00JTyYeHUN Ha
8-15 u 16-25 nenensax Gepemennoctu (ICRP Publica-
tion 49,1986; Shull W.]J,1995; Otake M.,Shull W.]J,
1998). HepmaBHuii mepecMoTp AO3MMETPUYECKUX JIaH-
HBIX CBUJETEJLCTBYET O TOM,YTO JIO30BBII TIOPOT /IS
Pa3BUTUS YMCTBEHHON OTCTAJOCTH TOCJTE BHYTPUY-
TpoOHOTO 06JydeHUsT Ha 8-15 Hemens x 6epeMeHHOCTH
coctasysier 0,06-0,31 I'p,a Ha cpokax recrarun 16-
25 memenp - 0,28-0,87 I'p (Otake et al, 1996). k-
CTPATIOJISANNS  STOHCKUX JIAaHHBIX Ha TOCJEICTBHS
UepHOOBIIBCKOI aBapuu MMeET orpaHwdeHus. B mo-
CJIETHEM CJIydae 103bl OOJYUeHUs T0/1a ObLIN 3HAYM-
TEJIBHO MEHDIINMHU, & J03bl 00JTyYeHUs IUTOBUIHON
JKeJie3bl in utero mM3-3a MHKOPHOPAIUU PaInOAKTUBHO-
ro ioma - GONBIMUMEU. AHAIN3 PE3yJTbTaTOB HCCJIE/IO-
BaHWIi, TPOBEJEHHBIX B TPeX CTpPaHaX IOKa3all
(Souchkevitch, G.N., Tsyb,A.F. (Eds.),1996): wacro-
Ta JIETKOW YMCTBEHHOH OTCTaJOCTH Y TIPEHATaJbHO
00JIy4eHHbBIX JieTell BBIIIE, 4eM B KOHTPOJIBHOI TPYIIIIE;
uMeercst GOJIbINE CJIYYaeB IMOIMMOHATBHBIX W TTOBE/IECH-
YeCKUX PaCCTPONCTB; y 0OJyYeHHBIX MaTepeil o6Hapy-
JKUBAJUCH Yallle IOTPAHWYHbIE TCUXUYECKUE u
MICUXOJIOTHYECKIE PACCTPONCTBA.

PesynbraThl  McCIeI0BaHMI, TPOBEAEHHBIX HEABHO
MHTEPIPETUPYIOTCA C TPEX PasHbIX Mmosuiuii: 1) or-
CYTCTBUE KAKUX-JTUO0 HEHPONCUXUATPUIECKUX 3-
(dekToB y gereit, 06JMyUYEHHBIX IPEHATANBHO BCIE/-
creue YepHoGbabekoit aapun  (Bromet E.J. et al.,
1998,2000); 2) HaaMuMe HepaAMaMOHHBIX (IICHXO0.JI0-
ruuecknx) spderros (Igumnov S.,1996; Kolominsky
Y. et al.,1999); 3) 3HAUNMOCTH KOMILJIEKCHOTO BO3-
JEACTBUA PaJMalMOHHBIX W HEPaMallMOHHBIX (PaKTo-
pos (Bazyltchik S.V. et al.,2003; Gayduk F.M. et
al., 1994; Ermolina L.A. et al., 1996, Nyagu et al.,
1998, 2002). Panee GbLIO TaKKe MOKA3aHO,YTO yPO-
Berb THpeorponHoro ropmona (TTT) Bospacraer 1pu
YBEJMYEHN JI03bI Ha IMUTOBHM/IHOIO JKEJe3y TLIOAA C
0,3 38 (Nyagu A.I. et al.,1992). 9tu aBropsr pac-
CMATPUBAJIM  PAANAIMOHHO-MHAYIIMPOBAHHYIO HEJ0-
CTaTOYHOCTH TMIIOGU3APHO-TUPEOUIHON CUCTEMBI KaK
OJIMH M3 Ba)KHBIX MEXaHU3MOB B TeHe3€ MCHXOHEBPO-
JIOTMYECKUX PacCTPOMCTB.

[laHHOE MccJeoBaHNe MPOBOANIOCH C IEJIbI0 BBISB-
JIEHUST BO3MOXKHOW  3aBHCHMOCTH HapyHIeHHH
MICUXUYIECKOTO 3/I0POBBS JeTell, 06JyUeHHBIX in ute-
ro, OT [03BI OOGJYYEHHs, a TaKKe OIeHKHW APYTUX
(pakTOpOB aBapWM B 3THOJOTHH BBISIBJIECHHBIX HEP-
BHO-TICUXMYECKUX paccTpoiicTB. Pemmamucey caemyio-
e 3a/1a9n: PEeKOHCTPYKINS WHANBUIYAJIbHBIX J03
TpEHATaJbHO OOJYUYEHHBIX JeTell W IPYNIBI CpaBHe-
HUsI; TCHXOMETPHYECKass XapaKTepHUCTHKa TpeHa-
TaJbHO OOJYUEHHBIX JeTell W TPYIIbl CPaBHEHUST,;
OTIEHKA PACHPOCTPAHEHHOCTH HeHpOoICcHXuaTpuie-
CKUX paccTpPOICTB, AUArHOCTHPOBAHHBIX COTJIACHO
MKDB-10 y gereit o6aydeHHBIX in utero u rpymme
KOHTPOJIA.
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MATERIALS AND METHODS

The individual doses were reconstructed for 154
children under examination being born to the expo-
sed mothers that were evacuated from Pripyat
town, and for 143 children of the comparison group
born to mothers from Kiev city in this time. ICRP
Publication-88 ICRP, Publication 88 (2001) was us-
ed to reconstruct internal exposure doses; external
exposure doses were calculated on the basis of qu-
estioning and of data on real radiation situation.

The main sources of irradiation of pregnant women
were as follows: 1) external y-irradiation of the
whole body; 2) irradiation of thyroid by radioacti-
ve iodine isotopes; 3) internal irradiation by inha-
led radionuclides; 4) internal irradiation with ra-
dioactively contaminated foods. The estimation of
individual doses was carried out with use of a ret-
rospective dosimetry method which was elaborated
on the basis of measurements of dynamics of y-dose
rate (GDR) in permanent residence settlements,on
ways of evacuation,at stages of evacuation,and at
intermidiate places of evacuation.

A fetus age was calculated with the modified for-
mula being proposed by the American and
Japanese scientists (Shull J.W. et.al., 1995) for
calculating children's prenatal age after A-bomb-
ing in Hiroshima and Nagasaki.

Days of pregnancy (Y) = 280 - (date of birth -
April 26th, 1986); Gestational weeks (G) = (Y -
14 days) / 7 days, where G was taken to be 0, if
G<0.To obtain the age after conception 14 days
were subtracted from to the term of gestation at
the time of the Chernobyl accident (280 days).

The children who were in utero at the time of the
Chernobyl accident (being born between April
26th, 1986 and February 26th, 1987) as well as
their mothers who had been evacuated from
Pripyat town to Kiev city. We examined 154
(84.6%) children (an acutely exposed group) from
the subcohort of 182 prenatally irradiated chil-
dren, whose mothers were evacuated from the
town of Pripyat to Kiev city. A comparison
group consisted of 143 sex- and age-matched chil-
dren from Kiev city selected from the same school-
class as the acutely exposed children.

We diagnosed neuropsychiatric diseases  accord-
ing to ICD-10 basing on clinical psychiatric and
neurological examinations, psychometry, conven-
tional and QEEG, with taking into account the
results of profound standardized clinical, laborato-
ry,and instrumental examinations.

Psychometric examination of mothers of children
from both groups was carried out with use of ques-
tionnaires: to assess the mothers' verbal IQ - vocab-
ulary subtest of the Wechsler Adult Intelligence
Scale (WAIS) (Wechsler D., 1992); to estimate

MATEPUAJIbI 1 METO/Ibl

Boum  pekoHCTpYMpPOBaHbI WHMBU/YAJTbHBIE JIO3BI LTIt
154 neteii, pOsKJIEHHBIX OT MaTepeil BAKyHMPOBAHHBIX U3
ropoza [pumsatn mocie YepHOObLTLCKO# aBapum,u 143 fe-
Tell KOHTPOJIbHOW TPYTIThI, POXKEHHBIX OT Marepeil u3 ro-
porma Kmea B ator ke mepmoz. Vcmosb3oBanach my6mm-
xarma MKP3-88 (ICRP Publication-88,2001) mpu ornen-
Ke /103 BHYTPEHHETO OGJTyYeHHUsT; JI03bI BHEIITHETO O0.Tyde-
HUSI PAaCCYNTLIBAJIMCH HA OCHOBAHUM AHKETUPOBAHUS W
JIAHHBIX O (DaKTHYECKON pPa/IMaIliOHHON OOCTAHOBKE.

OCHOBHBIMHI HICTOUHHUKAaMH O6JydeHUsT OGepeMEHHBIX
JKEHIIMH ABUJINCH: 1) BHelHee y - 00JydeHHe Ha BCe
T€s10; 2) 06JydeHne IUTOBU/IHOM JKele3bl PaHoaK-
THBHBIMU M30TONAMH #0/1a; 3) BHyTpPeHHEe 06/ TydeHne
[PH BJBIXaHUK PAJMOHYKJIUIOB; 4) BHYTpeHHee 06J1y-
YeHHe TP YNOTPeOJIeHNH PAJNOAKTUBHO 3arpsi3HeH-
HBIX TIPOAYKTOB mHTaHus. VIHAWBHAyaJbHBIE 03B
OLICHUBAJIUCh METOJIOM PETPOCIEKTUBHON JO3UMETPUU
Ha OCHOBE [AWHAMUKH (DOPMUPOBaHMUS /03Bl TaMMa
o6ayuernss (GDR) B HacesleHHBIX MYHKTaX MOCTOSTH-
HOTO IIPOXKUBAHMSA, HA IIyTAX 9BaKyallud U MecTax IIpo-
JKUBAHUS, B IIyHKTaX [IPOMEXKYTOYHON 9BaKyalluu.

Bospact mioga orneHnBajgcs MO MOAUGUIMPOBAHHOI
opmy.ie, TpeyIoskeHHO aMepUKAHCKUMH U SITIOHCKI-
mu yuenbivu (Shull J.W. et. al.,1995) ana ompe-
JleJIeHIsT TIPeHaTaIbHOTO BO3pacTa JeTeil 1mocje aToM-
HOU GoMGapaupoBku B Xupocume u Haracaxu.

Jrn 6epemennoctu (Y) = 280 - (gara poxxaenusa - 26
anpena, 1986); recranmonnsie nenemu (G) = (Y - 14
mueit) / 7 nmeii,rme G mpunmMaerca 3a 0,ecom G<O0.
W3 cpeaneil mpoposmkuTebHocTH Gepemennoct (280
JTHElT) BBIUMTAJNOCH 14 aHEll mus TTOJIy4eHUs BO3pacTa
IOCJIE 3a4aTusl.

Bormm o6cnetoBaHbl ETH, KOTOPbIE HA MOMEHT aBapuu
6bLIM Ha HTare BHYTPUYTPOGHOrO pas3Butust (PoxKIeH-
Hble Mexkay 26 anpess 1986 roma u 26 despans 1987
r.),a Takke WX MaTepu, 9BaKyWPOBaHHBIE M3 TOPOJA
[Tpumsars B ropox Kues.  O6cenenoBano 154 (84.6 %)
peGeHKa, COCTAB/IOINX TPYIIY OCTPO OOJTyUeHHBIX,
u3  KoropTbl 182 mpeHartasbHO OGJYYEHHBIX JeTel,
MaTepu KOTOPBIX ObLIN 3HBAKyMPOBAaHbI M3 TOpOJA
[Ipumsate B ropon Kues. I'pymnma cpaBHeHus coctosia
u3 143 nereit u3 ropoga Kuesa,0To6paHHbIX 110 BO3pa-
CTy W TOJY W3 TOTO XK€ IIKOJBHOTO KJjacca, 4To
rpymma o6Jy4eHHbBIX JeTel.

MpbI AMarHOCTUPOBAJIU HEPBHO-TICUXWYECKUe 3a6oJre-
Banus coryacio MKB-10 Ha ocHOBe TICHXOHEBPOJIO-
THYECKUX U TICUXOMETPUUECKUX mccaemoBanuii, DI u
K33T, ¢ yueroMm pe3ynbTaToB yriayOJIeHHOTO CTaHIAp-
TU3UPOBAHHOTO KJIMHUYECKOTO, JJAGOPATOPHOTO W WH-
CTPYMEHTAJBHOTO HMCCJICTOBAHUI.

JlJIs TICHXOMETPUYECKOrO UCCJIE/IOBAHIST MaTepeil o6enx
TPYIIT HCHOJIb30BANCH CJEAYIONINE BOIMPOCHUKU: CJIO-
BapHbBIl CyOTECT WHTEJUIEKTYaJIbHOM Kabl Bexcepa
JUTST B3POCJIBIX [IJIsT OTpesiesiennst BepOaibHoro 1Q mate-
peit (Wechsler D., 1992); mkaga caMOOIEHKH JIEIPEC
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unmasked depression level - Zung Self-Rating
Depression Scale, SDS (Zung W.W.K., Wonnacott
T.H., 1970). The questionnaires for assessment of
post-traumatic stress disorder (PTSD) of a parent
included the "Impact of Events Scale", IES
(Horowitz M.J. et al.,1976) and the clinical scale
for the self-assessment of agitation associated with
PTSD - the "Irritability, Depression, Anxiety", IDA
(Snaith et al.,1978). General Health Questionnaire
(GHQ-28) was also used to assess psychopatholo-
gy (Goldberg D.,1981) of a parent on base of self-
estimation. Stress-events scale was adopted for
pregnant mothers related to the Chernobyl accident.

The Wechsler Intelligence Scale for Children
(WISC) was applied as a clinical tool for assessing
an intellectual ability of children aged from 6-16
years and 11 months including (Gilbukh Yu.Z et
al., 1992) The Child Behavior Checklist (CBCL)
by T. Achenbach for ages of 4-18 is intended to
serve as one component of the multiaxial empirical
basic assessment. It was used the Russian adapta-
tion (Carter et al., 1995) of the CBCL question-
naire (Achenbach T.M.,1991). Rutter Scale A(2)
was used for assessment of a child's problems asso-
ciated with health, hyperactivity, behavioral and
emotional disorders (Rutter M., and Hersov L.,
1985). School performance was evaluated accord-
ing to the school records data with use of 1-12-score
scale. The performance indices of above-mentioned
examinations have been put into the Excel database
for all the examined children, which is exported to
MS STATISTICA-5.0 and 6.0 for analysis.

RESULTS

Both groups of children are comparable by gender
distribution. There are less children who were at
the earliest prenatal development stage (0-7 weeks
after conception) in the exposed group, that could
possibly be explained with abortions and miscar-
riages due to the Chernobyl accident (table 1).

cun (Zung W.W.K.,Wonnacott T.H.,1970,) a1s onpe-
JICJICHUST YPOBHS HEMacKMPOBaHHOW Jienipeccuu.  Jluis
OIEHKH TIOCTTPABMATHYECKUX CTPECCOBBIX PaCCTPONCTB
(PTSD) ncnonpsosamm "Ikany BocoMuHAHHIT O COOBI-
nsix YepHoObLabekoi katactpodor” (Horowitz M.J. et
al.,1976),a Taxke KIMHUYECKYIO IMKATY BO30Y/KIEHHUS B
ces3u ¢ PTSD "Pazapaxure IbHOCTD, IETIPECCHST, TPEBOXK-
Hocts" (Snaith et al.,1978). BompocHuk o6mero 3aopo-
Bba (GHQ-28) HCrob30Bancs IS OIPeAeTeHHs MCIX0-
naToJIorMu y poamtesneii Ha ocHose camoonenkn (Gold-
berg D.,1981). BbL1a ucmob30BaHa MIKaJIa OEHKI TICH-
XOTE€HHBIX CTpecc-(DakToOpoB [Iisi GEPEMEHHBIX JKEHIIMH
Ha MOMEHT YUepHOOBLTLCKON —aBapui.

[MTkana Bekcaepa /s m3aMepeHHsT MHTeJJIeKTa JleTel
(WISC) ucnosib3oBajach At ONpeIeeH st yMCTBEH-
HBIX criocoGHOCTell feTeit B Bo3pacte 6-16 jser u 11
Mecsnes Brmounteabno (Imapbyx 10.3. m coasr.,
1992). Omnpocuuk Axenbaxa auas poaureneii u gereit
(CBCL) wucnonpsoBajcad Kak OAWH M3 KOMIIOHEHTOB
MyJIbTHAKCHAJIbHON 3MIHMPNIECKOl 6a30BOI OIEHKHN
nereit B Bozpacrte 4-18 mer (Achenbach T.M.,1991,B
pycckoit amantanun (Carter et al., 1995). IIkazna
Parrepa A(2) ucnosp3oBaiach A OHEHKH TPoGieM
pe6eHKa, CBSA3aHHBIX CO 3/I0POBHEM, THIIEPAKTUBHO-
CTbIO, TIOBEJIEHYECKWMH W 3MOIHOHAJbHBIMU pac-
crpoiictBamu (Rutter M., Hersov L.,1985). IIkosn-
Hasl yCIIeBAEMOCTb OIEHUBAJIACH MO IMKOJHHBIM OTIEH-
KaM ¢ ucrnoJb3oBanueM 1-12 6aipHoll mkasibl. B pe-
3yJbTaTe, co3nana 6asa manubix B dopmare Excel ma
Bcex OOCJIEIOBAHHBIX JIeTell W Marepeil, KoTopas K-
cnoprtupoBada B MS STATISTICA-5.0 u 6,0 mus
aHaJn3a.

PE3YJIbTATbI

et o6enx Tpynmnm He OTJMYAINCh IO Toay. B
06JTydeHHOI Tpyrine GbLIO MEHBIIE JIeTeld, KOTOpbIe Ha
MOMEHT aBaphy HAXOAWJINCh Ha CaMOM DaHHEM IIephojie
npenaraibHoro passutist (0-7 Hezesist TecTalun), 4to
BO3MOKHO OOBSICHUMO a00pTaMU U,/ WU BBIKUIBITIIAMI
Beaeacteue UepHoObLbekoii apapumn (taba. 1).

TABLE 1
DISTRIBUTION OF PERIODS OF CEREBROGENESIS for 26.04.1986
TABJIMUA 1
PACMPEOENEHME 1O MEPUMOLOAM LIEPEBPOTEHE3A Ha 26.04.1986
. Exposed group from Pripyat Comparison group from Kiev
Weeks of gestation P to%v 0 (rr)1=l 54) py p city %n=1]4)13) x? P
0-7 19 (12.3%) 35 (24.5%) 7.3 <0.01
8-15 29 (18.8%) 28 (19.6%) 0.03 >0.05
16-25 48 (31.2%) 32 (22.4%) 2.9 >().05
26+ 58 (37.7%) 48 (33.5%) 0.5 >().05

Dosimetric results

Irradiation doses on an embryo and fetus, brain
and on thyroid in the group of exposed children
were significantly higher than in the comparison
group from Kiev (figure 1). The doses on fetal
thyroid were particular high. There were 20
(13.2%) children from Pripyat who had been
exposed in utero in dose of >100 mSv.

PesyabraTsl 103uMeTpUHH

[lo3bl o6srydenusi sSMOPUOHA U TIIOJA, MO3TA U IIUTO-
BU/THOW >KeJie3bl TJI0/Ia B OCHOBHOII Tpynie ObLIN Cy-
IECTBEHHO BbIINE, YeM B rpymme cpasaennss (puc.1).
Oco6eHHO BBICOKUMHU OKA3aJUCh JO3bI OOJTyYeHUs 1IHU-
TOBU/IHOW ’KeJsie3bl TIoja. B ocHOBHOI TpyTime 6GbLIO
20 (13,2%) nereif, Kotopble ObLIM BHYTPHYTPOGHO
o6aydenbl B 03ax 6oJiee 100 M3B.
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FIGURE 1. DISTRIBUTION OF DOSES ON EMBRYO AND FETUS

PUCYHOK 1. PACTIPEOENEHME O3 HA SMBPUOH W TNTOA
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Dose range, mSv
Exposed group: M=SD — 65.4+33.9 mSv, Median — 61.6 mSv
Comparison group — 1.2+0.3 mSv, Median — 1.2 mSv

There were also 51 children from Pripyat (33.8%)
having thyroid doses in utero >1 Sv (figure 2).

V 51 (33,8%) pebetka us Ilpurnsru g03a 061ydeHust
IUTOBU/IHON kesie3bl ObLta Gosee 1 3B (puc. 2).

FIGURE 2. DISTRIBUTION OF DOSES ON THE FETAL THYROID

PUCYHOK 2. PACTIPELESTEHME 0O3 HA LWUATOBMAHYIO XENE3Y MNOLA

H Exposed group in Pripyat

(m=152)

100
90
80
70

% 60
50
40
30+
20+
10

LD Comparison group from Kiev
n=143)

0

201-400
401-600

601-800
801-1000
1001-1200

1201-1400

1401-1600

1601-1800

1801-2000

2001-2200

2201-2400

2401-2600

2601-2800

2801-3000

3001-3200

3201-3210.5

Dose range, mSv

Exposed group (M£SD) — 760.4+631.8 mSv, Median — 746.3 m$'
Comparison group — 44.5+43.3 mSv, Median — 27.4 mSv

FIGURE 3. DISTRBUTION OF IN UTERO DOSES ON THE BRAIN

PUCYHOK 3. PACMPELENEHVE 0O3 BHYTPUYTPOBHOTO OBJTYYEHMA HA MO3r NMNOOA
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According to the model of ICRP Publication-88 the-
re is a strong influence of gestational age on thyroid
radiation doses in utero: the later intrauterine period
is at the time of exposure to ionizing radiation, the
higher are the in utero thyroid doses (table 2).

B coorsercreim ¢ Monesnnio MKP3 B Ily6rmkarum 88,
N03bI  OOJIy4eHHs IIMTOBMHON JKeJNe3bl HAXOMATCA B
CTPOTrOii 3aBUCUMOCTH OT TECTAIMOHHOTO BO3PACTa Ha MO-
MEHT OGJIyYeHHs: 4eM ITIPOAOJLKUTEIbHEE BHYTPUYTPOO-
HBII TIeprozt, TeM GoJtbie TorIomenHas go3a (tabm. 2).

TABLE 2

GEOMETRIC MEANS OF FETAL THYROID DOSES RELATED TO PERIODS OF CEREBROGENESIS (WEEKS OF GESTATION)
ON 26.041986 (mSv)

TABJIMLIA 2

FTEOMETPMHECKME 3HAYEHNA OO3 MIOLA HA LWUATOBMOHYIO XENEIY OTHOCUTESIbHO MEPMOOOB LIEPEBPOTEHESA
(HEOESM TECTALIMM) HA 26.04.1986 (m3s)

. Exposed group from Pripyat town Comparison group from Kiev city
Weeks of gestation (mSv) (=152) (mSv) (n=143)
0-7 0.39 19 0.02 35
8-15* 40.9 28 1.5 28
16-25% 623.7 47 46.1 32
26+ 1225.5 58 94 48

Estimation of results of children's intelligence
examination.

Many children with severe confounding risk fac-
tors are registered in both groups with the preva-
lence in the compare one (table 3).

OneHka pe3yJbTaTOB HCCJIEOBAaHUS HHTEJIEKTA
aereit

PeructpupoBaHo MHOTO JieTeil €  OTATYAIONUMH
(dakTopamMu pucka B 06enx rpymiax ¢ npeobaaanuem
B Tpymne cpasuenns (taba. 3).

TABLE 3
DISTRIBUTION OF CHILDREN WITH CONFOUNDING FACTORS
TABJIMLIA 3
PACMPEOENEHVE OETEN C OTArOLAIOLLMM DAKTOPAMM
. Exposed group from Comparison group from
Confounding factor score Prippyat fown (?1=151) Kiev city%nZI%l) 4 P
0 (absent) 71 (47%) 42 (42%) 0.72 >(.05
1 (mild) 50 (33%) 35 (35%) 0.06 >(.05
2 (moderate) 15 (10%) 6 (6%) 1.26 >0.05
3 (severe) 11 (7%) 15 (15%) 3.74 <0.05
4 (very severe) 4 (3%) 3 (3%) 0.02 >(.05

Significant differences in the exposed children's
intelligence indices are revealed (table 4) with full
scale IQ value being lower; lower verbal IQ and
higher 1Q discrepancies due to verbal 1Q deteri-
oration.

BbigaBienbl 3HaYUTEJIbHBIE OTJIMYUS B IIOKa3aTeasax
MHTEJJIEKTa jieTeil 06 ryderHoit rpymmsl (taba. 4): 6o-
Jiee HU3KMe o6l u BepGasibhbiil 1Q,60ee BbICOKAS
JINCTADMOHUYHOCTh WMHTEJIJIEKTA 334 CUYET CHUKEHUS
Bep6asbHOTO 1Q.

TABLE 4

INTELLIGENCE INDICES OF ALL EXAMINED CHILDREN ACCORDING TO THE WECHSLER INTELLIGENCE SCALE
FOR CHILDREN (WISC)

TABJMLIA 4

MOKASATESIM MHTENIEKTA BCEX OBCITEAOBAHHBIX JETEA MO LUKAJIE BEKCIEPA LN M3MEPEHMS MHTENNEKTA LETEA (WISC)

Index Exposed group from Comparison group from ¢
Pripyat town (n=140) Kiev city (n=136) P
Full scale IQ
M+SD 112.2+15.2 119.6+11.6 —4.5 <0.001
Median 112 120
Min-Max 46-151 76-147
Verbal 10
M+SD 106.6=14.3 117.2+13.1 —6.4 <0.001
Median 108 119
Min-Max 56-144 85-144
Performance 1Q
M+SD 116.1+16.9 118.5+10.8 -1.4 >0.05
Median 120 120
Min-Max 44-153 71-140
1Q discrepancies( 10p—I1Qv)

M=SD 9.5+14.4 1.2+11.9 5.2 <0.001
Median 10 —0.5
Min-Max —29—(+54) —22-(+33)

Paired t-test 7.8 1.2

P <0.001 >0.05
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Intelligence of exposed children significantly dif-
fered from the control group by: an increased
frequency of low 1Q (1Q<90) (particularly, of
verbal IQ) as well as an increased frequency of
average IQ (1Q=91-110); a decreased frequency of
high 1Q (IQ=121-140); an increased frequency of
borderline verbal 1Q (vIQ=71-80) and average
verbal IQ (vIQ=91-110); a decreased frequency
of high verbal IQ (vIQ=121-140); an increased
frequency of performance and verbal intelligence
indices discrepancies. 1Q discrepancies by more
than 25 points were considered as possible brain
damage

These data are in accordance to our earlier studies
(IPHECA, 1996; Nyagu A.I. et al.,1996).

Nevertheless the same intelligence disorders were
revealed among children of both groups without
moderate to severe and very severe confounding

Kak BugHO, WHTEIIEKT OOGJYyYeHHBIX JeTeil 3Hauyu-
TEJbHO OTJIMYAJICS OT TPYMIbI CPAaBHEHUS,a UMEHHO!
yBeaudenueM yactorbl Huskoro 1Q (1Q<90) (B
yactHoCTH, BepOasibHoro I1Q) u cpeanero I1Q
(I0=91-110); cHE)KeHHEM 4YacCTOTBI BBICOKOro I1Q
(IQ=121-140); NOBBIIEHNEM YaCTOTBHI ITOTPAHIMYHO-
ro sep6anbaoro I1Q (vIQ=71-80) u BepGanbHOrO
cpeanero 1Q (vIQ=91-110); cHUKEHHUEM BBICOKOTO
epbanpnoro 1Q (vIQ=121-140); yBenuvyeHuem
JUCTapMOHNK BepOATbHOTO U HeBepOAJbHOTO K03dh-
dunuenros unrennexkra. Pazamuus 1Q Gosee dem
25 TYyHKTOB OIIEHWBAJHUCH KaK BO3MOXKHOE ITIPOSIBJIE-
HUEe TIOBPEXKIEHUS] MO3Tra.

AT JAaHHbIE COTJIACYIOTCS ¢ HAMME 60Jiee DAaHHUMH pe-
syabratamn (IPHECA, 1996; Nyagu A.I. et al.,1996).

Tem ©He MeHee, B rpymnmnax jereil 6e3 BbIPAKEHHBIX,
TSDKEJBIX U OYEHDb TSIKEJBbIX OTArYaimX (akTopos
(108 13 HUX B OCHOBHOW M 73 - B KOHTPOJILHOW TPYII-

factors (n=108 in the exposed group and n=73-in  me) ObLIM NOJYYEHBI CXOJHBIE PE3YJIbTAThl  HAPy-
the control group (table 5). mennii uareanexra (taba. 5).
TABLE 5
INTELLIGENCE INDICIS OF CHILDREN WITHOUT MODERATE TO VERY SEVERE CONFOUNDING FACTORS
TABITMUA 5
MOKAS3ATESMM MHTENNEKTA  [JETEM BE3 BbIPAXEHHBIX M TIKEMLIX OTATOLLAIOLLMX PAKTOPOB
Exposed group .
Index from Pripyat town Con[z]ias\rlls((:)iltl g(rrcl):%f)rom t P
(n=108) Y
Full scale 1Q
M=SD 112.9+13.3 118.6+£10.8 -3 <0.003
Median 112 120
Min-Max 76—151 96—137
Verbal 10
M=SD 106.7+13.2 115.8+13.2 —4.5 <0.001
Median 108 116
Min-Max 70-143 85-138
Performance 1Q
M=£SD 117.2£15.2 118.7+£9.6 —0.7 >(.05
Median 119 121
Min-Max 74-153 97-140
10 discrepancies 10p—Iqv
M+SD 10.4+14.7 2.9+12.5 3.6 <0.001
Median 10 3
Min-Max 29 (+54) 22 (133)
Paired t-test 7.4 1.9
p <0.001 >(0.05

After having selected children with moderate to
severe and very severe confounding factors, the
exposed children's intelligence still differed signif-
icantly from the control group (table 6).

[Tocsie BBIIEIEHNST TPYTITIBI JIeTEl C TSKEJBIMUA (DaK-
TOPaMU PUCKA TTOKA3aTeJu WHTEJJIEKTa 00JyIeHHBIX
JeTell TakyKe 3HAUYUMO OTJMYAJNCh OT KOHTPOJbHON
rpynmbl (a6, 6).
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It is obvious that the exposed children have clear-
ly lower verbal 1Q: distribution starts earlier and
does not meet the distribution of the compare chil-

TABLE 6.
INTELLIGENCE DISTRIBUTION IN CHILDREN WITHOUT MODERATE TO VERY SEVERE CONFOUNDING FACTORS
TABJIMLIA 6
PACIPEOENEHME MHTENNEKTA OETEM BE3 BbIPAXKEHHDBIX M TSKEMBIX OTATOLLAIOLLIMX DAKTOPOB
Exposed group in Pripyat town Comparison group from 2
1Q range (n=108) Kiev city (n=73) 1 p
Full scale 1Q

<70 0 0 — —

70-80 2 (1.8%) 0 1.37 >0.05
81-90 1 (0.9%) 0 0.68 >0.05
91-110 42 (38.9%) 18 (24.7%) 3.98 <0.05
111-120 33 (30.6%) 19 (26%) 0.44 >0.05
121-140 29 (26.9%) 36 (49.3%) 9.6 <0.01
>140 1 (0.9%) 0 0.68 >0.05

Verbal 10
<70 1 (0.9%) 0 0.68 >0.05
70-80 3 (2.8%) 0 2.1 >0.05
81-90 8 (7.4%) 3 (4.1%) 0.83 >0.05
91-110 53 (49.1%) 17 (23.3%) 12.21 <0.001
111-120 30 (27.8%) 25 (34.2%) 0.86 >0.05
121-140 12 (11.1%) 28 (38.4%) 18.78 <0.001
>140 1 (0.9%) 0 0.68 >0.05
Performance 1Q

<70 0 0 — —

70-80 1 (0.9%) 0 0.68 >0.05
81-90 3 (2.8%) 0 2.1 >0.05
91-110 30 (27.8%) 16 (21.9%) 0.79 >0.05
111-120 26 (24.1%) 20 (27.4%) 0.25 >0.05
121-140 42 (38.9%) 37 (50.7%) 2.46 >0.05
>140 6 (5.5%) 0 4.19 <0.05

1Q discrepancies 1Qp—I1Qv

<25 4 (3.7%) 0 2.76 >0.05
—25—-(-15) 2 (1.8%) 5(6.9%) 2.93 >0.05
—14-15 62 (57.4%) 55 (75.3%) 6.13 <0.01
16-25 23 (21.4%) 9 (12.3%) 241 >0.05
>25 17 (15.7%) 4 (5.5%) 4.47 <0.05

dren (figure 4).

Table 7 shows that verbal IQ of the exposed
cohort of children is significantly lower in com-
parison to the control group, especially of those
being exposed in the first gestation period. The
least differences are observed in children of the

gestation period 8-15 weeks.

C 04YeBUIHOCTHIO

TakXe ObLJIO MPOCJEKEHO, UTO
00JIy4eHHOI Tpynne Huxke BepOaibubiil  1Q: pacnpe-
JleJieHne HauWHAeTCs pPaHbllle, B TO BPEMSI KaK B KOH-

Tpose 370 He Habmoxaerca ( puc. 4).

nepuoze.

B

B ta6baume 7 nokasano,uto BepbGasbhblii 1Q B 06.1y-
YeHHOH KOTOpTE 3HAYUTEJbHO HIDKE, B YeEM B TPYIIIIe
CpaBHEHUS, 0OCOOEHHO y OOJIyYeHHBIX B IIEPBOM TecTa-
[IHOHHOM TIepuojie. MUHUMAJIbHbBIE OTJIMYHS BbISBJIS-
1otcs y aereii Bo BTopoMm (8-15 Hemesp) recTalmoHHOM
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INTELEGENCE OF CHILDREN WITHOUT MODERATE TO VERY SEVERE CONFOUNDING FACTORS RELATED
TO THE PERIODS OF CEREBROGENESIS AT 26.04.1986 (GESTATION PERIOD IN WEEKS)

TABLE 7

TABJMLA 7
PACTIPELENEHME MHTENNEKTA OETEM BE3 BBIPAXKEHHBIX M TSXKENBIX OTATOLLAIOLLMX GAKTOPOB OTHOCUTENBHO MEPMOLOB
LLEPEBPOTEHE3A OT 26.04.1986 (TECTALMOHHLIM MEPUOL B HELE/SX)

Exp O.S€d group from Comparison group from
Index P”p[ﬁti(;;]log) Kiev (n=73) [M£SD] t P
0-7 weeks

n 14 17
Full scale 109.8+13.8 124.5+7.5 -3.8 <0.001
Verbal 1Q 102.8+14.1 121.4+10.7 -4.2 <0.001
Performance IQ 115.4£13.9 123.5£12.6 2.1 =0.048
1Q discrepancies: 1Qp-1Qv 12.6£12.1 2.1£12.6 2.4 =0.025

8-15 weeks

n 24 13
Full scale 111.249.9 111.1£10.9 0.05 >0.05
Verbal 1Q 104.3+10.7 105.7+12 -0.35 >0.05
Performance 1Q 116.5£10.9 115.5¢10 0.28 >0.05
1Q discrepancies: IQp-IQv 12.1+11.9 9.8+£10.3 0.61 >0.05

16-25 weeks

n 26 21
Full scale 115.3+14.5 116.8+£12.3 -0.4 >0.05
Verbal 1Q 108.7+14 115.2+154 -1.5 >0.05
Performance 1Q 120+16.4 117.4+9 -0.7 >0.05
1Q discrepancies: 1Qp-IQv 11.3£15 2.2+11.8 2.3 =0.027

26+ weeks

n 44 22
Full scale 113.4+14.1 120.1+8.6 2.1 =0.04
Verbal 1Q 108.2+13.5 118+10.2 -2.99 =0.004
Performance 1Q 116.4£17.1 118+10.6 -0.4 >0.05
1Q discrepancies: IQp-IQv 8.3+£16.7 0.04+13.5 2 =0.049

FIGURE 4. FRACTION OF EXPOSED AND COMPARE CHILDREN GROUP BELOW SPECIFIED IQ

PUCYHOK 4. YOENbHBIM BEC OETEM OCHOBHOW IPYMIBI M TPYMMbl CPABHEHWS
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FIGURE 5. FRACTION OF EXPOSED AND CONTROL CHILDREN BELOW SPECIFIC 1Q,
DIFFERENTIATED BY VERBAL AND PERFORMANCE 1Q

PUCYHOK 5. YAENbHBIA BEC AETEM OCHOBHOW TPYMMbI U TPYMAMbl CPABHEHMS C BEPBAJTbHBIM W HEBEPBAJTEHBIM IQ
HAXE OMPEAENEHHOTO 3HAYEHMA
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TABLE 8
AVERAGE SCHOOL PERFORMANCE INDICES OF THE EXAMINED CHILDREN FROM BOTH GROUPS
TABJIULIA 8
CPEOHME MOKASATENM LKOSNbHOW YCMEBAEMOCTU OBCNEAOBAHHBIX OETEV 3 OBEMX TPYMM
Subject iy town | Comparison group from | p
(n=27) [M£SD] Kiev city (n=25) [M£SD]

Algebra 6.3+2.1 6.5+1.9 —0.4 >0.05
Geometry 6.3+2 6.3£1.7 0.007 >0.05
Geography 7.8+1.6 8.1+1.6 —0.6 >0.05
Physics 6.1+1.8 6.7+1.7 -1.3 >0.05
Chemistry 6.5+2.2 6.5+2 —0.1 >0.05
Information science 8.7+1.1 8.4+1.6 0.2 >0.05
Language Ukrainian 6.6+1.8 7.4+1.8 -1.6 >0.05
Literature Ukrainian 7.3%1.8 7.8+1.9 -1 >0.05
Language Russian 8+1 7.3+£2.1 0.6 >0.05
Literature Russian 8.8+0.6 7.4+1.6 1.4 >0.05
Language Foreign 7.5+1.8 7.3+1.9 0.4 >0.05
Literature Foreign 6.9+2 7.2+£2.2 —0.4 >0.05
History of Ukraine 7.4+1.8 6.9+1.8 1 >(0.05
History of World 7.7£1.9 7.3£1.8 0.8 >0.05
Law 7.4+1.8 7.7+2 —0.5 >0.05

[ITkobHAs ycrieBaeMOCTb JleTeil 06enx TPyII CTaTh-
cTHYecKn He paszamyanach (tabm. 8).

No differences concerning school performance of
children from both groups are revealed (table 8).

ITo mxane Axen6axa BbIABJIEHbI CyIECTBEHHbIE OTJIN-
uhsg B 9MOIMOHAIBHON M mHOBeJeHYecKoil cdepax B
rpymnme o6/ay4eHHbIX JIeTell Mo C/IeAylonmuM Hapylie-
HusIM: GoJIbllas coMarusalus M uHTepHaiusanus (or-
YyKJAEHHOCTb, COMATHYeCKHE  Kal00bl, TPEBOK-
HOCTB / Jlertpecchs) , obimas mxiana mpobaem (taba. 9).

According to the Achenbach scale significant dif-
ferences in emotional and behavioral spheres of
the exposed children were revealed: somatic com-
plaints and internalization (withdrawn, somatic
complaints, and anxious,/depression), and total
problem scores (table 9)
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TABLE 9

EMOTIONAL AND BEHAVIOURAL DISORDERS AMONG CHILDREN IRRADIATED IN UTERO ACCORDING
TO ACHENBACH TEST WITHOUT MODERATE TO VERY SEVERE CONFOUNDING FACTORS

TABJMLIA 9

SMOUMOHASIbHBIE M MOBELEHYECKME PACCTPOWCTBA LETEA OBJTYYEHHBIX BHYTPUYTPOBHO
BE3 BbIPAXEHHbIX 1 TXKE/bIX OTATOLLAIOLLX DAKTOPOB MO TECTY AXEHBAXA

Exposed group in Comparison group from
Scale Pripyat town (n=54) Kiev city (n=61) t p
[T score, M£SD] [T score, M+SD]
The Child Behavior Checklist (CBCL)
Competence scales
Activities 52.3+3.7 51.5+5.1 0.9 >().05
Social 44.846.8 44.9+9 —0.1 >0.05
School 47+7.6 47+6.3 0.05 >0.05
Total competence score 50.5+7.3 51.2+10.3 —0.4 >0.05
Syndrome scales
Withdrawn 61.2+£7.7 56.5£7.2 3.3 =0.001
Somatic complaints 72.5+7.7 67.2+9.6 3.1 =0.002
Anxious/depressed 61.4+7.5 58.4+7.8 2.1 =0.04
Social problems 57.5£7.5 56.5+8 0.7 >(0.05
Thought problems 56.7+7.2 54.6+£7.9 1.5 >0.05
Attention problems 61+8.5 59.9+8.3 0.7 >0.05
Delinquent behavior 54.8+£5.6 53.2+4.6 1.6 >0.05
Aggressive behavior 57.5+6.8 57.3£7.5 0.1 >0.05
Internalizing 67.7£7.7 61.3£10.5 3.7 <0.001
Externalizing 55.9+7.4 54.8+8.8 0.7 >0.05
Total problem score 63.8+7.4 59.7£9.9 2.4 =0.02
The Youth Self-Report (YSR)
Syndrome scales
Withdrawn 58.3+7 57.1£6.7 0.9 >0.05
Somatic complaints 63.2+8.7 59.1+£8.9 2.5 =0.01
Anxious/depressed 59.3+6.9 57.6£6.9 1.3 >0.05
Social problems 58.9+7.1 56+6.4 2.3 =0.02
Thought problems 59.7+7.5 58.4+8.7 0.8 >0.05
Attention problems 63.1+7.8 59.6%7.6 2.4 =0.02
Delinquent behavior 57.6£5.9 55.846.5 1.6 >0.05
Aggressive behavior 59.846.9 58.247 1.2 >0.05
Internalizing 61.7+£7.7 58+9.8 2.3 =0.02
Externalizing 59.2+7 55.6£10 2.2 =0.03
Total problem score 70.7+6.4 68.1+6.5 2.2 =0.03

No significant differences in emotional and beha-
vioral disorders were revealed in groups due to
Rutter A(2) scale.

Mental health of mothers

There are no differences of verbal IQ of mothers in
both groups, assessed by vocabulary subtest of
WAIS. Thus,the deterioration of the verbal 1Q of
the exposed children cannot be explained with the
influence of verbal IQ of their mothers.
Although, there is a natural tendency of the verbal
IQ of children in both groups to an increase with
increased verbal subtest of WAIS of their mothers.

Verbal IQ of mothers from Pripyat town did not
differ from verbal 1Q of mothers of the control
group. Thus, the hypothesis that decreased intel-
ligence of the in utero exposed children results

ITo mkasre PaTTepa HE€ BBIABUJN CTaTUCTUYECKUX pPa3-
JUYnii B Ipylilax B OTHOIIEHUN I5MOIMOHAJbHbIX W
ITOBEJIEHYECKUX paCCTpOﬁCTB.

IIcuxuyeckoe 310poBbe MaTepeit

Cormacio Bep6asbHOMy cy6recty WAIS, pasmmunit
BepOAJIBHOTO MHTEJJIEKTA Y MaTepeil 06ernx rpyIi He
BbIsIBJIEHO. Tak,yxyamieHne Bep6aabHoro 1Q y obury-
YEHHBIX JleTell He 3aBHCUT OT BepOAJIbHOTO MHTEJJICK-
Ta ux Marepeii. OTHAKO,TTPOCIEKNBACTCS €CTECTBEH-
Hasi TEHJEHIUST K COXPAHEHUIO 3aBUCHMOCTH BepOaJIb-
Horo 1Q gneteil o6enx TPynn ¢ ypoBHEM BepOGaJbHO-
TO WHTEJJIEKTa UX Marepeil mo cyOrecty WAIS.

Bepb6asbHblit MHTELIEKT MaTepeil 13 ropoja Ilpunsarob
He OTJIMYaJICsl OT MHTeJJIeKTa Marepeil IpyIbl cpas-
HeHns. TaknMm o6pas3oM,THIOTe3a 0 posn 6ojee HU3-
KOTO MHTEJJIeKTa MaTepH KaK MPUYNHBI CHUKEHUST MH-
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from lower mother's intelligence is not confir-
med.

Mothers evacuated from Pripyat town have expe-
rienced much more real stress events:evacuation,
lack of information about relatives,migration,dif-
ficulties of medical care,social-economic difficul-
ties and others. Mental health of mothers from
the main group appeared to be much worse than
of those from the control group (table 10). The
most characteristic psychopathologic manifesta-
tions were PTSD, including alarm caused by
PTSD,somatophorm disorders,anxiety and insom-
nia, social dysfunction,depression,etc. As a who-
le, self-estimation of the exposed mothers' mental
health according to the GHQ-28 questionnaire
was significantly worse than in those of the con-
trol group.

TEJLIEKTA BHYTPUYTPOOHO OOGJYUEHHBIX JeTeil He IMo-
JIY9HIa MOATBEPKICHNUS.

Marepu, aBakyupoBanubie u3 ropoja Ilpunsitu, nox-
BEPIJIUCh 3HAYNMO 00Jiee BBIPAKEHHOMY BO3/EHCTBHIO
peaNbHBIX cTpecc-(aKTOPOB - 3BaKyalust, HEIOCTATOU-
Hasg WHOOPMHUPOBAHHOCTD O POJHBIX M OJU3KUX, MU-
rpaist, Ipo6JeMbl MEAUIUHCKON TTOMOIIH, COIMATbHO-
5KOHOMHIYECKHEe TPYAHOCTH 1 Jp. llcmxudeckoe 310po-
BbE Marepeil B OCHOBHOII IPyIIE OKA3a/10Ch 3HAYMMO
XysKe,ueM B rpymie cpaBaenust (ta61.10). HauGosee
XapaKTEePHBIMH [CHXOMATOJIOTHYECKUMHU TIPOSIBJICHUSI-
mu 6br PTSD, B TOM umncie Bo30ysKIE€HUE B CBS3U C
PTSD, comatoopmubie paccTpoiicTBa, TpeBora u 6ec-
COHHUI[A, CONNATbHAS ANCHYHKINSA, AEMPECCus M Jp.
B nesoM, caMOOTIeHKA TICHXWIECKOTO 3/I0POBBS 1O BO-
npocHuky GHQ-28 y marepeii u3 ropoaa Ilputsit Gbi-
Jla 3HAUNMO XY’Ke,deM B KOHTpOJIE.

TABLE 10
MOTHERS' MENTAL HEALTH
TAB/TULIA 10
MCUXMYECKOE 3AOPOBBE MATEPEV
Piton | compaismgon ||
[M£SD] from Kiev city [M+SD]
Zung Self-Rating Depression Scale n=112 n=74 4 <0.001
(SDS) 54.6+10.8 47.7£12.7

Impact of Events Scale (PTSD) n=124 n=71 4.6 <0.001
19.7+10.6 12.5£10

Irritability, Depression, Anxiety n=112 n=69 23 =0.02
Scale (IDA) 4.8+2.7 3.8+2.8

GHQ-28A (somatoform disorders) n=134 n=80 43 <0.001
10+4.6 7.3£3.9

GHQ-28B (anxiety/ insomnia) n=134 n=80 3.7 <0.001
8+5.1 5.544.3

GHQ-28C (social dysfunction) n=134 n=80 2.1 =0.04
8.5+3.2 7.6+3.1

GHQ-28D (severe depression) n=134 n=80 2.5 =0.01
4.3+4.2 2.9+3.2

GHQ-28 n=134 n=80 4 <0.001

(by Likert: 0-1-2-3) 30.6+14.1 23.2+10.9

GHQ-28 n=134 n=80 3.6 <0.001

(case-no case: 0—0—1-1) 8.3+£6.9 5.1£5.1

According to ICD-10 prenatally exposed chil-
dren had much more diseases of the nervous sys-
tem, mental and behavioural disorders than the
children of the comparison group (table 11).

Opnnospemento, corjgacio MKDB-10, y mpenartasbHO
OOJIyUEeHHBIX JIeTell BBISIBJIEHO OO0Jibllle 3a00J€BaHUi
HEPBHOU CHUCTEMBI, MICUXUYECKUX W TIOBEIEHUYECKUX
paccTpoiicTs,4eM B rpyine cpasHenus (ta6a. 11).
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TABLE 1

DISEASES OF NERVOUS SYSTEM (G) AND MENTAL AND BEHAVIOURAL DISORDERS (F) ACCORDING TO THE ICD-10 IN CHILDREN
WITHOUT MODERATE TO VERY SEVERE CONFOUNDING FACTORS

TABJMLUA T

BONE3H HEPBHOWM CUCTEMbI (G) M MCUXMYECKME M MOBEAEHYECKWE PACCTPOMCTBA (F) MO MKB-10 Y JETEMA BE3 BbIPAXKEHHBIX
TKENBIX OTATOLLAIOLLMX DAKTOPOB

Exposed children Control 2

Disease or disorder (n=121) children (n=77) X p
Diseases of Nervous System

Neurologically healthy 73 (60.3%) 66 (85.7%) 14.5 <0.001
Epilepsy (G40) ( mutual suspicion ) 9 (7.4%) 1 (1.3%) 3.7 <0.05
Migraine (G43) 3 (2.5%) 0 1.9 >0.05
Other headache syndromes (G44) 31 (25.6%) 10 (13%) 4.6 <0.05
Sleep disorders (G47) 4 (3.3%) 0 2.6 >(0.05
Other disorders of autonomous nervous system 3 (2.5%) 0 1.9 >0.05
(G90)

Neurological co morbidity 2 (1.6%) 0 1.3 >0.05

Mental and Behavioral Disorder

Mentally healthy 19 (15.7%) 45 (58.4%) 39.3 <0.001
Organic mental disorders (F06 & F07) 20 (16.5%) 3 (3.9%) 7.3 <0.01
Neurotic, stress-related and somatoform disorders 56 (46.3%) 20 (26%) 8.2 <0.01
(F40-F48)

Non-organic sleep disorders (F51) 6 (4.9%) 3 (3.9%) 0.12 >(0.05
Mental retardation (F70) 1 (0.8%) 0 0.64 >0.05
Disorders of psychological development (F80— 9 (7.4%) 0 6 <0.05
F89)

Childhood behavioral and emotional disorders 31 (25.6%) 9 (11.7%) 5.7 <0.05
(F90-F98)

Mental co morbidity 21 (17.2%) 3 (3.9%) 8 <0.01

Correlations with exposure doses.

There is no dependence of the IQ deterioration and
mental health disorders of the in utero exposed
children with radiation dose (Table 12).

Koppeasiun ¢ 103aMu 00.1yYeHus.

He BbIgBeHa 3aBUCUMOCTD Mexxay cHKenueM 1Q u
HCUXMYECKUMU  HAPYIIEHUSIMH Yy OOGJYy4YEHHbIX in
utero mereit m  mosoit  o6ayuenust (Ta6a.12).

TABLE 12
CORRELATIONS BETWEEN IQ AND PRENATAL DOSE OF THE EXPOSED GROUP
TABIMUA 12
KOPPEMALM MEXIY IQ W MPEHATASTBHOM JO30M B TPYMME OBJTYYEHHbIX
Variable 1Q viQ plQ plQ—vIQ
Dose in utero on brain r=20.06 p>0.05 r=0.13 r=-0.01 r=-0.15p>0.05
' ' p>0.05 p>0.05 ' )
. _ r=0.15 r=0.05 _
Dose in utero on embryo and fetus r=0.11 p>0.05 p>0.05 p>0.05 r=-0.09 P>0.05
. . _ r=0.14 r=0.06 _
Dose in utero on thyroid r=0.11 p>0.05 p>0.05 p>0.05 r=-0.06 p>0.05

The power of correlation between the intelligence
discrepancy >25 with fetal radiation doses by the
model of ICRP Publication-88 (figure 6) is increas-
ing with increasing discrepancy. At plQ-vIQ>27
(n=11), correlation with a fetal dose r=0.78;
p<0.004; at pIQ-vIQ>29 (n=9), correlation with a
fetal dose r=0.93; p<0.001 and correlation with the
in utero thyroid dose is r=0.75; p<0.02 (n=9).

Koppensunonnass ¢BA3b AMCTAPMOHWYHOCTH WHTEJ-
Jiekta >25 MyHKTOB ¢ (peTaqbHON 0301 TO MOojegn
MKP3 Ily6aukanusa-88 (puc. 6) Bospacraer ¢ yBean-
vyenneM gucrapmonnu: npu plQ-vIQ>27 (n=11) xop-
pessinius ¢ dertanapHoit go3oit 1=0,78; p<0,004; mpu
pIQ- vIQ>29 (n=9) xoppessanus ¢ deranbHOi 10301
r=0,93; p<0,001 u KoppensdIusa c 703011 HA IUTOBU/I-
HyI0 JKese3dy in utero 1=0,75; p<0,02 (n=9).
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FIGURE 6. IQ DISCREPENCY DEPENDENCE (> 25 POINTS) ON DOSE ON EMBRYO
AND FETUS (PUBLICATION ICRP 88)

PUCYHOK 6. 3ABVCMOCTb ONCTAPMOHMYHOCTW IQ (>25 TYHKTOB)
OT AO3bl HA DMBPUOH M T1O4, (NMYBJIMKALMA MKP3 88)

IQ discrepancies = 23.4 + 0.14 * Dose on the embryo and fetus
Correlation: r = 0.53; p=0.018

56
o
52
48
~O. Regression
95% confid.
44

IQ discrepancies (performance 1Q - verbal 1Q)

10 30 50

Dose on the embryo and fetus, mSv

There is no correlation with dose observed Below
the discrepancy of 25.

CONCLUSIONS

1. Doses in utero on embryo, fetus, brain, and on
thyroid of the exposed children group from Pripy-
at town are significantly higher than in the com-
parison children group from Kiev city. The fetal
dose (M=£SD) in the exposed group is 65.4+33.9
mSv and in the control group 1.2+0.3 mSv; equi-
valent brain doses in utero were 19.2+11.3mSv vs
0.8+0.2 mSv and equivalent thyroid doses in ute-
ro 760.4£631.8.1 mSv vs. 44.5+43.3 mSv corres-
pondingly. The 20 children from Pripyat town
(13.2%) obtained an exposure dose in utero >100
mSv - the threshold for medical abortion due to
prenatal irradiation (ICRP Publication-84,2000).
Especially high are the doses on the fetal thyroid.
There are 52 children from Pripyat (33.8%) with
thyroid doses in utero >1 Sv.

2. Significant Intelligence Quotient differences
were revealed in exposed children: lower full-sca-
leIQ (p<0.001) and lower verbal IQ (p<0.001),
while performance IQ was defined being insignifi-
cant (p>0.05). Higher IQ discrepancies exposed
children owing to verbal IQ deterioration were
significant (p<0.001).

3. Due to Achenbach test results, children of
main group certainly more emotional and beha-

70 90 110 130

Koppensitiua ¢ 10301 He TIPOCJEKUBAETCS TIPU
JIUCTAPMOHUYHOCTU UHTEJJIEKTA MeHee 25.

BbIBO/Ibl

1. [o3pI in utero Ha SMOPHOH, IO/, MO3T 1 HA TINTOBU/I-
HYIO 3KeJIe3y y Jieteil o6s1ydeHHON rpyTiib 13 ropojia [Ipu-
ISITh 3HAYUTEJIBHO BBIIIE, YeM Y JIETell TPYIIIbl CPABHEHIS
u3 ropozga Kuesa. [Tosbr Ha miox (M+SD) B o6tyueHtoii
TpyIIIe cocTaBsioT 65.4%33.9 mSv,a B TpyIiiie KOHTPOJIS
- 1.2+0.3mSv; sKBHBaJIEHTHAsI 032 Ha MO3T ILIOAA CO-
crapmia 19.2+11.3 mSv B ocHoBHO# Tpymme u 0.8+0.2
mSV B KOHTPOJIE W SKBUBAJEHTHAS 7034 IIUTOBH/IHON
JKese3bl 1iojia paBHsiach 760.4+631.8.1 mSv B ocHOB-
HOIT Tpymie u 44.5+43.3mSv B KOHTPOJIE COOTBETCTBEH-
Ho. Y 20 pereit uz r. Ipunstu (13,2%) no3a BHyTpHY-
tpo6Horo obydenus cocraBisiia >100 mSv - nopor st
MEIUITMHCKOTO TIPEpPbIBaHNsT 6ePEMEHHOCTH TIocJie 00Tyve-
st (MKP3 Ily6makarmst, 84,2000). OcoGerno Gobim-
My ObLIH JIO3bI HA MUTOBHUIHYIO JKesiedy 1wioma. Y 52 pe-
Gerka w3 . [pursma (33,8 %) 103a 06 TyYeHnsT UTOBI/I-
HOI1 »KeJie3bl IIofa in utero >1 Sv.

2. Koaddunment nnresnexra o6IyueHHBIX JieTell 3Ha-
YUTEJIBHO OTJIMYAJICS OT KOHTPOJIS: HVIKE MOJHASA TTKA-
ga nnrresaekta (1Q) (p<0,001),umke BepGanbhbii 1Q
(p<0,001), B TOo BpeMst Kak HeBEpPOATbHBIN MHTEJIEKT
ne ormmuasicst (p>0,05). Boicoko snaunmoii (p<0,001)
SIBJIIETCS TUCTAPMOHUYHOCTD MHTEJLIEKTA OOJIYYEHHBIX
JieTell 3a cyeT CHIKeHust BepOanbhoro 1Q.

3. Tlo pesyabratam BompocHuKa Axenbaxa, [eTn
OCHOBHOH TPYIIBI OTJIMYAJIUCh GOJee BBIPAXKEHHBIMU
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vioral disorders by following categories: more so-
matization (p<0.01), internalization (p<0.01),
and withdrawn (p=0.01). They also had more so-
matic complaints (p<0.01).

4. Children exposed to ionizing radiation in pre-
natal period were diagnosed with much more
(p<0.001) diseases of nervous system (G) accor-
ding to the ICD-10: paroxysmal states (G40)
(p<0.05), migraine (G43) (p<0.05), other hea-
dache syndromes (G44) (p<0.05), autonomous
nervous system disorders (G90) (p<0.05).

5. In general mental health of prenatally exposed
children was worse (p<0.001) than of the control.
We revealed the following mental and behavioral
disorders (F) according to the ICD-10: organic
mental disorders (F06&F07) (p<0.01), neurotic
stress-related and somatoform disorders (F40-F48)
(p<0.01), disorders of psychological development
(F80-F89) (p<0.05), childhood behavioral and
emotional disorders (F90-98) (p<0.05).

6. According to WAIS vocabulary subtest there
were revealed no significant differences in intellec-
tual level of mothers from both groups. Therefo-
re,we excluded direct dependence of intelligence
level of a child upon intelligence level of a moth-
er. However, there is a correlation between
mothers' verbal intelligence level and children's in-
telligence level. Mothers of children evacuated
from Pripyat town experienced in much more
(p<0.001) real stress events (evacuation, lack of
information about relatives, migration, difficulties
of medical care,social-economic problems,etc.).

7. Mental health problems of mothers of children
evacuated from Pripyat appeared to be much mo-
re pronounced than of those from the comparison
group: depression (p<0.001),PTSD (p<0.001),s0-
matoform disorders (p<0.001), anxiety /insomnia
(p<0.001),social dysfunction (p<0.04),severe de-
pression (p<0.01).

8. We have revealed no direct correlations of the
registered effects with exposure doses in utero. It
could be because of the small sample size that did
not allow conclusions. Nevertheless, dose depen-
dences are traced in cases, when 1Q discrepancies
of prenatally irradiated children exceed 25 points.

9. Therefore,it is obvious that mental health and
intellectual development of the children exposed
in utero are under the influence of a complexity
of factors: intellectual development and mental
health of their mothers, stress events related to
the accident at the Chernobyl NPP,usual risk fac-
tors and within limits prenatal irradiation of fe-
tus.

10.This study should be continued as follows:
- enlarging of the cohort size;
- further identification and formation of cohorts

IMOIIMOHAJbHBIMU " IIOBC/ICHYCCKUMU Hapy]HeHI/IHMI/I:
6ompmmeit comatmsanumeir (p<0,01), naTepHaIM3anuen
(p<0,01), orayskaennocroio (p=0,01),a Takxe nmenn
Gospire comarnyeckux xanob (p<0,01).

4. B rpymme npeHatanbHO OGJIyYEHHBIX AeTell ObLIO
muaraoctupoBano (1o MKB-10) 3naunTenpno GoJbine
Gonesneit mepsHoit cucrembl (G),4eM B KOHTPOJIE: TIa-
pokcusmasbhbie cocrosaust (G40) (p<0,05), Murpenn
(G43) (p<0,05), apyrue CHHAPOMBI TOJOBHOW 60N
(G44) (p<0,05), paccTpoiicTBa  BEreTaTUBHOI HEP-
sHoll cucrempr (G90) (p<0,05).

5. Ilcuxmdeckoe 370pOBbE MPEHATAIBHO OOTYIEHHBIX
nereit B nesom 6p1mo xyxe (p<0,001),4eMm B KOHTpO-
JIe. BbIJH/I BbIABJICHDBI CJIe[[yIOH_H/Ie IICUXNYEeCKUue n 110-
Begenueckue paccrpoiictsa (F): opranmueckne ncuxu-
gyeckue paccrpoiictsa (FO06&F07) (p<0,01), meBporn-
YeCKue, CBSI3aHHBIE CO CTPECCOM M COMaTO(OPMHbIE
paccrpoiictBa (F40-48) (p<0,01), paccrpoiicTBa
ncuxosormdeckoro passutusa (F80-89) (p<0,05), met-
CKME TOBEJIEHYECKNE W 9MOIMOHAIBHBIE PACCTPOICTBA
(F90-98) (p<0,05).

6. Ilo caoBapromy cyGrecty WAIS 3HAUNTETBHBIX OTJIH-
il B yPOBHSIX WHTEJIEKTA MaTePeil 00enX TPy HE BbI-
SIBJICHO, YTO JIAJI0 OCHOBAHMST MCKJIIOYNUTD TIPSIMYIO 3aBHU-
CHMOCTb YPOBHSI MHTEJJIEKTa PeOeHKA OT YPOBHSI MHTEJI-
Jgekta marepu. OJHAKO MeXIy YPOBHEM BepOATBbHOTO
MHTEJJIeKTa MaTepH U YPOBHEM HMHTeJLTeKTa peGeHKa TIpo-
CTIESKUBACTCS 3aBUCUMOCTb. Martepu sieteit,3BaKynpoOBaH-
HBIX 13 [IpumsaTi, moABepranch 3HaunMo 6oJiee BbIpasKeH-
nomy (p<0,001) BosaeiicTBIIO peambHBIX cTpecc-(hakTo-
poB (9Bakyariyst, HeJIOCTATOYHAsT HH(POPMUPOBAHHOCTD O
POOHBIX 1 6JII/13KI/IX,prI[HOCTI/I MeZ[I/IHI/IHCKOﬁ IIOMOIIN,
COIMATBHO-9KOHOMIYECKUE TIPOOJIEMbI 1 [IP. ).

7. 3apernctpupoBaHO 3HAYUTEIBHO OOJBINE HAPYIIE-
HUIT TICHXWYECKOTO 3/I0POBbSI Y MaTepeil, 9BaKynpoOBaH-
HBIX U3 T. llpumsaTn,dem y mMartepeii n3 Tpymiibl CpaBHe-
HEA,a UMeHHo: genpeccuii (p<0,001),PTSD(p<0,001),
comartodopmubix paccrpoiicts  (p<0,001), TpeBoskHO-
cru / 6ecconnnmpr (p<0,001),cormanbroit aucdyHKIMNT
(p<0,04), Tsxemnoit genpeccun (p<0,01).

8.He ob6uapy:xeHa mpsiMas 3aBUCHMOCTb 3apETUCTPH-
POBaHHDBIX U3MEHEHUII UHTEJIJIEKTAa OT TIp€HaTaJabHbIX
1103 o6yvenns. Bo3MOXKHO, 3TO OODBSCHSICTCS MaJIbIM
KOJIMYECTBOM HCCJIeayeMbiX. TeM He MeHee,B CIydasx
C INCTapMOHWYHOCTBIO WHTeJJeKTa OoJiee 25 MyHK-
TOB KOPPEJSIINS C /I030i POCJEKIBACTCSI.

9.TakuM 06pas3oM,OUeBHIIHO, UTO HA TICHXUYECKOE 37I0PO-
Bbe U HHTEJUIEKTYAJIbHOE PA3BUTHE BHYTPIYTPOOHO 00.Ty-
JEHHBIX JIeTell OKa3bIBaeT BINSHNE KOMILIEKC (PaKTOPOB:
MHTEJJIEKTya bHOEe PAa3BUTHE M ICHXMYECKOE 3/I10POBbE
Marepeii: crpecc coObITUST CBSI3aHHDIE ¢ aBapueil Ha Yep-
HOOBLIBCKON AJC, TpaIMITNOHHDBIE (DAaKTOPBI PUCKA, U, B
OIIPE/IETICHHON cTemeHn  (pakTop BHYTPHYTPOOHOTO
06JTydeH s TII0/IA

10. 910 mccrenoBanne ciaexyeT MPOAOKATh B CJie-
JIyTOTIUX HAPaBJICHUSIX
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of children irradiated in utero and children expo-
sed at the age of 0-1 years old;

- identification and formation of cohorts of age-,
gender- and urban /rural-matched children from
radioactively "clean" areas of Ukraine;

- to verify and develop of available dosimetric mo-

dels.

This approach may allow identifying the signifi-
cance of radiation factor in the genesis of psycho-
logical and neuropsychiatric disorders among the
exposed children.
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